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Summary. Malignancies of natural killer (NK) cells
have increasingly been recognized as distinct
clinicopathological entities. The tumor cells are
characterized by an immunophenotype of CD2+, surface
CD3-, cytoplasmic CD3e+, and CD56+. The T cell
receptor gene is in germline configuration, and a
consistent association with Epstein-Barr virus is
demonstrable. Pathologically, the tumor cells show
variable cytological appearances, with frequent
angioinvasion and angiocentricity associated with zonal
necrosis. Clinically, most cases affect the nasal cavity or
other parts of the upper aerodigestive tract, and are
referred to as nasal NK cell lymphoma. A minority
involve extranasal sites such as the skin, gastrointestinal
tract and testis, and are often referred to as extranasal
NK cell lymphoma. A particularly aggressive form
presents fulminantly as disseminated disease, sometimes
with a leukemic phase, and is referred to as aggressive
NK cell lymphoma/leukemia. Cytogenetic and molecular
analysis have shown DNA losses at chromosomes 6q,
11q, 13q and 17p to be recurrent aberrations in NK cell
malignancies. Frequent DNA gains are also found in
chromosomes 1p, 6p, 11q, 12q, 17q, 19p, 20q, and Xp.
These regions of DNA losses and gains should be targets
for further investigation in order to understand the
molecular pathogenesis of this lymphoma. Finally,
optimal treatment modalities need to be determined, as
all subtypes of NK cell malignancies are associated with
a poor prognosis.
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Introduction

Natural killer (NK) cells, first recognised during the
course of studies on cell mediated cytotoxicity, were
defined functionally as cytolytic cells capable of lysing
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target cells without major histocompatibility complex
(MHC) restriction. Since its original functional
definition, much has been learned of its phenotypic,
immunologic and biologic characteristics. Furthermore,
malignancies of NK cells are increasingly recognized.
These malignancies show interesting pathologic and
biologic features, which may provide an important
model for the study of NK cells in health and disease.

Natural killer cells — ontogeny and phenotype

Natural killer (NK) cells are cytolytic cells capable
of killing a wide variety of target cells, including tumor
cells and cells infected with bacteria and viruses.
Morphologically, NK cells are lymphocytes showing
abundant pale cytoplasm with azurophilic granules,
which contain cytolytic molecules such as perforin,
granzyme B, and TIA-1 (Spits et al., 1995; Mori et al.,
1996; Ng et al., 1997). Immunophenotypically, NK cells
show a variable expression of the T lineage-associated
antigens, such as CD2, CD7 and CD8 (Robertson and
Ritz, 1990; Oshimi, 1996). They are typically negative
for surface-CD3 (most commonly assayed using the
monoclonal antibodies Leu4 or OKT3), but they do
express cytoplasmic CD3¢e chain. Fetal NK cells also
express the y, 8 and ¢ chains of the CD3 molecule in the
cytoplasm. In adult NK cells, cytoplasmic CD3¢ can be
acquired upon activation (Lanier et al., 1992; Spits et al.,
1995). NK cells express the o chain of interleukin-2
receptor and variably a number of “NK-associated
markers”, including CD16 (Leullb), CD56 (NKHI,
Leul9) and CD57 (Leu7, HNK1). Among these three
markers, CD56 is the most consistently expressed, and
has been designated as a marker for natural killer cells.
However, CD56 is not entirely specific for NK cells, and
can also be expressed on NK-like T cells, neural and
neuroendocrine tissues, and sometimes on skeletal
muscle (Kern et al., 1993).

The bone marrow is the main site for NK cell
development. The thymus is not absolutely essential for
NK cell development, since thymus deficient animals
have normal numbers of NK cells. Nonetheless, NK
cells can develop in the thymus, since T/NK progenitors
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and mature NK cells can be demonstrated in the organ.
The interleukin-7 complex is probably crucial for NK
cell development (Spits et al., 1995). Although NK cells
represent a separate lineage of lymphocytes distinct from
T cells, cells of these two lineages are developmentally
closely related. There exists a bipotential T/NK
progenitor, which can either commit to the NK cell
lineage (without rearrangements of the TCR genes) or
alternatively develop into the T cell lineage (with
rearrangements of the TCR genes) (Sanchez et al., 1993,
1994). The bipotential T/NK progenitor has a phenotype
of CD34++ CD33++ CD7++ CD2+ CD5+ CD1-
cCD3e+. Commitment to the NK cell lineage causes the
loss of CD34, CD33 and CD5, and the acquisition of
CD56.

NK cell receptors

NK cells do not express T cell receptor or Ig, but
express receptors for MHC class | antigens (Lanier,

1998). The CD94/NK G2 receptors are disulphide-
bonded heterodimers that belong to the C-type lectin
superfamily. The CD158a and CD158b are members of
killer-cell inhibitory receptors (KIR) that belong to the
immunoglobulin (1g) superfamily. Both type of receptors
are expressed on normal NK cells and a subset of T
cells. Receptor ligand binding mediates inhibition of NK
cell function. It has been proposed that the CD94/NK G2
receptors represent a more ancestral type of MHC class |
recognition strategy than the CD158a/CD158b receptors,
which may have evolved later to provide a more refined
system of MHC recognition (Moretta, 1997). Expression
of CD94 and KIR has been demonstrated in
malignancies of putative NK cell lineage (Haedicke et
a., 2000; Dukerset a., 2001).

Natural killer cell malignancies

In the 1994 Revised European-American Lymphoma
(REAL) classification, NK cell malignancies were still

Fig. 1. Immunohistochemical staining shows cell membrane staining for CD56.x 200

Fig. 2. Immunohistochemical staining shows granular cytoplasmic staining for granzyme B. x 200
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given the non-specific designation ‘angiocentric
lymphoma' (Harris et al., 1994; Chan et al., 1995). Their
distinct nature was formally acknowledged at a slide
workshop on nasal and related extranodal angiocentric
T/NK cell lymphomas (Jaffe et al., 1996). In the new
World Health Organization (WHO) classification
scheme, the disease is classified as NK/T cell lymphoma
and aggressive NK cell leukemia (Jaffe et al., 2001).

NK cell neoplasms are characterized by an
immunophenotype of CD2+, surface CD3-, cytoplasmic
CD3et, CD56+, and T cell receptor (TCR)— (Figs. 1, 2).
Typically, the T-cell receptor geneisin germline
configuration (Suzumiya et al., 1994; Chiang et al .,
1996; Emile et al., 1996). Some studies have reported
surface CD3 positivity in some cases of NK cell
lymphomas, but more careful immunological analysis
often shows that the CD3+ cells are merely reacti ve cells
(Tao et al., 1995), implying that the reported CD3
positivity might be due to misinterpretation of the
staining of reactive T cells in the background (Suzumiya
et a., 1994; Chan et al., 1996). However, the tumor cells
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Fig. 3. In-situ hybridization for EBER shows strong nuclear labeling.
x 200

are almost invariably stained by the polyclonal CD3
antibody or monoclonal antibody PS1 (Aozasa et al.,
1995; Chan et al., 1995; Steward et al., 1997). The
discordant CD3 staining in fresh/frozen (surface
negative) versus paraffin-embedded (cytoplasmic
positive) tissues can be explained by the differencesin
the reactivities of the CD3 antibodies. The monoclonal
antibodies such as Leu4, T3 and OKT3 recognize a
conformational epitope formed by the various chains of
the complete CD3 complex, either CD3eg or CD3ed
(Salmeron et al., 1991) while the polyclonal CD3
antibody or monaoclona antibody PS1 is directed against
the CD3e chain. Since NK cells express only CD3e
chain or the incomplete CD3 molecule including CD3e
in the cytoplasm but not the full CD3 complex, they are
stained in paraffin sections by polyclonal CD3
antibodies or PS1, but not in fresh/frozen tissues by
Leud, T3 or OKT3. This feature provides an important
distinction between NK cells and T cells on
immunohistochemical studies of lymphomas. Another
characteristic feature of NK cell lymphoma s the very
strong association with Epstein-Barr virus (EBV) (Weiss
et a., 1994; Tao et al., 1995), which can be detected in
the tumor very sensitively by in situ hybridization (I1SH)
for EBV encoded RNA (EBER) (Fig. 3).

Clinically, NK cell malignancies comprise several
distinct clinical syndromes: (1) nasal NK cell lymphoma,
(2) nonnasal or nasal-type NK cell lymphoma, and (3)
aggressive NK cell lymphoma/leukemia (Table 1) (Jaffe
et al., 1996). These three entities show an identical
immunophenotype and EBV association. Nonethel ess,
occasional cases may exhibit overlapping features.
Rarely, NK cell malignancies may arise in
immunocompromised patients after solid organ
transplantation (Hsi et al., 1998; Kwong et al., 2000;
Mukai et al., 2000).

Nasal NK cell lymphoma

In nasal NK cell lymphoma, the median age of
presentation is in the fifth decade, with a male to female
ratio of approximately 3:1. It is the commonest
lymphoma type among primary lymphomas of the nasal
cavity. According to one study, more than 50% of the
lymphomas affecting the nasal cavity with or without
simultaneous involvement of the nasopharynx are of
NK/T cell lineage (Cheung et al., 1998). Others have
also reported similar findings concerning the relationship
of lineage with anatomic location for lymphomas of the
upper aerodigestive tract (Noorduyn et al., 1991; Ye et
al., 1992). In the past, the disease had been variably
referred to as lethal midline granuloma, polymorphic
reticulosis and other more obscure terms such as
progressive lethal granulomatous ulceration, nonhealing
granuloma and malignant midline reticulosis (Stewart,
1933; Eichdl et al., 1966; Kassel et al., 1969). Based on
immunophenotypic and genotypic results, many of the
cases of lethal midline granulomas and nasal lymphomas
have now been shown to be of putative NK cell origin,
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with an immunohistochemical profile of CD2+, surface
CD3 (Leud)-, CD56+ (Ho et al., 1990; Ng et a., 1997)
and the T-cell receptor in germline configuration (Emile
et al., 1996).

Clinically, patients present with a mass lesion or
relentless progressive ulceration and destruction of the
midline facial structures (Fig. 4). Common symptoms
include nasal discharge, nasal obstruction, purulent
rhinorrhea, epistaxis and local swelling of the nasal
bridge. In more advanced cases, there may be erythema,
swelling of the face, proptosis and nasal septal
perforation (Davison et a., 1996; Cheung et a., 1998).
Hemophagocytic syndrome complicates the disease at
initial presentation or during the clinical course in about

10% of patients. Lymph node involvement at
presentation is uncommon (Cheung et al., 1998), and
involvement of distant sites rare (Kwong et a., 1997a).
Therefore, most patients have an early stage disease
(stage l/1l, 82%) at presentation.

Histologically, the tumor is characterized by a
partially or extensively ulcerated mucosa densely
infiltrated by abnormal lymphoid cells (Figs. 5-8). There
are often large areas of zonal cell death. The cytologic
spectrum is broad. Tumor cells may be predominantly
small cells (found in about 8% of cases); mixed small
and large cells (49% of cases); or predominantly large
cells (43% of cases) (Cheung et al., 1998). The small
cells have irregularly folded, angulated, and sometimes

Table 1. Clinicopathologic features of nasal NK cell lymphoma, extranasal NK cell lymphoma, and NK cell lymphoma/leukemia.

NASAL NK CELL LYMPHOMA

NON-NASAL NK CELL LYMPHOMA

NK CELL LYMPHOMA/LEUKEMIA

Sex M>F M>F M>F
Median age 50 — 60 years 50 — 60 years 30 — 40 years
Main site of Nasal, upper aerodigestive Skin, gastrointestinal tract, testis, Disseminated, liver, spleen, bone

involvement
Histological features

Immunophenotyping

TCR
EBV
Outcome

tract

Variable cell size, nuclear
folding, necrosis and
angiocentricity

CD2+, CD3/Leu4-, CD3e+,
CD7+, CD56+, CD16-

Germline
Most cases, clonal

Aggressive, median
survival <12 months

other soft tissues

Variable cell size, nuclear folding,

necrosis and angiocentricity

CD2+, CD3/Leu4-, CD3et,
CD56+, CD16-

Germline
Most cases, clonal

Highly aggressive, median
survival < 4 months

marrow, lymph nodes

Usually monotonous malignant cells,
cytoplasm may contain azurophilic granules.
Angiocentricity and necrosis may be seen in
organ infiltrates.

CD2+, CD3/Leu4-, CD3et+, CD56+, CD16+

Germline
Most cases, clonal

Extremely rapid fatal course, median survival
< 2 months

Fig. 4. A nasal NK cell lymphoma eroding through
the upper palate.
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serpentine-shaped nuclei with fairly dense to granular
chromatin and inconspicuous nucleoli. The medium-
sized cells have round or folded nuclei, granular
chromatin and small nucleoli. The large cells have
usually vesicular or granular chromatin and distinct
nucleoli. Tumor cells possess a moderate amount of pale
to clear cytoplasm, athough the large cells can possess
basophilic or amphophilic cytoplasm. Apoptotic bodies
are frequently interspersed among the lymphoma cells.
Mitotic figures are often easy to find (Figs. 9-10). In
Giemsa-stained cytologic preparations, a few to many
fine azurophilic granules can be seen in the cytoplasm of
the tumor cells (Ho et al., 1990; Aozasa et al., 1995;
Emile et al., 1996; Chan, 1998). Angiocentric and
angiodestructive growth is commonly found but this
phenomenon is not invariably identified, probably dueto
a sampling effect in the small biopsies (Fig. 11)
(Suzumiyaet al., 1994; Jaffe et al., 1996).

Fig. 5. Biopsy of nasal NK cell lymphoma. As typical of this neoplasm,
the surface (upper field) is ulcerated and covered by fibrinous exudate
mixed with necrotic tissue. The floor is densely infiltrated by abnormal
lymphoid cells. The right lower field shows a blood vessel with fibrin
deposition in the wall, a common phenomenon in NK cell lymphoma.
x 50

Extranasal NK cell lymphoma

Extranasal NK cell lymphomas represent the
counterpart of nasal NK cell lymphomas occurring in
sites other than the nasal cavity and nasopharynx. These
lymphomas are sometimes referred to as “non-nasal” or
“nasal-type” NK/T cell lymphomas. This group of
neoplasms were simultaneously characterized by Wong
et al. (1992) and Kern et al. (1992) as a peculiar form of
lymphoma involving extranodal and unusual sites that
showed frequent angiocentricity. In Chinese patients
where most of the cases have been reported, the
incidence of extranasal NK/T cell lymphomais
approximately half that of nasal NK/T cell lymphoma.
Similar to nasal tumors, the median age is in the fifth
decade with a male to female ratio of 3:1 (Chan €t al.,
1997). Like nasal NK cell lymphoma, extranasal NK cell
lymphomas show similar cytologic features,
immunophenotype and genotypic profile. Thereisaso a
strong association with EBV (Kern et al., 1992;
Nakamura et al., 1995; Chan et al., 1997; Drenou et d.,
1997).

Extranasal NK cell lymphoma often involves
multiple anatomic sites in the absence of superficial
lymphadenopathy. There is a predilection for the skin,
upper aerodigestive tract (such as palate and larynx),
gastrointestinal tract, testis, spleen, soft tissues
(especially muscle), central nervous system, lung, and
liver (Kern et al., 1992; Wong et a., 1992; Chan et al.,
1997). Most patients have stage |11 or 1V disease at
presentation. Systemic symptoms such as fever, malaise
and weight loss are common. The serum lactate
dehydrogenase level is commonly elevated.

Aggressive NK cell leukemia/lymphoma

Aggressive NK cell leukemia/lymphoma was first
characterized by Imamura and colleagues (1988, 1990).
This entity is often designated as "leukemia/lymphoma’
rather than simply "leukemia" or "lymphoma", because
features of both forms may be concomitantly present.
Peripheral blood involvement is common, but the
percentage of circulating tumor cells can be low. The
marrow is involved, but in contrast to the usual
leukemias, the infiltration can be subtle and focal. In the
REAL classification, the disease is categorized as large
granular lymphocyte leukemia, NK-cell type. In the
WHO classification, it is recognized as a distinct entity.
Aggressive NK cell leukemia/lymphoma typically
affects young to middle-aged adults. There is equal sex
incidence or slight male predominance (Imamura et al.,
1990; Chan et a., 1997). Patients are usualy very ill at
presentation, with fever, systemic symptoms, deranged
liver function, hepatosplenomegaly, sometimes
accompanied by systemic lymphadenopathy. In contrast
to extranasal NK cell lymphoma, skin lesions are
uncommon. Some cases may be complicated by a
reactive hemophagocytic syndrome (Okuda et al., 1991;
Chan et al., 1997). Rare cases manifest as an abrupt
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transformation from an indolent (chronic) NK-cell large
granular lymphoproliferative disorder (Ohno et al., 1988,
1989). The prominent systemic symptoms, younger age
of onset, widespread tissue involvement with an
invariable marrow infiltration (nasal/extranasal NK cell
lymphomas rarely disseminate, even terminally), and the
fulminant disease course suggest that aggressive NK cell
lymphoma/leukemia may represent a distinct clinical
entity, and not merely a late manifestation of |ocalized
NK cell lymphoma at an advanced stage (Soler et al.,
1994). The disease pursues a highly aggressive course,
resulting in death within a short time (Imamuraet a.,
1990; Chan et d., 1997; Kwong et al., 1997a).

Blood counts typically reveal anemia, leucopenia
and thrombocytopenia, associated with a variable degree
of lymphocytosis. The total white cell count may be
raised, normal or low. Tumor cells resembling large
granular lymphocytes account for afew percent to >80%
of all leukocytes (Imamuraet al., 1990; Chan et al.,
1997) (Fig. 12a). The neoplastic cells possess round
nuclei with condensed chromatin, or larger nuclei with

mildly irregular foldings. In some cases, nucleoli can be
prominent in a proportion of cells. The cytoplasm is
lightly basophilic, and contains fine or coarse
azurophilic granules. Hemophagocytosis may sometimes
be observed (Fig. 12a). There are commonly circulating
normoblasts and immature myeloid cells. The marrow is
involved in a subtle and patchy fashion, but is sometimes
extensively infiltrated with active hemophagocytosis
seen (Fig. 12b). Immunophenotypically, these cases
were typically CD2+, surface CD3- and CD56+. T-cell
receptor gene is in germline configuration and EBV has
been invariably demonstrated in the malignant cells
(Imamura et a., 1990; Chan et a., 1997; Kwong et a.,
1997a). In tissue specimens, the neoplastic infiltrate is
diffuse, destructive and permeative. The lymphoid cell
population often appears monomorphous, but can be
polymorphous. The nuclei are often round, with fairly
condensed chromatin. There is a thin to moderate rim of
pale or amphophilic cytoplasm. Apoptotic bodies are
frequently interspersed, and areas of zonal cell death are
common. Angioinvasion and angiodestruction are
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Fig. 6. Biopsy of nasal NK cell lymphoma. a. Frequently superficial biopsies yield necrotic tissue only, and are not diagnostic. x 100. b. Examination of
the deeper portions of the biopsy or a new biopsy may reveal groups of lymphoma cells. x 100



545

Natural killer cell malignancies

common findings (Y atabe et a., 1994; Chan et al., 1997;
Mori et a., 2000; Quintanilla-Martinez and Jaffe, 2000).

Post-transplantation lymphoproliferative disorder of
NK cell lineage

Rare cases of post-transplantation lympho-
proliferative disorder (PTLD) of NK cell lineage have
been described (Hsi et al., 1998; Kwong et al., 2000;
Mukai et al., 2000). All reported cases have so far
occurred in renal allograft recipients, with a latency of 1
to 8 years post-transplantation. The morphologic,
immunophenotypic and molecular features of these cases
are similar to sporadic NK cell malignancies. EBV is
demonstrable in two of the cases (Kwong et al., 2000;
Mukai et a., 2000), but is absent from the third (Hsi et
al., 1998). None of the cases responded to the
withdrawal of immunosuppression. Whether these cases

represent chance occurrence of an NK cell malignancy
in allograft recipients, or are genuine cases of PTLD
remains to be defined by future studies.

Differential diagnosis
T cell ymphomas

The diagnostic hallmarks of T cell lymphoma are the
freguent expression of surface CD3 and the presence of
TCR gene rearrangements as demonstrated by Southern
blot analysis. (Chan et al., 1995). If immuno-
histochemical studies are only carried out on paraffin
sections, NK cell lymphomas and peripheral T cell
lymphomas cannot al ways be differentiated, because NK
cell lymphomas are cytoplasmic CD3+ and some T cell
lymphomas are CD56+. True T cell lymphomas of the
nasal area show less systemic dissemination and a

Fig. 7. Nasal NK cell lymphoma associated with florid pseudoepitheliomatous hyperplasia. a. Instead of ulceration, some nasal NK cell lymphomas are
accompanied by striking hyperplasia of the overlying stratified squamous epithelium. x 50. b. The squamous epithelium can exhibit some degree of
nuclear atypia, and can lead to a misdiagnosis of squamous cell carcinoma. The abnormal lymphoid cells between the squamous islands provide the
clue to the correct diagnosis. x 150
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slightly better outcome, although they are still
considered a poor prognostic category of non-Hodgkin's
lymphoma (Cheung et al., 1998). They are EBV positive
in only a proportion of cases. The classification of
occasional nasal lymphomas that are cytoplasmic CD3+,
CD56-, cytotoxic markers+ and EBV+ is still
controversial. Some studies include them as nasal NK/T
cell lymphomas.

T large granular lymphocyte leukemia

T large granular lymphocyte leukemias (T-LGLL)
are chronic indolent diseases marked by anemia,
neutropenia, and recurrent infections (Loughran, 1993).
Pure red cell aplasia complicates the disease in some
patients (Kwong and Wong, 1998). T-LGLL differsfrom
NK cell malignanciesin that they are bonafide T cell
malignancies with expression of T cell markers
including CD3 and usually CD8, and have TCR gene
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clonally rearranged. Occasionally, T-LGLL may also
express CD56. In most cases, the neoplastic cells do not
contain EBV.

Chronic NK cell lymphocytosis

Chronic NK cell lymphocytosis is arare disorder
that presents with a persistent increase in circulating NK
cells that are CD3-CD16+CD56+ (Tefferi et al., 1994;
Oshimi, 1996). The TCR gene should be in germline
configuration. Clinically, chronic NK cell lymphocytosis
is an indolent disease. Patients present with neutropenia,
vasculitis and occasionally pure red cell aplasia. Because
of the absence of aclona marker, it is uncertain whether
the condition is reactive or neoplastic.

Blastic NK cell lymphoma

Blastic NK cell lymphoma appears to be biologically

LY

Fig. 8. Nasal NK cell lymphoma usually causes expansion of the respiratory mucosa, causing wide separation of the mucosal glands. x 50
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Fig. 9. Nasal NK cell lymphoma usually manifests as a diffuse dense lymphoid infiltrate that may appear polymorphic. x 150



547

Natural killer cell malignancies

distinct from other NK cell lymphoma/leukemia, in that
the morphology is lymphoblastic or myeloblastic, there
is variable expression of CD2, cytoplasmic CD3e and
TdT, and EBV is not present (Nakamura et al., 1995;
Kobashi et al., 1996). Patients present with extranodal
disease that has a predilection for the skin. The skin
lesions can be accompanied by lymph node or bone
marrow involvement. Some cases may have a leukemic
phase. The behaviour of this tumor remains to be
clarified because only a few cases have ever been
reported (Chan et al., 1997; DiGiuseppe et a., 1997).

Molecular pathology
Conventional cytogenetics analysis

Conventional karyotypic analysis of NK cell
malignancies is difficult, partly owing to the necrosis
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and scarcity of the clinical samples. However, several
chromosomal abnormalities have been defined in a
limited number of patients. Deletion of the long arm of
chromosome 6, del(6q), is most frequently found, with
the region 6023 being commonly implicated (Tien et al.,
1997; Wong et a., 1997). Chromosomal aberrations are
restricted to the CD3-CD56+ tumor cell population, as
demonstrated by concomitant surface immuno-
phenotyping and fluorescence in situ hybridization
(FISH) (Zhang et al., 1999). The finding of the same
abnormality involving del(6q) in nasal and extranasal
NK cell lymphoma as well as aggressive NK cell
lymphoma/leukemia provides a biological link between
these disease entities (Wong et al., 1997). Other non-
random chromosomal abnormalities including +X, i(1q),
i(7)(q10), +8, del(11q), del(13q), del(17)(p12) and
i(17)(g10) have been reported (Wong et al., 1999).
Although chromosomal translocations appear to be

Fig. 10. Nasal NK cell lymphoma can exhibit a broad cytologic spectrum. a. An example composed of small cells with irregularly folded nuclei.
Distinction from a reactive lymphoid infiltrate is very difficult. b. The small cells can have very elongated, serpentine nuclei. c. This example is
composed of small to medium-sized cells with marked foldings of the nuclei. d.This example shows a mixture of small, medium-sized and large cells.
e. An example comprising medium-sized to large cells. f. An example dominated by large cells. Many apoptotic bodies are seen — this is a common
finding in NK cell lymphoma.x 400
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uncommon, rearrangement involving chromosomal
regions Xp21 and 8p23 have been described using
spectral karyotyping (Wong et al., 2000).

Comparative genomic hybridization

Comparative genomic hybridization (CGH) is a
recently developed molecular cytogenetic technique that
examines the entire genome of a tumor for chromosomal
copy number aberrations in a single hybridization
(Kallioniemi et al., 1992). CGH can be performed on
DNA extracted from archival materials, and does not
rely on the availability of fresh tissues or good-quality
metaphases from the tumor clone. With CGH analysis
(Siu et d., 1999), NK cell lymphomas demonstrate DNA
losses in regions that correlate closely with conventional
karyotyping, including del(6q), del(11q), del(13q), and
del(17p). Compared with DNA losses, gains of DNA are
more frequent and involve a large number of regions in
the genome, including chromosomes 1p, 6p, 11q, 12q,
17q, 19p, 20q, and Xp. DNA gains are more frequently
observed in nasal/extranasal lymphomas than in
aggressive NK cell lymphoma/leukemia. On the other

hand, DNA gains in chromosome Xp are more frequent
in aggressive NK cell lymphoma/leukemia. Regions of
DNA losses and gains should be targets of investigation
to identify putative tumor suppressor genes/proto-
oncogenes (Siu et al., 1999).

Loss of heterozygosity analysis

The data from conventional karyotyping and CGH
show that there is frequent DNA loss at chromosomes
6q, 119, 13g and 17p. The pattern of DNA loss at these
regions has been studied by loss of heterozygosity
analysis (Siu et a., 2000). LOH in chromosomes 6q,
13q, 17p, and 11q occur with overall frequencies of
80%, 70.6%, 37.5%, and 33.3% respectively (Table 2).
The pattern of LOH shows heterogeneity in different NK
tumor subtypes and stage of the tumor. In nasal
lymphoma, LOH at chromosome 13q is found in 33.3%
of cases at presentation but in 100% of cases at relapse.
Thisimplies that 13g loss may be a progression event in
nasal NK cell lymphoma. DNA loss at chromosomes
119 and 17p occurs at a lower frequency and is not
detected in extranasal NK cell lymphoma. FISH analysis
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shows that loss of 17p13 is more common in aggressive Association with Epstein Barr virus infection

than nasal and extranasal NK cell lymphoma. The

frequency of DNA loss at chromosome 13q is The molecular pathogenesis initiating the malignant
comparable with those of nasal and extranasal NK cell transformation of NK cells remains undefined. However,
lymphoma. the almost invariable association with EBV infection

Table 2. Pattern of allelic loss based on clinical subtypes of natural killer cell malignancies.

6q 11q 13q 17p
Commonly deleted region 6q13-q14 11921-q24 13q12-q14 17p12-p13
6025 13931-q34
NK cell lymphoma 12/15 (80) 4/14 (28.6) 10/15 (66.7) 4/13 (30.8)
Nasal 10/11 (90.9) 4/10 (40) 7/11 (63.6) 4/9 (44.4)
At presentation 5/6 (83.3) 2/6 (33.3) 2/6 (33.3) 3/6 (50)
At relapse 5/5 (100) 2/4 (50) 5/5 (100) 1/3 (33.3)
Non-nasal 2/4 (50) 0/4 (0) 3/4(75) 0/4 (0)
Aggressive NK cell ymphoma/leukemia - 1/1 (100) 2/2 (100) 2/3 (66.7)
Total 12/15 (80) 5/15 (33.3) 12/17 (70.6) 6/16 (37.5)

No. of positive cases / No. of cases tested. Percentages are in parentheses.
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suggests that it may play arole in tumor pathogenesis
(Tao et al., 1995). Analysis of the terminal repeat region
of the EBV genome shows that the virusisin aclonal
episomal form. In addition to providing an indirect proof
of the clonal nature of the lymphoid proliferation, it also
implies that the EBV may play an etiologic role and is
not merely a bystander (Medeiros et al., 1991;
Minarovits et al., 1994; Kaneko et a., 1995; Kwong et
al., 1997b). The selective strong association with EBV in
NK cell lymphoma, but not T cell or B cell lymphomas
of the nasal cavity provides additional evidence of the
role of EBV in the pathogenesis of NK cell lymphomas
(Chan et a., 1994). In the lymphoma cells, the EBV is
present as atype Il latency state, a pattern shared by
Hodgkin’s lymphoma and nasopharyngeal carcinoma.
EBNAL1 is expressed, EBNA2 to EBNAG6 are not
expressed, and there is a variable expression of latent
membrane protein-1 (LMP1) (Kanavaros et al., 1993;
Minarovits et al., 1994; van Gorp et al., 1996). The
downregulation of the immunogenic EBV antigens
EBNAZ2 - EBNA6 may help to explain how the tumor
cells evade the immune surveillance by the host
cytotoxic cells (Klein, 1994). Finally, EBV encoded
RNAs (EBERs) which are not trandated, are abundantly
expressed in the majority of the neoplastic cells, and
provide useful targets for the detection of EBV by ISH

Fig. 11. A common feature of nasal NK cell lymphoma is
angioinvasion and angiodestruction. The wall of this blood vessel is
heavily infiltrated by lymphoma cells. x 100

Fig. 12. A case of aggressive NK cell lymphoma/
leukemia. A. Peripheral blood smear showing
circulating NK lymphoma cells (arrow) with
abundant cytoplasm containing azurophilic
granules. Some tumor cells appear more blastic
(asterisk). Hemophagocytosis (large arrow head)
can sometimes be seen in the peripheral blood.
B. Marrow aspirate showing NK lymphoma cell
infiltration (arrows) associated with florid
hemophagocytosis (large arrow head). x 1,000
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techniques (Chan et al., 1994).
Geographical distribution of NK cell malignancies

NK cell malignancies are much more common in
Orientals, Central Americans and South Americans than
in Occidentals. Among about 200 cases of NK cell
lymphomas reported in the literature, most are from
Chinese, Japanese, Korean and South American patients,
with only about 30 cases described in Western patients
(Kanavaros et al., 1993; Macon et al., 1996). This
dramatic geographical difference isintruiging. Even
among sinonasal NK/T cell lymphomas seen in USA,
most cases are not Caucasians (Gaal et a., 2000). This
geographic difference may be explained in part by a
difference in EBV epidemiology, as there is an almost
invariable association of NK cell malignancies with
EBV, which is much more prevalent in the Oriental
people.

Treatment and prognosis

The clinical outcome of patients with nasal NK/T
cell lymphoma is variable. Some patients are apparently
cured by radiation therapy, while others show early local
or systemic relapse, and succumb to the disease.
Occasional patients even develop new disease within the
irradiation field while receiving radiation therapy. The
tumor may unpredictably disseminate to other sites, in
particular the skin, liver, lymph node, gastrointestinal
tract and testis, either early or late in the course. The
results of chemotherapy with anthracycline-containing
regimens have also been unsatisfactory (Kwong et al.,
1997b). In several published series (Kwong et a., 1997a;
Cheung et al., 1998), the median survival of these
patients was about 12 months only.

Extranasal NK cell lympomas are also clinically
aggressive. Because the disease may be disseminated,
chemotherapy is usually the initial choice of treatment.
The response is poor, with most patients dying within 6
months of diagnosis (Kern et al., 1992; Chan et al .,
1997).

Aggressive NK cell lymphoma/leukemiais a
catastrophic disease with an almost uniform mortality.
Patients usually present with a fulminant course marked
by multi-organ failure, severe liver function
derangement, and intravascular coagulopathy. The
response to treatment is transient, and survival is
measured in days to weeks. Allogeneic bone marrow
transplantation in a case resulted only in short-term
remission (Teshimaet al., 1996). No reported survival of
more than a year have been recorded (Imamura et al .,
1990; Chan et al., 1997; Kwong et al., 1997b).

For patients with localized nasal lymphoma, high
dose chemotherapy and autologous transplantation may
result in improvement in survival (Liang et al., 1996).
This mode of therapy is particularly suitable for
localized NK cell lymphomas, where involvement of the
bone marrow is rare (Kwong et a., 1997a; Wong €t al.,

2001).
Conclusion

NK cell malignancies are aggressive neoplastic
disorders with distinctive clinicopathologic features,
molecular pathology, and geographical distribution. A
consistent association with EBV infection suggests that
the virus may be of pathogenetic significance. Further
studies are needed to define the molecular pathogenesis
and biologic markers that aid in the diagnosis and
monitoring of treatment. Finally, clinical trials are
needed to define the optimal therapeutic strategies that
will lead to better survivals.
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