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Summary. An immunohistochemical study of 63
cases of Hodgkin’s disease was undertaken using
formalin-fixed paraffin embedded tissue sections.
The antibodies used were against 1.26, LN-1, LN-
2, EMA (epithelial membrane antigen), Leu-M1,
Vimentin, UCHL-1, S-100, and lysozyme. Hodg-
kin’s disease could be divided into three groups:
the first group was LN-1+/L.26 + /vimentin —, the
second LN-1—/1.26+ /vimentin+, and the third
LN-1—/L26— /vimentin + ). Sixteen cases of follic-
ular lymphomas were also examined and were all
positive for LN-1 and L.26 and negative for vimen-
tin. Thus the vimentin negativity of the first group,
including 7 nodular lymphocyte-predominant
cases, gives further evidence of their germinal
center B-cell origin. Since vimentin is expressed
mainly in the immature stage of B-lymphocytes,
the second group of Hodgkin’s disease may repre-
sent immature B-cell Hodgkin’s disease. In the
third group, vimentin was present in Reed-Stern-
berg’s (RS) and Hodgkin’s (H) cells in 45 of the
48 cases (92.5%). In none of 48 cases were these
cells positive for S-100 or lysozyme, but strong vi-
mentin-positivity still suggested monocytic or
histiocytic origin. The results of our study suggest,
at least, divergent origin of RS’s and H’s cells.

Key words: Hodgkin’s disease — Nodular paraglan-
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Introduction

Vimentin is the major intermediate filament poly-
peptide and is often utilized to differentiate epithe-
lial and mesenchymal neoplasms immunohisto-
chemically (Osborn et al. 1977; Osborn and Weber
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1983). Vimentin is the most primitive intermediate
filament and cells can switch production of specific
intermediate filaments (along with differentiation)
to either glial (Dahl et al. 1981; Prochiantz et al.
1982; Schnitzer et al. 1981; Yen and Fields 1981),
myogenic (Bennet et al. 1979; Granger and Lazar-
ides 1979) or epithelial lines (Herman et al. 1983;
Ramaekers et al. 1983b). The main intermediate
filament of haematopoietic cells is vimentin, and
its quantiative expression and organization is
highly variable within the different lineage of these
cells. Thus, vimentin is well organized in mono-
cytes into a rich filamentous network through the
whole cytoplasm, while it disappears completely
during the maturation of erythrocytes and megak-
aryocytes (Dellagi et al. 1983).

An immunohistochemical study of vimentin ex-
pression in lymphocytes and lymphoid organs has
been reported by Giorno (1985). He found that
lymphocytes in the periarteriolar lymphoid sheath
of the spleen as well as macrophages and fibroblas-
tic reticulum cells were reactive to monoclonal an-
tibodies directed against vimentin. Giorno and
Sciotto (1985) also reported that vimentin immu-
nostaining was of limited usefulness in the diagno-
sis of non-Hodgkin’s lymphomas.

Recently we found that many of RS’s and H’s
cells were strongly positive with vimentin immuno-
staining in paraffin sections (Tamaru et al. 1988).
This, coupled with the paucity of the similar stu-
dies on non-Hodgkin’s lymphomas, prompted us
to investigate vimentin expression in Hodgkin’s
and non-Hodgkin’s lymphomas.

Materials and methods

Sixty-three cases of histopathologically proven non-ireated
Hodgkin’s disease and sixteen cases of follicular lymphomas
were selected for study. All tissues used in this study were for-
malin fixed and paraffin embedded. In most cases, the tissues
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were from lymph nodes. However, tissue from the spleen (one
case of Hodgkin’s discase) was also included.

Six lymph nodes with follicular hyperplasia were similarly
processed and served as non-neoplastic controls. The antibodies
used included mouse monoclonal antibodies against Leu-M1
(Becton-Dickinson), LN-1, LN-2 (all Techniclone Interna-
tional), .26, UCHL-1, EMA and Vimentin (all DAKO), and
purified rabbit antibodies to Lysozyme and to S-100 recogniz-
ing both A and B subunits (all DAKO).

The blocks were sectioned at S pum, and the slides then
deparaffinized through descending grades of ethanol. Following
a ten-min wash in PBS (pH 7.2), the slides were incubated in
a bath containing methanol and 0.5% H,QO, to inhibit endoge-
nous peroxidase for 30 min, treated with normal serum (rabbit
serum for monoclonal antibodies, swine serum for others) for
30 min, incubated first with each primary antiserum, washed,
and then with biotinylated rabbit anti-mouse (for Leu-M1, LN-
1, LN-2, L26, UCHL-1, EMA and Vimentin) or -swine (for
others) anti-serum. After washing, the slides were incubated
with the avidin-biotin peroxidase complex, which was devel-
oped using diaminobenzidine-HCl with 0.3% H,0,. The sec-
tions were then counterstained with methylgreen and dehy-
drated prior to microscopic evaluation. Each case was evaluated
for the extent and nature of each antibody positivity.

Results

The results obtained in 63 cases of Hodgkin’s dis-
ease of different histological types are summarized
in Table 1.

LN-2 was considered to be present in RS’s and
H’s cells in 56 of the 63 cases (88.9%), Leu-M1
in 40 cases, .26 in 15 cases, LN-1 in 10 cases,
EMA in 6 cases, and Vimentin in 45 cases. L26
and LN-1 showed staining related to the surface
membrane with, in some instances, intense local-
ized positivity in discrete areas adjacent to the nu-
cleus (Figs. 1, 2a). The staining of EMA was mem-
branous with occasionally weak cytoplasmic stain-
ing. LN-2 showed diffuse cytoplasmic reactivity,
as well as intense localized paranuclear staining.
Leu-M1 exhibited an intense membrane and a dif-
fuse cytoplasmic staining pattern, predominantly
in the paranuclear regions. RS’s and H’s cells ex-
hibited various staining patterns of vimentin such
as diffuse positivity in the entire cytoplasmic area
and localized positivity in the paranuclear region,
or the combination of both (Figs. 3, 4a). Fre-
quently, a crescent-shaped area along with a half
circumference of the nuclear membrane or the cy-
toplasmic membrane was strongly stained
(Figs. 4b, c¢).

Leu M1 and Vimentin, in cases of mixed cellu-
lar (MC), lymphocyte depleted (LD) and nodular
sclerosing (NS) Hodgkin’s disease, were expressed
threefold or more frequently than in cases of lym-
phocyte predominant (LP) Hodgkin’s disease (Ta-
ble 1). None of L.26 and LN-1 positive cases, which
consisted of 7 nodular LP and 3 MC cases and
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Table 1. Immunoreactivities of Reed-Sternberg and Hodgkin
cells with antiseras on each subtype (%)

Sub- Case Reactivities of R-S and H cells with antisera
type  No.
L26 LN-1 LN-2 EMA ILeu- Vimen-
M1 tin

LP 11 771 741 1111 441 311 411

(63.6) (63.6) (100) (36.4) (27.3) (36.4)
MC 32 732 332 28/32 2/32° 18/32 24/32
(21.9) (94) (87.5) (6.3) (56.3) (75.0)
LD 5 05 /5 45 05 55 55
0  (©  (80.0) (0)  (100) (100)
NS 15 1/15 0/15 13/15 0/15 14/15 12/15
6.7 (0 (86.7) (0)  (93.3) (80.0)
Total 63  15/63 10/63 56/63 6/63 40/63 45/63
(23.8) (159) (88.9) (9.5) (63.5) (71.4)

LP, lymphocyte predominant; MC, mixed cellularity; LD, lym-
phocyte depletion; NS, nodular sclerosis

Table 2. 1.26 Positive cases

Case Age/ Subtype Reactivities of R-S and H cells
No sex with antisera
(2
LN-1 LN-2 EMA Leu- Vimen-
M1  tin
1 8§M LP (nod) + + - - -
2 19/M  LP (nod) + + - - -
3 57/M  LP (nod) + + - - -
4 13/F  LP (nod) + + + - -
5 17/M LP (nod) + + + - -
6 18M LP (nod) + + + - -
7 35/M  LP (nod) + + + - -
8 22/M  MC + + + - -
9 42/F  MC + + + - -
10 M MC + + - - -
11 4/M MC — + - + +
12 30/M MC — + - + +
13 54/M MC — + - - +
14 61/F MC - + - - +
15 20/F NS (syn) — + - +

LP (nod), lymphocyte predominant (nodular subtype); MC,
mixed cellularity ; NS (syn), nodular sclerosis (syncytial variant)

only 5 of 15 L26 positive cases were vimentin posi-
tive (Table 2). Namely, all LN-1-positive cases (in-
cluding all EMA-positive cases) were negative for
vimentin and Leu-M1 (Figs. 2b, ¢).

One nodular sclerosis case of syncytial variant
was L26 positive. However, this case was negative
for LN-1 and EMA and positive for Leu-M1 and
Vimentin.

LN-2 reactivity was seen within most RS’s and
H’s cells in all four major subgroups of Hodgkin’s
disease. Of these 63 cases, however, non-reactivity
for LN-2 was noted in 4 cases of mixed cellularity,
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1 case of lymphocyte depletion and 2 cases of nod-
ular sclerosis Hodgkin’s disease.

None of the cases showed positivity for S-100,
UCHL-1 or lysozyme.

All of 16 follicular lymphomas were positive
for LN-1, LN-2, and .26, and negative for vimen-
tin (Fig. 5a), Leu-M1, UCHL-1, lysozyme and S-
100.

Staining characteristics, of reactive lymph
nodes with LN-1, LN-2, L26, UCHL-1 and S-100
antibodies, were similar to those previously re-
ported (Epstein et al. 1984 ; Ishii et al. 1986; Nor-
ton et al. 1986; Watanabe et al. 1983). Vimentin
was positive in reticular cells of the T-zone, the
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Fig. 1. Hodgkin’s disease, nodular
lymphocyte predominant type
(corresponding to nodular
paragranuloma). The RS’s and H’s
cells demonstrating reactivity with
L26 as strong positivity of the cell

2 surface membrane and localized
deposits adjacent to nucleus (avidin-
biotin-peroxidase, counterstained
with methyl-green, x 200)

Fig. 2a—c. Same case as in Figure 1. a
LN-1 antibody staining showing
same immunoreactive pattern to L26
antibody on RS’s and H’s cells
(x400). b and ¢ None of RS’s and
H’s cells showing positivity with
vimentin and Leu-M1 ( x 400). (all;
avidin-biotin-peroxidase,
counterstained with methyl-green)

endothelial cells and some perivascular cells of
post-capillary venules and capillaries, in macro-
phages and weakly so in follicular dendritic cells.
Occasionally, small and medium-sized lympho-
cytes in the mantle zone and para-cortical area ex-
hibited positivity on the nuclear membrane.

Discussion

According to Giorno and Sciotto (1985), less than
50% of non-Hodgkin’s lymphomas were immuno-
reactive to monoclonal antibodies against vimen-
tin. They did not find any correlation of vimentin
expression with immunophenotypic or histopatho-
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logical categories of malignant lymphomas. They
studied 28 B-cell and 2 T-cell lymphomas but
Hodgkin’s disease was not included. Few other
papers have dealt with vimentin expression in lym-
phomas, examined by polyclonal antibodies and
immunofluorescence techniques. Among them, 5
and 4 Hodgkin’s lymphomas were included in
Kahn’s (1983) and in Ramaeker’s report (1983a)
respectively, but whithout any detailed comments.

We found that in 45 of 63 cases of Hodgkin’s
disease, RS’s and H’s cells were strongly positive
for vimentin. This frequency exceeded that of Leu-
M1 reactivity in our series by almost 10 percent.
It was found that the incidence of vimentin and

J. Tamaru et al.: Reciprocal/dichotomic expression of vimentin

"o

Fig. 3. RS’s and H’s cells showing
intense staining with vimentin. A so-
called mirror image diagnostic cell
showing diffuse cytoplasmic and
localized paranuclear staining.

3 Fibroblastic reticulum cells,
histiocytic cells and a few small
lymphocytes also are immunoreactive
for vimentin (avidin-biotin-
peroxidase, counterstained with
methyl-green, x 400)

Fig. 4. a RS’s cell showing only

s localized paranuclear staining
(x400). b and ¢ Positive reactions in
crescent-shaped area along with half
circumference of the cytoplasmic
membrane and the nuclear membrane
of RS’s cell ( x 400). (all; avidin-
biotin-peroxidase, counterstained
with methyl-green)

Ley-M1 antigen expression in four subtypes of
Hodgkin’s disease showed a similar tendency;
namely, only in 3 or 4 of 11 LP type were RS’s
and H’s cells positive with vimentin or with Leu-
M1 immunostaining, while 80 to 100 percent of
NS and LD cases contained RS’s and H’s cells
reactive to both antibodies.

RS’s and H’s cells are established as the neo-
plastic elements of Hodgkin’s disease but the deri-
vation of these cells remains speculative. It has
been suggested by various investigators that these
cells originate from macrophages (Kadin et al.
1978 ; Kaplan and Gartner 1977; Long et al. 1977;
Mir and Kahn 1983; Mori et al. 1985; Oka et al.
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1988; Payne et al. 1982; Ree et al. 1981 ; Strauchen
1984; Stuart et al. 1977), T-lymphocytes (Binia-
minov and Ramot 1974; Kadin et al. 1985; Stein
et al. 1985), B-lymphocytes (Boecker et al. 1975;
Cossman et al. 1977; Garvin et al. 1974; Kadin
et al. 1974; Leech 1973; Linch et al. 1985; Pinkus
and Said 1988; Poppema 1980; Poppema et al.
1985; Poppema etal. 1979a; Poppema et al.
1979b; Stein et al. 1986; Taylor 1976; Timens
et al. 1986; Weiss et al. 1986), granulocytes (Stein
et al. 1982 b), interdigitating reticulum cells (Beck-
stead et al. 1982; Hsu et al. 1986; Hsu et al. 1985;
Kadin 1982; Poppema et al. 1982) or unclassified
cells (Stein et al. 1982a).

To elucidate the immunophenotypic character-
istics of RS’s and H’s cells we employed 8 other
antibodies, including those against 126, LN-1,
LN-2, UCHL-1, EMA, Leu-M1, S-100 and lyso-
zyme. When the results of immunostaining ob-
tained with these different antibodies were com-
pard, it was evident that there was a reciprocal
relationship between expression of Leu-M1 or vi-
mentin, and B-cell markers. The nodular variety
of LP Hodgkin’s disease has been suggested to be
of follicular B-cell origin (Pinkus and Said 1988;
Poppema et al. 1979b; Stein et al. 1986; Timens
et al. 1986). In our study, 7 nodular LP cases were
126 and LN-1 positive and vimentin negative.
Since LN-1 is known to be expressed by germinal
B lymphocytes (Epstein et al. 1984), our finding
is consistent with the views advanced by Poppema
(1979b) and by Stein (1986). Moreover, we found
that all 16 cases of follicular lymphomas were also
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Y a8 &« " lymphoma stained with vimentin.

" None of lymphoma cells show
positive reaction with vimentin.
Outside the neoplastic follicle,
capillaries and a few lymphocytes are
vimentin positive ( x 200). b A case of
diffuse large T-cell lymphoma.
Lymphoma cells demonstrating
reactivity with vimentin as positivity
of a diffuse cytoplasmic pattern and
crescent-shaped paranuclear pattern
in one side of the cytoplasm ( x 400).
(a and b; avidin-biotin-peroxidase,
counterstained with methyl-green)

negative for vimentin. Therefore, vimentin negativ-
ity of nodular LP cases provides further evidence
of their germinal B-cell origin. Since Giorno and
Sociotto’s (1985) and Moller’s (1988) papers are
apparently the only two reports existant concern-
ing vimentin expression of lymphoma cells studied
with immunohistochemical methods, we investi-
gated 37 B-cell and 10 T-cell lymphomas and 6
mycosis fungoides cases. Neoplastic cells in 7 of
10 T-cell lymphomas and 5 of 6 of the mycosis
fungoides cases were strongly positive for vimentin
immunostaining. These included two each of dif-
fuse large cell type (Fig. 5b), mixed cell type and
of HTLV-1 related pleomorphic type and one case
of AILD-like T-cell lymphoma. Three other cases
were weakly positive and only one case was com-
pletely negative. Among 37 B-cell lymphomas, 6
of 13 diffuse large cell lymphomas and one of 6
diffuse mixed and small cleaved cell cases were
strongly positive and 26 other cases were negative
for vimentin immunostaining. Giorno and So-
ciotto (1985) reported that 2 cases of follicular
large cell lymphoma were vimentin-positive and
Moller’s report (1988) indicated that 2 of 18 follic-
ular lymphomas were vimentin-positive. Howeyver,
none of 16 follicular lymphomas, regardless of
their cellular types, were positive in our series.
The data presented in this paper indicate that
Hodgkin’s disease can be divided into three types
on the basis of different pattern of antigen expres-
sion by RS’s and H’s cells. The first of these (10
cases) is characterized by expression of 1.26 and
LN-1 (often associated with EMA), and absence
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of vimentin and Leu-M1. Seven of these 10 cases
were nodular LP type. These cases can be inter-
preted as cases in which RS’s and H’s cells origi-
nated from germinal center B-cells. The second
group (5 cases) expresses L.26 and vimentin with
the absence of LN-1 and EMA. In B lymphocytes,
vimentin is expressed especially in their immature
stage, while in T lymphocytes, monocytes and
granulocytes, vimentin expression is retained
through all stages of maturation (Dellagi et al.
1983). Therefore, the second group may represent
such immature B-cell Hodgkin’s disease. Leu-M1-
positivity in 3 of 5 cases in this grop may due
to aberrant gene expression. The third group which
comprise the largest one (48 cases) shows expres-
sion of vimentin and/or Leu-M1 with the absence
of L26, LN-1 and EMA. Mori et al. (1985) recently
reported immunoelectron microscopic evidence of
the presence of lysozyme and alpha-1-antitrypsin
in the cytoplasm of RS’s and H’s cells. Activity
of lysosomal enzymes (acid phosphatase) has also
been observed in RS’s and H’s cells (Kaplan and
Gartner 1977; Mikata et al. 1981). Recently Leu-
M1 expression is recognized on some lymphomas
and monocytic/histiocytic cells (Kornstein et al.
1986, Meis etal. 1986, Swerdlow and Wright
1986). Moreover, it is observed that LN-2 ex-
presses on not only B-lymphocytes but also on
monocytic/histiocytic cells (Epstein et al. 1984).
Although in none of these 48 cases were RS’s and
H’s cells positive to S-100 or lysozyme, strong
positivity against vimentin antibody coupled with
Leu-M1 positivity still suggest monocytic or histio-
cytic origin of these cells. The fact that the immu-
nohistochemical properties of RS’s and H’s cells
were not all alike was demonstrated only by using
of 5 monoclonal antibodies. The results of our
study suggest the divergent origin of these cells.
For the determination of haematopoietic tumour
cell lineage, results of phenotypic analysis must be
judged carefully, since the problem of aberrant
gene expression or lineage infidelity is known in
these tumours (Smith et al. 1983). Although geno-
typic analysis of Hodgkin’s discase have been re-
ported with inconstant conclusions- (Mikata 1988)
similar data should in future, shed the light on
the nature of Hodgkin’s disease.

Acknowledgements. The authors are grateful to Associate Pro-
fessor J. Patrick Barron of St. Marianna University School
of Medicine for revising the English manuscript. We are also
grateful to Drs. K. Asanuma and M. Kashimura, Matsudo
Municipal Hospital, and Dr. M. Kojima, National Tochigi
Hospital, for providing us with interesting cases.

J. Tamaru et al.: Reciprocal/dichotomic expression of vimentin

References

Beckstead JH, Warnke R, Bainton DF (1982) Histochemistry
of Hodgkin’s disease. Cancer Treat Rep 66:609-613

Bennet GS, Fellini SA, Toyama Y, Holtzer H (1979) Redistri-
bution of intermediate filament submits during skeletal
myogenesis and maturation in vitro. J Cell Biol 82:577-584

Biniaminov M, Ramot B (1974) Possible T lymphocyte origin
of Reed-Sternberg cells. Lancet 1:368

Boecker WR, Hossfeld DK, Gallmeier WM, Schmidt CG
(1975) Clonal growth of Hodgkin cells. Nature 258:235-236

Cossman J, Deegan M, Schnitzer B (1977) Complement recep-
tor B lymphocytes in nodular sclerosing Hodgkin’s disease.
Cancer 55:683-690

Dahl D, Bignami A, Weber K, Osborn M (1981) Filament
proteins in rat optic nerves undergoing Wallerian degenera-
tion: localized of vimentin, the fibroblastic 100-A filament
protein, in normal and reactive astrocytes. Exp Neurol
73:496-506

Dellagi K, Vainchenker W, Vinci G, Paulin D, Brouet JC (1983)
Alteration of vimentin intermediate filament expression dur-
ing differentiation of human hemopoietic cells. EMBO J
2:1509-1514

Epstein AL, Marder RJ, Winter JN, Fox RI (1984) Two new
monoclonal antibodies (LN-1, LN-2) reactive in BS forma-
lin-fixed, paraffin-embedded tissues with follicular center
and mantle zone human B lymphocytes and derived tumors.
J Immunol 133:1028-1036

Garvin AJ, Spicer SS, Parmey RT, Munster AM (1974) Immu-
nohistochemical demonstration of IgG in Reed-Sternberg
and other cells in Hodgkin’s disease. J EXP Med
139:1077-1083

Giorno R (1985) Immunohistochemical analysis of the distribu-
tion of vimentin in human peripheral lymphoid tissues. Anat
Rec 211:43-47

Giorno R, Sciotto CG (1985) Use of monoclonal antibodies
for analyzing the distribution of the intermediate filament
protein vimentin in human non-Hodgkin’s lymphomas. Am
J Pathol 120:351-355

Granger BL, Lazarides E (1979) Desmin and vimentin coexist
at the periphery of the myofibril Z-disk. Cell 18:1053-1063

Herman CJ, Moesker O, Kant A, Huysmans A, Vooijs GP
(1983) Is renal cell (Grawitz) tumor a carcinosarcoma: Evi-
dence from analysis of intermediate filament types Virchows
Arch [B] 44:73-83

Hsu SM, Huang LC, Hsu PL, Ge ZH, Ho YS, Cuttita T,
Mulshine J (1986) Biochemical and ultrastructural study of
Leu M1 antigen in Reed-Sternberg cells: Comparison with
granulocytes and interdigitating reticulum cells. JNCI
77:363-370

Hsu SM, Yang K, Jaffe ES (1985) Phenotypic expression of
Hodgkin’s and Reed-Sternberg cells in Hodgkin’s disease.
Am J Pathol 118:209-217

Ishii Y, Takami T, Yuasa H, Takei T, Kokai Y, Kikuchi K
(1986) Six distinct antigen systems of human B cells as de-
fined by monoclonal antibodies. Leucocyte Typing II
(2):pp 109-119

Kadin ME (1982) Possible origin of the Reed-Sternberg cell
from an interdigitating reticulum cell. Cancer Treat Rep
66:601-608

Kadin M, Nasu K, Sako D, Said J, Vonderherd E (1985) Lym-
phomatoid papulosis: A cutaneous proliferation of acti-
vated helper T cells expressing Hodgkin’s disease-associated
antigens. Am J Pathol 119:315-325

Kadin ME, Newcome SR, Gold SB, Stites DP (1974) Origin
of Hodgkin’s cells. Lancet 2:265-266



J. Tamaru et al.: Reciprocal/dichotomic expression of vimentin

Kadin ME, Stites DP, Levy R, Warnke R (1978) Exogenous
immunoglobulin and the macrophage origin of Reed-Stern-
berg cells in Hodgkin’s disease. N Engl J Med
299:1208-1214

Kahn HJ, Yeger H, Baumal R, Thom H, Phillips JM (1983)
Categorization of pediatric neoplasms by immunostaining
with antiprekeratin and antivimentin antisera. Cancer
51:645-653

Kaplan HS, Gartner S (1977) Sternberg-Reed giant cells in
Hodgkin’s disease: cultivation in vitro, heterotransplanta-
tion, and characterization as neoplastic macrophages. Int
J Cancer 19:511-525

Kornstein MJ, Bonner H, Gee B, Cohen R, Brooks JJ (1986)
Leu M1 and S-100 in Hodgkin’s disease and non-Hodgkin’s
lymphomas. Am J Clin Pathol 85:433-437

Leech H (1973) Immunoglobulin-positive Reed-Sternberg cells
in Hodgkin’s disease. Lancet 2:265-266

Linch DC, Jones HM, Berliner N, Maclennan K, O’Flynn K,
Huehns ER, Kay LA, Goff K (1985) Hodgkin-cell leukemia
of B-cell origin. Lancet 12:78-80

Long JC, Zamecnik PC, Aisenberg AC, Atkins L (1977) Tissue
culture studied in Hodgkin’s disease: morphologic cytogen-
etic cell surface and enzymatic properties of cultures derived
from splenic tumors. J Exp Med 145:1484-1500

Meis JM, Osborne BM, Butler JJ (1986) A comparative marker
study of large cell lymphoma, Hodgkin’s disease, and true
histiocytic lymphoma in paraffin-embedded tissue. Am J
Clin Pathol 86:591-599

Mikata A (1988) Recent trends in the study of Hodgkin’s dis-
ease. Acta Haematol Jpn 51:75-83

Mikata A, Suzuki S, Suzuki H, Tsutsumi H, Harigaya K, Ka-
geyama K (1981) Immuno- and enzymatic-histochemical
study of Hodgkin’s disease (in Japanese) Pros Jap Cancer
Association (Suppl) 40:304

Mir R, Kahn LB (1983) Immunohistochemistry of Hodgkin’s
disease: A study of 20 cases. Cancer 52:2064-2071

Moller P, Momburg F, Hofmann WJ, Matthaci-Maurer. U
(1988) Lack of vimentin Occurring during the intrafollicular
stage of B cell development characterizes follicular center
cell lymphomas. Blood 71:1033-1038

Mori N, Oka K, Sakuma H, Tsunoda R, Kojima M (1985)
Immunoelectron microscopic study of Hodgkin’s disease.
Cancer 56:2605-2611

Norton AJ, Ramsay AD, Smith SH, Beverely PC, Isaacson
PG (1986) Monoclonal antibody (UCHL-1) that recognizes
normal and neoplastic T cells in routinely fixed tissues. J
Clin Pathol 39:399-405

Oka J, Mori N, Kojima M (1988) Anti-Leu-3a antibody reactiv-
ity with Reed-Sternberg cells of Hodgkin’s disease. Arch
Pathol Lab Med 112:139-142

Osborn M, Franke WW, Weber K (1977) The visualization
of a system of 7-10 nm thick filaments in cultured cells
of an epithelioid line (PtK2) by immunofluorescence micros-
copy. Proc Natl Acad Sci USA 74:2490-2494

Osborn M, Weber K (1983) Tumor diagnosis by intermediate
filament typing: A novel tool for surgical pathology. Lab
Invest 48:372-394

Payne S, Wright DH, Jones KIM, Judd MA (1982) The macro-
phage origin of Reed-Sternberg cells: An immunohisto-
chemical study. J Clin Pathol 35:159-166

Pinkus GS, Said JW (1988) Hodgkin’s disease, lymphocyte
predominance type, nodular — further evidence for a B
cell derivation: L&H wvariants of Reed-Sternberg cells
express 1.26, a pan B cell marker. Am J Pathol 133:211-
217

Poppema S (1980) The diversity of the immunohistological

219

staining pattern of Sternberg-Reed cells. J Histochem Cyto-
chem 28:788-791

Poppema S, Bahn AK, Reinherz EL, Posner MR, Schlossman
SF (1982) In situ immunologic characterization of cellular
constituents in lymphnodes and spleens involved by Hodg-
kin’s disease. Blood 59:226-232

Poppema S, De Jong B, Atmosverodjo J, Idenburg V, Visser
L, De Ley L (1985) Morphologic, immunologic, enzyme,
histochemical and chromosomal analysis of a cell line de-
rived from Hodgkin’s disease: Evidence for a B-cell origin
of Sternberg-Reed cells. Cancer 55:683-690

Poppema S, Kaiserling E, Lennert K (1979a) Hodgkin’s disease
with lymphocytic predominance, nodular type (nodular par-
agranuloma) and progressively transformed germinal
centers: a cytohistological study. Histopathology 3:295-308

Poppema S, Kaiserling E, Lennert K (1979b) Nodular para-
granuloma and progressively transformed germinal centers:
Ultrastructural and immunohistologic findings. Virchow
Arch [B] 31:211-225

Prochiantz A, Delacourte A, Daguet MC, Paulin D (1982) In-
termediate filament proteins in mouse brain cells cultured
in the presence or absence of fetal calf serum. Exp Cell
Res 139:404-410

Ramackers F, Huysmans A, Moesker O, Kant A, Jap P, Her-
man C, Vooijs P (1983a) Monoclonal antibody to keratin
filaments, specific for glandular epithelia and their tumors:
Use in surgical pathology. Lab Invest 49:353-361

Ramaekers FCS, Haag D, Kant A, Moesker O, Jap PHK,
Vooijs GP (1983b) Coexpression of keratin- and vimentin
type intermediate filaments in human metastatic carcinoma
cells. Proc Natl Acad Sci [USA] 80:2618-2622

Ree HJ, Song JY, Leane LA, Crowley JP, Farjer H (1981)
Occurrence and patterns of muramidase containing cells in
Hodgkin’s disease, non-Hodgkin’s lymphoma and reactive
hyperplasia. Hum Pathol 12:49-59

Schnitzer J, Franke WW, Schachner M (1981) Immunohisto-
chemical demonstration of vimentin in astrocytes and epen-
dymal cells of developing and adult mouse nervous system.
T Cell Biol 90:435-447

Smith LJ, Curtis JE, Messner HA, Senn JS, Furthmayr H,
McCullock A (1983) Lineage infidelity in acute leukemia.
Blood 61:1138-1145

Stein H, Gerdes J, Schwab U, Lemke H, Mason DY, Ziegler
A, Schlenle W, Diehl V (1982a) Identification of Hodgkin’s
and Reed-Sternberg cells as a unique cell type derived from
a newly detected small cell population. Int J Cancer
30:445-449

Stein H, Hansmann ML, Lennert K, Brandtzaeg P, Gatter KC,
Mason DY (1986) Reed-Sternberg and Hodgkin cells in
lymphocyte-predominant Hodgkin’s disease of nodular sub-
type contain J chain. Am J Clin Pathol 86:292-297

Stein H, Mason DY, Gerdes J, O’Connor N, Wainscoat J,
Pallesen G, Gatter X, Falini B, Delson G, Lemke H,
Schwarting R, Lennert K (1985) The expression of the
Hodgkin’s disease associated antigen, Ki-1, in reactive and
neoplastic lymphoid tissue: Evidence that Reed-Sternberg
and histiocytic malignancies are derived from activated lym-
phoid cells. Blood 66:848-858

Stein H, Uchanska-Ziegler B, Gerdes J, Ziegler A, Wernet P
(1982b) Hodgkin and Reed-Sternberd cells contain antigens
specific to late cells of granulopoiesis. Int J Cancer
29:283-290

Strauchen JA (1984) Lectin receptors as markers of lymphoma
cells. II. “Reed Sternberg™ cells share lectin binding proper-
ties of monocyte macrophages. Am J Pathol 116:370-376

Stuart AE, Williams ARW, Habeshaw JA (1977) Rosetting and



220

other reactions of the Reed-Sternberg cell. J Pathol
122:81-90

Swerdlow SH, Wright SA (1986) The spectrum of Leu M1
staining in lymphoid and hematopoietic proliferations. Am
J Clin Pathol 85:283-288

Tamaru J, Yumoto N, Horie H, Azuma K, Mikata A (1988)
Immunohistological study of Hodgkin’s disease (in Japa-
nese). Trans Soc Path Jpn (Suppl) 77:191

Taylor CR (1976) An immunohistological study of follicular
lymphoma, reticulum cell sarcoma and Hodgkin’s disease.
Eur J Cancer 12:61-65

Timens W, Visser L, Poppema S (1986) Nodular lymphocyte
predominance type of Hodgkin’s disease is a germinal center
Iymphoma. Lab Invest 54:457-461

J. Tamaru et al.: Reciprocal/dichotomic expression of vimentin

Watanabe S, Nakajima T, Shimosato Y, Shimamura K, Sak-
uma H (1983) T-zone histiocytes with S 100 protein: Devel-
opment and distribution in human fetuses. Acta Pathol Jpn
33:15-22

Weiss LM, Strickler JG, Hu E, Wornke R, Sklar J (1986) Im-
munoglobulin gene rearrangements in Hodgkin's disease.
Hum Pathol 17:1009-1014 .

Yen SH, Fields KL (1981) Antibodies to neurofilament, glial
filament, and fibroblast intermediate filament proteins bind
to different cell types of nervous system. J Cell Biol
88:115-126

Reseived April 14, 1989 / Accepted August 11, 1989



