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Abstract Highly a2—8-sialylated N-CAM (neural cell pears to be relevant in human tumours. Originally de-
adhesion molecule) impairs N-CAM-mediated cell adhgcribed in embryonal tissues [29, 31], this modification
sion. We investigated polysiaN-CAM immunoreactivitppas also been found in Wilms’ tumour [30, 31, 40], lung
in a range of neuroendocrine lung tumours: 15 typidamours [17], and neuroblastomas [23]. The length of
carcinoids, 21 atypical carcinoids, 2 large cell neuroghese chains is involved in the modulation of adhesive
docrine carcinomas and 12 small cell lung carcinomproperties, as demonstrated by in vitro experiments [33,
were selected on a morphological basis and by their id®]. Highly sialylated forms of N-CAM promoting re-
munoreactivity for chromogranin A and B and secreguction of cell-cell adhesive properties of malignant
ogranin Il. A progressive loss of chromogranin expreeells have been related to the invasive and metastatic
sion, particularly of chromogranin B, was paralleled bgrowth potential of tumour cells [18, 19, 22-24].
the up-regulation of polysiaN-CAM in histologically High-grade tumours such as small cell carcinomas of
more aggressive tumourB € 0.001). These data supporthe lung (SCCLs) exhibit polysialylated N-CAM, where-
the hypothesis that loss of cell-cell adhesion propert&sstypical carcinoids (TCs) of the lung are reported to ex-
might be a relevant factor in the origin of the aggresgicess the adult nonpolysialylated form of N-CAM [18].
vity of lung neuroendocrine tumours. TCs and SCCLs are known to be the ends of a spectrum
of lung neuroendocrine neoplasias of different clinical
Key words Chromogranins - Polysialylated N-CAM - behaviour, with well-differentiated neuroendocrine carci-
Lung - Neuroendocrine tumot:rs nomas (WDNCs) representing an entity with an interme-
diate course [3, 6, 20].
The pathological criteria for the diagnosis of WDNCs
Introduction were firmly established by Gould’s group [9, 10, 36, 37];
cytological diagnostic criteria have also been outlined
Neural cell adhesion molecules (N-CAM) are a family ¢16]. The diagnostic criteria of WDNCs have since been
closely related membrane glycoproteins encoded by wiiglened, encompassing tumours lacking clear carcinoid
same gene; they promote cell—cell (through a homoph#itchitectural features; Travis et al. [35] provided further
binding mechanism) and cell-substratum adhesion ¢fiteria for the diagnosis of the latter, which were re-
32]. Different isoforms of N-CAM are developmentallypamed large cell neuroendocrine carcinomas of the lung
regulated and show tissue and cell specificity [11]. In ad-CNECs). The description of this entity emphasizes
dition, post-translational modifications that further irthat a wide spectrum of pulmonary neuroendocrine tu-
crease N-CAM diversity occur; among them, the acquisiours exists.
tion of a2—8-linked polysialic acid (polysia) chains ap- We have now studied the expression of a molecule
known to be involved in cell-cell and cell-matrix adhe-
sion phoenomena in surgical specimens of pTNM-classi-
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lapping or complementary, a panel of MoAbs againstoplastic population; 3+, immunoreactivity in more than 50% of
these different molecules was thought to be suitabfee n€oplastic population.

. . A~ Statistical analysis was performed by means of Chi-square
CgA, CgB and Sgll comprise a fam'ly of acidic gIyCOr'n thod with Yates’ correction. For each antibody utilized, contin-

proteins stored in the matrix of the secretory granulesgahcy tables were obtained matching TCs with WDNCs and

endocrine mammalian and nonmammalian cells. Cg#GCLs.

CgB and Sgll have been localized in normal human tis-

sues and in malignancies with neuroendocrine features

[5, 21, 28, 34]. A further reason for interest in the deteResults

tion of CgB synthesis relates to its role in adhesion phe-

nomena [7]. In the present study we found an expressémromogranins and secretogranin Il

of CgB and polysiaN-CAM in WDNC intermediate be-

tween TC and SCCL. This result suggests that modifiddie morphological diagnosis of TC, WDNC, LCNEC

tions of adhesion mechanisms might play a part in taed SCCL was reinforced by the immunohistochemical

aggressive behaviour of these neoplasms. detection of CgA, CgB and Sgll. Results are reported in

Table 2. In summary, reactivity for at least one of the an-

ti-Cgs or anti-Sgll MoAbs was found in all tumours un-

Materials and methods der study, with wide variability in the type of chromogra-
nin present and in the percentage of the immunoreactive

Haematoxylin—eosin-stained sections from 71 neuroendocrigells. As a rule, Cgs/Sgll were more expressed in low-

lung tumours from the files of the Ospedale Maggiore IRCCS i i
Milan between 1985 and 1993 were reviewed and classified se Fade tumours (TCS) than in hlgher grade tumours

rately by three of us (C.P., G.P., and R.B.). The original diagnos4PNCS, LCNECs and SCCLs). The majority (3+) of
were typical carcinoid, small cell lung carcinoma and well-differFC cells (Table 2) proved to be immunoreactive for both
entiated neuroendocrine carcinoma: 12 small cell lung carcinom@gA and CgB as well as for Sgll. Conversely, just sub-
15 typical carcinoids, 21 well-differentiated neuroendocrine cargint (1+ to 3+) of WDNC, LCNEC (Fig. 1) and SCCL

nomas and 2 large cell neuroendocrine carcinomas were sele . . .
and classified according to the criteria of the World Health Org tg s reacted with Cgs/Sgll MoAbs, CgB being the epi-

nization nomenclature [14], Gould’s group [36] and others [2{QP€ most frequently expressed. It is noteworthy that
35]. Cases harbouring squamous or glandular differentiation w&&V/DNCs thought to be devoid of CgB when tested with
dropped. Information on size, site of the primary and metastatic
tumours, and pathological stage was available for all cases. ) ) . o

One formalin-fixed and paraffin-embedded block for each cakable 2 Immunohistochemical resultsTC typical carcinoid,
underwent immunocytochemical analysis as follows: dewaxed aNNCwell-differentiated neuroendocrine carcinorh&NClarge
rehydrated tissue sections were immunostained for CgA mono@8ll neuroendocrine carcinom@CCLsmall-cell carcinoma of the
nal antibody (MoAb) A11, CgB (MoAbs B11 and B13) [25], Sg||ung, 1+ scattered immunoreactive cells, amounting to less than
(MoAb 3C12) [26], and for polysialylated N-CAM (MoAb 735)20% of the neoplastic populatio?+ immunoreactive areas rang-
[18] using the ABC staining procedure [15]. The specificitynd from 20% to 50% of the neoplastic populati8m,immunore-
working dilutions and sources of the primary MoAbs are report@@tivity in more than 50% of the neoplastic populatiég,chro-
in Table 1. Proteolytic digestion [1 mg/ml Trypsin (Sigma, Sfogranin,Sgsecretogranirpolysiapolysialylatec
Louis, Mo.) in TRIS-HCI 0.1 M pH 7.4 for 15 min at 37°C] of de-

waxed sections was performed before immunostaining for CdAlagnosis ~ PolysiaN-  CgA CgB Sqll

CgB and Sgll. Immunocytochemical negative controls included CAM

the omission of the primary antibody for chromogranin immund=

staining and digestion of the sections with bacteriophage endé- 0/15 15/15 15/15 15/15

neuroaminidase E (Sigma) for polysialylated N-CAM. Indee)0. 15) (3+) (3+) (3+)

this enzyme is reported to abolish polysialic acid inmunostainifPNC ~ 13/21 8/21 16/21 8/21

by digestion [18]. Formalin-fixed and paraffin-embedded sectioff{- 21)  (1+/2+) (1+/2+/3+)  (1+/2+/3+) (1+/2+/3+)

from embryonal kidney and an ileal carcinoid were always includCNC 1/2 0/2 212 0/2

ed as positive controls for polysiaN-CAM and Cgs/Sgli, respeo. 2) (1+) (1+)

tively. SCCL 11/12 8/12 7/12 5/12
Results were quantified as follows: 1+, scattered immunore&go- 12) (1+/2+/3+)  (1+/2+) (1+/2+) (1+/2+)

tive cells, amounting to less than 20% of the neoplastic poputa-
tion; 2+, immunoreactive areas ranging from 20% to 50% of the

Fig. 1 Scattered cells of large cell neuroendocrine carcinoma
showing cytoplasmic immunoreactivity for chromogranin B. Hae-
matoxylin counterstain, x250

Table 1 Antibodies used in the present sti:dy

MoAb  Specificity m g/mi Sources

protein Fig. 2 Small cell lung carcinoma showing cytoplasmic membrane

immunostaining of the overwhelming majority of the neoplastic
All CgA 0.04 Dr.Siccardi/Dr.Pelagi  population for polysialylated neural cell adhesion molecule (N-
B11 CgB 2.14 Dr.Siccardi/Dr.Pelagi CAM) monoclonal antibodies (MoAb). x2":0
gcl::’iz ggﬁ’ ggg B:g:gﬁg:g”g;ggllgg: Fig. 3 Cell membrane immunoreactivity for polysialylated N-
735 PglysiaN-CAM 5 Dr Bitter Suerfnanng CAM MoAb in ribbons and clusters of a well-differentiated neuro-
: endocrine carcinoma. x2:0

a Dr. Bitter-Suermann, Microbiology Department University oFig. 4 Sheets of a well-differentiated neuroendocrine carcinoma
Hannover; Dr. Siccardi and Dr. Pelagi, DIBIT H.S.Raffaele, Mshowing scattered cells immunoreactive for polysialylated N-
lano CAM. x25C
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B11 MoAb were subsequently classified as neuroendd- mitoses, cell size, extent of necrosis and organoid
crine tumours, being immunoreactive with the MoAbtructures suggested as a basis for subtyping of the
against CgB reported as B13 MoAb. CgB expression d&DNCs [35, 36], and pTNM.

creased from TCs to WDNCs and SCLCs, being detect-

able in all the TCs under study, in 16 of 24 16%)

WDNCs and 7 of 124 58%) SCCLs, though this trendChromogranins and polysialylated neural cell adhesion
did not reach statistical significance according to Chiolecule

square with Yates’ correctiof? & 0.21).

Scattered cells immunoreactive for CgA, CgB armd differential expression of Cgs, particularly of CgB,
Sgll were detectable in non-neoplastic bronchial mucand polysiaN-CAM was found: polysiaN-CAM was not
sa; Sgll immunoreactivity was also detectable in brodetectable in any TC, while it was present in 13 of the
chial nerves. 21 WDNCs and in all but 1 of the SCCLB € 0.006).

All MoAbs stained the cytoplasm of TC, WDNC an@onversely, all the TCs, 16 of the 21 WDNCs and 7 of
LCNEC cells in a coarsely granular pattern. Cell clustdise 12 SCCLs were immunoreactive to B11 MoAb. This
of TCs, and to a lesser extent those of WDNCs adidtribution, when analysed by the Chi-square test with
LCNECSs, often displayed peripheral palisading with in¥ates’ correction, was highly significar® £ 0.001).
munostaining concentrated in the basal pole of the cells.

In the central areas of TC clusters, the immunoreactivity

was distributed uniformly, the pattern being similar iBiscussion

WDNC and LCNEC cells. Finally, SCCL CgA immuno-

reactivity was represented by a paranuclear dot. N-CAM is a glycoprotein involved in intercellular adhe-
sion mechanisms [32]. Multiplex2—-8-polysialylated
units are coupled to the N-CAM protein core in the Gol-

Polysialylated neural cell adhesion molecule gi compartment by several sialyltransferase isoforms in
embryonal life [29-31, 40]. The function of N-CAM is

The results of the present study are summarized in Tabledulated by the degree of sialylation, that is to say that

2. Non-neoplastic alveolar and bronchial epithelia anterference with cell-cell adhesive phenomena has been

also tracheobronchial glands failed to react to MoAb 78&lated to the presence of N-CAM in the embryonal form

to the polysialylated N-CAM, while nerve trunks disfl, 33]. Other sialylated molecules are retained to exert

played strong immunoreactivity. the same functions [13, 38]. In human adult tumours, N-

All but 1 of the SCCLs reacted with 735 MoAKWCAM carrying long chains of polysialic acid units has
(Fig. 2). The immunoreactivity ranged from a small subeen often detected [17-19, 22—-24].
set (1+) to the majority of the neoplastic population (3+), Our results emphasize the similarities between
irrespective of the WHO subgrouping. WDNCs and SCCLs: in fact, both were consistently im-

Thirteen of 21 € 62%) of the WDNCs showed immu-munoreactive with MoAb 735 that failed to react with
noreactivity with MoAb 735, either confined to a smallCs [18]. These findings agree with those of others [22].
subpopulation of cells (1+) or more widely distributell is noteworthy that TCs are consistently unreactive, as
(2+). shown in this and other studies [17, 18]. Our results are

Finally, all of the TCs were unreactive with 73&also in keeping with the putative correlation between the
MoAb. The number of positive cases increases, rangprgsence of highly sialylated N-CAM forms and tumour
from the slow-growing TCs through WDNCs with interaggressivity. Indeed, polysiaN-CAM immunoreactivity is
mediate course to highly aggressive SCQRs=(0.006, not detectable in the presence of morphological evidence
Chi-square test with Yates’ correction). MoAb 735 immuwf a cohesive architecture characteristic of TCs. Con-
nostained 1 of the 2 LCNECs present in the current stuslgrsely, loosely arranged carcinomas such as SCCLs

The pattern of immunostaining in WDNCs could beere positive for polysiaN-CAM. Similarly, these immu-
represented either by positive clusters intermingled witbreactivities emphasize the close linkage between
negative areas (Fig. 3) or by single positive cells symlysiaN-CAM expression and differentiation of the
rounded by negative ones (Fig. 4). Tumour cells in closfole category of neuroendocrine tumours.
contact with vessels and lymphatic structures were usufrom the analysis of data reported in Table 2, an in-
ally more strongly immunostained. verse relationship between the distribution of Cgs/Sgll

Regardless of histotype, in all these tumours the staamd polysiaN-CAM emerge$ (= 0.001). Highly differ-
ing was strictly confined to the cytoplasmic membranentiated neoplasms including TCs consistently showed
with a continuous or punctate pattern. This staining pattmunoreactivity for the MoAbs to Cgs/Sgll in more
tern was never polarized. Cytoplasmic immunostainitigan 50% (3+) of neoplastic cells. Conversely, SCCL
was focally present in some cases, and was unscoosils immunoreactive to Cgs/Sgll were few, amounting
The stroma, scanty or abundant, was not stained withunder 50% (1+ to 2+), and usually did not express
MoAb 735. more than one antigen. WDNCs showed neuroendocrine

No correlations were found between immunoreactiieatures in a percentage of cells intermediate between
ty to MoAb 735 and malignancy criteria such as numb&Cs and SCCLs (1+ to 3+). Down-regulation of the neu-




459

roendocrine features progressed from WDNCs to SCClés Capella C, Heitz PU, Héfler H, Solcia E, Kloppel G (1995)
only for CgB, a trend also reported by others [3]. Analy-
sis of the functional significance of CgB in tumours mer-
its some interest. CgB has two putative heparin-binding
motifs in a region without homologies to CgA [7]. Inter-

estingly, this region has a high degree of sequence cch

servation between species, suggesting a functional sig
nificance. CgB has an adhesive potency in the range o

fdistribution of Chromogranins A and B and Secretogranin Il in
n

Revised classification of neuroendocrine tumours of the lung,
pancreas and gut. Virchows Arch 425:547-560

Chen M, Tempst P, Yanker BA (1992) Secretogranin I/Chro-
mogranin B is a heparin-binding adhesive protein. J Neuro-
chem 58:1691-1698

Fahrenkamp AG, Wibbeke C, Winde G, Ofner D, Bocker W,
Fischer-Colbrie R, Schmid KW (1995) Immunohistochemical

euroendocrine tumours of the gastrointestinal tract. Virchows

fibronectin, collagen and laminin. Our data show an in- Arch 426:361-367 _
verse relationship between CgB and polysiaN-CAM ex?. Gould VE, Linnoila RI, Memoli VA, Warren WH (1983) Neu-

pression in the tumours in our series: the number of Cg

immunoreactive cells was highest in low-grade tumoug

where polysiaN-CAM was lacking. Conversely, the high evaluation of neuroendocrine cells and neoplasm of the lung.
expressors of polysiaN-CAM were high-grade neo- Pathol Res Pract 183:200-213

plasms that displayed few CgB immunoreactive cells

b

none at all. In addition, the cells of a series of tumours
identified by a MoAb against CgA were recently proved s55:955-964

to be in a postmitotic phase [2, 4]; accordingly, Cgs/SdgR. Grogan T, Guptil V, Mullen J, Ye J, Hanneman E, Vela E, Fru-
immunoreactivity was used as a marker of the resting
population of the tumour.

Finally, Grogan et al. [12] reported high polysialyla-

Broendocrine components of the bronchopulmonary tract: hy-

perplasias, dysplasias, and neoplasms. Lab Invest 49:519-537
Gould VE, Lee |, Warren WH (1988) Immunohistochemical

Gower HJ, Barton CH, Elsom VL, Thompson J, Moore SE,
Dickson G, Walsh FS (1988) Alternative splicing generates a
secreted form of N-CAM in muscle and brain. Cell

tiger Y, Miller T, Troy F (1994) Polysialilated N-CAM as a
neurodeterminant in malignant lymphoma. (IAP 1994) Inter-
national Academy of Pathology, S. Francisco Lab Invest:
70:110A

ted N-CAM expression in lymphomas of the central ners. Hilkens J, Vos HL, Wesseling J, Boer M, Storm J, Valk S van
vous system (CNS). Although highly neurotropic carci- der, Calafat J, Patriarca C (1995) Is episialin/MUCL1 involved

fAN in breast cancer progression? Cancer Lett 90:27-33
nomas Suct:)lr as f.SSCL do Iex_prezs p0|yS|aN CAM, ‘&’E Hirsch FR, Osterlind K, Hansen HH (1983) The prognostic
were not able to find a correlation between Its expressiongjgnificance of histopathologic subtyping of small cell carci-

in WDNCs and CNS metastases at the time of the diag-noma of the lung according to the classification of the World
noses. Health Organization. A study of 375 consecutive patients.

In summary, the expression of polysialylated N-CAN_ Cancer 52:2144-2150
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