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Granzyme B Immunoreactivity in
T/natural Killer Cell Lymphomas

Min-Sun Cho', Mi-Kyung Lee', Woo-Ick Yangl,
and Joo-Heon Yoon®

Granzyme B is one of the serine proteases expressed in natural killer (NK) cells and activated
cytotoxic T-lymphocytes. To evaluate the usefulness of granzyme B immunoreactivity in the diag-
nosis of T/NK-cell lymphoma, we studied 69 cases of lymphomas occurring in the upper aerodig-
estive tract by paraffin-section immunohistochemistry using a commercially available monoclonal
antibody to granzyme B (GrB-7). All 19 cases of T/NK-cell lymphomas defined by the expression
of CD56 (NHK-1) and one or both T-cell markers (polyclonal CD3 and CD45RO) expressed gran-
ular cytoplasmic granzyme B immunoreactivity. Two out of 9 cases of T-cell lymphomas showing
no CD56 expression demonstrated strong granzyme B immunoreactivity. No tumor cells among
39 cases of B-cell diffuse large cell lymphomas and 2 cases of null cell diffuse large cell lymp-
homas were immunoreactive for granzy'me B, however a few scattered granzyme B-positive
reactive small lymphoid cells were consistently observed. Based on its sensitivity in this study
as well as its reactivity in routinely processed tissue sections, even without heat-induced epitope
retrieval technique, monoclonal antibody to granzyme B (GrB-7) can be applied as a useful mark-

er in the diagnosis of T/NK-cell lymphomas in conjunction with CD56.
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Nasal T/NK (natural killer)-cell lymphoma (Chan
et al. 1994; Jaffe et al. 1996) is a newly-proposed di-
agnostic term for a distinct type of lymphoma which
has been previously called lymphomatoid granulom-
atosis (Liebow et al. 1972), polymorphic reticulosis (de
Remee et al. 1978), midline malignant reticulosis
(Kassel et al. 1969), and angiocentric immunoprol-
iferative lesion (Jaffe er al. 1989). It is a mid-facial-
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destructive or mass-forming lesion common among
Asians and is characterized by angiocentric infiltra-
tion of polymorphic atypical lymphoid cells, exten-
sive necrosis, radiosensitivity and high association
with Epstein-Barr virus. The cases showing prolif-
eration of many large atypical cells can be easily
diagnosed as malignant, however those composed of
small to medium sized tumor cells lacking clear
cytologic atypia may cause great diagnostic difficul-
ties, especially in small biopsy specimens.

For the verification of the T/NK-cell nature of this
tumor, the expression of CD56 has been regarded as
the most useful marker (Chan et al. 1994; Macon
et al. 1996) and now its expression can be detected
immunohistochemically in routinely processed tissue
sections using heat-induced epitope retrieval tech-
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niques (Tsang et al. 1996; Tomita et al. 1997). Gra-
nzyme B is one of the serine proteases identified in
the cytoplasmic granules of NK-cells and activated
cytotoxic T-lymphocytes (CTLs) (Hameed et al. 1988;
Krahenbiihl et al. 1988; Poe et al. 1988). Actually,
granzyme might be a better marker for T/NK-cell
lesions than other conventional NK-cell markers,
such as CD16 and CD56, since NK cells may show
- a loss of surface markers after activation (Tak et al.
1994).

In this study we investigated the expression pat-
tern of granzyme B immunoreactivity in 69 cases of
Iymphomas occurring in the upper aerodigestive tract
to evaluate the diagnostic usefulness of this marker
in the identification of neoplastic T/NK-cells in rou-
tinely processed tissue sections.

MATERIALS AND METHODS
Case selection

Sixty-nine cases of lymphomas of the upper aer-
odigestive tract biopsied between 1986 and 1995 were
retrieved from the surgical pathology files of the
Department of Pathology, Yonsei University College
of Medicine, Seoul, Korea. Some of the cases were
included in the previous study on Epstein Barr virus
expression in lymphoproliferative diseases in the
sino-nasal region (Tomita ez al. 1997). All cases
were fixed in 10% formalin before conventional tissue
processing and paraffin embedded. Hematoxylin-
eosin stained sections of 4im thickness generated
from formalin-fixed, paraffin-embedded material were
reviewed in each case.

Immunochistochemistry

Paraffin sections were used for immunohistoch-
emical staining with the streptavidin-biotin peroxi-
dase technique (Universal LSAB kit, Dako, Carpin-
teria, CA, USA). The antibody panel for each case
included CD20 (126, mouse monoclonal, Dako), CD3
(CD3, ¢ chain, rabbit polyclonal, Dako), CD45RO
(UCHL-1, mouse monoclonal, Dako), CD56 (NKH-1,
mouse monoclonal, Zymed Laboratories Inc., South
San Francisco, CA, USA), granzyme B (GrB-7, mouse
monoclonal, Monosan, Uden, Netherlands). Sections
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were preheated by microwaving (8300W) in 0.01M
sodium citrate buffer (pH 6.0) for 24 minutes and
12 minutes for immunostaining with CD56 and CD3,
respectively. The peroxidase reaction was visualized
using DAB chromogen (Zymed Laboratories Inc.).
The T/NK-cell nature of the tumor was defined as
the presence of NK-cell specific antigen (CD56) and
one or both T-cell specific antigens (CD3, CD45RO)
on at least 25% of the tumor cell population. Results
of immunostaining to CD56 and granzyme B were
evaluated semiquantitatively according to the num-
ber of tumor cells showing immunoreactivity as fol-
lows: —, <25% positive; +, 25 to 50% positive;
++, 51~75% positive; +++, 76 to 100%
positive.

RESULTS

The clinical, histopathologic and immunopheno-
typic findings of the 69 cases are summarized in
Tablel & 2. The patients (20 women, 49 men) ranged
in age from 2 years to 87 years (mean 50.5 years).
Among the 69 cases of lymphomas of the upper
aerodigestive tract, 39 were of B-cell lineage (CD20
+, CD3-, CD45RO-, CD56-) , 19 were of T/NK-cell
lineage (CD56+, CD45RO+, CD3+, CD20-: 11
cases, and CD56+, CD45RO-, CD3+, CD20-: 8
cases), and 9 were of T cell lineage (CD56-, CD4SRO
+, CD3 +, CD20-: 6 cases and CD56-, CD45RO+,
CD3-, CD20-: 1 case, and CD56-, CD45RO-, CD3 +,
CD20-: 2 cases). Two cases composed of a diffuse
sheet of large pleomorphic cells did not express any
markers. All 39 cases of B-cell lymphomas were dif-
fuse large cell type. The tonsils were the most
common site of presentation (34 cases), followed by
the nasal cavity and the paranasal sinus (19 cases).
Among 34 cases presented in the tonsils, 27 cases
(79.4%) were B-cell lymphomas whereas only
10.5% (2/19 cases) of the lymphomas presented in
the nasal cavity and paranasal sinuses were B-cell
lymphomas.

T/NK-cell lymphomas defined by the expression
of CD56 in general showed sheets of variable-sized
atypical lymphoid cells in a mixture of inflammatory
cells, necrosis and angiocentricity (Fig. 1). Three
cases of T/NK-cell lymphomas (case 15, 16, 32) were
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Table 1. Clinical findings, pathologic diagnosis and immunophenotypes of the studied cases

Granzyme B Immunoreactivity in T/natural Killer Cell Lymphomas

Case  Surgical o Age Site Pathologic 126 D3 UCHLI CDS6 Gran-B
no. no. Dx.
1 87~4692 M 30 Nasal cavity T/NK cell L N P N P P
2 87~ 8285 M 28 Tonsil DL, B-cell P N N N N
3 87~ 12066 F 71 Nasal cavity DL, T-cell N P N N P
4 87~14588 M 58 Nasopharynx DL, B-cell P N N N N
5 88 ~855 F 57 Tonsil DL, B-cell P N N N N
6 88~ 1491 M 50 Tonsil DL, B-cell P N N N N
7 88~2137 F 50 Tonsil DL, B-cell P N N N N
8 88 ~4529 M 46 Nasal cavity T/NK cell L N P N P P
9 88 ~9790 M 67 Pharynx DL, B-cell P N N N N
10 88 ~ 10987 F 83 Tongue DL, B-cell P N N N N
11 88~13883 M 58 Tonsil DL, B-cell P N N N N
12 88 ~14639 F 30 Nasal cavity TNK cel L N P P P P
13 89~702 M 68 Nasal cavity T/NK cell L N P N P P
14 89~2174 M 45 Nasal cavity DL, T-cell N P N N N
15 89~6313 M 70 Nasal cavity TNK cel L N P P P P
16 89~6324 M 28 Nasal cavity T/NK cell L N P N P P
17 89~7113 M 12 Nasal cavity DL, B-cell P N N N N
18 89~7186 F 48 Tonsil DL, B-cell P N N N N
19 89~7871 M 65 Tonsil DL, B-cell P N N N N
20 89 ~7984 M 31 Tonsil DL, B-cell P N N N N
21 89~13555 F 26 Nasopharynx DL, B-cell P N N N N
22 89~13642 M 61 Tonsil DL, B-cell P N N N N
23 89~14259 M 60 Nasopharynx DL, B-cell P N N N N
24 8914325 F 72 Palate DL, B-cell P N N N N
25 90~ 1392 M 50 Oral Cavity DL, B-cell P N N N N
26 90~ 1455 M 66 Nasopharynx DL, B-cell P N N N N
27 90~ 10308 F 6 Tonsil DL, B-cell P N N N N
28 90~ 10569 F 63 Tonsil DL, B-cell P N N N N
29 90~13510 F 12 Nasal cavity T/NK cell L N P P P P
30 90~ 14876 F 49 Tonsil DL, T-cell N N P N N
31 91~32 F 46 Tonsil DL, B-cell P N N N N
32 91~2144 M 56 Nasal cavity T/NK cell L N P N P P
33 91 ~2150 M 35 Nasal cavity TNK cel L N P N P P
34 91~7839 M 72 Tonsil DL, B-cell P N N N N
35 91~16307 M 33 Tonsil DL, B-cell P N N N N
36 91~16632 M 66 Nasal cavity TNK cel L N P P P P
37 92 ~1099 F 35 Tonsil DL, null-cell N N N N N
38 92 ~1828 F 63 Tonsil DL, B-cell P N N N N
39 92 ~ 6985 M 73 Nasal cavity T/NK cell L N P N P P
40 92~7165 M 76 Tonsil DL, B-cell P N N N N
41 92 ~11696 M 31 Tonsil DL, B-cell P N N N N
42 92~13580 M 68 Tonsil DL, B-cell P N N N N
43 92~16336 M 60 Tongue DL, B-cell P N N N N
44 92~16364 M 62 Tonsil DL, B-cell P N N N N
45 92~16776 M 60 Nasal cavity DL, T-cell N P P N N
46 92~16870 M 29 Tonsil DL, B-cell P N N N N
47 92~17127 M 62  Nasopharynx DL, B-ceil P N N N N
48 93~72 M 57 Nasal cavity T/NK cell L N P P P P
49 93 ~2587 F 77 Pharynx DL, T-cell N P P N N
50 93 ~3092 M 29 Pharynx TINK cel L N P P P P
51 93~3364 F 58 Tonsil DL, B-cell P N N N N
52 93 ~3549 M 38 Tongue DL, T-cell N P P N N
53 93~4912 M 33 Tonsil DL, T-cell N P P N N
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Table 1. Continued

Case Surgical - Pathologic
0. o, Sex Age Site Dx. 126 CD3 UCHL1 CD56 Gran-B
54 93 ~7081 F 33 Nasal cavity T/NK cellL N P P P P
55 93 ~8945 F 47 Nasopharynx T/NK cell L N P N P P
56 93 ~10459 M 53 Tonsil DL, B-cell P N N N N
57 93~13730 M 29 Tonsil T/NK cell L N P P P P
58 93 ~17062 M 60 Tonsil DL, B-cell P N N N N
59 93 ~17460 M 70 Tonsil DL, B-cell P N N N N
60 93~ 19437 M 64 Tonsil DL, T-cell N P P N P
61 94~3412 M 69 Nasalca vity T/NK cell L N P P P P
62 94 ~3662 M 41 Pharynx T/NK cell L N P P P P
63 94 ~12127 M 87 Tonsil DL, B-cell P N N N N
64 94 ~12252 M 50 Tonsil DL, B-cell P N N N N
65 94~12737 M 49 Tonsil DL, B-cell P N N N N
66 94 ~15311 M 15 Tonsil DL, T-cell N | 4 P N N
67 94 ~15787 M 71 Palate TNK cel L N P P P P
68 94 ~16882 M 66 Tonsil DL, null-cell N N N N N
69 94 ~17076 M 2  Paranasal sinus DL, B-cell P N N N N
M: male, F: female, DL: diffuse large cell lymphoma, NK: natural killer, L: lymphoma, Gran-B: granzyme B,
P: positive, N: negative
Table 2. Distribution of lymphoma according to the cell type and site
Nasal cavity  Nasopharynx Paranasal Pharynx  Oral cavity  Tonsil Total
(No.) (No.) sinus (No.) (No.) (No.) (No.) No.
DL, B-cell 1 5 1 1 4 27 39
DL, T-cell 3 1 1 4 9
DL, null-cell . . . . 2 2
T/NK cell L 14 1 . 2 1 1 19
Total No. 18 6 1 4 6 34 69

DL: diffuse large cell lymphoma, NK: natural killer, L: lymphoma

composed of a relatively pure population of large
cells and tumor cells were outnumbered by mixed
inflammatory cells in 3 cases (case 50, 55, 62), thus
showing typical histologic features of polymorphic
reticulosis. Nine cases of T-cell lymphomas showed
similar histologic findings to T/NK-cell lymphoma.
So we could not predict the T/NK-cell phenotype
from the morphologic findings alone.

Granzyme B immunoreactive tumor cells showed
diffuse granular cytoplasmic staining or paranuclear
dot-like immunoreactivity (Fig. 2). Reactive histio-
cytes or neutrophils around the necrotic areas did
not show intracytoplasmic granular immunoreacti-
vity and background staining was not noted even
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within necrotic areas. Granzyme B immunoreactivity
over 25% of the tumor cells was identified in all
T/NK-cell lymphomas (19 cases) and 2 of 9 cases of
T-cell lymphomas (Table 3). In 17 cases of T/NK-
cell lymphoma, the number of granzyme B-positive
tumor cells was similar to CDS56-positive cells.
However, there were 2 cases (case 48, 62) showing
some difference in the staining intensity between
CD56 and granzyme B (Table 3). We did not find
a case of B-cell or null-cell lymphomas showing
granzyme B immunoreactive tumor cells, but a few
scattered granzyme B-positive reactive small lym-
phocytes were consistently identified and they usually
outnumbered CD56-positive reactive cells (Fig. 3).
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Fig. 1. T/NK-cell lymphoma showing angiocentric proliferation of medium and large atypical lymphoid
cells mixed with inflammatory cells and focal necrosis.

Fig. 2. Immunohistochemical staining for granzyme B in T/NK-cell lymphoma showing intracytoplasmic

granular or dot-like paranuclear staining.

DISCUSSION

The results of this study demonstrate that the
commercially monoclonal antibody to granzyme B
(GrB-7) can be used as a useful marker for the iden-
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tification of T/NK-cell lymphomas. The recently-
proposed term ‘nasal T/NK-cell lymphoma’ empha-
sizes the immunophenotype of tumor cells and the
predilection site of this tumor and verification of the
T/NK-cell nature of the tumor cells by immunoph-
enotyping study is essential for the diagnosis. Mon-
oclonal antibodies to CD56 (Lippman et al. 1987,
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Table 3. Comparison of granzyme B immunoreactivity with CD56 immunoreactivity

Case Biopsied site Pa?hologi.c . CD36 _ Granzyme B
number diagnosis immunoreactivity immunoreactivity

1 Nasal cavity T/NK cell lymphoma +++ +++
3 Nasal cavity Diffuse large, T-cell - +++
8 Nasal cavity T/NK cell lymphoma ++ ++
12 Nasal cavity T/NK cell lymphoma +++ +++
13 Nasal cavity T/NK cell lymphoma +++ +++
15 Nasal cavity T/NK cell lymphoma +++ +++
16 Nasal cavity T/NK cell lymphoma +++ +++
29 Nasal cavity T/NK cell lymphoma +++ +++
32 Nasal cavity T/NK cell lymphoma +++ +++
33 Nasal cavity T/NK cell lymphoma +++ +++
36 Nasal cavity T/NK cell lymphoma +++ +++
39 Nasal cavity T/NK cell lymphoma +++ ++ +
48 Nasal cavity T/NK cell lymphoma +++ ++
50 Pharynx T/NK cell lymphoma ++ ++
54 Nasal cavity T/NK cell lymphoma +++ +++
55 Nasopharynx T/NK cell lymphoma + +
57 Tonsil T/NK cell lymphoma +++ +++
60 Tonsil Diffuse large, T-cell - ++ +
61 Nasal cavity T/NK cell lymphoma +++ +++
62 Pharynx T/NK cell lymphoma + + +++

67 Palate T/NK cell lymphoma +++ +++

: <25% positive, +: 25 to 50% positive, ++: 51~75% positive, ++ +: 76 to 100% positive

=
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Fig. 3. B-cell diffuse large cell lymphoma showing a few scattered granzyme B-positive small reactive

cells.
Ng et al. 1987; Chan et al. 1993; Kanavaros et al. with some T-cell markers, such as CD2 and polycl-
1993; Tsang et al. 1996; Tomita et al. 1997) have onal CD3 (Chan et al. 1993; van Gorp et al. 1994;
been mainly used for this purpose in conjunction Tomita et al. 1997). Interestingly it usually does not
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show cell surface CD3 expression (Chan et al. 1993)
and T-cell receptor chain gene rearrangement (Weiss
et al. 1988; Medeiros et al. 1991) while intracytopl-
asmic CD3 detected by polyclonal CD3 antibody
and CD2 are expressed in a high proportion of cases
(Chan et al. 1993).

CD56 is one of the family of cellular adhesion
molecules associated with neural cells (N-CAM)
(Schubert et al. 1989), which is mainly expressed in
NK-cells, neural/neurcendocrine tissues and their
corresponding tumors. Although various hematologic
and non-hematologic tumors have been reported to
be occasionally stained with CD56 (van Camp et al.
1990; Jin et al. 1991; Mechtersheimer et al. 1991;
Kem et al. 1992), CD56 has been regarded as a useful
and sensitive marker for NK-cells. It was initially
applied only to fresh, frozen-tissue sections but the
recent development of the heat-induced antigen
retrieval technique has made it possible to detect
CD56 reliably even in routinely processed tissue
sections (Tsang et al. 1996; Tomita et al. 1997).
However, CD56 immunostaining using paraffin-
embedded tissue sections is not easy and requires
meticulous technique.

Granzyme B is one of the serine proteases iden-
tified in the cytoplasmic granules of NK-cells and

activated CTLs and is considered to be involved in

cell-mediated cytolysis with perforin (Hameed et al.
1988; Krahenbiil er al. 1988; Poe et al. 1988; Grif-
fiths and Mueller, 1991; Krihenbiihl and Tschopp,
1991). NK-cells are the major subset of lymphoid
cells expressing granzymes in normal lymphoid
tissue (Kummer et al. 1995), and the synthesis of
both granzyme A and B proteins was reported to be
strongly up-regulated in both NK-cells and CTLs
after stimulation with IL-2 (Liu et al. 1989; Salcedo
et al. 1993) or autonomously in malignant T-cells
(Simon et al. 1987). Moreover, a recent report dem-
onstrated that there was a loss of conventional
NK-cell markers, such as CD56, after the activation
of NK-cells (Tak et al. 1994). So granzyme B might
be used as a more sensitive marker for the detection
of T/NK-cell lesions than CD56. There have been
only two studies (de Bruin et al. 1994: Ng et al.
1996) evaluating the expression of granzyme B in
lymphoid neoplasms and their results were similar
to those of our study. However, it is difficult to
compare the results because they used a different
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type of antibody (Gr B9) and one study was done
on frozen tissue sections. In this study, we compared
the intensity of granzyme B and CD56 immunosta-
ining. Most cases showed comparable staining inten-
sity and only 2 cases expressed minor differences.
However, 2 cases of T-cell lymphoma without CD56
immunoreactivity showed intense immunostaining to
granzyme B. We thought of them as T/NK-cell lym-
phomas showing no immunoreactivity to CD56 for
technical factors, but we could not exclude the
possibility that they are peripheral T-cell lymphomas
of CTL lineage. So the results of our study indicate
that the sensitivity of the commercially available
monoclonal antibody to granzyme B (GrB-7) we used
is at least as sensitive as monoclonal antibody to
CD56 for the detection of T/NK-cell neoplasms.
Considering that monoclonal antibody to granzyme
B (GrB-7) can be used in paraffin-embedded tissue
sections without heat-induced antigen retrieval tech-
nique, it seems to be a better marker for the diagno-
sis of T/NK-cell lymphomas. Two recent studies on
perforin and TIA-1 expression in lymphoid neoplasms
also addressed the idea that these cytotoxic granule-
associated proteins were excellent markers for the
detection of T/NK-cell neoplasms as ﬁa.nzyme B
(Mori et al. 1996; Felgar et al. 1997).

All B-cell and null-cell lymphomas showed a few
scattered granzyme B-positive small lymphocytes and
they outnumbered CD56-positive small lymphoid cells.
A rare granzyme B-or CD56-positive reactive small
lymphoid cells are present in various lymphoid or-
gans and most of them are NK-cells (Kummer et al.
1995). However in some reactive lesions, such as
infectious mononucleosis and subacute necrotizing
lympadenitis, fairly large numbers of NK-cells or
CTLs could be observed (Oudejans et al. 1996;
Takakuwa et al. 1996). Some of the monoclonal anti-
bodies to granzyme, such as Gr B9 used in the study
by de Bruin et al. (1994), might show cross-
reactivity with neutrophils (Kummer et al., 1995)
and granzyme B transcripts were detected in mast
cells and macrophage cell lines (Brunet et al. 1987).
So in this study we interpreted cases as granzyme
B or CD56 immunoreactive only when more than
25% of the tumor cells demonstrated immunore-
activity. However, both markers demonstrated clear
immunostaining and neither reactive inflammatory
cells nor necrotic foci showed any immunore-
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activity. Therefore, we believe that the diffuse exp-
ression of granzyme B in lymphoproliferative lesions
strongly supports the diagnosis of T/NK-cell lymph-
omas as the strong expression of CD56 and EBER1
(Tsang et al. 1996) and could be used as a supportive
diagnostic criteria of malignancy in lesions lacking
clear cytologic atypia.

In conclusion, granzyme B immunoreactivity can
be used as a useful diagnostic marker for the iden-
tification of neoplastic T/NK cells in paraffin embed-
ded tissue sections together with CD56.

REFERENCES

Brunet JF, Denizot F, Suzan M, Haas W, Mencia-Huerta
JM, Berke G, Luciani MF, Golstein P: CTLA-1 and
CTLA-3 serine esterase transcripts are detected
mostly in cytotoxic T cells, but not only and not
always. J Immunol 138: 4102-4105, 1987

Chan JCK, Ng CS, Tsang WYW: Nasal/nasopharyngeal
lymphomas: an immunohistochemical analysis of 57
cases on frozen tissues (Abstract). Mod Pathol 6:.
874, 1993

Chan JCK, Tsang WYW, Wong KF: Classification of
natural killer cell neoplasms (letters). Am J Surg
Pathol 18: 1177-1178, 1994

de Bruin PC, Kummer JA, van der Valk P, van Heerde .

P, Kluin PM, Willemze R, Ossenkoppele GI,
Radaszkiewicz T, Meijer CJLM: Granzyme B-
expressing peripheral T-cell lymphomas: neoplastic
equivalents of activated cytotoxic T cells with pref-
erence for mucosa-associated lymphoid tissue loca-
lization. Blood 84: 3785-3791, 1994

de Remee RA, Weiland LH, McDonald TJ: Polymorphic
reticulosis, lymphomatoid granulomatosis: Two dis-
eases or one? Mayo Clin Proc 53: 634-640, 1978

Felgar RE, Macon WR, Kinney MC, Roberts S, Pasha
T, Salhany K: TIA-1 expression in lymphoid neopl-
asms: Identification of subsets with cytotoxic T
lymphocyte or natural killer cell differentiation. Am
J Pathol 150: 1893-1900, 1997

Griffiths GM, Mueller C: Expression of perforin and
granzymes in vivo: potential diagnostic markers for
activated cytotoxic cells. Immunol Today 12: 415-
419, 1991

Hameed A, Lowrey DM, Lichtenheld M, Podack ER:
Characterization of three serine esterases isolated
from human IL-2 activated killer cells. J Immunol
141: 3142-3147, 1988

Jaffe ES, Chan JKC, Su IJ, Frizzera G, Mori S, Feller
AC, Ho FCS: Report of the workshop on nasal and
related extranodal angiocentric T/NK cell lymphomas:
definitions, differential diagnosis, and epidemiology.

292

Am J Surg Pathol 20: 103-111, 1996

Jaffe ES, Lipfor EH, Margolick JB, Longo DL, Fauci
AS: Lymphoimatoid granulomatosis and angiocentric
lymphoma: A spectrum of post thymic T cell
proliferations. Semin Respir Med 10: 167-172, 1989

Jin L, Hemperly 11, Lloyd RV: Expression of neural cell
adhesion molecule in normal and neoplastic human
neuroendocrine tissues. Am J Pathol 138: 961-969,
1991

Kanavaros P, Lescs MC, Briere J, Divine M, Galateau
F, Joab I, Bosq J, Farcet JP, Reyes F, Gaulard P:
Nasal T-cell lymphoma: a clinicopathologic entity
associated with peculiar phenotype and with
Epstein-Barr virus. Blood 81: 2688-2695, 1993

Kassel SH, Echevarria RA, Guzzo FP: Midlise malig-
nant reticulosis (so-called lethal midline granuloma).
Cancer 23: 920-935, 1969 ‘

Kemn WF, Spier CM, Hanneman EH, Miller TP, Matzner
M, Grogan TM: Neural cell adhesion molecule-
posijtive peripheral T-cell lymphoma: a rare variant
with a propensity for unusual sites of involvement.
Blood 79: 2432-2437, 1992

Krahenbithl O, Rey C, Jenne D, Lanzavecchia A,
Groscurth P, Carrel S, Tschopp J: Characterization
of granzymes A and B isolated from granules of
cloned human cytotoxic T lymphocytes. J Immunol
141: 3471-3477, 1988

Krahenbithl O, Tschopp J: Debate: the mechanism of
lymphocyte mediated killing. Perforin-induced pore
formation. Immunol Today 12: 399-403, 1991

Kummer JA, Kamp AM, Tadema TN, Vos W, Meijer
CIJLM, Hack CE: Localization and identification of
granzymes A and B-expressing cells in normal
human lymphoid tissue and peripheral blood. Clin
Exp Immunol 100: 164-172, 1995

Liebow AA, Carrington CR, Friedman PJ: Lymphoma-
toid granulomatosis. Hum Pathol 3: 457-558, 1972

Lippman SM, Grogan TM, Spier CM, Koopman CF Jr,
Gall EP, Shimm DS, Durie BG: Lethal midline
granuloma with a novel T-cell phenotype as found
in peripheral T-cell lymphoma. Cancer 59: 936-939,
1987

Liu CC, Rafii S, Granelli-Piperno A, Trapani JA, Young
JD: Perforin and serine esterase gene expression in
stimulated human T cells: Kinetics, mitogen require-
ments, and effect of cyclosporin A. J Exp Med 170:
2105-2118, 1989

Macon WR, Williams ME, Greer JP, Hammer RD, Glick
AD, Collins RD, Cousar JB: Natural killer-like T
cell lymphomas; aggressive lymphomas of T-large
granular lymphocytes. Blood 87: 1474-1483, 1996

Mechtersheimer G, Staudter M, Moller P: Expression of
the natural killer cell-associated antigens CD56 and
CD57 in human neural and striated muscle cells and
in their tumors. Cancer Res 51: 1300-1307, 1991

Medeiros LJ, Peiper SC, Elwood L, Yano T, Raffeld M,
Jaffe ES: Angiocentric immunoproliferative lesions:
a molecular analysis of eight cases. Hum Pathol 22:
1150-1157, 1991

Volume 38



Granzyme B Immunoreactivity in T/natural Killer Cell Lymphomas

Mori N, Yatabe Y, Oka K, Kinoshita T, Kobayashi T,
Ono T, Asai J: Expression of perforin in nasal
lymphoma: additional evidence of its natural killer
cell derivation. Am J Pathol 149: 699-705, 1996

Ng CS, Chan JKC, Lo STH: Expression of natural killer
cell markers in non-Hodgkin’s lymphomas. Hum
Pathol 18: 1257-1262, 1987

Ng CS, Lo STH, Chan JCK, Chan WC, de Bruin PC:
CD56+ putative natural killer (NK) cell lymphomas:
Cytolysin production mediating self-destruction?
(Abstract) Mod Pathol 9: 1184, 1996

Oudejans JJ, Kummer JA, Jiwa M, van der Valk P,
Ossenkoppele GJ, Kluin PM, Kluin-Nelemans JC,
Meijer CJILM: Granzyme B expression in Reed-
Sternberg cells of Hodgkin’s disease. Am J Pathol
148: 233-240, 1996

Poe M, Bennett CD, Biddison WE, Blake JT, Norton
GP, Rodkey JA, Sigal NH, Turner RV, Wu JK,
Zweerink HJ: Human cytotoxic lymphocyte tryptase.
Its purification from granules and the characteriza-
tion of inhibitors and substrate specificity. J Biol
Chem 263: 13215-13222, 1988

Salcedo TW, Azzoni L, Wolf SF, Perussia B: Modulation
of perforin and granzyme messenger RNA express-
ion in human natural killer cells. J Immunol 151:
2511-2520, 1993

Schubert F, Lanier LL, Schmidt RE: Cluster report:
CD56, In Knapp W, Dorken B, Gilks WR, eds.
Leukocyte Typing IV. White cell differentiation
antigens. Oxford, Oxford University Press, 1989,
699-702

Simon MM, Simon HG, Fruth U, Epplen J, Miiller-
Hermelink HK, Kramer MD: Cloned cytolytic T-
effector cells and their malignant variants produce
an extracellular matrix degrading trypsin-like serine

proteinase. Immunology 60: 219-230, 1987

Tak PP, Kummer JA, Hack CE, Daha MR, Smeets TIM,
Erkelens W, Meinders AE, Kluin PM, Breedveld
FC: Granzyme-positive cytotoxic cells are speci-
fically increased in early rheurnatoid synovial tissue.
Arthritis Rheum 37: 1735-1743, 1994

Takakuwa T, Ohnuma S, Koike J, Hoshikawa M, Koizumi
H: Involvement of cell-mediated killing in apoptosis
in histiocytic necrotizing lymphadenitis (Kikuchi-
Fujimoto disease). Histopathology 28: 41-48, 1996

Tomita Y, Ohsawa M, Qiu K, Hashimoto M, Yang WI,
Kim GE, Aozasa K: Epstein-Barr virus in lymphop-
roliferative diseases in the sino-nasal region: close
association with CD56+ immunophenotype and
polymorphic-reticulosis morphology. Int J Cancer
70: 9-13, 1997

Tsang WYW, Chan JKC, Ng CS, Pau MY: Utility of
a paraffin section-reactive CD56 antibody (123C3)
for characterization and diagnosis of lymphomas.
Am J Surg Pathol 20: 202-210, 1996

van Camp B, Durie BG, Spier C, de Waale M, van Riet
I, Vela E, Frutiger Y, Richter L, Grogan TM: Plasma
cells in multiple myeloma express a natural killer
cell-associated antigen; CD56 (NKH-1: Leul9). Blood
76: 377-382, 1990

van Gorp J, Liu W, Jacobse K, Liu YH, Li FY, De
Weger RA, Liu G: Epstein-Barr Virus in nasal
T-cell lymphomas (polymorphic reticulosis/midline
malignant reticulosis) in western China. J Pathol
173: 81-87, 1994 ’

Weiss LM, Picker LJ, Grogan TM, Warnke RA, Sklar
J: Absence of clonal beta and gamma T-cell receptor
gene arrangements in a subset of peripheral T-cell
lymphomas. Am J Pathol 130: 436-442, 1988

Number 5

293



