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Apoptosis Induced by Granzyme B-Glycosaminoglycan
Complexes: Implications for Granule-Mediated Apoptosis
In Vivo

John P. Galvin,* Liesbeth H. A. Spaeny-Dekking' Baikun Wang,* Prem Seth} C. Erik Hack, '
and Christopher J. Froelich®*

Lymphocyte granule-mediated apoptosis occurs by perforin-mediated intracellular delivery of granule-associated serine proteases o
(granzymes). A granule-associated proteoglycan, namely serglycin, that contains chondroitin 4-sulfate (CS) glycosaminoglycans i
present in the granules of cytotoxic cells. Serglycin acts as scaffold for packaging the positively charged granzymes and probably =
chaperones the proteases secreted extracellularly. To learn how the interaction of granzyme B (GrB) with serglycin might influ- 8
ence the apoptotic potential of this proteases, we have evaluated a model system where desalted CS is combined with isolateg
human granzyme. CS-GrB complexes were very stable, remaining undissociated in salt concentrations upwards to 500 mM (pH'g
7.4). On the basis of a capture enzyme immunoassay that accurately detects GrB, equivalent amounts of active free and CS-GrB,g
delivered by perforin or adenovirus, efficiently induced apoptosis in Jurkat cells and produced a similar time-dependent increase £
in caspase-3-like activity. CS-GrB processed isolated caspases-3 and -7 less efficiently than free granzyme. However, when addeg
to cytosolic extracts, rates of processing were nearly equivalent for the two forms, suggesting cationic GrB may nonspecifically g
bind cytosolic proteins, leading to reduce proteolytic activity. Finally, GrB was found to be exocytosed from lymphocyte-activated

killer cells as a neutral, high macromolecular weight complex, which possessed apoptotic activity. Collectively, the results indicate
that neutral, high m.w. GrB has the capacity to induce cell death and will be useful to study the mechanism of cytotoxic cell-

mediated apoptosis in vitro. The Journal of Immunology,1999, 162: 5345-5350.

pdpeojumoq

jou

1eo ke /blo

he immune system uses lymphocyte granule-mediated cyfmurine mast cell protease) are secreted as a macromolecular co@-

totoxicity to protect the host from invasion by intracellu- plex into the extracellular space (3).

lar pathogens and tumor cells. Apoptosis is induced by We have proposed that polymerized PFN pores and GrB arg
perforin (PFN)? and the granzymes where granzyme B (GrB) internalized into endosomes of the target cell during granule-me$
plays a pivotal role (1). Granzymes are highly cationic and, similardiated cytotoxicity. PFN then permeabilizes the vesicles delivering—
to the mast cell proteases, are compartmentalized within the sdéhe granzyme to the cytosol. Subsequently, GrB induces cell deat®
cretory granule on a scaffold of anionic chondroitin A sulfate pro-by activating the caspase cascade (4). Experimental models de-
teoglycan, called serglycin. In contrast to other proteoglycans, sersigned to characterize the biochemical events that occur during
glycin is highly glycosylated and resistant to proteolysis. Variousgranule-mediated apoptosis have relied on the free granzyme
serglycins have been characterized in distinct cell types, differinddowever, the cationic nature of the serine protease may lead t
primarily on the basis of the glycosaminoglycan side chains: senonspecific interactions with both intercellular and intracellular
rosal mast cells—heparin sulfate; bone marrow mast cells andnionic membranes as well as artifactual vesicular trafficking. AsS
megakaryocytes—chondroitin 6-sulfate (CS). Serglycin ensurea consequence, results obtained from studies using isolated gra%_—
the proper packaging of granule constituents and acts as extracelymes may not provide a valid view of granule-mediated apoptosi&
lular carrier for many of the granule components after secretiorin vivo. We describe here a model system consisting of CS-Gre8
(2). For example, all mast cell proteases except mast cell tryptaseomplexes. This system has been used to study the capacity of tig
neutral, high m.w. form of the granzyme to induce apoptosis afte§
delivery by PFN or replication-deficient adenovirus type 2 (AD) asg
*Evanston Northwestern Healthcare Research Institute, Northwestern Universitywe” as process the preferred caspase subtrates. In addition, V&

Evanston, IL 60201 Central Laboratory of the Netherlands Red Cross Blood Trans- o . X
fusion Service and the Laboratory for Clinical and Experimental Immunology, Uni- report preliminary evidence that a high m.w. form of GrB secreted”

versity of Amsterdam, Amsterdam, The Netherlands; @iedicine Branch, National by cytotoxic cells also has potent apoptotic activity. S
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2 Abbreviations used in this paper: PFN, perforin; AD, replication-deficient adeno- . o .
virus type 2; ac-DEVD-afc, carbobenzoxy-DEVD-methylcoumarin; CS, chondroitin Human GrB and perforin were purified to homogeneity from a human NK
sulfate; GrB, granzyme B; EIA, enzyme immunoassay. cell line (YT) (6), and a nonreplicating strain of adenovirus type 2 (AD)
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was cultured and isolated as described (7). The peptidic substrate, carb@®able I. Influence of pH on the formation of CS-GrB compléxes
benzoxy-DEVD-methylcoumarin (ac-DEVD-afc), was supplied by Ka-
miya Biomedical (Spokane, WA).

GrB in Flow-Through ~ GrB Bound to Mono S

Generation of CS-GrB complexes PH  NaCl (mM) (%) (%)
A neutral form of GrB was produced by mixing desalted CS (Calbiocem, 7.4 150 63 37
San Diego, CA) and GrB (3:1 w/w) in hypotonic Tris buffer (25 mM NacCl, 5.5 150 85 15

pH 7.4). Thereafter, the mixture was applied to a cation-exchange column acg.Grg complexes were produced by mixing a threefold excess of desalted CS
(Mono S, Pharmacia, Uppsala, Sweden) followed by a continuous NaClyith isolated GrB at the assigned pH in Tris buffer. Thereafter, the samples were
gradient (0—2.0 M). The amount of GrB in the flow-through (electrochem- submitted to cation-exchange chromatography, and the amount of granzyme in the
ically neutral GrB, hereafter called CS-GrB) and in the eluate (free cationidlow-through and bound to the column were determined by EIA. The percent GrB was
GrB) was determined by enzyme immunoassay (EIA) (8). When titratedcalculated by dividing the amount of the granzyme_bound orin rovy—through by the
with a specific active site inhibitor (anti-GraB);80% of free GrB repre- total granzyme recovered. Results are representative of two experiments.

sents active enzyme (9). Using an esterolytic assay (see below), the sp. act.

of CS-GrB recovered in the flow-through was found to be comparable to . . .
the free form of the granzyme. solution of ac-DEVD-afc (10Qul). Fluorescent values were determined in

duplicate every 10 min over a defined period using a Fluorimeter plat
GrB EIA reader (Cambridge Technologies, Cambridge, MA).

14 papeo fimog

Purified mAb GB11 was incubated ag@/ml in 0.1 M sodium carbonate/  Cleavage of procaspases-3 and -7 by free and CS-GrB
bicarbonate buffer, pH 9.6, for 16 h at 4°C in microtiter plates (LD@ell;
Nunc Maxisorb Immunoplate, Roskilde, Denmark). The plates were the
washed with PBS/0.02% (w/v) Tween 20. An identical washing procedur
was performed after each incubation step, which consisted oful,08x-
cept for the blocking step (1501). After coating, plates were blocked wit
PBS/2% (v/v) cow milk for 45 min. Samples and standards (free GrB at

different concentrations) were diluted in proprietary ELISA buffer (Central : ; - =
Laboratory of the Netherlands Red Cross Blood Transfusion Service, AmPTT) that contained equivalent amounts of active free or CS-GrB (10 nM).5

sterdam, the Netherlands) ainttubated for 1 h. Next, the plates were Samples were incubated at 37°C.’ andmmliqupts were re'T‘O"ed atvar- =
incubated with an excess of biotinylated GB10 mAb (@.§/ml) to- ious times between 0 and 90 min. Proteolysis was terminated by addlng
gether with 1% (v/v) normal mouse serum for 1 h. The plates wereSDS buffer (5“|).t° the samples and he_atlng to 1QO°C_fo_r5 min. Samp[es_g
incubated for 30 min with streptavidin-polymerized horseradish perox-ere then submitted to SDS-PAGE using 15% Tris-Tricine minigels (Bio-Q
idase (Central Laboratory of the Netherlands Red Cross Blood TransRad: Hercules, CA). Gels were then dried and imaged on film.
fusion Service), after which bound peroxidase was visualized by incu- . .
bation with a solution of 10Qug/ml 3,3'5,5-tetramethyl-benzidine Degranulation ??md enrlf:hment of GrB complexes from
(Merck, Darmstadt, Germany) and 0.003% (v/Av)Q4 in 0.11 M so-  lymphocyte-activated killer cells (LAK)

dium acetate buffer, pH 5.5. The reaction was stopped by the additior|1

of an equal volume o2 M H5S0, to the v_veIIs. Finally, the absorbance o egteq cells, lymphocyte activated killer cells (LAK), were washed in
at 450 nm was read on a Titertek Multiscan plate reader (Labsystem§ge,e's modified DMEM supplemented with BSA (0.02%) and resus-=
HEISm.k" Finland). Duplicate s_amples were me?sured, and the meaBended at I 10° cells/ml in Iscove’s modified DMEM plus BSA (0.02%) &
value is reported where SDs did not exceed 10%. containing three mAbs directed against CD2 (4B2, 6G4, and Hic 27, 1—
Measurement of GrB esterolytic activity pg/ml per mAb) and phorbol myristic acetate (1 ng/ml). Cell were theng’
incubated in tissue culture flasks for 5 h. Supernatants were collected
Using Boc-Ala-Ala-Asp-thiobenzyl ester (0.1 mM) diluted in reaction centrifuged for 8 min at 1500 rpm to remove LAK cells and debris, and=
buffer (0.2 M HEPES, 0.3 M NaCl, 1 mM EDTA, 0.5% Triton X-100 (v/v), stored at—20°C until GrB levels were measured by EIA and esterolytic g
pH 7.0) (6), GrB activity was measured by colorimetric absorbanceassay.
changes using a UVmax microplate reader (Molecular Device, Menlo Park, . .
CA). GrB activity was defined as units where 1 U of esterolytic activity VWestern Blotting of procaspase-3 in cell lysates
equaled the amount of enzyme that hydrolyzed 1 nmol of substrate p
minute.

Caspase-3 and -7 were encoded on vectors under the control of a T7 RN%
drolymerase promoter (10-13). Th&$]methionine-labeled proteins were =
prepared from these vectors using a T7-coupled reticulocyte lysate trarg
h  scription translation (TnT) system (Promega, Madison, WI). The cleavag =
assay consisted of 2@l of TnT reaction mix and a volume of reaction %
buffer (100 mM HEPES, pH 7.5, 20% glycerol, 0.5 mM EDTA, 5 mM

B

8
@
=
Q
T

L-2-stimulated PBMC were harvested after 6 days of stimulation. The:

ISOMULL

®Detection of processed procaspase-3 in MCF-7 cell lysates was perform%
as previously described (5). After treatment with either free or CS-GrB, thej’:
Delivery of free and CS-GrB to target cells with AD or PFN  lysates (10 cell equivalents) were resolved by SDS-PAGE (15%) and
transferred to nitrocellulose. Rabbit anti-caspase-3 (supplied by V. Dixit,,
Jurkat cells (Ix 10%ml) were treated with an equivalent amount of active Genentech, San Francisco, CA) was used at a dilution of 1:2500 foIIoweg
free GrB or CS-GrB (Iug/ml) and AD (100 pfu) in 1 ml microfuge tubes by incubation with anti-rabbit Ig-horseradish peroxidase (1:10,000) (Am-g
containing RMPI 1640 supplemented with 0.5% BSA (9). For PFN deliv- ersham, Arlington Heights, IL), and signals were visualized with an en-5

ery, target cells were treated with either free GrB or CS-GrB for 15 min andhanced chemiluminescence kit (Amersham). %
then exposed to a predetermined sublytic concentration of the pore-forming 8—
protein (9). Results B
Apoptosis: morphologic analysis Generation of CS-GrB complexes S
'_\
a

Apoptosis was assessed at 4 h with Hoescht stain and defined as eith®r Nonionic form of GrB was produced by complexing the gran-
nuclear condensation or fragmentation. Cells were fixed with 0.5% parazyme with CS glycosaminoglycan. Commercially available CS

formaldehyde for 15 min, cytospun to microscope slides, and stained withyas first extensively dialyzed against water to remove sodium

Hoescht 33342 (Jug/ml) for 15 min. Using a Zeiss Fluorescent micro- g Then a threefold excess of CS was added to isolated GrB
scope, the percentage apoptotic cells among 300 cells was determined

duplicate samples. Mean values were reported where SDs did not exce gl w/w). The generated CS'.G"B complexes were separated from
10%. residual free granzyme by cation-exchange chromatography where
ApODLOSIS: measurement of caspase-3-like fluorogenic activit inneutral complexes resided in the flow-through and free GrB bound
WE] Ip ”' P 9 Y Mo the matrix and was eluted during performance of linear NaCl
ole cells gradient. The amount of free and CS-GrB was then determined by
Following delivery of free or CS-GrB, Jurkat cells were washed (RPMI a recently described capture EIA (8). Using this strategy, the in-
1640/0.5% BSA) and resuspended in new microfuge tubes. Anti-GraB, af,ence of pH on the formation of CS-GrB complexes was deter-

anti-chymotrypsinogen engineered to react specifically with the granzyme._. . .
(5 X 10° molecules/cell), was added to each tube to avoid artifactual inmmed (Table ). When dialyzed CS and free GrB were mixed at

vitro cleavage of caspases after lysis. Lysates (400were added, in ~ PH 5.5 and 7.4 (NaCl 150 mM), 85% and 63% of the granzyme,
duplicate, to each microwell (Nunc Maxisorb Immunoplate) followed by a respectively, associated with the glycosaminoglycan.
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Table Il. CS-GrB complexes are stable under physiologic condifions

a Free GrB CS-GrB
GrB in GrB Bound g
Concentration of NaCl (mM) Used to Flow-Through to Mono S min 0 15 30 60 90 15 30 60 90
Dissociate CS-GrB Complexes (pH 7.4) (%) (%)
200 99 <1
Procaspase-3 o
300 99 <1 P e — - - e e
400 99 <1
500 99 <1 pLarge G G —
2 CS-GrB complexes (1pg granzyme by EIA) were mixed with the designated pSmall T —— —
NaCl solution for 1 h at room temperature. The samples were submitted to cation- wa— "
exchange chromatography and the percent GrB in the flow-through and bound to the
column were determined as described in Table I. Results are representative of two
experiments.
b Free GrB CS-GrB

We have previously reported that cationic GrB binds tightly to
a cation-exchange matrix eluting &590 mM NacCl (6). On the miin 0 15 30 60 90 15 30 60 90
basis of this observation, it was predicted that once GrB and CS
associated, NaCl concentrations below mM 590 would be unable

to disrupt the ionic interaction. To examine the strength of this Procaspase-7 - Py
ionic interaction, CS-GrB complexes were mixed in NaCl solu- 4
tions ranging from 200 to 500 mM Tris-HCI, pH 7.4, and the pLarge t—d-ﬂ--‘“-

amount of dissociated GrB was measured after elution from a cat-
ion-exchange column. Regardless of the salt concentrati®@%

of GrB remained associated with the glycosaminoglycan (Table
I). This result demonstrated the remarkable stability of the ionic
interaction and suggests that once the granzyme binds to granule-
associated anionic CS side chains of serglycin a stable interactiof SURE 1. Comparison of kinetics of proteolysis in vitro that free and @

/B10" jounwiw i [-mmmy/:dny wody pepeojumod

. o CS-GrB manifest against caspase-3 and -7. TAg]§aspases were gen- @
would be maintained in vivo. erated and isolated as described (12). In a total volume of:B2fanslated %
Comparison of the processing of preferred caspase substrates Ws_pases were mixed with either free GrB or CS—Gr5 (30 nM_) for_ the time&
GIB and CS-GrB in vitro indicated and analyzed by SDS-PAGE and autoradiograghiinetics of g

[*S]caspase-3 (~250 ng) processing; kinetics of [°S]caspase-7 =
Caspase-3 and -7 are both efficiently processed by GrB, wherg-300 ng) processing. %
cleavage occurs at the IXXD sequence connecting the large and -
small subunits (14, 15). To determine whether the cationic charge g
might influence the rate of cleavage of the zymogens, procaspase(Big. 2a). To ensure that the apoptotic activity of CS-GrB was not3

and -7 were expressed by TnT and rates of proteolysis were deique to the AD delivery system, Jurkat cells were pulsed with,
termined in the presence of equal amounts of active free and CSsither free GrB or CS-GrB complexes and treated with a sublyticS
GIB. The time required to consume the zymogen provides a qualconcentration of PFN (9). Both free GrB and CS-GrB induced2
itative estimate of the Vmax (16). Caspase-7 was almossimilar levels of cell death when delivered by PFN (Fig).2
completely processed by free GrB at 30 min while the CS-GrB . . . . )
complex processed caspase-7 to the same extent after 60 min (FigS-CrB is equivalent to free GrB in generating caspase-3-like
1a). Caspase-3, on the other hand, was minimally cleaved at 98°tV'Y _
min by CS-GrB, while free GrB processed about 50% of the zy-Assuming similar amounts of free GrB and CS-GrB were boundS
mogen by this time (Fig. ). Clearly, processing of both pro- and delivered by AD and on the basis of the reduced rate of proz
caspase-3 and -7 is diminished significantly when GrB is com+eolysis that CS-GrB displayed against caspase-3, it could be pr%

AluN UISaM

plexed with CS. dicted that CS-GrB should generate lower levels of caspase-3-lik
) ) ) ] activity in whole cells with delayed kinetics. Using the fluorogenic &
CS-GrB induces apoptosis when delivered into Jurkat cells substrate, ac-DEVD-afc, to quantify levels of caspase-3-like ack

We have shown previously that AD effectively delivers GrB be- tivity, a dose-response analysis was performed comparing deliverd
cause the granzyme appears to bind to the target cell in a specifief equivalent amounts of active free and CS-GrB. As shown in Figtn
saturable fashion (9). This interaction allows the granzyme to béa, the levels of ac-DEVD-afc activity were similar for both forms
internalized and delivered to the cytosol by the endosomolytic acof the granzyme. Furthermore, the delivery of equivalent amounts
tion of AD. However, because the studies were performed with thedf free and CS-GrB complexes resulted in similar time-dependent
cationic granzyme, it was impossible to exclude the possibility thaincreases in DEVD-afc activity (Fig.k3.

a portion of the observed binding to the plasma membrane wa
charge dependent. To address this issue, we asked whether equ
alent amounts of active free and CS-GrB could induce similatWe have recently provided unequivocal evidence that GrB initiates
levels of apoptosis after delivery to Jurkat cells by AD. Jurkat cellsthe caspase cascade in whole cells by activating caspase-3 (5).
were treated with either free or CS-GrB plus AD, and the percentBecause CS-GrB processed isolated caspase-3 less efficiently than
age of cells undergoing apoptosis was visualized by Hoescht staifiee GrB, the similar time-dependent increase in ac-DEVD-afc ac-
and fluorescent microscopy. Both forms of the granzyme producetlvity mediated by the two forms of the granzyme was unexpected.
comparable levels of apoptosis, suggesting CS-GrB does not havieo account for this discrepancy, cationic GrB, once delivered in-

a reduced capacity to bind and be internalized by the target celtracellularly, might bind to negatively charged cytosolic proteins,

s
R‘;_ocessing of the caspases in cytosolic extracts
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FIGURE 2. Comparison of the capacity of free GrB and CS-GrB to induce apoptosis when delivered into Jurkat cells with either ADayrJeFtdt 3

cells were exposed simultaneously to AD and equivalent amounts of either free GrB or CS-GrB, and apoptosis was determined by Hoescht stain éaﬁ la
b, Targets were pulsed with the indicated amounts of free or complexed GrB, washed, and then exposed to sublytic PFN. Four hours later the ntﬁ]be|
apoptotic cells were enumerated.

1 many/

reducing the amount of granzyme able to process procaspase-3. pborbol myristic acetate and anti-CD2 mAbs in media supplemented&
partially mimic conditions in whole cells, we compared the rates ofwith BSA. Combining two approaches, we determined whether th

proteolysis of procaspase-3 that free and CS-GrB produced aftgranzyme was secreted as a neutral, high m.w. complex. First, -]
the addition to MCF-7 cytosolic extracts. In comparison to thecationic free GrB was detected in the supernatant analyzed by c«&j—
results that showed free GrB cleaved isolated procaspase-3 motienic-exchange chromatography. Then the levels of free and comg
rapidly than CS-GrB (Fig. &), the capacity of free GrB to process plexed GrB were estimated by EIA after filtration of the supernatanig
the caspase in cell lysates was at least similar if not somewhat lesarough a 100,000-kDa membrane. The vast majority of the granzymg
than the rate observed for CS-GrB (Fig. 4). Therefore, the equivwas retained by the membrane, suggesting the presence of a mac

alent rates of ac-DEVD-afc activity generated by delivery of free molecular complex*99%) (Fig. 5). Having shown the supernatant §
and CS-GrB to intact cells may be, in part, attributed to binding offrom stimulated LAK cells contained only a form of granzyme that =
the cationic free granzyme to cytosolic proteins, leading to a reexceed 100,000 kDa, we then compared the apoptotic potential of tHg
duction in the amount of protease available for processing the enarB derived from the LAK cells to free GrB. Jurkat cells were pulsed—

dogenous procaspase-3. with equivalent amounts of active free and LAK cell-derived GrB, §

] ] washed, and treated with AD. As shown in Fig. 6, the free and thes
GrB is secreted from cytotoxic cells as a macromolecular high m.w. form of GrB were able to induce similar levels of cell deathZ
complex that has apoptotic activity after delivery by AD. %
Because GrB appears to tightly bind to CS, the prediction was madg. . . 2
that GrB exocytosed by stimulated cytotoxic cells should be releaseg> IScussion %
in a high m.w. form. Following stimulation with IL-2 for 5 days, LAK  Granule-mediated apoptosis is divisible into 3 steps: 1) signalé

cells were induced to undergo granule exocytosis by exposure tdependent exocytosis of the granule components; 2) intracellulas.

<
o)
5
=z
a b 300 %
[0 FreeGrB (o
" @ 250 / Q
E 5 1 csGmB / =
[
8 S 200 S
c @ =
Z v
2 o
5 S 150 4
2 —{— Free GrB [ /
© / /
o . =
% 300 — O0— CsGB Z 1004 / /
— [}
i1} [ang /
T 200 q 504 / /
100 T T T T T 0 /
0 0.2 04 06 08 1 1.2 15 30 60
GrB (ug/mi) Time (min)

FIGURE 3. Comparison of the capacity of free GrB and CS-GrB to induce caspase-3-like activity in Jurkaackllthe presence of AD, Jurkat cells
were exposed to increasing amounts of the two forms of the granzymes, and caspase-3-like activity was measubedwataticells were treated with
equivalent amounts of either free GrB or granzyme complexed with CS (500 ng/ml), and caspase-3-like activity was measured at times indicated.
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Cs-GrB Free-GrB 50

—@— LAK cell degranulate
min 0 30 60 90180 30 60 90 180 —O— FreeGrB

L & i W R

404

Procaspase-3 s e e ———

pLarge T S S . . — ——

% Apoptosis by Hoescht stain

v

FIGURE 4. Comparison of kinetics of proteolysis in vitro that free and %
CS-GrB manifest against caspase-3 in cytosolic extracts. Cytosolic extracts %
were obtained from MCF-7 cells as previously described (5). In a total 1 8
volume of 600ul, extracts were mixed with either free GrB or CS-GrB 8
(30 nM) for the times indicated and analyzed by SDS-PAGE. The kinetics GrB (ug/ml) g
of procaspase-3 processing was determined by enhanced chemilumines- 3
cence and autoradiography. FIGURE 6. High m.w. GrB is able to induce apoptosis. Jurkat cells =y
were pulsed for 1 h with an equivalent amount of either free GrB or thé2

=

high m.w. fraction derived from the supernatant of stimulated LAK cells.
delivery of the granzymes by PFN; and 3) induction of apoptoticAfter the pulse, cells were washed, treated with AD, and apoptotic changeg
pathways by the serine proteases. The signaling pathways that inf{e"e assessed & h by Hoescht stain. =
tiate granule secretion and the mechanism underlying GrB-medi- g

ated apoptosis have slowly been elucidated. However, the biqytic activity, murine granzyme A, likewise, has been shown to3
chemical characteristics of the secreted granzymes and th&main complexed upon exocytosis from cytotoxic cells (17_19)5
mechanism of granzyme delivery are largely unknown. Using aye show here: 1) GrB remains tightly bound to CS glycosamino'
recently described EIA that more accurately measures GrB tha@lycans under physiologic conditions; 2) while the cationic charg&‘
available chromogenic assays (8), it has become possible t0 et GrB apparently enhances the proteolytic efficiency of GrBL:
amine the biochemical behavior of preformed, neutral CS-GrBygainst isolated caspases, complex formation with CS protects tH&
complexes and to learn whether native granzyme is secreted fror@ranzyme from nonspecific inhibition in the presence of comple

cytotoxic cells in a macromolecular form. . __ cytosolic extracts; 3) CS-GrB has the capacity to induce cell deat
Our results extend studies described for the tryptase-like activityynen delivered by AD or PFN generating levels of caspase-3-lik

identified in the grgnules, which is primarily attributable to Gr_A. activity similar to equivalent amounts of free GrB; and 4) GrB is
The tryptase activity of cloned NK cells was found to associatesecreted from stimulated LAK cells in a macromolecular form &
with a proteoglycan, presumably serglycin. On the basis of esterg~ 100 kpa), which also induces apoptosis after intracellular de&

livery. Taken together, the evidence suggests that a neutral, high

m.w. complex form of GrB induces apoptosis in vivo. S
225 Numerous reports have described the biochemical and biologic ef
200 fects of isolated GrB (1, 4, 20). However, little attention has bee
SRR [ Unfiltered Supt given to the concept that the physiologically relevant form may rep=
£ B Fitate resent a neutral macromolecular complex. Although the final out%_
<5 1501 come, cell death, occurs regardless of the form of GrB delivered to thg
T {p5] [ Retentate target cell, studies performed with the cationic granzyme may no§8
E 100 provide insights to the mechanism of apoptosis that occurs in vivo. |
2 7] this regard, it has been reported that GrB readily binds and enters tg
) 754 nucleus of the target cell after delivery by PFN (21, 22). Becaus
g 504 nuclear translocation appears to require the interaction of free Gr;ﬂ_{
with an endogenous cytosolic factor (23), this process may not occur
254 \ when complexed GrB is delivered intracellularly. 8
0 : \ ; We have recently provided convincing evidence that GrB activate$

1 .
the executioner caspases-3 and -7 through a novel two-step process.

After intracellular delivery, GrB first processes procaspase-3 even
FIGURE 5. Granzyme B secreted from LAK cells is released as a macro-though this zymogen is not the most preferred caspase substrate (5).
molecular complex exceeding 100,000 kDa. IL-2-stimulated PBMC were re-As verified here with CS-GrB, the granzyme cleaves caspase-7 more
suspended at a concentration o&k11CP cells/ml in Iscove’s modified Dul- rapidly than caspase-3. However, during GrB-mediated apoptosis the
becco’s medium/0.0Z% (w/v) BSA containing three mAbs. d?rected againsbaspase-7 propeptide is removed first, then cleavage occurs between
CD2 (4B2, 6G4, and Hic 27) each apdy/ml and phorbol myristic acetate at - o gyhunits. Strikingly, caspase-7 is unprocessed in caspase-3-defi-

a final concentration of 1 ng/ml. Unstimulated cells were resuspended in

Iscove’s modified Dulbecco’s medium/0.02% BSA. Cell suspensions WereClent MCF-7 cells exposed to GrB (5). Transfection with caspase-3

placed in flasks and incubated for 4 h. Supernatant were collected, centrifugégsmreS the removal of the caspase-7 propeptide and the capaCIt¥ of
for 8 min at 1500 rpm to remove intact calls, and stored20°C until used. /B t0 cleave the caspase-7 between the large and small subunits.

The free and complexed GrB were separated using a 100,000-kDa cut-ofhus GrB initiates the death pathV\_/ay by processing the_ aC_CGSSiue
membrane (Centricon, Beverly, MA), and the levels of active GrB were de-Caspase-3, and caspase-7 propeptide regulates transactivation of the
termined in the unfiltered, the flow-through, and retained fractions. zymogen by granzyme. As a consequence, two proteases, caspase-3

Unfiltered Filtrate Retentate
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