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Short Communication

HIV Virions and HIV Infection in Vitro Are Unaffected by
Human Granzymes A and B

CARL E. MACKEWICZ,! JUDY LIEBERMAN,?> CHRISTOPHER FROELICH,? and JAY A. LEVY!

ABSTRACT

Granzymes are a family of serine proteinases commonly found in the granules of CD8* T cells. In HIV in-
fection, CD8™ cells show cytotoxic and noncytotoxic antiviral activities. The latter is mediated, at least in part,
by a secreted CD8™" cell antiviral factor, CAF. Because of the antiviral nature of CD8™ cells, we examined
the potential anti-HIV activity of free granzymes that can be found in CD8" cell culture fluids. Pretreatment
of CD4™ T cells with granzyme A or granzyme B had no effect on their susceptibility to infection with HIV,
nor did incubation of the granzymes with HIV virions alter their infectivity. Continuous culture of acutely
infected CD4*" T cells with granzyme A or B showed no effect on cell viability or the replication of HIV. The
findings of this study suggest that free granzymes do not control HIV infection and spread in CD4" T cells.

RANZYMES (GRANULE ENZYMES) are serine proteinases

found in the granules of CD8" T cells and natural killer
(NK) cells (reviewed in Ref. 1). Granzyme A (a tryptase) and
granzyme B (an aspase) are by far the most abundant of the
five known human granzymes, and together with perforin make
up the majority of the nonproteoglycan granule protein content.
Granzymes are thought to function primarily in concert with
perforin to mediate the antigen-targeted killing of virus-infected
or allogeneic cells by cytotoxic lymphocytes. Targeted deliv-
ery of granule constituents leads to the perforin-mediate d entry
of granzymes into the target cell cytoplasm and nucleus, where
the granzymes activate cell death pathways. Granzyme A in-
duces a newly described caspase-independ ent pathway? and
granzyme B induces the proteolytic cleavage of one or more
members of the caspase cascade as well as other cellular sub-
strates.! The end result is in either case the apoptotic death of
the cell.

In HIV infection, CD8" cells are thought to play a major
role in the immunologic control of virus replication. The im-
mune response to infection results in an increased number of
activated CD8* T cells’>™ and a corresponding increase in
CD8* T cells that express granzymes, in both the peripheral
blood and lymph node compartments.®= Increased levels of

granzymes have also been found in the plasma of HIV-infected
individuals relative to seronegative individuals,'® possibly re-
flecting excess antigen-targeted granule release or the consti-
tutive synthesis and secretion of granzymes by CD8" T cells.!!

Both cytotoxic'? and noncytotoxic!® anti-HIV functions of
CD8" cells have been well documented. The latter activity does
not involve cell killing, does not require HLA compatibility,
and is mediated, at least in part, by a soluble CD8* cell an-
tiviral factor (CAF).!3 CAF has not been identified, but it ap-
pears to be unlike other known cytokines and chemokines. 416
Granzymes are secreted by CD8" cells, are found at elevated
levels in HIV infection, have cytokine-inducing activity !7-'® and
have antiviral activity against vesicular stomatitis virus (VSV)
and adenovirus. %29 Therefore, we evaluated whether free
granzymes have antiviral activity against HIV and if granzymes
might be linked to CAF activity.

We first tested whether pretreatment of CD4% cells with
granzymes affect the susceptibility of these cells to HIV infec-
tion, possibly by directly cleaving a cell surface protein in-
volved in HIV entry or by inducing the production of regula-
tory cytokines. Phytohemagglutinin-P (PHA, 3 pug/ml; Sigma,
St. Louis, MO)-stimulated CD4* cells (3 X 10° cells/ml) from
HIV-seronegative control subjects were incubated in serum-free
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AIM-V medium (GIBCO-BRL, Gaithersburg, MD) for 2 hr
with a 5-ug/ml concentration of purified or recombinant
granzyme A, granzyme B, or their inactive S — A mutant con-
trols prior to infection. Recombinant human granzyme A and
its inactive analog S — A granzyme A (Escherichia coli ex-
pressed), and recombinant murine granzyme B and its inactive
recombinant analogue S — A granzyme B (baculovirus ex-
pressed), were prepared as described.?!~23 The proteolytic ac-
tivity of recombinant granzyme A was 2.86 X 10® M~ esec ™!,
using Z-Arg-SBzl as the substrate, and the activity of recom-
binant granzyme B was 4.5 X 10* M~ 'ssec™! using BAAD-
SBzl as the substrate. The activity of recombinant murine
granzyme B on human target cells is similar to that of human
granzyme B.23 In the inactive mutants, the active-site serine is
changed to an alanine, rendering the enzymes proteolytically
inactive. The recombinant proteins were virtually free of cont-
aminating endotoxin. The purification of human granzyme A
(167 units/pg; 1 unit hydrolyzes 1 nmol of BLT per minute)
from interleukin 2 (IL-2)-stimulated T cell granules and
granzyme B (6.1 units/ug; with BAADT substrate) from the YT
NK cell line has been described.?* After incubation with
granzyme, the cells were washed twice and inoculated with 600
median tissue culture infective doses (TCIDsq) of HIV-1gg,
molecular clone.?’ The cells were incubated for 1 hr at 37°C,
then washed three times, and 3 X 10° infected cells were cul-
tured in 600 ul of complete medium, which consisted of RPMI
1640 medium (Mediatech, Herndon, V A) containing 10% heat-
inactivated (56°C for 30 min) fetal calf serum (FCS), 1% an-
tibiotics (penicillin [100 ug/ml] and streptom ycin [100 u g/ml]),
2 mM glutamine, and recombinant IL-2 (100 U/ml; Glaxo-
Wellcome, Research Triangle Park, NC) in a 48-well culture
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plate in quadruplicate. The cultures were passed and monitored
for reverse transcriptase (RT) activity2® every 3 days.

Exposure of CD4™ T cells to purified or recombinant forms
of granzyme A did not affect their sensitivity to subsequent in-
fection and replication of HIV. For example, treatment of the
CD4* cells with purified human granzyme A or recombinant
granzyme A resulted in peak RT levels (=SD) of 341,000 +
76,000 and 446,000 £+ 108,000 cpm/0.5 ml, respectively, which
was not appreciably different from the RT levels observed in
the untreated (392,000 = 105,000 cpm/0.5 ml) and the inactive
S — A granzyme A-treated (445,000 %= 49,000 cpm/0.5 ml)
CD4" cell cultures. The virus replication kinetics were also not
affected. A similar lack of effect was observed with purified
granzyme B and recombinant murine granzyme B (data not
shown).

To test the possibility that the granzymes can affect HIV
replication by directly inactivating HIV virions via cleavage of
an external protein such as gp120, the granzymes or their in-
active S — A mutant controls were added to 750 TCIDs, of
HIV-1gg; (diluted in AIM-V serum-free medium) to yield a 5-
ng/ml concentration of granzyme or the inactive S — A con-
trol. The mixtures were incubated for 2 hr at 37°C before be-
ing used to infect 3 X 10® PHA-stimulated CD4" cells for 1
hr. The cells were washed and cultured in triplicate as described
above. Treatment of HIV virions with either purified or re-
combinant granzyme A did not significantly alter their infec-
tivity, as indicated by similar peak levels of virus replication
(Fig. 1) and replication kinetics (data not shown), relative to
the untreated and inactive S — A control. Treatment with pu-
rified granzyme B yielded similar results (Fig. 1). Treatment of
HIV virions with recombinant granzyme B, however, usually
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FIG. 1.

The effect of granzyme A and granzyme B on virion particle infectivity. HIV virions were incubated in the presence

of diluent (untreated) or a 5-pg/ml concentration of the indicated forms of granzyme A or granzyme B for 2 hr at 37°C. CD4*
lymphoblasts were then infected with the treated or untreated virus and cultured. HIV replication (indicated by RT activity) at

the peak of virus production (usually day 9-12) (£SE) is shown.
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FIG. 2. The effect of granzyme A and granzyme B on HIV replication in CD4" T cells. PHA-stimulated CD4" T cells, acutely
infected with HIV-1gg,, were cultured (in triplicate) alone or in the continued presence of (A) purified or recombinant granzyme
A (black columns, 0.05 pg/ml; hatched columns, 0.5 pg/ml; gray columns, 5 pg/ml) or its inactive S — A control (S-A Grnz
A) or (B) purified or recombinant granzyme B (Grnz B) or its inactive S — A control (S-A Grnz B). The amount of HIV repli-
cation, relative to the untreated control (xSE), in the presence of each granzyme concentration reflects the peak RT activity of
the treated CD4™" cell cultures divided by that of the untreated CD4* cells, multiplied by 100. The peak RT activity of the un-
treated infected CD4% cells ranged from 90,000 to 220,000 cpm/0.1 ml.
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resulted in slightly increased HIV replication, but this result did
not reach significance (p = 0.15, Student 7 test) relative to ei-
ther the untreated or the S — A granzyme B control (Fig. 1).
In addition, recombinant granzyme B treatment of HIV virions
did not alter their infectivity of the Jurkat derivative T cell line
1G5 (data not shown). These results indicate that neither
granzyme A nor granzyme B proteolytically inactivated HIV
virions.

We next evaluated whether culturing acutely infected CD4*
T cells in the continued presence of granzymes would affect
HIV replication. PHA-stimulated CD4* T cells were inoculated
with approximately 3000 TCIDsy of HIV-1gg,. After a 1-hr in-
cubation, the cells were washed and plated (in triplicate) in 96-
well culture plates (10° cells/well) in a final volume of 200 ul
of complete medium. The infected CD4" cells were cultured
alone or in the presence of various concentrations of granzymes
(diluted in AIM-V medium), which were added at the initiation
of culture and every 2 days thereafter on cell passage. The
amount of HIV replication in the cultures was determined every
2 days by measuring RT activity in culture fluid samples.

In repeated experiments, both purified and recombinant
forms of granzyme A and granzyme B usually induced slightly
elevated levels of HIV production relative to the untreated con-
trol (Fig. 2), without any detectable effect on cellular viability.
The enhancing effect often showed inconsistent dependency on
dose and never reached significance. Both of the inactive mu-
tants of recombinant granzyme A and granzyme B also en-
hanced HIV replication at various doses comparable to the ac-
tive forms. Because granzymes have been shown to induce the
production of certain cytokines from peripheral blood mononu-
clear cells (PBMCs), including IL-6 and tumor necrosis factor
a (TNF-a),'” the slight increase in HIV production might be
related to increased release of these cytokines. Thus, continu-
ous exposure of acutely infected CD4% T cells to granzyme A
or granzyme B did not affect their viability or reduce their abil-
ity to replicate HIV.

In other studies, the level of granzyme B in various CD8"
cell culture fluids containing or not containing CAF activity
was measured by enzyme-linked immunosorbent assay
(ELISA).'° These culture fluids were prepared as described.'*
CD8™ cells, purified from the PBMCs of HIV-seropositive in-
dividuals, were cultured in complete medium with anti-CD3-
coupled immunomagnetic (IM) beads at a bead-to-cell ratio of
approximately 4:1. After 3 days, the IM beads were removed
and serum-free AIM-V medium was added. Every 2 days there-
after, culture fluids were collected and the cells passaged with
fresh AIM-V medium. The cell density was adjusted to 2 X
10%/ml at each passage. Fluids were assayed for anti-HIV ac-
tivity as described.'* All the CD8" cell culture fluids tested
showed substantial levels of granzyme B protein ranging from
3 to 9 ng/ml (Table 1). The amounts of granzyme B protein re-
leased into these fluids did not correlate with the extent of their
anti-HIV suppressing activity.

This study examined the potential antiviral role in HIV in-
fection of free granzyme A and granzyme B, the most abun-
dant granzymes. The effect of granzymes on three parameters
relating to the infection and replication of HIV in CD4" T cells
was studied. Neither human granzyme A nor granzyme B sub-
stantially affected (1) CD4" T cell sensitivity to infection by
HIV, (2) HIV virion infectivity (Fig. 1), or (3) ongoing virus
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replication in acutely infected CD4* T cells (Fig. 2). These
findings suggested that the elevated levels of free granzymes
in the blood of HIV-infected individuals '* do not play a direct
role in the control of HIV.

Both recombinant and purified natural granzymes were ex-
amined in these studies and the concentrations of the prote-
olytically active granzymes used were sufficient to induce the
various other biological activities reported for granzymes.
These include cytokine production,!”*!? inactivation of VSV,
perforin-mediate d apoptosis, ">?3 the proteolytic activation of
the thrombin receptor,?”-2® and cleavage of extracellular matrix
proteoglycans. 2°3®  Thus, biologically relevant levels of
granzymes were examined, suggesting that the lack of effect on
the parameters studied cannot be explained by inappropriate
granzyme concentrations.

In contrast to our results with HIV, free granzymes have been
reported to exhibit antiviral activities in other systems. The ad-
dition of purified granzyme B, but not granzyme A or perforin,
to VSV-infected U937 cells resulted in prompt apoptotic cell
death and was associated with the rapid degradation of viral
RNA and inhibition of infectious virus production.!® Similar-
ily, incubation of Jurkat T cells with adenovirus in the presence
of granzyme B leads to apoptosis of infected cells.?® From these
studies and others that document the endocytic uptake of
granzyme A and B,>'-33 it has been proposed that granzymes
efficiently enter the cell through a receptor-depende nt endocytic
pathway.! Perforin or virus (e.g., VSV and adenovirus) then fa-
cilitates the release of the granzyme to the cytosol. In our study,
therefore, the granzymes are likely endocytosed by the CD4™"
T cells, but the failure to observe cell death suggests HIV is
unable to deliver the internalized proteinases from endocytic
vesicles to the cytosol and nucleus.

The identity of the CD8* cell antiviral factor (CAF) is not
known but it appears to differ from other cytokines and
chemokines.'#~16 The present studies indicate that neither free
granzyme A nor granzyme B has intrinsic anti-HIV activity. In
addition, taken together with the lack of correlation between

TaBLE 1. GRANZYME B LEVELS IN
CD8*' CeLL CuLturk FLuIDs

Anti-HIV Granzyme B level
Sample activity® (ng/ml)®
A 65 3
B 50 7
C 55 4
D 60 3
E 54 9
F 43 8
G 11 7
H 0 5
I 0 7
J 0 8

2The extent of anti-HIV activity in culture fluids from
activated CD8* cells from HIV-infected individuals is indicated
as the percent suppression of HIV replication in CD4" cells
measured as described. '4

®Granzyme B levels were determined by ELISA.!" The
sensitivity of detection was about 50 pg/ml.



EFFECT OF GRANZYMES ON HIV

the level of granzyme B and suppressing antiviral activity in
CD8™" T cell culture fluids (Table 1), our findings suggest that
granzymes are not directly responsible for CAF-like antiviral
activity.
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