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We studied 11 cases of nodal cytotoxic T-cell lym-
phoma, which express the CD8� phenotype and
cytotoxic molecules (T-cell intracellular antigen-1,
granzyme B and perforin), to characterize the clin-
icopathologic spectrum of these neoplasms. The 11
cases consisted of four men and seven women, aged
5 to 82 years (mean, 53 years). All cases were nodal,
and eight of 11 had extranodal involvement, the
most common being in bone marrow (eight cases)
and liver (six cases). The expression of these cyto-
toxic molecules has been reported in some T/natu-
ral killer cell lymphomas mostly involved in extran-
odal sites of skin, nasopharyngeal region, or
gastrointestinal tracts, but these types of extranodal
involvement were rare in our cases. Morphologi-
cally these lymphomas could be divided into two
groups. One group (n � 6) showed a diffuse large
cell type andmassive necrosis or apoptosis that was
accompanied by disseminated intravascular coagu-
lation (DIC) or hemophagocytic syndrome (HPS) on
the initial. The prognosis of this groupwas generally
poor (survival � 1–19months, median � 5mo), and
four of these six cases were fulminant. The other
group (n � 5) showed a diffuse medium or mixed
cell type, and the prognosis was not so poor (medi-
an survival � 17 mo). Our results suggest that these
nodal cytotoxic T-cell lymphomas originated from
activated cytotoxic T-cells and were highly accom-
panied with DIC or HPS.
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Cytotoxic cell-associated molecules, T-cell intracel-
lular antigen-1 (TIA-1), granzymes, and perforin,
are primarily expressed on natural killer (NK) cells
or cytotoxic T-cells (1–4). The expression of these
molecules has been reported in T- or NK cell neo-
plasms (5, 6), large granular lymphocytic leukemia
(7, 8), NK-cell leukemia/lymphoma (9–13), hepato-
splenic �� T-cell lymphoma (14, 15), subcutaneous
panniculitic T-cell lymphoma (16, 17), enteropathy-
type intestinal T-cell lymphoma (5, 14), and ana-
plastic large cell lymphoma (ALCL) (18, 19). Each of
these leukemia/lymphomas except for ALCL oc-
curred in extranodal sites, such as liver, skin, naso-
pharyngeal region, and gastrointestinal tract.
Cytotoxic T- or NK cells play a defensive role

against neoplasms and viral infections (20, 21). Cy-
totoxic cells induce lysis of target cells with two
mechanisms: granule exocytosis and the Fas-Fas
ligand pathway (20–23). Cytotoxic cell-associated
molecules, TIA-1, granzymes, and perforin, play
roles in the former mechanism (1, 4, 22, 24). Per-
forin forms pores on the target cell membrane and
induces necrosis similar to that induced by com-
plement C9 (3, 4). TIA-1 (24) and granzymes (22)
move to the cytoplasm through the perforin-
formed pore and activate apoptosis-associated pro-
teins (25, 26). Although perforin and granzymes are
expressed in cytotoxic cells only when these cells
are activated (27) and are associated with the in-
duction of cytolytic activity (28–30), TIA-1 is ex-
pressed in cytotoxic cells, regardless of their activa-
tion status, and in myeloid cells (1, 24, 31).
Cytotoxic lymphocytes include three cell types:

CD8� cytotoxic T-cells, NK cells, and CD4� cyto-
toxic T-cells (27, 32). Most peripheral T-cell lym-
phomas (PTCLs) previously reported have a CD4�
phenotype, frequently involve extranodal sites, and
rarely have a CD8� phenotype (33). In this study,
we examined the histopathological and clinical fea-
tures of 11 cases of nodal CD8� PTCLs that strongly
express cytotoxic molecules.
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MATERIALS AND METHODS

Patients
We studied 155 T-cell lymphoid malignancy pa-

tients at the Division of Hematology, University of
Tsukuba, and the First Department of Pathology,
Nagoya University School of Medicine, during the
period 1993–2000.

Paraffin Tissues
Lymph node samples were fixed in a 10% form-

aldehyde solution and embedded in paraffin. Sec-
tions were cut 2 to 4 �m thick and were stained with
hematoxylin and eosin. An avidin-biotin-
peroxidase complex (Nichirei, Tokyo, Japan)
method was used along with the following antibod-
ies: polyclonal CD3, CD8 and CD30 (BerH2) (DAKO,
Copenhagen, Denmark); CD4 (Novocastra Labora-
tories, Newcastle, England); CD43 (Bioscience
Products, Emmerbruecke, Switzerland); CD15
(LeuM1, Becton-Dickinson, San Jose, CA, USA);
CD45RO (UCHL-1; Nichirei, Tokyo, Japan); TIA-1
(Coulter, Miami, FL, USA) granzyme B (Monozan,
Ueden, Netherlands); and �F1 (T-cell Sciences,
Cambridge, MA). For the �F1antibody, proteinase K
(Sigma, St. Louis, MO), digestion was used for an-
tigen retrieval.

Frozen Tissue
Fresh tissue specimens were fixed in a periodate-

lysine-paraformaldehyde fixative, frozen, and cut
with a cryostat to a thickness of 6 to 8 �m. Sections
were then fixed with acetone for 10 minutes and
stained by the avidin-biotin-peroxidase complex
method with the following primary antibodies:
anti-Leu1 (CD5), Leu2 (CD8), Leu3 (CD4), Leu4
(CD3), Leu9 (CD7), and Leu19 (CD56) (Becton
Dickinson, San Jose, CA); anti-�F1, TCR� 1, and
perforin (T-cell Diagnostics, Cambridge, MA).

In Situ Hybridization (ISH) Analysis
After deparaffinization and digestion with protein-

ase K, the tissue sections were hybridized with
fluorescein-conjugated oligonucleotide probes for
Epstein-Barr virus (EBV) encoded RNA (EBER) (EBV
probe ISH kit, Novocastra). Stringently washed sec-
tions were reacted with anti-fluorescein antibody and
visualized with 5-bromo-4-chloroindolylphosphatase
and nitroblue tetrazolium salt. Details of this ISH pro-
cedure are described elsewhere (34).

ELISA of IFN-� and TNF-�
Serum levels of cytokines, IFN-� and TNF-�, were

measured by an enzyme-linked immunosorbent as-
say (ELISA) using ELISA tests (Bender Medsystems,
Vienna, Austria). Details of the assays are described
elsewhere (35).

RESULTS

Clinical Features
Among the 155 T-cell lymphomas that we exam-

ined, we found 11 cases of nodal CD8� PTCLs that
strongly express cytotoxic molecules. We examined
the clinical and histopathological features of these
11 cases. These cases consisted of four male and
seven female patients ranging in age from 5 to 82
years (median age, 53 years). Table 1 shows the
clinical and morphological findings of these lym-
phoma patients. All 11 cases had nodal involve-
ment. Eight patients had extranodal involvement
(bone marrow, eight patients; liver, six; skin, two;
lung, two; central nervous system (CNS), two; gas-
trointestinal tracts, one). The 11 nodal cytotoxic
lymphomas were divided into two groups based on
their cell morphology. One group is a large cell type
and the other group is a medium or mixed cell type.
In the large cell type group, five of six patients
(Cases 2, 3, 4, 5, and 6) had hemophagocytic syn-
drome (HPS) and four of these cases had dissemi-

TABLE 1. Morphological and Clinical Features of Nodal Cytotoxic T-Cell Lymphomas

Case Age/Sex Subtype Involved Sites Stage DIC/HPS Apoptosis/Necrosis

1 82/F DL LN, SP IIIA ���
2 77/M DL LN, LV, SP IIIB �/� ���
3 75/F DL LN,BM, LV,SP, CNS IVB �/� �
4 22/M DL LN,BM, LV,SP, GI,CNS,SK,LG IVB �/� �
5 35/F DL LN,BM,CNS IVB �/� ��
6 5/F DL LN,BM, LV, SP IVB �/� �
7 33/M Dmix LN,BM, LV, SP IVB �/� ��
8 72/F Dmix LN,BM, LV,SP,tonsil IVG �/� �
9 76/F Dmix LN,BM, SK,LG IVB �/� �

10 30/F Dmed LN, BM IVA �/� �
11 72/M Dmed LN, WR IIA �/� �

F, female; M, male; DL, diffuse large; Dmix, diffuse mixed; Dmed, diffuse medium; LN, lymph node; BM, bone marrow; LV, liver; SP, spleen; CNS,
central nerve system; GI, gastrointestinal tracts; SK, skin; LG, lung; WR, Waldeyer’s ring; DIC, disseminated intravascular coagulation; HPS, hemoph-
agocytic syndrome.
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nated intravascular coagulation (DIC) in their initial
courses. Table 2 shows the treatment and outcome
of these patients. The clinical course of four pa-
tients (Cases 1, 2, 6, and 7) was fulminant because
of their DIC, HPS, or HUS. Because the perfor-
mance status of these four patients was severe, they
could not be given conventional chemotherapy. Pa-
tient 4 achieved a complete remission (CR) with
intensive chemotherapy, but he died of sepsis in
the neutropenic period after high-dose chemother-
apy and auto-peripheral blood stem cell transplan-
tation. Patient 5 was refractory to the conventional
chemotherapy, and she also died of sepsis in the
neutropenic period after intensive chemotherapy.
Compared with the large cell type group, lympho-
mas of the medium or mixed cell type group were
sensitive to conventional chemotherapy, and over-
all survival (17 mo) was longer. DIC and HPS were
observed when their lymphomas showed relapse or
regrowth (Cases 8, 9, 11) (Fig. 1).

Morphological Findings
All 11 cases were categorized “PTCL, unspecified”

according to the REAL classification. Six cases were
diagnosed as diffuse, large cell type, three as dif-
fuse, mixed cell type and two as diffuse, medium-
sized cell type with provisional entity. Of the six
cases diagnosed as diffuse, large cell type, four
cases were accompanied by massive necrosis or
apoptosis and in two of four cases the neoplastic
cells were scattered in the phagocytizing macro-
phages or necrotic tissue (Fig. 2, A–B). The neoplas-
tic cells of diffuse, large cell type occasionally had a
round or ovoid nucleus but most of them had nu-
clear irregularities, with marked convolution or
with a slender, elongated nuclear shape. The nu-
clear chromatin in the neoplastic cells was densely
stained. The nucleolus was not conspicuous.

The proliferating cells of the diffuse, medium-
sized type consisted of round medium sized cells

with small cleaved-like nuclei. The neoplastic
cells had densely stained nuclear chromatin (Fig.
3). These small cleaved-like cells were character-
istic in our nodal cytotoxic T-cell lymphomas. In
lymphomas of the diffuse, large cell type, large
cells with a round or ovoid nucleus were predom-
inant, but there were scattered proliferations of
small cleaved-like cells (Fig. 2C). Although necro-
sis and apoptosis were often conspicuous in lym-
phomas of the diffuse, large cell type, these were
not prominent in lymphomas of diffuse, medium-
sized cell type. The neoplastic cells of the diffuse,
mixed cell type consisted of both large and
medium-sized cells (Fig. 4). In one case of the
diffuse, mixed cell type, widespread necrosis and
apoptosis were observed.

Immunohistochemical Findings and EB-Virus
ISH

Table 3 summarizes the immunohistochemical
findings of these cases. All of the CD8� PTCLs
were positive for CD3 and CD8, but other pan-T

TABLE 2. Treatment and Clinical Course of Nodal Cytotoxic T-Cell Lymphomas

Case Treatment Cause of Death Clinical Course

1 Low dose COP, Rad 9 Gy Bleeding 2 mo (DOD)
2 VP DIC, HPS 1 mo (DOD)
3 CHOP3PR3regrowth3COP, EPOCH Sepsis 19 mo (DOD)
4 Ara-C�CHOP3CR3auto-PBSCT Sepsis 5 mo (DOD)
5 CHOP3PD3l-Asp�VP3Ara-C�MIT Sepsis 2 mo (DOD)
6 Steroid DIC, HPS 20 days (DOD)
7 Plasma exchange HUS 10 days (DOD)
8 CHOP3CR3relapse3ESHAP 19 mo (AD)
9 CHOP3CR3relapse3CHOP-E DIC, HPS 16 mo (DOD)

10 CHOP3PR3DeVic Pneumonia 21 mo (DOD)
11 CHOP3PR3ESHAP3Rad 50 Gy DIC, HPS 27 mo (DOD)

COP, cyclophosphamide (CPA) � vincristin (VCR) � prednisolone (PRD); VP, VCR � PRD; CHOP, CPA � doxorubicin (DXR) � VCR � PRD; EPOCH,
etoposide (VP-16) � CPA � DXR � VCR � PRD; Ara-C, cytocine arabinoside, l-ASP, asparaginase; MIT, mitoxantrone; ESHAP, VP-16 � methylpred-
nisolone � Ara-C � Cisplatin (CDDP); CHOP-E, CHOP � VP-16; DeVic, dexamethasone � VP-16 � ifosfamide (IFO) � carboplatin (CBDCA); PBSCT,
peripheral blood cell transplantation; PR, partial response; CR, complete response; PD, progressive disease; HUS, hemolytic uremic syndrome; DOD, dead
of disease; AD, alive with disease.

FIGURE 1. Bone marrow smear specimen shows hemophagocytosis
of macrophages ingesting nuclear fragments of the cells (Case 11;
medium sized cell type) (original magnification, 680�).
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antigens, such as CD5 and CD7 were lost in some
cases (Figs. 5 and 6). Expression of CD56 was not
seen in any case. CD15 and CD30 were also neg-
ative in all cases. Cytotoxic molecular markers,
TIA-1, granzyme B (GrB) and perforin, were pos-
itively detected in all cases (Figs. 7–9). EB virus
was detected in the neoplastic cells of five cases
(Case 2, 6, 9, 10 and 11) (Fig. 10).

Serum levels of Cytokines
Serum levels of IFN-� and TNF-� were measured

using the ELISA method in the clinical courses of
Cases 9 and 11. In Case 9, a 76-year-old woman, the
level of IFN-� was 0.9 IU/mL when lymphadenop-
athy was first revealed but lymphoma was not di-
agnosed based on her cervical lymph node biopsy.
Ten months later, the IFN-� level became very high
(126 IU/mL) with the diagnosis of cytotoxic T-cell
lymphoma and DIC, whereas the level of TNF-�
was within normal limits. In Case 11, a 72-year-old
man, the level of IFN-� was normal in his initial
disease, but increased to high level (107 IU/mL)
with a recurrence of his lymphoma and HPS,
whereas the level of TNF-� was low (10 pg/mL)
although HPS was present.

DISCUSSION

We present here 11 nodal cytotoxic T-cell lym-
phomas having the CD3�, CD4�, CD8� pheno-
type and that highly expressed cytotoxic molecules
perforin, GrB and TIA-1. Clinically these cytotoxic
lymphomas were often accompanied with DIC and
HPS, and the prognosis was poor, and occasionally
fulminant. All of these lymphomas involved lymph
nodes, and in eight of the 11 cases there was ex-
tranodal involvement with bone marrow, liver and
CNS. Most T-cell lymphomas and NK cell lympho-
mas involve extranodal sites (36) of the skin, naso-
pharyngeal region and GI tract, but the involve-
ment of theses sites was rare in the present 11
cases.

Morphologically, our nodal cytotoxic T-cell lym-
phoma were characterized by small cleaved-like
cells (medium sized cells). These cells were also
characteristic in the cases of nasal NK cell lym-
phoma (12, 37). According to Chan et al., such cells

FIGURE 2. A, B, C, HE staining of cases with diffuse, large cell type.
Lymph node biopsy showed large neoplastic cells having irregular
shaped or elongated nucleus admixed with a large number of
macrophages containing necrotic substance (A, Case 1; B, Case 2)
(original magnification, 680�). These atypical cells have relatively dense
nuclear chromatin and indistinct nucleolus. Arrowheads show small
cleaved-like cells in diffuse, large cell type (C, Case 1) (original
magnification, 340�).

FIGURE 3. HE staining of a case with diffuse, medium-sized cell
type. The tonsil showed a large number of small cleaved-like cells
(medium-sized neoplastic cells with irregular or slender shaped
nucleus) (Case 11) (original magnification, 680�).

1134 Modern Pathology



have elongated nuclei similar to small cleaved cells
of B-cell lymphoma. But the small cleaved-like cells
have dense chromatin in their nuclei and this find-
ing can differentiate them from B-cell type small
cleaved cells (37).

Cytotoxic lymphocytes consist of CD8� cytotoxic
T-cells, CD4� cytotoxic T-cells and NK cells (27, 32,
38). These cytotoxic lymphocytes recognize and kill
target cells with two different mechanisms. Fas-Fas
ligand is thought to be the major pathway of CD4�
cytotoxic T-cells (23). Perforin and effector mole-
cules of granzymes and TIA-1 participate in the
other mechanism used by CD8� cytotoxic T-cells
and NK cells (1, 4, 21, 22, 24). The expression of
perforin and GrB is also observed in CD4� cyto-
toxic T-cells (27), but is rare in CD4� PTCLs. Ya-
mashita et al. showed that only one of 63 cases of
CD4� PTCLs was histochemically positive for GrB
(33). In our study of 155 cases with T-cell lympho-
mas, there were seven cases expressing cytotoxic
molecules but not CD8�. Of these seven cases, only
one (a case of CD4� Lennert’s lymphoma) ex-
pressed the full range of cytotoxic molecules (TIA-1,
GrB, and perforin). Of the other six of these seven
cases, four cases of nodal CD4� PTCLs and two
cases of CD4� cutaneous T-cell lymphomas ex-
pressed TIA-1 but not GrB and perforin.

Perforin forms pores on the target cell mem-
branes, and effector molecules such as granzymes
and TIA-1, enter the cytoplasm through the pore
and then activate caspases, which results in cell
apoptosis (1, 4, 21, 22, 24). GrB is a serine protease
and does not have cytolytic activity by itself, al-
though DNA damage is observed when it is com-
bined with a sublytic concentration of perforin. GrB
is seen in activated cytotoxic T-cells or NK cells (28,
29), whereas TIA-1 is expressed in either resting or
activated cytotoxic T-cells, NK cells and myeloid
cells such as granulocytes (1, 24, 31). Expression of

these cytotoxic molecules has been studied in many
types of malignant lymphomas (5–19). Such mole-
cules are most frequently detected in extranodal
T/NK cell lymphomas (5).

Recently several studies have demonstrated the
expression of TIA-1 and/or GrB in ALCLs. Kagami et
al. studied 66 patients with cytotoxic molecules ex-
pressing nodal lymphomas (39). They showed most
of p80-positive ALCLs expressed TIA-1 but the rate
of positivity for GrB was lower, whereas seven of
large T-cell lymphomas were all positive for TIA-1
and GrB. Another study also showed that the ex-
pression of GrB was lower in ALCLs (40). Yamashita
et al. showed that Lennert’s lymphoma was a vari-
ant of cytotoxic T-cell lymphoma because of the
expression of TIA-1, but the expression of GrB was
low, and the reason was probably because some
cases of Lennert’s lymphoma were derived from
immature or inactive cytotoxic T-cells similar to
ALCL or hepatosplenic �� lymphoma (41). Boulland
et al. found that TIA-1 was expressed in all the
lymphomas studied such as NK cell lymphoma,
hepatosplenic �� lymphomas and PTCLs, regard-
less of the activation status of these lymphoma cells
(39). On the other hand, the expressions of perforin
and granzymes were greatly increased in activated
cytotoxic lymphomas, NK-cell lymphomas, non-
hepatosplenic �� lymphomas and subcutaneous
panniculitic T-cell lymphomas (42). Although Boul-
land et al. showed that perforin and granzymes
were expressed in only 33% of the cases of ��
PTCLs, they were expressed in four out of five (80%)
cases having the CD4�, CD8� phenotype. The data
in Table 4 show that the expressions of perforin and
GrB were less positive in ALCL, hepatosplenic ��
T-cell lymphoma and Lennert’s lymphoma com-
pared with CD8� PTCLs, NK-cell lymphoma, non-
hepatosplenic �� lymphoma, subcutaneous pan-
niculitic T-cell lymphomas and our cases, whereas
TIA-1 was highly expressed in almost all these lym-
phomas. In our study of 155 T-cell lymphomas,
there were five cases of subcutaneous panniculitic
T-cell lymphoma and two cases of enteropathy-
type intestinal T-cell lymphoma. And all these
seven cases revealed the phenotype, CD8� and the
full range of cytotoxic molecules, such as nodal
cytotoxic T-cell lymphomas. Subcutaneous pan-
niculitic T-cell lymphoma is characterized by pri-
mary involvement of subcutaneous fat and is fre-
quently accompanied with hemophagocytic
syndrome. Kumar et al. showed that most (13 out of
16) subcutaneous panniculitic T-cell lymphomas
were CD8�, and that all 16 cases were positive for
TIA-1 and perforin. And apoptosis was frequently
observed and may be mediated by release of cyto-
toxic granule proteins (42).

In contrast to subcutaneous panniculitic T-cell
lymphoma and intestinal T-cell lymphoma, half

FIGURE 4. HE staining of a case with diffuse, mixed cell type. The
liver (autopsy) showed large cells and small cleaved-like cells (Case 7)
(original magnification, 680�).
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(three out of six) of the CD8� cutaneous PTCLs in
our 155 cases expressed the full range of cytotoxic
molecules. Two of six expressed only TIA-1 and
another case did not express any cytotoxic mole-
cules. All of 11 nodal cytotoxic T-cell lymphomas
expressed perforin and GrB, and these are thought
to be consistent with activated cytotoxic T-cells.
The majority of the cytotoxic T-cell lymphomas

with DIC and HPS in the initial disease were ac-
companied by high expressions of perforin and
GrB.

In this study we divided 11 nodal cytotoxic lym-
phomas into two groups, a large cell type and a
medium or mixed cell type. The prognosis of the
former group is fulminant and resistant to conven-
tional chemotherapy. Of seven cases of cytotoxic

TABLE 3. Immunohistochemical Study of Nodal Cytotoxic T-Cell Lymphoma

Case CD3 CD4 CD5 CD7 CD8 CD15 CD30 CD43 CD45RO CD56 �F1 EBER-1 TIA-1 GrB Pf

1 � � � � � � � � � � � � � � �
2 � � � � � � � � � � � � � � �
3 � � � � � � � � � � � � � � �
4 � � � � � � � � � � � � � � �
5 � � �/� � � � � � � � � � � � �
6 � � ND ND � � � �/� � � � � � � �
7 � � � ND � � � � � � � � � � �
8 � � � � � � � � � � � � � � �
9 � � � � � � � � � � � � � � �

10 � � � � � � � � � � � � � � �
11 � � � � � � � � � � � � � � �

Gr B, granzyme B; Pf, perforin; ND, not done.

FIGURE 5. CD3 immunostaining reveals positive reactivity mainly in
the perinuclear space of the neoplastic cells (Case 1; large cell type)
(original magnification, 340�).

FIGURE 6. CD8 immunostaining reveals positive reactivity in the
cytoplasmic membranes of the neoplastic cells (Case 2; large cell type)
(original magnification, 680�).

FIGURE 7. Perforin immunostaining reveals granular positive
staining in the neoplastic cells using frozen tissue sections (Case 1)
(original magnification, 680�).

FIGURE 8. Granzyme B immunostaining reveals positive reactivity in
the cytoplasm of the neoplastic cells including Golgi areas (Case 2)
(original magnification, 680�).
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large T-cell lymphoma examined by Kagami et al.,
five had a CD4�, CD8� phenotype and two had a
CD4�, CD8� phenotype (39). Most of the seven
cases had HPS and thus had a poor prognosis. Our
first group resembled their cytotoxic large T-cell
lymphoma, but the rate of EBV-positive cases was
different. Kagami et al. showed that all of the seven
lymphomas that they examined were positive for

EBV and named the lymphomas “EBV-associated
cytotoxic large T-cell lymphomas.” However, the
incidence of EBER-1 in our cases was lower (two of
six cases were positive). Kagami et al. also reported
two cases of EBV-associated CD8� cytotoxic large
T-cell lymphoma (43). These two cases were quite
fulminant and died with rapid progression of DIC.
The second group of our nodal cytotoxic T-cell lym-
phomas was sensitive to conventional chemother-
apy in their initial disease. The prognosis of this
group was not so poor compared with the first
group, but DIC or HPS appeared when their lym-
phomas had been relapsed or progressed, and the
serum levels of IFN-� were increased, (but serum
levels of TNF-� did not increase). A previous study
of HPS in association with EBV-positive lympho-
proliferative disorders has implicated both IFN-�
and TNF-� as causative agents (35). On the other
hand, macrophage inflammatory protein-1� (MIP-
1�) and IFN-� (but not TNF-�) were highly ex-
pressed in tissues of patients with HPS caused by
EBV-associated T/NK cell lymphomas (44). The
second group of our cases resembles two cases of
the CD4�, CD8� phenotype in Kagami’s report
that were described as “node-based low-grade pe-
ripheral T-cell lymphoma.” The CD4�, CD8� phe-
notype lymphoma in the group was TIA-1 positive
and GrB negative, whereas the CD4�, CD8� phe-
notype was both TIA-1 and GrB positive.

In this report, we described nodal cytotoxic lym-
phomas that have the CD4�, CD8� phenotype that
express perforin and GrB, which are markers of
activated cytotoxic T-cells. These lymphomas were
frequently accompanied with DIC or HPS and the
prognosis was poor. Most of the cases were resis-
tant to conventional chemotherapy and high dose
chemotherapy with stem cell rescue was needed.
But it is difficult to continue high dose chemother-
apy because of the damage to organs, such as liver
and kidney, by cytotoxic proteins and cytokines. It
was not clear whether nodal cytotoxic T-cell lym-
phoma was associated with EBV in this study. In
conclusion, these CD4�, CD8� nodal cytotoxic
T-cell lymphomas originated from activated cyto-

TABLE 4. Comparison of Cytotoxic Molecule Expression among Cytotoxic Lymphomas

Classification TIA-1 Perforin Granzyme B

Present cases 100% (11/11) 100% (11/11) 100% (11/11)
CD8� PTCL (33) ND 90% (9/10) 90% (9/10)
EBV-associated cytotoxic large T-cell lymphoma (39) 100% (8/8) ND 100% (8/8)
NK-cell lymphoma (40) 100% (14/14) 100% (14/14) 100% (13/13)
NK-cell lymphoma (33) ND 100% (10/10) 100% (10/10)
Non-hepatosplenic �� T-cell lymphoma (40) 100% (5/5) 100% (5/5) 100% (5/5)
Subcutaneous panniculitic T-cell lymphoma (42) 100% (16/16) 100% (16/16) ND
Hepatosplenic �� T-cell lymphoma (40) 100% (10/10) 0% (0/8) 0% (0/10)
ALCL (33) ND 61% (11/18) 56% (10/18)
ALCL (39) 85% (29/34) ND 54% (19/35)
Lennert’s lymphoma (41) 70% (7/10) ND 40% (4/10)

ND, not done.

FIGURE 9. TIA-1 immunostaining reveals granular positive reactivity
in the cytoplasm of neoplastic cells (Case 2) (original magnification,
680�).

FIGURE 10. EBER-1 in situ hybridization reveals positive nuclear
signals in the neoplastic cells in the bone marrow (Case 10) (original
magnification, 340�).
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toxic T-cells and can be histologically and clinically
distinguished from other peripheral T-cell
lymphomas.
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Book Review

Lewandrowski K: Clinical Chemistry: Labora-
tory Management and Clinical Correla-
tions, 976 pp, Baltimore, Lippincott Wil-
liams & Wilkins, 2002 ($125.00).

This text is an excellent resource for clinical lab-
oratory personnel, covering both the technical
and management aspects of lab operations. Ex-
perienced administrators and scientists have col-
laborated to produce a text that is both compre-
hensive and detailed. The book is unique in that
it addresses several practical issues laboratorians
face on a daily basis, including regulatory issues,
economic pressures, management challenges,
and trends in automation. The text is comprised
of three sections, the first of which addresses the
full range of management issues, including hu-
man resources, budget control, specimen trans-
port networks, and information systems. The

second section contains chapters covering labo-
ratory techniques, contemporary instrumenta-
tion, and clinical chemistry methodologies. The
last section, titled “Analysis and Clinical Corre-
lations,” deals with laboratory tests as the basis
for the pathophysiological evaluation of disease.
This section includes chapters on important ana-
lytes including plasma proteins, electrolytes, and
lipids. The chapters on cerebrospinal fluid evalua-
tion, toxicology, and coagulation are particularly
useful. I highly recommend this book as a unique
and comprehensive reference for clinical laborato-
rians and for those in clinical pathology training.

Brian E. Moore
Roger Williams Medical Center
Department of Stem Cell Research
Providence, Rhode Island
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