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Summary. The immunoreactivity of polyclonal an-
tiserum to neuron-specific enolase (NSE) has been
investigated. Twenty-three cases of malignant lym-
phoma (ML) were studied and compared with pre-
viously published reports. In our study 11 out of
23 cases showed strong or weak NSE positivity;
any type of ML could be positive or negative even
among B or T cell ML. This study indicated that
polyclonal NSE is not a specific marker; it might
be an inconstant marker of ML with no apparent
correlation between reactivity and morphology or
phenotype.
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Introduction

Enolases are cytoplasmic enzymes composed of
three immunologically distinct subunits «, f and
y. Neuron specific enolase (NSE), the y-y dimer
(Marangos et al. 1977) was first extracted from ce-
rebral tissue. Recent immunohistochemical investi-
gations have revealed that NSE is present in both
neuronal and neuroendocrine cells (APUD system)
(Schmechel et al. 1978; Tsokos et al. 1984), NSE
has been demonstrated in neuro-endocrine derived
cell tumours (Tapia et al. 1981 ; Dhillon et al. 1982;
Wick et al. 1983; Sasaki et al. 1985; Leong 1986;
Rubinstein 1986). However, a systematic study of
antisera to NSE demonstrated a more evident
positivity in miscellancous tumours (Wick et al.
1983; Vinores et al. 1984; Kilidireas et al. 1986;
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Leader et al. 1986; Rubinstein 1986; Vinores et al.
1986). Malignant lymphomas (ML) have not been
specifically investigated (Wick et al. 1983; Tsokos
et al. 1984; Vinores et al. 1984 ; Battifora and Silva
1986; Wick et al. 1987) and there are discrepancies
in the results reported. We therefore studied
23 cases of ML to precise the validity of NSE and
compared our findings with the few previously
published cases.

Material and methods

Twenty-three cases of ML consisted of 15 biopsy specimens,
seven surgical and one necropsy sample. The localizations were
lymph nodes and spleen (nine cases), digestive tract (eight
cases), central nervous system (C.N.S.) (five cases), and orbit
(one case). The fixation was Bouin’s liquid except for the forma-
lin-fixed necropsy case. Immunohistochemistry was performed
on three micron thick paraffin embedded sections.

Monoclonal antibodies (MAB) to epithelial membrane an-
tigen (EMA) and to leucocyte common antigen (LCA) (Dako
Corporation, Denmark) were studied by the three step method
(Ancelin et al. 1984). The binding of polyclonal antiserum to
bovine neuron-specific enolase (NSE) (Dako Corporation,
Denmark) was detected using a standard Avidin-Biotin-Com-
plex technique (ABC) (Vectastain kit, Vector, California, USA)
(Hsu et al. 1981); this antibody reacts predominantly with y
subunits of neuronal origin with a possible cross-reactivity with
S subunits (Dako Corporation, Denmark). The dilutions used
were 1:25, 1:25, 1:1000 respectively. Revelation of the reaction
used 3-3’-diaminobenzidine tetrahydrochloride (DAB). For
negative controls, sections of each tumour were stained by omit-
ting the primary antibodies. Sections of stock tissues and tu-
mours known to contain the antigens of interest were used
as positive controls.

Results

Nineteen ML were classified according to the Kiel
classification (Lennert and Mohri 1978) and the
two cases of Hodgkin’s disease belonged to the
type I1I of the Lukes-Rye’s classification. Amongst
the 19 ML, eight cases were recognized as large
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Table 1. ML types and immunoreactivity of NSE

ML Types Cases No. BorT NSE NSE + and + +
cases number
1. CLL 1 ND 0 0/2
2 B 0
2. Centroblastic-centrocytic follicular 3 B + i1
3. Centroblastic diffuse 4 B +
5 ND 0
6 ND ++ 2/6
7 B 0
8 B 0
9 ND 0
4. Large cells
immunoblastic 10 ND +
1 ND 0 172
irregular 12 ND 0
13 T +
14 T ++ _
15 T 0 5/8
16 T ++
17 T 0
18 ND +
19 T +
5. Histiocytic sarcoma and histiocytosis X 20 ++
21 0 1/2
6. Hodgkin type III (Sternberg-Reed cell) 22 ++
23 0 1/2

NSE +, + +, 0: neuron-specific enolase (weakly, strongly positive, negative); CLL: chronic lymphoid leukemia; ML: malignant

lymphoma; ND: not determined

irregular cell ML: six were of T cell subtype and
two were not subtyped. Five other cases were iden-
tified as B cell ML. There was one case of true
histiocytic sarcoma and one case of histiocytosis
X.

A positive LCA reactivity with anti LCA-MAB
was expressed in all cases of non Hodgkin’s ML
except for one immunoblastic ML. Only one posit-
ivity with EMA antibody was present in a diffuse
centroblastic ML. The results (Tables 1 and 2)
showed that the intensity of the reactivity of NSE
could be strong, weak or negative and was not
correlated to the morphology or the subtypes B
or T of the ML (Fig. 1a, b): the density of the
cytoplasmic immunoreactivity was uniform in all
the tumour cells in a given tumour. The same find-
ings were observed for Sternberg-Reed cells and
histiocytic or Langerhans’ cells (Fig.1c, d).
Among the 23 studied cases (Tables 1 and 2), five,
six and 12 cases respectively showed strong, weak
and negative immunoreactivity. The only constant
result was the negativity of the central nervous sys-
tem in ML (biopsy and post-mortem material).

Discussion

Several authors (Tapia et al. 1981; Dhillon et al.
1982; Vinores et al. 1984) have demonstrated that
NSE immunoreactivity was elevated in neuronal
and neuroendocrine tumours; in non neuroendo-
crine tumours it was negative. Schmechel et al.
(1978) thus suggested that the presence of NSE
would be very useful in determining the neuroen-
docrine nature of a tumour. Subsequently the pres-
ence of NSE was detected in melanomas (Dhillon
etal. 1982; Hirano 1986), in neuroblastomas
(Triche and Askin 1983), in breast, lung and ovary
carcinomas (Wick et al. 1983; Vinores et al. 1984;
Kilidireas et al. 1986; Leader et al. 1986; Rubin-
stein 1986), in rhabdomyosarcomas (Leader et al.
1986; Rubinstein 1986), in giant cell tumour of
tendon sheaths (Vinores et al. 1984) and in chordo-
mas (Vinores et al. 1984). However, Battifora et al.
(1986) reported negative results in their series of
melanomas, lymphomas and undifferentiated car-
cinomas and still considered NSE to be a valuable
marker of neuroendocrine tumours.
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Table 2. NSE reactivity, sites and types of ML
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Sites NSE ML types Cases No.
CNS 0 Centroblastic diffuse 7
8
9
0 Large irregular cells 12
17
Lymph nodes/spleen ++ Hodgkin type ITT 22
+ Centroblastic-centrocytic 3
follicular
+ Large irregular cells 18
0 CLL 1
2
Centroblastic diffuse 5
Large cells:
immunoblastic 11
irregular 15
0 Hodgkin type IIT 23
Digestive tract ++ Centroblastic diffuse 6
+ + Large irregular cells 14
16
+ Centroblastic diffuse 4
+ Large cells
immunoblastic 10
irregular 13
19
0 Histiocytosis X 21
Orbit + Histiocytic sarcoma 20

NSE +, + +, 0: neuron-specific enolase (weakly, strongly positive, negative); ML: malignant lymphoma;

CLL: chronic lymphoid leukemia; CNS: central nervous system

Few reports investigating ML have been pub-
lished (Wick et al. 1983; Tsokos et al. 1984; Vin-
ores et al. 1984; Battifora et al. 1986). In our study
11 out of 23 cases showed NSE positivity. In the
literature all the previously published cases have
also been studied on paraffin embedded material.
Positive NSE reactivity has been observed in one
case of large cell lymphoma (Wick et al. 1983) (Per-
oxidase-anti-peroxidase (PAP), non commercia-
lized antiserum, unknown fixation). Negative reac-
tivity was found in an imprecise type of ML (Vin-
ores et al. 1984, PAP, Marangos’ antiserum 1:500
to 1:2000 diluted, formalin fixation), in a diffuse
large centroblastic cell ML (Dhillon et al. 1982,
indirect method, non commercialized antiserum,
formalin fixation), in six lymphomas (Tsokos et al.
1984) in three cases of lymphoblastic lymphomas,
one case of undifferentiated non Burkitt’s lym-
phoma, two cases of histiocytic lymphomas — PAP
and ABC, Marango’s and Polysciences antisera,
formalin and Bouin’s fixation), in 20 large cell ML

(Battifora et al. 1986 — ABC, Dako antiserum, for-
malin fixation, trypsinization) and in 113 small cell
ML (Wick etal. 1987, PAP, Dako antiserum
1:400, formalin fixation). In these five studies,
antisera were prepared by the authors except for
the two last where our antiserum was used. In a
recent study (Battifora et al. 1986) trypsin diges-
tion, which generally enhanced the reaction, gave
negative results. The discrepancies between pre-
vious studied and ours cannot be explained by the
different fixatives, as even with the Bouin’s fixa-
tion, the positivity was inconstant. It is noteworthy
that the antigenicity of the y enolase in normal
lymphocytes was markedly reduced in formalin-
fixed, paraffin-embedded sections (Haimoto et al.
1985). Moreover this reactivity did not seem to
follow a general rule, as any type of ML could
be positive or negative for NSE; even among B
and T cell ML, there was no clear predominance.
Furthermore the five ML of CNS had no reactivity
for NSE. This has to be correlated with the results
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obtained in vitro by Pihlman et al. (1986) who
observed that expression of NSE is a characteristic
feature of B and T cells at a particular differentia-
tion stage. Recently a MAB (H 14) has been pre-
pared (Soler. Federsppicl et al. 1987), against the
y subunit with no cross reactivity with the o or
f subunits, and positive controls were obtained
with paraffin embedded tissues. The future utiliza-
tion of such an antibody will probably permit to
explore the true value of y enolase as a cellular
marker.

In conclusion this study shows that the y poly-
clonal antibody developed against NSE is not a
specific marker as previously reported and may
be an inconstant marker of ML, with no apparent

Fig. 1. Immunoperoxidase staining
with anti-neuron-specific enolase
polyclonal antibody. a Intense
cytoplasmic positivity of large
irregular cells in a T cell
malignant lymphoma. x 384. b
Weak cytoplasmic staining of
malignant immunoblastic cells. x
960. ¢ Strong cytoplasmic staining
of a Sternberg-Reed’s cell. x 960.
d Marked cytoplasmic staining in
an histiocytic sarcoma. x 960

correlation between reactivity, morphology and
phenotype.

Acknowledgements. This study was supported by the “Ligue
Nationale contre le Cancer” (Comité de Paris), the ““Conseil
scientifique de la Faculté de Médecine Lariboisiére — Saint-
Louis” (Université Paris VII) and the “Association pour la
Recherche sur le Cancer” (ARC, Villgjuif, France). We thank
Marie-France Bouvet, Yveline Leclerc and Marie-Claude Viot
for their technical assistance, and Nadine Le Hello for secretari-
al support.

References

Ancelin E, Delsol G, Familiades J, Mason DY, KuhleinE, Al
Saati T, Laurent G, Huguet-Rigal F (1984) In situ immuno-
logic characterization of follicular lymphomas. Hematol
Oncol 2:221-237



J. Nemeth et al.: Neuron-specific enolase and malignant lymphomas 93

Battifora H, Silva EG (1986) The use of antikeratin antibodies
in the immuno-histochemical distinction between neuroen-
docrine (Merkel Cell) carcinoma of the skin, lymphoma,
and oat cell carcinoma. Cancer 58:1040-1046

Dhillon AP, Rode J, Leathem A (1982) Neurone specific eno-
lase: an aid to the diagnosis of melanoma and neuroblas-
toma. Histopathology 6:81-92

Haimoto H, Takahashi Y, Koshikawa T, Nagura H, Kato K
(1985) Immunohistochemical localization of yp-enolase in
normal human tissues other than nervous and neuroendo-
crine tissues. Lab Invest 52:257-263

Hirano T (1986) Immunohistochemical study of malignant mel-
anoma. Acta Pathol Jpn 36:733-743

Hsu SM, Raine L, Fanger H (1981) Use of avidin-biotin-perox-
ydase complex (ABC) in immunoperoxidase techniques: a
comparison between ABC and unlabeled antibody (PAP)
procedures. J Histochem Cytochem 29:577-581

Kilidireas C, Davaki P, Davou R, Papageorgiou C (1986) Im-
munohistochemical demonstration of neuron-specific eno-
lase in metastatic brain tumors. X™ International Congress
Neuropathology, Stockholm

Leader M, Collins M, Patel J, Henry K (1986) Antineuron
specific enolase staining reactions in sarcomas and carcino-
mas: its lack of neuroendocrine specificity. J Clin Pathol
39:1186-1192

Lennert K, Mohri N (1978) Malignant lymphomas other than
Hodgkin’s disease. Springer, Berlin, Heidelberg, New York

Leong ASY (1986) Antibody probes in the diagnosis of anaplas-
tic tumours. I. Malignant round cell tumours. Pathology
6:157-163

Marangos PJ, Zomzely-Neurath C, Goodwin FK (1977) Struc-
tural and immunological properties of neuron-specific pro-
tein (NSP) from rat, cat, and humain brain: comparison
to bovine 14-3-2. J Neurochem 28:1097-1107

Pdlhman S, Esscher T, Nilsson K (1986) Expression of y-sub-
unit of enolase, neuron-specific enolase, in human non neu-
roendocrine tumors and derived cell lines. Lab Invest
54:554-560

Rubinstein LT (1986) Contribution des méthodes immunohisto-
chimiques a I’étude des tumeurs du systéme nerveux central.
Ann Pathol 6:157-163

Sasaki A, Ogawa A, Nakazato Y, Ishida Y (1985) Distribution
of neurofilament protein and neuron-specific enolase in pe-
ripheral neuronal tumours. Virchows Arch (Pathol Anat)
407:33-41

Schmechel DE, Marangos PJ, Brightman MW (1978) Neuron-
specific enolase as a molecular marker for peripheral and
central neuroendocrine cells. Nature 276:834-836

Soler Federsppiel BS, Cras P, Gheurens J, Andries D, Lowen-
thal A (1987) Human ypy-enolase: two-site of immunoradio-
metric assay with a single monoclonal antibody. J Neu-
rochem 48:22-28

Tapia FJ, Barbosa AJA, Marangos PJ, Polak JM, Bloom SR,
Dermody C, Pearse AGE (1981) Neuron-specific enolase
is produced by neuroendocrine tumours. Lancet 11:808-811

Triche TJ, Askin FB (1983) Neuroblastoma and the differential
diagnosis of small, round, blue-cell tumors. Hum Pathol
14:569-595

Tsokos M, Linnoila RI, Chandra RS, Triche TJ (1984) Neuron-
specific enolase in the diagnosis of neuroblastoma and other
small, round cell tumours in children. Hum Pathol
15:575-584

Vinores SA, Bonnin JM, Rubinstein LJ, Marangos PJ (1984)
Immunohistochemical demonstration of neuron-specific en-
olase in neoplasms of the CNS and other tissues. Arch Pa-
thol Lab Med 108:536-540

Vinores SA, Herman MM, Rubinstein LJ (1986) Electron-im-
munocytochemical localization of neuron specific enolase
in cytoplasm and on membranes of primary and metastatic
cerebral tumours and on glial filaments of glioma cells.
Histopathology 10:891-908

Wick MR, Scheithauer BW, Kovacs K (1983) Neuron-specific
enolase in neuroendocrine tumors of the thymus, bronchus
and skin. Am J Clin Pathol 79:703-707

Wick MR, Weatherby RP, Weiland LH (1987) Small cell neuro-
endocrine carcinoma of the colon and rectum: clinical,
histologic and ultrastructural study and immunohistochemi-
cal comparison with cloacogenic carcinoma. Hum Pathol
18:9-21

Accepted August 5, 1987



