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Granzyme B leakage-induced apoptosis is a crucial
mechanism of cell death in nasal-type NK/T-cell
lymphoma

Young-Hyeh Ko'?, Sanghui Park', Heekyung Jin?, Heesook Woo', Hyunseop Lee', Chaewha Park® and Kihyun Kim?

This study aims to investigate the role of granzyme B in the apoptosis of nasal-type NK/T-cell lymphoma. Twenty-four
nasal-type NK/T-cell lymphomas were examined by TdT-mediated deoxyuridine triphosphate (dUTP)-biotin nick-end
labeling (TUNEL) assay and immunohistochemical staining for active caspase 3, poly(ADP-ribose) polymerase (PARP-1/
p85)/p85, and Bcl-2. In addition, HANK-1 and NKL cell lines were analyzed using Western blot analysis. Im-
munoprecipitation was performed to identify the binding of granzyme B and intrinsic serpin proteinase inhibitor 9 (PI-9).
To localize granzyme B, immunogold labeling and immunofluorescence staining were performed. The expression level of
granzyme B in tumor tissue was correlated with the apoptosis rate (P=0.015), degree of necrosis (P=0.002), and the
levels of active caspase 3 (P=0.036) and poly ADP-ribose polymerase (PARP)-1/p85 (P =0.040). The granzyme B-positive
HANK-1 cell line showed increased spontaneous cell death compared to the granzyme B-negative NKL cell line. The
untreated HANK-1 cells released cytochrome c into the cytosol with cleavage of caspase 3 and PARP-1. Treatment with
granzyme B inhibitor and caspase inhibitor decreased the cleavage of PARP-1. By performing immunogold labeling,
granzyme B was identified within the cytolytic granules as well as in the cytosol. Confocal microscopy and im-
munoprecipitation assays confirmed the colocalization of PI-9 and granzyme B, which formed an SDS-resistant complex.
These results suggested that granzyme B leakage induces cell death in NK/T-cell lymphomas via both caspase-dependent
and -independent mechanisms, and this leads to the extensive necrosis that is commonly seen in NK/T-cell lymphoma.
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Nasal-type NK/T-cell lymphoma is a neoplasm of cytotoxic
NK cells together with a minority of cytotoxic T cells, and
virtually all the cases are latently infected by Epstein—Barr
virus (EBV). Histologically, the tumor is characterized by
extensive coagulative necrosis and common apoptotic
bodies."

Angiocentricity with angioinvasion of the NK cell neo-
plasm has been proposed as a cause of necrosis,” but the
absence of histological evidence for angioinvasion in many of
these cases has also implicated other factors such as the Fas/
Fas ligand system and chemokines such as monokine induced
by interferon-y (Mig) and interferon-y inducible protein-10
(IP-10).> The Fas/Fas ligand system is an important me-
chanism for triggering apoptosis. As Fas and Fas ligand are
expressed in most cases of NK/T-cell lymphoma,* it is con-

ceivable that the Fas/Fas ligand system contributes to the
commonly seen apoptosis/necrosis of NK/T-cell lymphoma.
However, NK/T-cell lymphoma is resistant to Fas-mediated
apoptosis because of the common Fas gene mutation and the
expression of antiapoptotic proteins in NK/T-cell lympho-
ma.>® Accordingly, the Fas/Fas ligand expression in NK/T-
cell lymphoma tissue has no correlation with necrosis.*
IP-10 and Mig are predominantly expressed in the en-
dothelial cells, lymphocytes, and macrophages that surround
the necrosis.” In vitro, IP-10 enhances NK-cell-mediated cell
lysis and the release of granule-derived serine esterases.”
Granzyme B is one of the lymphocyte serine proteases and
targets caspase 3 directly or indirectly through the mi-
tochondria; this initiates a caspase cascade that results in
DNA fragmentation and apoptosis. In cytolytic T and NK
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cells, granzyme B is localized within the cytoplasmic granules;
however, once it is released from the cytolytic T cells, gran-
zyme B binds to its target cell receptors and is then en-
docytosed.® Granzyme B is expressed in virtually all cases of
NK/T-cell lymphoma.” Although cytolytic T or NK cells are
protected from the toxic effect of intrinsic granzyme B, be-
cause granzyme B is generally confined within cytolytic
granules and the cell is protected by intrinsic serpin protei-
nase inhibitor 9 (PI-9),*'" it is possible that granzyme B
attacks the cell from within, and this leads to self-induced
death of the NK/T lymphoma cells. In an attempt to verify
this hypothesis, we analyzed the relationship between gran-
zyme B and the observed cell death in histologic sections of
NK/T-cell lymphoma. We also investigated the effect of
granzyme B on the cell death in an NK/T-cell lymphoma cell
line. Finally, an immunoelectron microscopic study and
immunofluorescence staining with immunoprecipitation
analysis were performed to explore the pathogenetic me-
chanism by which granzyme B causes self-induced death of
NK tumor cells.

MATERIALS AND METHODS

Analysis of Cell Death and the Related Protein in Tumor
Tissue with Clinical Correlation

Patient material

Formalin-fixed, paraffin-embedded tissues of 24 nasal-type
NK/T-cell lymphomas were retrieved from the surgical pa-
thology files. The diagnosis of nasal-type NK/T-cell lym-
phoma was based on the recent World Health Organization
classification." By definition, all cases were positive for EBV
by in situ hybridization.

Detection of apoptosis

Apoptosis was analyzed by performing a TdT-mediated
deoxyuridine triphosphate (dUTP)-biotin nick-end labeling
(TUNEL) assay using the ApopTag-Peroxidase in situ apop-
tosis detection kit (CHEMICON International, Inc., Teme-
cula, CA, USA). Positive staining was observed in the nuclei
of the apoptotic cells and in the apoptotic bodies. The
percentages of the TUNEL-positive cells were quantified by
using a video overlay-based system. The apoptosis rate (AR)
was expressed as the percentages of positive tumor nuclei and
apoptotic bodies among all the nuclei present in a tissue
section, as judged by the morphology. Closely located
apoptotic bodies that appeared to be derived from a single
nucleus were counted as one. At least 10 or more high-power
fields ( x 400) were analyzed for each case.

Immunohistochemical detection of the apoptosis-related
protein

The paraffin-embedded tissues were cut into 4 um sections
and then stained by an automated stainer (Techmate 1000,
DakoCytomation) using a standard peroxidase—anti-
peroxidase method with 3,3’-diaminobenzidine as a chro-
mogen. The following antibodies were used: monoclonal
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antibody for granzyme B (Zymed, South San Francisco,
CA, USA; 1:40), Bcl-2 (Dako, Glostrup, Denmark; 1:40), and
polyclonal rabbit antibody for active caspase 3 (BD Phar-
mingen, San Diego, CA, USA; 1:50) and human poly(ADP-
ribose) polymerase (PARP-1/p85) (Promega, Madison, WI,
USA; 1:100). For caspase 3 and PARP-1/p85, only those cells
with nuclear staining were counted. The percentages of
active caspase-3-positive cells and PARP-1/p85-positive cells
were quantified using a video overlay-based system. Semi-
quantitative analysis was performed to evaluate the stains for
granzyme B and Bcl-2. Stains for granzyme B were divided
into four grades: grade 1, positive staining in only occasional
cells or a few cells; grade 2, weak staining in more than 50%
of tumor cells; grade 3, strong staining with a well-defined
granular pattern in more than 50% of tumor cells; grade 4,
strong staining with a dispersed granular pattern in more
than 50% of tumor cells. The tumor cells showed cytoplasmic
staining for Bcl-2. The cases showing positive reaction in
more than 10% of tumor cells were regarded as being
positive.

Statistical analysis

Correlations were calculated using a Pearson correlation test
or a Spearman correlation test. All values are based on two-
tailed statistical analysis and P-values less than 0.05 were
considered significant. All statistical analyses were performed
using the SPSS software (version 10.0, SPSS, Chicago, IL,
USA).

Analysis of Cell Death in the NK/T-Cell Lymphoma

Cell Line

Cell lines

Three cell lines were used. The HANK-1 cell line (kindly
provided by Dr Kagami and Dr Seto, Aichi Cancer Center,
Nagoya, Japan) was established from a nasal-type NK/T-cell
lymphoma that was latently infected with EBV and it was
cultured in COS medium (Cosmo Bio, Tokyo, Japan) sup-
plemented with 5% human plasma and 100 U/ml human
recombinant IL-2 (Biosource International, Camarillo, CA,
USA) in a 5% CO, atmosphere at 37°C."" The NKL cells
(kindly provided by Dr Seto, Aichi Cancer Center, Japan)
were established from a CD16+4 CD56+ large granular
lymphocyte leukemia and maintained in RPMI 1640 sup-
plemented with 10% fetal bovine serum, 100 U/ml penicillin
G, 100 ug/ml streptomycin, and 100U/ml recombinant
IL-2."% Jurkat T cells were maintained in RPMI 1640 supple-
mented with 10% fetal bovine serum, 100 U/ml penicillin G,
and 100 pg/ml streptomycin.

Analysis of apoptosis

Apoptosis was assessed by flow cytometry using FITC-con-
jugated Annexin V and propidium iodide double-staining
(R&D Systems, Minneapolis, MN, USA). The early-stage
apoptosis was FITC-positive but PI negative, and late apop-
totic/necrotic cells were both FITC positive and PI positive.
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Treatment with etoposide

To induce apoptosis, cells (1 x 10° cells/well) were seeded
onto a six-well plate and then treated with etoposide at
10uM final concentration (Sigma, St Louis, MO, USA).
After incubation for 0, 1, 2, 3, and 6h, the cells were
harvested and analyzed.

Treatment with inhibitors for granzyme B and caspase

The HANK-1 cells were treated with 40 uM Z-AAD-CMK
(Calbiochem, La Jolla, CA, USA) and Z-VAD-FMK (Sigma,
St Louis, MO, USA). After incubation for 72h, the degree of
apoptosis and activation of caspase 3 and PARP-1 were
compared with the untreated HANK-1 cells.

Measurement of mitochondrial membrane potential

The measurement of mitochondrial membrane potential
(AY,) was performed with a JC-1 Kit (Biotium Inc.,
Hayward, CA, USA) using the manufacturer’s guidelines.
Cells (1 x 10°) were incubated with 5 ug/ml JC-1 at 37°C for
20min and analyzed by flow cytometry (PAS, Partec,
Miinster, Germany).

Cytochrome c release assay

The mitochondrial and cytosolic fractions of the cells were
obtained as previously described,"” and immunoblotting for
cytochrome ¢ was performed. The membrane was stripped
and reprobed with anti-COX IV mAb as a mitochondrial
marker and to demonstrate equal protein loading.

Western blotting to detect active caspase 3, cleaved PARP-1,
cytochrome ¢, and granzyme B

Cellular proteins were extracted from the cell lines using
Pro-Prep™ (Intron, Sungnam-Si, Korea). Immunoblotting
was performed using polyclonal antibodies for active caspase
3 and cleaved PARP-1/p85, using monoclonal antibodies for
cytochrome ¢ (BD Pharmingen™, San Diego, CA, USA),
granzyme B (Zymed, South San Francisco, CA, USA), and
COX-IV (Abcam, Cambridge, UK), and detected using the
ECL system (PIERCE, Rockford, IL, USA).

Immunoprecipitation assay to detect granzyme B/PI-9
complex

HANK-1 cells and NKL cells were extracted with 1% NP40
lysis buffer (1% NP40, 50 mM Tri-Cl pH 8.0, 150 mM NaCl,
0.1% SDS, and 0.02% sodium azide) containing 2 mM Zn> ",
Immunoprecipitation was performed in a 4°C cold room for
16 h with constant stirring. The precipitates were harvested
by centrifuging for 15s at 14000r.p.m. in a refrigerated
Eppendorf microcentrifuge. After electrophoresis on SDS-
polyacrylamide gels, the protein was detected with mouse
anti-granzyme B antibody (Zymed, South San Francisco, CA,
USA), and it was visualized using the ECL system (PIERCE,
Rockford, IL, USA). To confirm the result, the reverse pro-
cedure was carried out using immunoprecipitation of gran-
zyme B followed by immunoblotting with anti-PI-9 antibody.
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Confocal microscopy to detect the colocalized granzyme
B/PI-9

Cytospin slides made from the HANK-1 cell line were in-
cubated with the primary antibody against PI-9 (1:100, Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) for 1h. The
slides were then incubated with goat anti-mouse secondary
antibody conjugated with Alexa Fluor (Molecular Probes,
Invitrogen Detection Technologies, Carlsbad, CA, USA) for
1h. The slides were then washed with phosphate-buffered
solution and incubated with the primary antibody against
granzyme B (Zymed, South San Francisco, CA, USA; 1:40)
for 1.5 h. After washing, secondary antibody conjugated with
FITC was applied and this was allowed to incubate for a
further 1h. The slides were analyzed using a confocal laser-
scanning microscope (Leica Microsystems, Bannockburn,
IL, USA).

Electron microscopic study with immunogold labeling to
detect granzyme B leakage

Ultrathin sections (5-60nm) of HANK-1 cells were in-
cubated with a monoclonal granzyme B antibody (Zymed,
CA, USA; 1:20) in serum-free protein block (DakoCytoma-
tion, Glostrup, Denmark) for 1.5h. The section was then
incubated for 1.5h at 36°C with goat antimouse IgG con-
jugated to 10 nm gold particles diluted in serum-free protein
block (British-Biocell, London, UK; 1:10). After washing in
serum-free protein block followed by PBS and distilled water,
the sections were counterstained with uranyl acetate and lead
citrate. The control sections were incubated with mouse
serum instead of the primary antibody, and showed negative
results.

RESULTS

Analysis of Cell Death and the Related Protein in Tumor
Tissue

The apoptosis rate is correlated with the degree of necrosis,
the size of the tumor cells, and the level of active caspase 3,
and it is inversely correlated with Bcl-2 (Table 1)

The percentage of TUNEL assay-positive cells ranged from
0.6 to 56.4% with a mean of 7.4%. The optimal cutoff values
for the percentage of TUNEL-positive cells were determined
using the log-rank test. The level of apoptosis and presence of
necrosis were significantly correlated (P=10.039). The per-
centage of active caspase 3-positive cells ranged from 0 to
17% with a mean of 2.8%. Using a 2% cutoff value, corre-
lation was noted between the apoptosis rate and expression of
active caspase 3 (P=0.034). Tumors with a high apoptosis
rate showed a greater number of active caspase 3-positive
cells. The level of PARP-1/p85 was strongly correlated with
the level of the active caspase 3 expression (Spearman’s cor-
relation, P=0.008), which suggests that apoptosis in NK/
T-cell lymphomas involves activation of effector caspase 3
and cleavage of one of the major effector caspase substrates,
PARP-1. Bcl-2 was detected in the cytoplasmic staining of the
tumor cells. The percentage of Bcl-2-positive tumor cells

243



Granzyme B in NK/T-cell lymphoma
Y-H Ko et al

ranged from 2 to 70%. Only nine out of 24 cases expressed
Bcl-2 in more than 10% of the tumor cells. Using a 10%
cutoff value, an inverse correlation was identified between
Bcl-2 expression (>10%) and the apoptosis rate (P =0.009).

Table 1 Correlation of apoptosis analyzed by TUNEL assay
with pathological parameters in 24 NK/T-cell lymphoma
tissues

The expression level of granzyme B is significantly correlated
with apoptosis rate, active caspase 3, and PARP-1/p85
(Figure 1a—c)

Granzyme B stained at variable intensities and in various
proportions of the tumor cells. The staining pattern was
granular; some cases showed well-delineated coarse granules
localized to the cytoplasmic area, but other cases showed
dispersed fine or coarse granules of variable size throughout
the entire cytoplasm. Because granzyme B targets caspase 3

Parameters Apoptosis rate pvalue  directly or indirectly through the mitochondria, the relation
between granzyme B and active caspase 3 was analyzed.
<357% (n=12)  >3.57% (n=12) When considering the cases showing strong staining in more
than 50% of the tumor cells (grades 3 and 4), a strong ex-
Necrosis pression of granzyme B was correlated with the apoptosis rate
Absent 9 3 0039 (P=0.015), the expression of active caspase 3 (P=0.036)
Present 3 9 and PARP-1/p85 (P=0.040), but it was not correlated with
Bcl-2 (P =0.092). These results suggest that granzyme B plays
a role in the apoptosis of NK/T-cell lymphoma.
Active caspase 3 (%)
2 1 6 0.034 c e .
= The level of granzyme B is significantly correlated with the
>2 1 6 degree of necrosis of the tumor tissue (Figure 1d)
To evaluate the role of granzyme B in the necrosis of NK/T-
PARP-1 index cell lymphoma, the degree of necrosis was correlated with the
Median 0.88% 4.6% <005 grade of the granzyme B §taining. Granzyme B staining was
evaluated in the tumor tissue that was distal from the ne-
crosis as well as in the tumor tissue that was proximal to the
- 0, . . o . .
B2 (%) necrosis. The degree of tumor necrosis was divided into
<10 4 1 0009 four grades according to the severity. Fourteen of 24 cases
>10 8 1 showed a variable degree of necrosis. The degree of necrosis
was significantly correlated with the level of granzyme B
a 30 b 30 Figure 1 Correlation of the level of
5 granzyme B with apoptosis, active caspase 3,
— 2 PARP-1/p85, and necrosis. The cases with
& 20 w20 ! . : iy
o [ strong immunohistochemical reactivity for
'62: In] _ granzyme B, in more than 50% of the tumor
@ 10 w0 cells (grades 3 and 4), showed higher
'8 %) apoptosis rate (P=0.015) (a), increased
a — @ === ion of active caspase 3 (P=0.036) (b),
o f — < expression O p
Z o e 8 0 — g and PARP-1/p85 (P = 0.040) (c). The degree of
% tumor necrosis was divided into four grades
< according to the severity. The cases with
-10 12 34 -10 12 34 higher granzyme B level showed more
GRANZYME B GRANZYME B extensive degree of necrosis (P=10.002) (d).
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expression in the tumor tissue surrounding the necrosis
(P=0.002) as well as in the more remote tumor tissue
(P=0.019). Granzyme B staining tended to be stronger and
more dispersed throughout the cytoplasm in the proximal
peri-necrotic tumor tissue than in the distal tumor
tissue.

Analysis of Cell Death in the NK/T-Cell Line

To verify the relation of granzyme B and increased cell death
in NK/T-cell lymphoma, we examined the HANK-1 cell line,
which contains abundant granzyme B. As a control, the NKL
cell line or Jurkat cell line, which is devoid of granzyme B in
the unstimulated state, was used.

The granzyme B-positive HANK-1 cell line shows a significant
degree of spontaneous cell death with mitochondrial
alteration and activation of caspase 3 (Figures 2-5)

We first compared the rates of cell death between the HANK-
1 and NKL cell lines by performing annexin V/PI double-
staining-based flow cytometric analysis. Both cell lines were
cultured in the same conditions with IL-2. As shown in
Figure 2, the HANK-1 cell line showed that significantly
larger numbers of cells underwent spontaneous apoptosis
than did the NKL cell line. As granzyme B induces apoptosis
via the mitochondrial pathway with direct activation of
caspase 3, we examined the activation of caspase 3, the
cleavage of PARP-1, loss of A¥,,, and the release of cyto-
chrome c. As shown in Figure 3, the HANK-1 cell line ex-
hibited cleavage of caspase 3 into 17 and 19kDa forms
before, as well as after, the administration of 10 uM etopo-
side. Contrary to the HANK-1 cell line, the NKL cells showed
the 17 kDa cleaved form of caspase 3 only 2 h after treatment
with etoposide. A similar finding was observed for the PARP-
1/p85 protein (Figure 3). Loss of AW, was observed in many
untreated HANK-1 cells; this was seen for 53.05% of the cells
we analyzed, whereas only 8.05% of the untreated NKL cells
lost their AW,,, which is in accord with the increased
apoptosis in the HANK-1 cell line (Figure 4). Using Western
blotting, cytochrome ¢ was observed in the cytosolic fraction
as well as in the mitochondrial fraction of the untreated
HANK-1 cell line, indicating that spontaneous apoptosis of
the HANK-1 cells was mediated by the cytochrome ¢ released
from the mitochondria into the cytosol (Figure 5).

Granzyme B inhibitor suppresses the cleavage of PARP-1/p85
with a partial block of the mitochondrial AY ,,

(Figures 6 and 7)

To verify the effect of granzyme B on the cell death of
the HANK-1 cells, we administered granzyme B inhibitor
(Z-AAD-CMK) to the HANK-1 cells and then incubated
them for 3 days. The Z-AAD-CMK-treated HANK-1 cells
showed decreased cleavage of PARP-1 and partial blockage
of the AY¥,, loss. Caspase inhibitor decreased the cleavage
of PARP-1, but had no effect on the A¥Y,, loss and the
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Figure 2 Flow cytometric analysis of apoptotic cells using ANNEXIN V/PI
double stain in untreated NKL cell (a) and HANK-1 cell (b) lines. ANNEXIN V-
positive- and Pl-negative cells are in an early stage of apoptosis and are still
viable. The cells stained with both Pl and ANNEXIN V are either in the later
stage of apoptosis or are already dead. The HANK-1 cell line showed that
significantly larger numbers of cells underwent spontaneous apoptosis
than did the NKL cell line (36 vs 3.13%).
HANK-1 NKL
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Figure 3 HANK-1 cell line exhibits cleavage of caspase 3 into 17 and 19 kDa
fragments before, as well as after, the administration of 10 uM etoposide.
Contrary to findings for HANK-1, NKL cells showed the 17 kDa cleaved form
of caspase 3 only 2 h after etoposide treatment. A similar finding was
observed for PARP-1/p85 protein.
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Figure 4 Mitochondrial staining using JC-1 with flow cytometric analysis
for measurement of A¥,,,. A dot plot of red fluorescence (FL2) vs green
fluorescence (FL1) resolved live cells from apoptotic and dead cells.
Mitochondria containing red JC-1 aggregates in healthy cells are detectable
in the FL2 channel, and green JC-1 monomers in apoptotic cells are
detectable in the FITC channel (FL1). Note the increase of dead cell
numbers with decreased red fluorescence in HANK-1 cell line (a) compared
to NKL cell line (b) (53.05 vs 8.05%).

Control

Cytochrome C

Cox IV

Figure 5 Cytochrome c release assay. Cytochrome ¢ was observed by
Western blotting in the cytosolic fraction as well as in the mitochondrial
fraction of the HANK-1 cell line, which indicates that spontaneous apoptosis
of HANK-1 cells was mediated by cytochrome ¢ (Control: untreated HANK-1
cells, 24 h; after treatment with etoposide).
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Figure 6 The effect of granzyme B inhibitor (Z-AAD-CMK) and caspase
inhibitor (Z-VAD-FMK) on the cell death of the HANK-1 cells. Decreased
cleavage of PARP-1 was noted in granzyme B inhibitor (Z-AAD-CMK)-
treated HANK-1 cell as well as caspase inhibitor (Z-VAD-FMK)-treated HANK-
1 cell, indicating that granzyme B induces cell death in NK cell lymphomas
through caspase-dependent pathway (apoptosis).
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Figure 7 Mitochondrial staining using JC-1 with flow cytometric analysis to
evaluate the effect of granzyme B inhibitor on loss of A¥,,. A dot plot of
red fluorescence (FL2) vs green fluorescence (FL1) resolved live cells from
apoptotic and dead cells with decreased AW ,,,. Compared to control HANK-
1 cell line (a; 53.05%), HANK-1 cells treated with granzyme B inhibitor
showed the decrease of apoptotic and dead cell numbers (b; 41.67%),
indicating that at least a part of granzyme B induced-cell death in NK/T-cell
lymphoma is through mitochondrial pathway (necrosis).
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release of cytochrome c. These findings suggest that gran-
zyme B induces cell death in NK cell lymphomas
through both caspase-dependent and caspase-independent
mechanisms.

Granzyme B is located in the cytosol as well as in the cytolytic
granules of HANK-1 cells (Figure 8)

In cytolytic cells, granzyme B is stored in the cytoplasmic
granules, enters into the target cells via receptor-binding
endocytosis, and is released into the cytosol by perforin
mediation. Cytolytic cells are protected from the endogenous
activity of granzyme B because of the enzyme’s localization
within the membrane-bound granules and the endogenous
inhibitor, PI-9. However, activated cytolytic cells can leak
granzyme B into the cytosol, which can lead to self-lysis of
cytolytic cells. We examined the ultrastructural distribution
of granzyme B in HANK-1 cells to identify the leakage of
granzyme B. Using immunogold labeling, granzyme B labeled
with gold particles was commonly found in the membrane-
bound dense cytolytic granules; however, a significant
number of gold particles in the free space of the cytoplasm
was observed.

Detection of granzyme B/granzyme B inhibitor (PI-9) complex
(Figure 9)

The distribution of granzyme B inhibitor, PI-9, was distinct
from that of granzyme B, and it was localized in the
cytosol. When granzyme B was released into the cytosol,
PI-9 neutralized the protease activity of granzyme B by
forming an SDS-resistant intermolecular complex. We
examined the formation of the granzyme B/PI-9 complex
by performing immunoprecipitation of the HANK-1 cell
lysates using a monoclonal antibody reactive with granzyme
B; this was followed by blotting with a PI-9-reactive antibody.
As shown in Figure 9, granzyme B was detected as a
55-59kDa complex that was precipitated by PI-9; this

Granzyme B in NK/T-cell lymphoma
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confirmed that granzyme B was released from the cytolytic
granules, allowing it to form an SDS-resistant complex
with PI-9.

a b c
HANK-1 NKL HANK-1 NKL HANK-1 NKL

59KD 1 v
55KD

34KD

Figure 9 Detection of granzyme B/granzyme B inhibitor (PI-9) complex in
the HANK-1 cell line and NKL cell line by immunoprecipitation. ((a) Protein
extracted by NP40 lysis buffer and immunoprecipitated by granzyme B
followed by blotting with a PI-9-reactive antibody. (b) Reverse experiment.
Immunoprecipitation by PI-9 followed by blotting with a granzyme B.
Granzyme B-PI-9 complex was detected as a 55-59 kDa complex. (c)
Control. Protein extracted by Proprep Intron lysis buffer. Granzyme B is
detected as 34 kDa).

" LA ;

Figure 8 The ultrastructural distribution of granzyme B in HANK-1 cells demonstrated by immunogold labeling. Granzyme B labeled with gold particles was
commonly found in the membrane-bound dense cytolytic granules (a and b; arrow head); however, a significant number of gold particles in the free space

of the cytoplasm was observed (b; arrow).
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Figure 10 Immunofluorescence stain with PI-9 (a: red) and granzyme B (b: green) observed by confocal laser scanning microscopy. Note, PI-9 and

granzyme B are colocalized (c: orange) in the cytoplasm of some cells.

Granzyme B and PI-9 are colocalized in the cytosol (Figure 10)
To further demonstrate the leakage of granzyme B into the
cytosol to form a granzyme B/PI-9 complex, the HANK-1
cells were immunostained by double labeling with antibodies
against granzyme B and PI-9; the cells were examined using
confocal laser scanning microscopy. PI-9 and granzyme B
displayed diffuse granular staining throughout the cytoplasm.
Green-labeled granzyme B and red-labeled PI-9 were ob-
served separately, as well as a fused orange signal, indicating
colocalized PI-9 and granzyme B.

DISCUSSION

Apoptosis is characterized by certain distinctive morphologic
and molecular changes such as cell shrinkage, chromatin
condensation, and internucleosomal DNA fragmentation.14
Other typical features include phosphatidylserine exposure
that is detected by an Annexin V assay. Its most classical form
is exclusively observed when the caspases, particularly caspase
3, are activated.'” On the other hand, necrosis is the common
result of an irreversible cell injury from various causes. In
contrast to apoptosis, where the morphologic features of
injury are predominantly nuclear at the time of onset,
necrotic cells exhibit concomitant nuclear and cytoplasmic
disintegration.'®

The zonal cell death commonly seen in the NK/T-cell
lymphoma resembles coagulative necrosis, in which the dead
tumor cells show only faint, ghost-like outlines with scattered
nuclear dust, but careful observation commonly reveals that
apoptotic cells are scattered among the completely necrotic
tumor cells. This observation suggests that the zonal necrosis
seen in NK/T-cell lymphomas may be formed through
apoptosis as well as through necrosis.

Granzyme B targets caspase 3 directly or indirectly through
the mitochondria, and this initiates the caspase cascade to
DNA fragmentation and apoptosis. Caspase activity is re-
quired for apoptosis to occur; however, in the absence of
caspase activity, granzyme B can still initiate mitochondrial
events via the cleavage of Bid. Cleaved Bid translocates to the
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mitochondria, and then it recruits the proapoptotic Bcl-2
member, Bax, to the mitochondrial membrane, which results
in the loss of the AW, and the release of cytochrome c. The
granzyme B-mediated AW, collapse and cytochrome c re-
lease are caspase independent, and they result in cell death by
necrosis.'”

In this study, the expression level of granzyme B in the NK/
T-cell lymphoma tissue was correlated with the parameters
related to cell death, such as the degree of apoptosis and
necrosis, as well as the level of activated caspase 3. In addi-
tion, an in vitro study has demonstrated that granzyme B
inhibitor suppressed the cleavage of PARP-1 to produce the
p85 fragment. PARP-1 is an abundant nuclear protein that is
involved in the DNA-base excision-repair system and it is a
well-known substrate of caspase 3.'® Whereas granzyme B in
the necrotic pathway directly cleaves PARP-1 to produce the
64 kDa fragment,'” the cleavage of PARP-1 by caspase, as was
shown in the present study, yields the signature of the 85 kDa
apoptotic fragment. On the other hand, the loss of A¥Y,,
which was partly suppressed after administration of gran-
zyme B inhibitor, lends evidence that granzyme B also exerts
its function on cell death through the caspase-independent
necrotic pathway. Taken together, these observations support
the notion that granzyme B participates in the cell death of
NK/T-cell lymphoma through both the apoptotic and ne-
crotic pathways. These apoptosis and necrosis were not in-
dependent events but two mechanisms that went hand in
hand in the cell death of NK/T-cell lymphoma. Prior studies
have demonstrated upregulated expression of chemokines in
the tissue of NK/T-cell lymphoma as a mechanism for en-
dothelial damage leading to tissue necrosis.” Because necrosis
is the common result of an irreversible cell injury from var-
ious causes, we suspect that necrosis of NK/T-cell lymphoma
is derived from activation of granzyme B as well as vascular
damage. In our study, necrotic zone often contained entirely
necrotic blood vessels. Some but not all viable blood vessels
in necrotic zone showed endothelial damage that may relate
to ischemic necrosis of tumor tissue. However, it was difficult
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to determine whether such an endothelial change of blood
vessels is the consequence or cause of tissue necrosis, because
detection of vascular endothelial damage in non-necrotic
zone was not easy because of limited size of nasal biopsy.

Granzyme B is generally confined within the lytic granules;
hence, it is not expected to attack the cells in which the
granzyme B lies. However, a recent study has reported that
granzyme B plays a role in activation-induced T-cell death,
which is a specific form of apoptosis that maintains home-
ostasis of the T-cell population.”® Although this form of
apoptosis has been thought to require the interaction of
death receptors with their ligands, such as the Fas—FasL
system, accumulating evidence from a number of recent
studies also suggests that blocking of the death receptor
pathways can result in activation-induced cell death via the
direct cleavage of caspase 3 by granzyme B.*!

Using the NK/T-cell lymphoma cell line, we demonstrated
granzyme B leakage into the cytosol of the HANK-1 cell line.
Granzyme B was located within the cytosol as well as in the
cytolytic granules. The intrinsic granzyme B inhibitor, PI-9,
which is in a separate subcellular compartment from gran-
zyme B, formed an SDS-resistant complex with granzyme B.
These findings are very similar to those described in a recent
study on the activation-induced cell death of NK cells.
Ida et al’* described that activation of IL-2-primed NK cells,
by anti-CD2, induced cell death, and this was accompanied
by leakage of granzyme B from the intracellular granules into
the cytosol. In our study, the NK/T-cell line was cultured in
media supplemented with IL-2, because the HANK-1 cell line
is dependent on IL-2 for survival.'! The effect of IL-2 on
cytotoxic T cells includes increased lytic activity, induction of
lymphokine-activated killer activity, stimulation of IFN-y
production, and also cell proliferation. In addition, IL-2 di-
rectly regulates granzyme gene expression in CD8 + T cells
independently of its effects on cell survival and prolifera-
tion.”

Most of the NK/T-cell lymphomas are latently infected by
EBV. The LMP-1 gene of EBV can upregulate such Th-1
cytokines as IFN-y and TNF-« via TRAF2/5-NF-«B signals.**
Accordingly, in vivo NK/T-cell lymphomas upregulate many
cytokine genes, predominantly the Th-1 type, as was de-
monstrated by a recent DNA microarray analysis by Ohshima
et al.”> The commonly upregulated cytokine genes include
IP-10, IFN-y, Mig, and MCP-1, 2, 3, and 4. These cytokines,
and especially IP-10 and Mig, are known to enhance NK-cell-
mediated cell lysis and the release of granule-derived serine
esterases.” Under this cytokine-rich environment, the cyto-
toxic granules in NK/T-cell lymphoma seem to be easily
activated, leaked into the cytosol, and induce cell death by
either a caspase-dependent (apoptosis) or caspase-in-
dependent (necrosis) pathway. This results in the prominent
cell death of tumor cells, which is a common histologic
change in EBV-associated lymphoproliferative disease.

The cytokine storm in NK/T-cell lymphoma induces he-
mophagocytic syndrome, multiorgan failure, and a relentless
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progression of disease. Considering the correlation between
the extent of tumor necrosis and worse prognosis of the
patients, as shown in the previous study,”® the EBV-induced
cytokine secretion appears to be an important pathogenetic
factor that determines the clinicopathologic features of
NK/T-cell lymphoma.

In conclusion, our results suggest that activation of
NK/T-cell lymphoma by cytokines leads to the leakage
of granzyme B, which initiates the self-induced death of
tumor cells through both caspase-dependent and caspase-
independent pathways.
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