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Abstract Comparative immunohistochemical and ultra-
structural studies were performed on five nasal natural
killer (NK) cell lymphoma cases, two intestinal T-cell
lymphoma cases, and eight anaplastic large cell lympho-
ma (ALCL) cases to clarify morphological differencesin
cytotoxic granules among these cytotoxic lymphomas.
Nasal NK-cell lymphomas and intestinal T-cell lympho-
mas had fine azurophilic granules and displayed dot-like
immunostaining of granzyme B- and T-cell intracellular
antigen 1 (TIA-1), predominantly in the central area of
the cytoplasm. Ultrastructurally, these NK-cell lympho-
mas and intestinal T-cell lymphomas had two types of
cytotoxic granules, type-1 granules (dense core granules)
and type-ll granules (multivesicular bodies), which have
been demonstrated in normal large granular lymphocytes
in peripheral blood. However, ALCLs did not have azur-
ophilic granules, and only type-ll cytotoxic granules
were found ultrastructurally, even though they showed
similar dot-like immunostained patterns of granzyme B
and TIA-1, as seen in NK-cell lymphomas and intestinal
T-cell lymphomas. |mmunoel ectron microscopy revealed
that TIA-1 was primarily located at the periphery of the
cytoplasmic granules in the NK-cell lymphoma and
ALCL cases. These findings suggest that malignant
lymphomas with a cytotoxic phenotype can be divided
into two types, (azurophilic granule)*, (type-l granule)*,
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Introduction

Cytotoxic lymphocytes comprised of a heterogeneous
population, including natural killer (NK) cells and cyto-
toxic T lymphocytes, contain cytotoxic molecules, such
as perforin, granzyme B, and T-cell intracellular antigen
1 (TIA-1; GMP-17) [1, 2, 8, 17, 29, 34]. These mole-
cules have been implicated in cytolytic processes leading
to apoptosis of target cells by being released from cyto-
toxic granules that display two morphologically distinct
types. Type-l granule (dense core granule) is comprised
of electron dense core domain of homogeneous appear-
ance, surrounded by athin cortex of vesicles or lamellae,
and type-Il granule (multivesicular body) is comprised
of a multivesicular domain, which contains multiple
small vesicles [5, 16, 28]. The classification into types
reflects the relative proportion of these two domains in
each granule. Immunoelectron microscopy has revealed
that perforin and granzyme B are located in the dense
core domains and multiple vesicles [16, 29] and TIA-1is
predominantly located in the membrane part of both
types of granules[1, 2].

Malignant lymphomas that express cytotoxic mole-
cules have recently been recognized using immunohisto-
chemical methods. These include heterogeneous clinico-
pathologic entities, for example, NK-cell lymphoma [4,
10, 13], intestinal T-cell lymphoma[7, 9], yd T-cell lym-
phoma [31], and anaplastic large cell lymphoma (ALCL)
with or without anaplastic lymphoma kinase (ALK) ex-
pression [12, 14, 27]. Nasal NK-cell lymphomas are
characterized by proliferation of atypical cells with cyto-
plasmic azurophilic granules and immunopositivity for
CD2 and CD56 [20]. Intestinal T-cell lymphomas are
phenotypically distinct and are thought to be derived



from intraepithelial T lymphocytes that display cytotoxic
functions [6, 7]. Importantly, these lymphomas often
show aggressive clinical behavior [24]. The cellular ori-
gin of ALCLs remains unknown, but these lymphomas
may originate from CD4* or CD8* cytotoxic T cells, be-
cause they often express these T-cell markers and cyto-
toxic molecules [15, 23]. In particular, ALK-positive
ALCLs more often express cytotoxic molecules than
ALK-negative ALCLS, whereas the former usually fol-
lows an indolent clinical course[12, 14, 27].

Although the cytotoxic granules have been ultrastruc-
turally demonstrated in each reported case [3, 19, 21, 26,
31, 32], there has been no study concerning the relation-
ship between expression of cytotoxic molecules and the
ultrastructure of cytotoxic granules. The aim of the pres-
ent study was to compare the morphology of cytotoxic
granules among nasal NK-cell lymphomas, intestinal T-
cell lymphomas, and ALCLSs.

Materials and methods

Case selection

Five cases of immunohistochemically and genetically defined na-
sal NK-cell lymphoma, two cases of intestinal T-cell lymphoma,
and eight cases of ALCL were selected from the pathology files of
Kawasaki Medical School Hospital between 1990 and present.

Table 1 Summary of malignant lymphoma cases with cytotoxic
phenotype examined in the present study. Imprint preparations
were stained with May—Giemsa staining. + positive defined as an-
tigen positivity >50%; — negative defined as antigen positivity
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Imprint preparations were made from fragments of the tumors.
The specimens were smeared on glass slides by gentle touching.
These were fixed in ethanol and stained with May—Giemsa stain-
ing. The number of cytoplasmic azurophilic granules was counted
in one hundred lymphoma cells in each case under x100 objective
in oil immersion.

Flow cytometric analysis

Cell suspensions were obtained from fragments of the tumors by
mincing and passing through the nylon mesh. They were exam-
ined by means of flow cytometry using a direct immunofluores-
cence method. The monoclonal antibodies (mAbs) used in this
study were OKT11 (CD2, Ortho Pharmaceutical Co., Raritan,
N.J.), OKT3 (CD3, Ortho), OKT4 (CD4, Ortho), Leul (CD5, Bec-
ton Dickinson, Mountain View, Calif.), OKT8 (CD8, Ortho), and
NKH-1 (CD56, Coulter Immunology, Hialeah, Fla.).

Immunohistochemistry

For immunohistochemistry of frozen sections, tissues were em-
bedded in Tissue Tek OTC compound (Miles, Naperville, 111.) and
then snap frozen in dry ice—acetone. Acetone-fixed, 6-um sections
were immunostained using an indirect method with the following
mAbs. Leul2 (CD19; Becton-Dickinson; dilution 1:10), Leu4d
(CDS; Becton-Dickinson; dilution 1:10), CD4 (CD4; Dako, Kyo-
to, Japan; dilution 1:10), OKT8 (CD8; Ortho; dilution 1:10), and
Leu-7 (CD57; Becton-Dickinson; dilution 1:10).

For immunohistochemistry on paraffin sections, 4-um cut par-
affin sections were immunostained using an avidin-biotin horserad-
ish peroxidase complex method, preceded by microwave antigen
retrieval of tissue sectionsin a Dako antigen retrieval solution. The

<10%; EBER-1 Epstein-Barr virus encoded RNA 1; ALCL ana-
plastic large cell lymphoma; ALK anaplastic lymphoma kinase;
TCL T-cell lymphoma; NKCL natural killer cell lymphoma; TIA-1
T-cell intracellular antigen 1; TCR T-cell receptor; n.d. not done

Case Diagnosis Age Localizationat  Immunophenotype Azurophilic
(years)/gender  presentation granulest
CD32 CD42 CD8 CD56P TIA-1¢ Granzyme EBER-1
B¢
1 Nasa NKCL  72/Female Nasal cavity - - - + 64 27 + 14+8
2 Nasal NKCL  43/Mae Nasal cavity, - - - + 61 13 + 10+4
hard palate
3 Nasa NKCL  67/Mae Nasa cavity, - - - + 75 33 + 30+32
maximal sinus
4 Nasal NKCL  78/Female Nasal cavity - - - + 34 44 + 27+24
5 Nasal NKCL  26/Female Nasal cavity, - - - + 86 43 + 15+6
ethmoidal sinus
6 Intestinal TCL  43/Female Jejunum, lung + - + + 91 45 - 40+15
7 Intestinal TCL  45/Female Ileum + - + + 52 35 - 35+13
8 ALK+*ALCL  20/Femae Lymph nodes + - - - 30 18 - 0+0
9 ALK*ALCL 29/Made Vertebra - + - - 54 34 - 0+0
10 ALK+*ALCL  26/Femae Lymph nodes + + - - 42 438 - 0+0
11 ALK*ALCL 35/Made Lymph nodes + + - - 36 11 - 0+0
12 ALK*ALCL  23/Female Lymph nodes + + - - 60 7 - 0+0
13 ALK-ALCL 64/Mde Skin + + - - 22 10 - 0+0
14 ALK-ALCL 20/Mde Lymph nodes - - - - 14 5 - 0+0
15 ALK-ALCL 69/Mae Stomach + + - - 20 8 - 0+0

aPositivity was determined using flow cytometry and/or frozen section immunohistochemistry
b Positivity was determined using paraffin-section immunohistochemistry
¢ Percentage of positive lymphoma cells were determined in paraffin sections using immunohistochemistry as described in Materials and

methods
dThe number of azurophilic granules per cell (mean+SD, n=100)
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Fig. 1 a Cytologic pictures of fine azurophilic granules in tumor
cells of natural killer (NK) cell lymphoma (case 3). Original mag-
nification, x500. b Expression of T-cell intracellular antigen 1
(TIA-1) in NK-cell lymphoma (case 5). Origina magnification,
x100. ¢ Expression of granzyme B in NK-cell lymphoma (case 5).
Original magnification, x100. d Expression of TIA-1 in anaplastic
large cell lymphoma (ALCL; case 10). Origina magnification,
x100. e Expression of granzyme B in ALCL (case 10). Original
magnification, x100

following antibodies were used: rabbit polyclona anti-CD3e anti-
serum (Dako; dilution 1:100), 123C3 (CD56; Zymed, San Francis-
co, Calif.; dilution 1:25), Leu-7 (CD57; Becton-Dickinson; dilution
1:10), GrB-7 (Granzyme B; Pharmacell, Paris, France; dilution
1:25), TIA-1 (TIA-1; Coulter; dilution 1:200), and ALK-1 (ALK;
Dako; dilution 1:20). The sections were developed with diamino-
benzidine and counterstained with hematoxylin. Negative controls
were treated in the same manner but with the primary antibodies.

In situ hybridization of Epstein-Barr encoded RNA 1

In situ hybridization (ISH) was performed on the paraffin sections
using a fluorescein isothiocyanate (FITC)-labeled Epstein-Barr
encoded RNA 1 (EBER-1) 30-base oligonucleotide probe, as de-
scribed previously [30]. Detection of the EBER-1 signal was car-
ried out with an avidin-alkaline phosphatase conjugate, followed
by a developing step using neufuscin as a substrate. A positive re-
action was indicated by red coloring in the nucleus. The positive
and negative controls consisted of a known Epstein-Barr virus
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(EBV)-positive nasopharyngeal carcinoma and a known EBV-neg-
ative lymph node, respectively.

Electron microscopy

The tissues were fixed in 2.5% glutaraldehyde and postfixed in
1% osmium tetroxide, routinely processed, and examined with an
H-7000 electron microscope (Hitachi, Tokyo, Japan).

Immunoel ectron microscopy

Tumor tissues from cases 4 and 12 were processed for post-embed-
ding immunoelectron microscopy. The samples were fixed in 2%
glutaraldehyde and embedded in LR white resin (London Resin Co.,
Reading, UK). After incubation in fetal bovine serum, ultrathin sec-
tions were incubated with anti-TIA-1 mAb (1:25 dilution) or iso-
type-matched control antibodies overnight at 4°C. They were then
washed in phosphate-buffered saline (PBS) and reacted with 5 nm
colloidal gold-conjugated rabbit anti-mouse immunoglobulin (1g)G
(2:10 dilution) for 45 min. After washing in PBS and post-fixation
with glutaraldehyde, they were counterstained with uranyl acetate
(case 4), or uranyl acetate and lead citrate (case 12) and observed
using an H-7000 electron microscope (Hitachi, Tokyo, Japan).

DNA analysis
DNA was extracted from tumor tissues by treating them overnight

with lysis buffer/proteinase K and extracting the mixture with phe-
nol/chloroform. For rearrangement analysis, Southern blot hybrid-



Fig. 2 Electron microscopy of nasal natural killer (NK) cell lym-
phoma. a Case 1. Intracytoplasmic granules were clustered to one
side of the cytoplasm. Magnification, x9000. b Case 1. Higher
magnification (x33,000) of the cytoplasmic granules. Arrow, a
dense core granule (type-l granule); arrowhead, an intermediate
type granule. ¢ Case 4. Cytoplasmic granules were located in the
Golgi area. Magnification, x9800. d Case 4. Higher magnification
(%x27,000) of various sizes of cytoplasmic granules. Arrows, multi-
vesicular bodies (type-1l granules)

ization was performed to detect the T-cell receptor (TCR) -, v-,
and &-chain genes. DNA (5 pg) was digested with restriction en-
donucleases, separated by electrophoresis in 0.8% agarose gel and
then transferred to activated nylon membranes. The DNA frag-
ments on the membranes were hybridized with nick-translated 32P-
labeled probes, and examined using autoradiography. The restric-
tion endonucleases used were BamH| or EcoRV for the TCR-C(31,
EcoRI or BamHI, or Hind Il for TCR-Jy, and Bglll or HindIlI for
the TCR-J31.

Statistics

Significance was calculated using Students t test. P values <0.05
were considered significant.

Results

The clinical and cytological findings of 15 cases exam-
ined in the present study are summarized in Table 1.
Nasal NK-cell lymphoma

All five nasal NK-cell lymphoma cases showed identical

phenotypes. azurophilic granulest (Fig. 1a), CD2*,
CD3-, CD3e*, CD5-, CD56*, TIA-1+ (Fig. 1b), gran-



Fig. 3 Electron microscopy of intestinal T-cell lymphoma (case
6). a Cytoplasmic granules were located around the Golgi com-
plex. Magnification, x9300. b The cytoplasmic granules were
mostly type-l granules. Magnification, x28,000

zyme B+ (Fig. 1c), and EBER-1*. No case showed TCR
rearrangement. The number of azurophilic granules in a
lymphoma cell varied in each case (mean+SD, 19.2+8.8;
Table 1). Ultrastructurally, nuclei of the lymphoma cells
were irregular and contained large distinct nucleoli. The
cytoplasm contained well-developed Golgi complex, mi-
tochondria, rough endoplasmic reticulum, and cytoplas-
mic granules. The morphology of the cytoplasmic gran-
ules varied among cases, but there were two distinct
types clustered in the peripheral cytoplasm or located
around the Golgi complex (Fig. 2a, c). Type-l granules
ranged in size from 160 nm to 890 nm and had a dense
core surrounded by a thin membrane. Most were round-
ed (Fig. 2b). Type-1l granules ranged from 280 nm to
1100 nm and contained 50-nm sized multiple small vesi-
cles packed in the membrane (Fig. 2d). Also recognized
were intermediate form granules (220~660 nm) charac-
terized by both features of dense core and multiple vesi-
cles (Fig. 2b, d). Inclusions of tubular structuresin a par-
allel array, which were described in human large granu-
lar lymphocytes [18], were not found in any case.

Intestinal T-cell lymphoma

The two intestinal T-cell lymphoma cases were histologi-
cally monomorphic medium-sized lymphomas. They
were positive for CD3, CD3e, CD56, CD8, TIA-1, and
granzyme B but negative for CD4 and CD5. Case 6
showed rearrangement of TCR C[1 and Jy, and deletion
of Jd1 by means of Southern blotting. Upon Giemsa
staining, lymphoma cells had azurophilic granules in

Ry

clear cytoplasm. Ultrastructurally, cytoplasmic granules
predominantly clustered in the Golgi area (Fig. 3a). In
case 6, most of the granules were type-l and were rela-
tively uniform in size (300 nm; Fig. 3b). In case 7, the
shape and size of type-I granules were more variable in
each lymphoma cell compared with those of case 6 (not
shown).

Anaplastic large cell lymphoma

All cases were positive for CD30. CD4 expression was
demonstrated in lymphoma cells in six cases. There was
no case with CD8 and/or CD56 expression. Rearrange-
ment of TCR CB1 was demonstrated only in case 8 by
means of Southern blotting. Upon Giemsa staining, no
azurophilic granules were found in any case. Immuno-
histochemically, however, tumor cells of these cases
were positive for TIA-1 and granzyme B (Fig. 1d, €).
The percentage of TIA-1 positive cells in the ALCLs
was significantly fewer than that in nasal NK-cell
lymphomas (34.8+16.5% vs 64.0+19.5%, P<0.05). The
percentage of granzyme B positive cells also had a sig-
nificant difference between the ALCLs and NK-cell
lymphomas (17.6+15.4% vs 32.0+12.8%, P<0.05). At
the ultrastructural level, the cytoplasm contained a vari-
able number of polyribosomes, a few mitochondria, and
rare lipid vacuoles (Fig. 4a). Interestingly, al cases had
type-1l granules consisting of multiple small vesicles,
which ranged from 150 nm to 750 nm (Fig. 4b—d). These
granules were present singly in the cytoplasm or clus-
tered in the Golgi area and frequently associated with
mitochondria. In cases 13 and 14, type-ll granules were
rarely found. Type-l granules were not seen in any case.



Fig. 4 Electron microscopy of anaplastic large cell lymphoma
(ALCL). a Case 9. The lymphoma cell had an oval nucleus. Note
a type-ll granule (multivesicular body) singly located (arrow-
head). Magnification, x6300. b Case 9. Higher magnification
(x38,000) of the type-Il granule. ¢ Case 13. The lymphoma cell
had a bizarre nucleus. Note atype-11 granule (multivesicular body)
singly located (arrow). Magnification, x10,300. d Case 13. Type-
Il granules similar to those of natura killer cell lymphoma (ar-
rows). Magnification, x40,000

Immunoel ectron microscopy of TIA-1

Ultrastructural distribution of TIA-1 was studied in a
case of NK-cell lymphoma (case 4) and a case of ALCL
(case 12) using the post-embedding method of immuno-
electron microscopy. TIA-1 immunolabeling was primar-

ily located at the periphery of the cytoplasmic granules
in ALCL and NK-cell lymphoma (Fig. 5).

Discussion

In the present study, NK-cell lymphoma and intestinal T-
cell lymphoma had type-1 and type-11 cytotoxic granules,
whereas ALCL had only type-ll granules. Thus, malig-
nant lymphomas with the cytotoxic phenotype can be di-
vided into type-l granule-positive and type-l granule-
negative lymphomas. Krenacs et al. failed to find cyto-
toxic granules in their cases of ALCL with expression of
cytotoxic proteins, granzyme B, and TIA-1 [23]. Their
findings were consistent with those from previous ultra-
structural studies on ALCL [22, 25, 35]. In contrast,



Fig. 5 Immunoelectron microscopy of T-cell intracellular antigen
1 (TIA-1). a Natural killer (NK) cell lymphoma (case 4). Positive-
ly labeled intracytoplasmic granules (arrowheads) were clustered
to one side of the cytoplasm. Magnification, x12,000. b Anaplas-
tic large cell lymphoma (ALCL; case 15). Positively labeled intra-
cytoplasmic granule was singly located (arrowhead). Magnifica-
tion, x7500. ¢ Higher magnification of a. Gold colloid particles
were primarily located at the periphery of cytoplasmic granules
corresponding to type | granules. Magnification, x%100,000.
d Higher magnification of c. Gold colloid particles (arrowheads)
were located at the cytoplasmic granule corresponding to type-ll
granule. Magnification, x100,000

Felgar et al. recently reported that both type-I and type-I|
granules were present in four of four ALCL cases exam-
ined ultrastructurally [14]. Thus, the issue regarding cy-
totoxic granulesin ALCL appears controversial.

The present finding that all cases of ALCL with cyto-
toxic proteins lacked type-l granules but had type-ll
granules suggests that ALCL can be separated from NK-
cell lymphoma based on the lack of type-l granules. Al-
though the reason for the discrepancy between the ultra-
structural studies of ALCLs is not clear, one possibility
is that the cases of Felgar et a. might have included dif-
ferent types of ALCLs, which were not included in the
present study. Indeed, four of 12 TIA-1-positive ALCL
cases were positive for CD56 in their study, whereas no
CD56-positive ALCL cases were included in the present
study. In this regard, we cannot exclude the possibility
that their patient population and/or diagnostic criteria
were significantly different from the present study.

TIA-1 was initially shown to be predominantly locat-
ed on the cytoplasmic face of the outer limiting mem-




branes of type-I and type-ll granules [1, 2]. This local-
ization pattern of TIA-1 was confirmed in the present
cases of NK-cell lymphoma and ALCL using immuno-
electron microscopy.

Type-Il granules probably correspond to prelyso-
somes because they have been shown to contain lysoso-
mal proteins, including acid phosphatase in NK cells[5].
In ALCL, this structure was more frequently found in
ALK-positive ALCL than in ALK-negative ALCL. This
finding is paraleled by alower expression of TIA-1 and
granzyme B in ALK-negative ALCL. Since the expres-
sion of cytotoxic proteins has been found unrelated to
clinical outcome of ALCL [11], the presence of type-Il
granules does not appear to have any impact on the eval-
uation of aggressiveness of the lymphoma.

Since NK-cell lymphoma cells can retain cytotoxic
function to induce apoptosis of tissue cells [19, 33], this
function may be associated with the clinical aggressive-
ness of this type of lymphoma [24]. CD56* intestinal T-
cell lymphoma is most likely derived from activated cy-
totoxic intraepithelial T lymphocytes [6]. Patients with
this lymphoma show a high incidence of perforation at
initial presentation and usually follow an aggressive clin-
ical course [6]. In this respect, the presence of complete
sets of cytotoxic granules in aggressive lymphoma, such
as nasal NK-cell lymphomas and CD56* intestinal T-cell
lymphomas, is quite intriguing, because type-l cytotoxic
granules are essential for the lymphoma cells to exert a
cytotoxic function. From the present study, however, it
appears difficult to draw a definitive conclusion that the
presence of type-lI granules is a morphological indicator
for the aggressiveness of cytotoxic lymphomas, because
the number cases and the type of lymphoma examined
were limited. Further ultrastructural studies on cytotoxic
granules in a greater number of lymphoma cases ex-
pressing cytotoxic molecules should clarify this point.

In conclusion, we described the morphological char-
acteristics of cytotoxic granules of nasal NK-cell lym-
phoma, CD56* intestinal T-cell lymphoma, and ALCL.
The present findings may contribute to our further under-
standing of the clinicopathological differences among
malignant lymphomas with cytotoxic phenotypes.
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