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Granzyme B (GrB) and T-cell-restricted intracellular
antigen (TIA-1) are cytotoxic proteins that are specif-
ically expressed by cytotoxic CD4 or CD8 positive T
cells and natural killer cells. Recent studies demon-
strated frequent expression of GrB and TIA-1 by neo-
plastic cells in primary cutaneous CD301 large T-cell
lymphomas and lymphomatoid papulosis but not in
CD302 large T-cell lymphomas. In the present study,
74 biopsies from 54 patients with mycosis fungoides
(MF) were investigated for the expression of GrB and
TIA-1 using immunohistochemistry on paraffin sec-
tions. Staining of more than 10% of the neoplastic T
cells for GrB or TIA-1 was considered positive. All but
two follow-up biopsies had been obtained from pa-
tients without extracutaneous disease at the time of
biopsy. Expression of TIA-1 and GrB was found in 33
(45%) and 14 (19%) of 74 MF biopsies, respectively.
Comparison of biopsies from T3NoMo-stage MF (n 5
27) and T2NoMo-stage MF (n 5 45) showed increased
expression of TIA-1 (55 versus 37%) and GrB (33
versus 9%) in T3NoMo-stage MF. Evaluation of multi-
ple sequential biopsies from successive stages of MF
also revealed an increase in the GrB/TIA-1 expression
with tumor progression in five of eight cases. A
clearcut relation between the expression of TIA-1
and/or GrB and the type of skin lesion biopsied was
found. Considering all 74 biopsies, expression of
TIA-1 and GrB was found in 18 of 50 (35%) and 5 of 50
(10%) patches or plaques, 9 of 16 (55%) and 3 of 16
(20%) tumors without blastic transformation, and 6
of 8 (75%) and 6 of 8 (75%) tumors with blastic trans-
formation (defined as >50% blast cells). Correlation
between GrB/TIA-1 expression in first diagnostic biop-
sies from patches or plaques from 40 patients with
T2NoMo-stage MF and clinical follow-up data did not
reveal differences in clinical behavior and survival be-
tween patients with (n 5 14) or without (n 5 26) expres-
sion of cytotoxic proteins, indicating that MF express-

ing cytotoxic proteins should not be considered as a
separate group. (Am J Pathol 1999, 154:1203–1210)

Recently, monoclonal antibodies against components of
the cytotoxic granules present in the cytoplasm of cyto-
toxic granules present in the cytoplasm of cytotoxic T-
lymphocytes (CTL) and natural killer (NK) cells have be-
come available. These cytotoxic molecules include
perforin,1 the serine proteases granzyme A and B,2,3 and
the T-cell restricted intracellular antigen (TIA-1).4,5

After target cell recognition, cytotoxic lymphocytes re-
orient their cytoplasmic granules to the area of the target
cell followed by vectorial exocytosis of granule contents
into a tightly apposed, synaptosomal-like space between
the cells. After interaction with specific binding sites,
granzymes are endocytozed with adjacent sublytic per-
forin pores. The role of perforin lies in the delivery of
granzymes to the cytosol by compromising the integrity
of the endocytosed vesicle.6–8 Once in the cytosol, gran-
zymes can initiate apoptosis by activation of caspases
and induction of intranuclear cyclin A/kinase complex-
es.9–11

Initial studies on the components of cytotoxic granules
were focused primarily on the expression of these mole-
cules by CTL and NK cells considered to play an impor-
tant role in immunesurveillance and antitumor responses.
However, studies in malignant lymphomas demonstrated
that not only reactive cytotoxic leukocytes but also the
neoplastic cells in various types of malignant lymphomas
expressed these cytotoxic proteins.12–14 Apart from rare
NK/T-cell lymphomas,15,16 expression of granzyme B
(GrB), TIA-1, and perforin was noted in 70 to 90% of
noncutaneous CD301 anaplastic large cell lymphomas
(ALCL) of T- or null-cell phenotype and in sporadic cases
of Hodgkin’s disease.17–19 In primary cutaneous lympho-
mas, recent studies demonstrated expression of GrB and
TIA-1 proteins in variable proportions of neoplastic cells
in most cases of lymphomatoid papulosis and primary
cutaneous CD301 ALCL, but not or rarely in CD302
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primary cutaneous large T-cell lymphomas.20 Because
these primary cutaneous CD301 lymphoproliferations
may coexist or progress from typical mycosis fungoides
(MF), the most common type of cutaneous T-cell lym-
phoma (CTCL), we wondered if the neoplastic cells in MF
also express TIA-1 and GrB. Therefore, immunohisto-
chemical stainings for GrB and TIA-1 were performed on
paraffin sections from 74 biopsies of 54 MF patients. The
results were correlated with clinical stage according to
the TNM classification and with the type of skin lesion
biopsied. To establish whether cases of MF expressing
TIA-1 and/or GrB should be regarded as a distinct sub-
group of MF, expression of cytotoxic proteins was corre-
lated with clinical behavior and survival.

Material and Methods

Patients

Seventy-four paraffin-embedded skin specimens from 54
patients with MF were selected from the tissue bank of
the Dutch Cutaneous Lymphoma Working Group. The
diagnosis was based on a combination of clinical, histo-
logical, and immunophenotypical data as described pre-
viously.21 Biopsies had been obtained from untreated
skin lesions at the time of diagnosis (57 biopsies) or at the
time of relapse or disease progression (17 biopsies). For
all 74 biopsies, both the clinical stage at the time of
biopsy, which was assessed according to the staging
criteria proposed by the National Cancer Institute work-
shop on cutaneous T-cell lymphomas (TNM classifica-
tion),22 as well as the type of skin lesion from which the
biopsy was taken, are presented in Table 1. With respect
to the clinical stage, it should be noted that at the time of

biopsy only two patients (Table 1; patients 44 and 54)
had concurrent lymph node involvement (T3N3Mo). Be-
cause all but these two follow-up biopsies had been
obtained from patients without evidence of extracutane-
ous disease at the time of biopsy the clinical stage was
determined only by the type of skin lesions, defined as
the presence of patches and plaques covering more than
10% of the skin surface (T2) or the presence of tumors
(T3). Because previous studies demonstrated unequivo-
cally that skin tumors showing blastic transformation have
a significantly worse prognosis than tumors without blas-
tic transformation23,24 within the T3 category, distinction
was made between tumors with and tumors without blas-
tic transformation, defined by the presence of more than
50% blast cells. Therefore, we will refer primarily to the
type of skin lesion (patches/plaques, tumors without, and
tumors with blastic transformation). Whenever appropri-
ate, the TNM categories will be indicated as well.

Skin biopsies had been obtained from typical patches
(cases 1 through 4; Table 1), plaques (n 5 46), and
tumors without (n 5 16) or tumors with blastic transfor-
mation (n 5 8) (see Table 1). Multiple biopsies were
available in 17 of 54 patients. In five cases (patients 30 to
34) biopsies from two different plaques of patients with
T2NoMo stage disease were studied. The time interval
between the first and second biopsy ranged between 6
and 45 months (median, 21 months). In 10 patients biop-
sies from both plaques and tumors obtained at the same
time at diagnosis (patients 41 to 44) and/or during fol-
low-up (patients 35 to 40 and 44) were studied. In three
patients (patients 44, 51, and 52) skin biopsies from two
tumorous lesions, biopsied 12 to 15 months apart, were
available for examination.

Table 1. Stage of Disease (TNM Classification22) and Type of Skin Lesion of 74 Biopsies in 54 Patients with Mycosis Fungoides

Patient

Biopsy at time of diagnosis Biopsy at time of relapse/progression

TNM

Skin lesions

TNM

Skin lesions

PL T2 T1 PL T2 T1

1–29 T2N0M0 1
30–34 T2N0M0 1 T2N0M0 1
35–37 T2N0M0 1 T3N0M0 1
38 T2N0M0 1 T3N0M0 1*
39 T2N0M0 1 T3N0M0 1
40 T2N0M0 1 T3N0M0 1 1
41 T3N0M0 1 1
42–43 T3N0M0 1 1
44 T3N0M0 1 1 T3N3M0 1
45–50 T3N0M0 1
51 T3N0M0 1 T3N0M0 1
52 T3N0M0 1 T3N0M0 1
53 T3N0M0 1
54 T3N3M0 1

Total number of skin
biopsies

44 10 3 6 6 5

Definitions of TNM classification: T1, patches/plaques covering ,10% of skin surface; T2, patches/plaques covering 10% or more of skin surface;
T3, tumor(s); T4, erythroderma; N0, no clinically enlarged peripheral lymph nodes, histology (if performed) negative; N1, clinically abnormal peripheral
lymph nodes, pathology negative for CTCL; N2, clinically nonpalpable, pathologically positive lymph nodes; N3, clinically abnormal, pathology positive
for CTCL; M0, no visceral involvement; M1, visceral involvement (biopsy documented); PL, plaque; T2, tumor without transformation; T1, tumor with
blastic transformation, defined by the presence of .50% blast cells.

*Two tumors biopsied 2 years apart.
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All cases had been immunophenotyped previously as
part of routine diagnostic procedures both on paraffin
material and fresh material, the latter either on another
part of the same biopsy or on another biopsy from a
similar lesion concurrently taken. Sixty-seven of 74 biop-
sies had a CD31, CD41, and CD82 immunophenotype, 6
of 74 had a CD31, CD42, and CD82 immunophenotype,
and one biopsy had a CD31, CD42, and CD81 immuno-
phenotype. This latter patient was included because both
the clinical presentation, the histological appearance,
and the clinical course were all characteristic of MF. In
none of the cases the neoplastic T cells expressed CD56
or CD57.

Immunohistochemistry

Immunostaining on formalin-fixed, paraffin-embedded
sections with monoclonal antibodies against granzyme B
(GrB7)25,26 and TIA-1 (Coulter Immunology, Hialeah, FL)4

was performed using a streptavidin-biotin-peroxidase
technique following antigen retrieval with microwave
heating, as described previously.18 In addition, in all
cases serial sections were stained with monoclonal anti-
bodies against CD4 (Novocastra, Newcastle upon Tyne,
UK), CD8 (144B; a gift from Dr. Mason, Oxford, UK),
Ber-H2/CD30 (DAKO, Glostrup, Denmark), and poly-
clonal antibodies against CD3 (DAKO).

Interpretation of Immunohistochemical Staining

Identification of neoplastic T cells, including medium-
sized to large cerebriform cells and blast cells, was
based on a combination of morphology and phenotype.
In the early plaque lesions the neoplastic T-cells could be
recognized rather easily by their cerebriform nuclear
morphology, their haloed appearance and their typical
lining-up at the dermal-epidermal junction. In addition, in
all cases, examination of serial sections stained with
monoclonal antibodies against CD3, CD4, and CD8 were
used as an additional tool to differentiate the neoplastic T
cells from reactive CD81 T cells and dendritic cells/
macrophages (Figure 1). Because interpretation of cases
showing only occasional GrB and/or TIA-11, neoplastic T
cells may be difficult in particular in cases containing
many admixed GrB1, TIA-11, and CD81 T cells; cases
with less than 10% GrB1 or TIA-11 neoplastic cells were
considered negative. The percentage of neoplastic cells
positive for GrB and TIA-1 were scored as follows: 2, no
or occasional (,10%) tumor cell stained; 1, 10 to 50%;
and 11, .50% positive tumor cells.

Statistical Analysis

The relationship between the expression of TIA-1 and
GrB and TNM-stage was evaluated with Fisher’s exact
test by comparing all biopsies from stage T2NoMo and
T3NoMo, irrespective of the type of skin lesion biopsied.
The increase of expression of TIA-1 and GrB in relation to
the type of skin lesion biopsied was evaluated with the
nonparametric Spearman rank correlation test. Disease-

related survival probabilities for T2NoMo-stage MF were
estimated using Kaplan-Meier survival analysis.27 Sur-
vival of patients without TIA-1 and GrB expression was
compared with cases expressing TIA-1 or expressing
TIA-1 and GrB with the log rank test. Observations were
considered statistically significant if P , 0.05.

Results

In 33 of 74 biopsies, more than 10% of the neoplastic
cells showed a clear granular cytoplasmic staining for
GrB and/or TIA-1 (Figures 1 and 2). Tumor cells express-
ing TIA-1 and/or GrB included both neoplastic T cells with
cerebriform nuclei and blast cells. Expression of TIA-1
was more frequent (33 of 74) than GrB (14 of 74).
Whereas 14 of 33 TIA-11 biopsies also expressed GrB in
more than 10% of the neoplastic cells, biopsies showing
tumor cells reactive with GrB but negative for TIA-1 were
not observed. Moreover, in most biopsies TIA-11 neo-
plastic T cells outnumbered GrB1 tumor cells. In 21 and
17 of 74 biopsies occasional tumor cells (,10%) ex-
pressing TIA-1 or GrB, respectively, were observed. In 20
biopsies, staining of neoplastic T cells for both TIA-1 and
GrB was completely negative. In these biopsies, the
reactive T lymphocytes expressing GrB and TIA-1
acted as a positive control. Correlation between the
expression of cytotoxic proteins and the phenotype of
the neoplastic cells showed expression of GrB and/or
TIA-1 by more than 10% of the neoplastic cells in 28 of
67 (40%) of CD31, CD41, and CD82 MF, in four of six
(60%) of CD32, CD42, and CD82 MF, and in the single
case with a CD31, CD42, and CD81 immunopheno-
type.

Increased Expression of GrB and TIA-1 with
Progression from Plaque to Tumor Stage MF

The results of TIA2 and GrB staining in the different
clinical stages and in the different types of skin lesions
are presented in Table 2. Comparison between the 45
biopsies obtained from patients with T2NoMo-stage MF
with the 27 biopsies obtained from patients with T3NoMo-
stage MF showed expression of TIA-1 and GrB by the
neoplastic cells in 17 of 45 (37%) and 4 of 45 (9%) skin
lesions in T2NoMo-stage MF, and in 15 of 27 (55%) and
9 of 27 (33%) skin lesions in T3NoMo-stage MF, respec-
tively. Thus, the expression of cytotoxic proteins was
higher in T3NoMo-stage MF than in T2NoMo-stage MF,
and this increased expression reached statistical signif-
icance for GrB (P 5 0.01) but not for TIA-1. Within
T3NoMo-stage MF, a clearcut relation between the ex-
pression of TIA-1 and GrB and the type of skin lesion
biopsied was found. TIA-1 and GrB were expressed by
one in five (20%) plaques, by 10 in 16 (62%), and 3 in 16
(18%) tumors without transformation, respectively, and
by 5 in 6 (80%) tumors with blastic transformation. Thus,
no significant differences in the expression of TIA-1 and
GrB were found between patches/plaques in patients
with (T3NoMo) or without (T2NoMo) concurrent tumors.
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Figure 1. Mycosis fungoides, plaque. Characteristic infiltration of the epidermis by neoplastic cells (epidermotropism) A: Immunohistochemistry on serial sections
demonstrates the expression of TIA-1 (B) and Granzyme B (C) by the neoplastic cells. Staining with CD8 antibody demonstrates reactive CD81 T cells in the
dermis but not in the epidermis (D). Streptavidin-biotin-peroxidase technique; hematoxylin counterstain; original magnification, 3630.
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Consistently, evaluation of four patients presenting with
T3NoMo-stage MF (patients 41 to 44), in whom both
plaques and tumors could be investigated, both TIA-1
and GrB were expressed by 20% of the neoplastic cells
in one of four plaques, whereas both proteins were ex-
pressed by more than 75% of the neoplastic cells in three
of four concurrent tumors. In one of these four cases both
plaque and tumor were completely negative for TIA-1 and
GrB. In another eight cases, in which multiple biopsies
from successive stages of MF were available, an in-

crease in the percentages of neoplastic cells expressing
GrB and/or TIA-1 was observed in five of the eight (Table
3). In all five cases, in which two plaques biopsied 6 to 45
months apart were studied, no major differences in GrB
and TIA-1 expression between the first and the second
biopsy were found.

Taken together, these results demonstrate an increase
in the expression of TIA-1 and GrB with progression from
plaque stage (T2N0M0) to tumor stage (T3N0M0) MF. In
addition, a clearcut relationship between the expression
of cytotoxic molecules and the type of skin lesion biop-
sied was observed. Evaluation of all 74 biopsies con-
firmed that the increase in TIA-1/GrB expression strongly
correlated with the development of tumors (P 5 0.03 for
TIA-1 and P 5 0.007 for GrB). Thus, TIA-1 expression by
more than 10% of the neoplastic cells was detected in 18
of 50 (35%) patches or plaques, in 9 of 16 (55%) tumors
without transformation, and in six of eight (75%) tumors
with blastic transformation. Similarly, the expression of
GrB in more than 10% of neoplastic cells increased from
5 in 50 (10%) of patches or plaques and 3 of 16 (20%)
tumors without transformation to six of eight (75%) tumors
with transformation. In the nonparametric Spearman rank
correlation test, this increase in the expression of TIA-1
and GrB was statistically significant with a correlation
coefficient of 0.35 (P 5 0.002) and 0.39 (P 5 0.0006),
respectively (Table 2).

Correlation of GrB/TIA-1 Expression with
Clinical Behavior and Outcome

To study whether cases of MF expressing cytotoxic mol-
ecules have a different clinical behavior and prognosis
compared with GrB2/TIA-12 cases, the results of staining
for GrB/TIA-1 in the first diagnostic biopsy of 40 patients
with T2N0M0-stage MF (patients 1 to 40; Table 1) were
correlated with the clinical follow-up data, including the
development of tumors, the development of nodal or
visceral involvement, and survival. In 16 of 40 biopsies
more than 10% of the neoplastic cells expressed both
TIA-1 and GrB (four patients) or only TIA-1 but not GrB
(12 patients), whereas in 24 of 40 biopsies no or occa-

Figure 2. Mycosis fungoides, tumor. Diffuse proliferation of neoplastic cells
that show a diffuse granular cytoplasmic staining for both TIA-1 (A) and GrB
(B). Streptavidin-biotin-peroxidase technique; hematoxylin counterstain;
original magnification, 3400.

Table 2. Expression of Cytotoxic Molecules in Relation to Different Stages of Mycosis Fungoides (TNM Classification) and the
Type of Biopsied Skin Lesion

TNM classification at
time of biopsy

Type of skin
lesion n

TIA-1* Granzyme B*

2 1 11 2 1 11

T2N0M0 Patch/plaque 45 28 (62%) 12 (27%) 5 (11%) 41 (91%) 2 (4%) 2 (4%)
T3N0M0 Plaque 5 4 (80%) 1 (20%) 0 4 (80%) 1 (20%) 0

Tumor 22 8 (36%) 5 (23%) 9 (41%) 14 (64%) 6 (27%) 2 (9%)
T3N3M0 Tumor 2 1 (50%) 0 1 (50%) 1 (50%) 0 1 (50%)

Type of skin lesion† Patch/plaque 50 32 (64%) 13 (26%) 5 (10%) 45 (90%) 3 (6%) 2 (4%)
Tumor without

transformation
16 7 (44%) 5 (31%) 4 (25%) 13 (81%) 2 (13%) 1 (6%)

Tumor with
transformation‡

8 2 (25%) 0 6 (75%) 2 (25%) 4 (50%) 2 (25%)

*2, no positive cells or ,10% positive neoplastic cells; 1, 10–50% positive neoplastic cells; 11, .50% positive neoplastic cells;
†Statistical analysis with Spearman rank correlation coefficient is 0.35 (P 5 0.002) for TIA-1 and 0.39 (P 5 0.0006) for GrB.
‡Transformation is defined by the presence of .50% blast cells.
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sional tumor cells stained for GrB and/or TIA-1. The fol-
low-up data did not show major differences in disease
progression or prognosis between these three groups,
neither between the first two positive groups together
compared with the negative group (Table 4). Also the four
cases, in which more than 50% of the neoplastic cells
expressed cytotoxic molecules, did not show another
clinical behavior as compared with the GrB2/TIA-12

cases (data not shown). Thus, no significant differences
in disease progression and survival were found between
patients with and without expression of cytotoxic mole-
cules in T2NoMo-stage MF.

Discussion

Whereas previous studies already described expression
of cytotoxic proteins by the neoplastic cells of primary
cutaneous CD301 lymphoproliferations, this is the first
study demonstrating that also the neoplastic cells in MF
may express cytotoxic molecules. Expression of GrB and
TIA-1 by at least 10% of the neoplastic cells was ob-
served in 14 (19%) and 33 (45%) of 74 biopsies, respec-
tively. The observation that TIA-1 is expressed more fre-
quently and by larger numbers of neoplastic T cells than
GrB may relate to the functional state of these cells be-
cause TIA-1 is expressed by both resting and activated
CTL, whereas expression of GrB and perforin are only
expressed after activation.28,29

Expression of TIA-1 and GrB was much higher in skin
biopsies obtained from patients with T3NoMo-stage MF

than from patients with T2NoMo-stage MF. Also in five of
eight cases, in which multiple biopsies from successive
stages of MF were available, an increase in the percent-
ages of neoplastic cells expressing GrB and/or TIA-1 was
observed (Table 3). Further evaluation demonstrated that
this increase in TIA-1/GrB expression is determined by
the development of skin tumors, in particular the devel-
opment of tumors showing blastic transformation. Evalu-
ation of all 74 biopsies showed a clearcut relationship
between TIA-1/GrB expression and the type of skin lesion
biopsied with expression of GrB and/or TIA-1 in 35% of
patches or plaques, 55% of tumors without histological
transformation, and in 75% of tumors showing transfor-
mation into a diffuse large T-cell lymphoma.

The increase in the expression of cytotoxic proteins
with progression from plaque stage (T2NoMo) to tumor
stage (T3NoMo) MF is consistent with the results of As-
adullah et al.,30 who reported a stage-dependent in-
crease in granzyme A mRNA in 19 patients with MF,
using a competitive reverse transcriptase-polymerase
chain reaction technique. The authors concluded that
high levels of granzyme A expression in MF represents a
poor prognostic sign. They hypothesized that if the neo-
plastic T cells would be the source of this increased
granzyme A expression, these cells might have the ca-
pacity to induce apoptosis in antitumor immune cells and
in this way escape from immune control. This hypothesis
might explain the gradual decrease in the numbers of
CD81 T cells and the worsening prognosis observed
during disease progression in MF.31 However, recent

Table 3. Expression of Cytotoxic Proteins in Sequential Biopsies from Successive Stages of Mycosis Fungoides

Number
(patient number)

Biopsy at time of diagnosis Biopsy after disease progression Expression of
GrB/TIA-1†TNM Skin lesion TIA-1/GrB* TNM Skin lesion TIA-1/GrB

1 (35) T2N0M0 Plaque 2/11 T3N0M0 Tumor 1/11 1
2 (36) T2N0M0 Plaque 2/2 T3N0M0 Tumor 2/2 '
3 (37) T2N0M0 Plaque 2/2 T3N0M0 Tumor 2/1 1
4 (38) T2N0M0 Plaque 2/2 T3N0M0 Tumor 2/2‡ '
5 (39) T2N0M0 Plaque 2/2 T3N0M0 Tumor (1Tr) 1/11 1
6 (40) T2N0M0 Plaque 2/2 T3N0M0 Tumor (1Tr) 2/2 '
7 (44) T3N0M0 Plaque 1/1 T3N3M0 Tumor (1Tr) 11/11 1

Tumor 1/1
8 (52) T3N0M0 Tumor 2/1 T3N0M0 Tumor (1Tr) 1/11 1

Abbreviations: *2, No positive cells or ,10% positive neoplastic cells; 1, 10 to 50% positive neoplastic cells; 11, .50% positive neoplastic cells.
†Result over sequential biopsies.
‡Confirmed on an additional biopsy two years later.
Tr, transformation, defined as .50% blast cells.

Table 4. Disease Progression and Disease-Related Survival in 40 Patients with T2N0M0-Stage Mycosis Fungoides Stratified for the
Expression of Cytotoxic Proteins in the First Diagnostic Biopsy of Patches or Plaques

Parameters TIA-11/GrB1 TIA-11/GrB2 TIA-12/GrB2 P value

Number of patients 4 12 24
Progression to tumor stage MF 1 2 7 ns
Development of involved lymph nodes 0 1 6 ns
Died of lymphoma 0 1 5 ns
Median follow-up (months) 31 71 62
Range of follow-up (months) 12–49 10–128 12–161
5 years survival (%) (100) 100 90 ns

2, No positive cells or ,10% positive neoplastic cells; 1, .10% positive neoplastic cells; ns, not significant.
P values were estimated using the Fisher’s exact test.
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studies demonstrate that CTL themselves are resistant to
perforin/granzyme B-mediated lysis. Several mecha-
nisms may be involved in producing this resistance.
There is evidence for the existence of as yet unidentified
proteins on the surface of CTL and NK cells protecting
these cells against perforin-mediated lysis.32 Other stud-
ies demonstrated that CTL can escape from GrB-medi-
ated apoptosis by expressing intracellular serine pro-
tease inhibitors (serpins).33 One could speculate that
similar mechanisms are operative not only in CTL and NK
cells but also in tumor cells expressing these cytotoxic
proteins. This would imply that such tumor cells might be
rather resistant against perforin/granzyme B-mediated,
eg. CTL-mediated apoptosis, and in view of the fact that
different apoptosis inducing signals share one of more
common final lethal pathways, perhaps also against ther-
apy-induced apoptosis. Also in this scenario, one would
expect that GrB1/TIA-11 MF would have a more unfavor-
able course than cases of MF not expressing these cy-
totoxic proteins.

Because of these theoretical considerations, the rela-
tionship between clinical behavior and outcome and GrB/
TIA-1 expression was investigated in the present study.
However, examination of first diagnostic biopsies from
patches or plaques in 40 patients with T2NoMo-stage MF
did not reveal differences in disease progression and
prognosis between GrB1 and/or TIA-11 and GrB2 and/or
TIA-12 cases. These findings indicate that cases of MF
expressing GrB/TIA-1 do not have a more aggressive
clinical behavior or a worse prognosis compared with
cases of MF, which do not express these cytotoxic mol-
ecules. In addition, cases of MF expressing cytotoxic
molecules did not have a different clinical appearance,
and all but few cases had a CD31, CD41, and CD82

phenotype. Taken together, these observations indicate
that cases of MF expressing cytotoxic molecules do not
differ clinically from MF not expressing these cytotoxic
molecules and should not be considered as a separate
group.

The mechanisms underlying the stage-dependent in-
crease in the expression of GrB and TIA-1 in MF are
unknown. The observation that the neoplastic T cells in
tumorous skin lesions but not in concurrent patches or
plaque express these cytotoxic proteins may result from
intrinsic differences between the neoplastic T cells in
these plaques and tumors, eg, additional genetic alter-
ations or differences in the state of activation. Alterna-
tively, one might speculate that the differences in the
expression of GrB and TIA-1 between the neoplastic cells
in patches or plaques and tumors may be attributed to
differences in the local microenvironment. In vitro studies
have demonstrated chronic stimulation can induce the
expression of cytotoxic proteins on CD41 T cells.34,35

Recent studies demonstrated that murine CD41 T-cell
lines develop a perforin-dependent cytotoxicity only in
the absence of activated CD81 T cells.36 The authors
suggested that CD81 T cells may regulate the functional
phenotype of these CD41 T cells, either by direct cell
contact or by an as yet unidentified soluble factor. The
decreasing number of CD81 T cells in successive stages
of MF, as has been demonstrated in several publica-

tions,31,37 fits well in this hypothesis. However, evidence
for a regulatory role of these CD81 T cells in the acqui-
sition of a cytotoxic phenotype by the neoplastic T cells in
MF is lacking.

In conclusion, in the present study we have shown that
the neoplastic T cells in a proportion of MF patients have
the phenotype of cytotoxic CD41 T cells. Expression of
GrB and TIA-1 increases with the development of tumors,
in particular tumors showing blastic transformation. How-
ever, within the group of patients with T2NoMo-stage MF,
GrB1 and/or TIA-11 cases do not differ in clinical behav-
ior and prognosis from cases of MF not expressing these
cytotoxic proteins and should therefore not be consid-
ered as a separate group.
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