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Summary

 

Proteinase inhibitor 9 (PI-9) is an intracellular serpin expressed in lympho-
cytes and monocyte-derived cells. It is the only known endogenous natural
antagonist of granzyme B (GrB), and its proposed function is protection of
cells from misdirected GrB. We have studied the regulation of PI-9 in primary
peripheral blood mononuclear cells (PBMCs) following 

 

ex-vivo

 

 stimulation,
and in PBMCs from patients suffering from viral or bacterial infections. By
intracellular flow cytometry, we found identical PI-9 expression in all lym-
phocyte subsets, lower levels in monocytes and none in granulocytes. PI-9 was
stable for 48 h in the presence of cycloheximide, indicating slow protein turn-
over. Incubation of PBMCs with several stimuli including lipopolysaccharide
(LPS) led to up-regulation in the monocyte, but not the lymphocyte fraction,
within 48 h, inhibitable by the NF-κκκκ

 

B inhibitor pyrrolidin dithiocarbamate
(PTDC). Up-regulation of PI-9 was observed in lymphocytes and monocytes
of patients with acute Epstein–Barr virus (EBV), but not bacterial infection.
Preterm infants had similar PI-9 expression as adults in monocytes, but lower
in lymphocytes, decreasing during bacterial infection. Taken together, our
data indicate that PI-9 is rapidly up-regulated upon stimulation of mono-
cytes, but not lymphocytes. By protecting monocytes and macrophages from
misdirected GrB in the inflammatory process, PI-9 might be involved in the
regulation of antigen presentation.
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Introduction

 

Cytotoxic T and natural killer (NK) cells kill their targets by
death-inducing ligands, such as CD95 ligand, and by
cytolytic granules, which contain the pore-forming protein
perforin, together with several proteolytic enzymes, espe-
cially granzyme B (GrB). GrB, when released into the cyto-
sol, induces apoptosis by activation of several components of
the caspase cascade. Proteinase inhibitor 9 (PI-9/SERPINB9)
is a 42 kDa human serpin that inactivates GrB irreversibly
[1–8]. It is the only known endogenous natural inhibitor of
GrB, and PI-9 overexpressing cells acquire protection from
GrB-dependent, but not CD95-dependent cytotoxicity [2].
PI-9 is expressed in the cytoplasm and nuclei of many cell
types, especially cytotoxic lymphocytes (T and NK cells),
antigen-presenting cells (dendritic cells, macrophages, B
cells) and cells at immunoprivileged sites, such as the
placenta, the testis, the ovary and the eye [6–11]. High

expression of PI-9 has also been observed in Epstein–Barr
virus (EBV)-transformed lymphoblastoid cell lines [2]. The
present concept of the biological function of PI-9 is protec-
tion of cytotoxic or bystander cells at sites of inflammation
from misdirected GrB [2,6,7,11]. Further, PI-9 may inhibit
caspase 1, which mediates inflammation by activating the
cytokines interleukin 1-beta (IL-1

 

β

 

) and IL-18 [12]. There-
fore, PI-9 may be regarded as a protein down-regulating the
cytotoxic immune response.

Several observations, however, indicate that the role of PI-
9 may be more complex than thought previously. Elevated
urine excretion of PI-9 RNA correlates with transplant rejec-
tion in kidney recipients, indicating that PI-9 may also be a
marker of immune stimulation [13]. In hepatocytes, PI-9
up-regulation occurs during viral infection, induced by
inflammatory cytokines such as interferon-gamma (IFN-

 

γ

 

)
and tumour necrosis factor-alpha (TNF-

 

α

 

), leading to pro-
tection of infected and non-infected hepatocytes in the
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inflammatory crossfire [14]. Furthermore, autologous GrB,
leaking into the cytosol, mediates activation-induced cell
death of NK cells. This suggests that PI-9 may be involved in
the homeostasis of NK cells [15], and possibly in cytotoxic T
lymphocytes (CTL) [16]. Further, PI-9 expressed in antigen-
presenting cells may lead to enhanced T cell stimulation.
Upon maturation of murine dendritic cells,  up-regulation
of the mouse PI-9 homologue serine protease inhibitor-6
(SPI-6) was observed [11]. In a DNA vaccine model T cel-
lular responses could be potentiated by co-administration of
DNA encoding SPI-6 with the vaccine [17].

Knowledge of the mechanisms regulating PI-9 expression
on the cellular level has been growing in recent years. Nuclear
factor-kappa B (NF-

 

κ

 

B) and activating protein-1 (AP-1)-
responsive elements have been identified in the promotor of
PI-9 [12], and a unique downstream oestrogen-responsive
element is involved [18]. However, most data on regulation
and function of PI-9 have been obtained using transformed
or transfected cell lines, and the observations of PI-9 involve-
ment in different conditions of clinical disease are rare.

The purpose of this study was to analyse PI-9 expression
and regulation in human leucocyte subsets upon different
types of short-term stimulation and in clinical disorders.
Our hypothesis was that PI-9 expression was regulated sig-
nificantly upon stimulation of a cell, thus indicating a rele-
vant biological role of PI-9 for the function of the leucocyte
subset in inflammatory processes.

 

Materials and methods

 

Cells and culture conditions

 

For 

 

in-vitro

 

 cultivation, peripheral blood mononuclear cells
(PBMC) were separated from fresh heparinzed blood of
healthy adult donors by Biocoll (Biochrom, Berlin, Ger-
many) density gradient centrifugation, followed by washing
in phosphate-buffered saline (PBS, Biochrom). For 

 

ex-vivo

 

incubation assays, cells were kept in RPMI-1640 medium
(Life Technologies, Eggenstein, Germany) supplemented
with 10% heat-inactivated fetal calf serum (FCS) (Conco,
Wiesbaden, Germany), 12·5 m

 

M

 

 HEPES (Biochrom, Berlin,
Germany),  100 U/ml  penicillin/streptomycin  solution
(Life Technologies) and 2·0 m

 

M l

 

-glutamine solution (Bio-
chrom); they were seeded at a density of 1 

 

×

 

 10

 

6

 

 cells/ml in
six-well plates with the given stimuli or inhibitory substances
for the given times at 37

 

°

 

C, 5% CO

 

2

 

. Harvesting was per-
formed by aspiration after detaching adherent cells with a
cell scraper. For long-term assays, cell aliquots were frozen in
FCS plus 10% dimethylsulphoxide (DMSO), and all speci-
mens were analysed at the same time-point.

The  following  substances  were  used  for  

 

in-vitro

 

 treat-
ment: IL-2 (Sigma, Taufkirchen, Germany), dexamethasone
(Merck, Darmstadt, Germany), phytohaemagglutinin (PHA,
Sigma), cycloheximide (CHX, Sigma), lipopolysaccharide
(LPS, Sigma), pyrrolidin dithiocarbamate (PDTC, Sigma)

[19], IFN-

 

γ

 

 (Boehringer/Roche, Mannheim, Germany) and
phorbol-myristate-acetate (PMA, Sigma).

For analysis of patient-derived cells, surplus ethylenedi-
amine tetraacetic acid (EDTA) blood specimens of adults
and children who were treated in the hospital were used. In
each case, written informed consent was given by the
patients or, in the case of children, by the parents. The study
was approved by the ethical committee of the University of
Ulm, Germany (application number 201/2004).

‘Healthy’ was defined as absence of infectious or immu-
nological disorder; bacterial infection was defined as clinical
infectious disorder with C-reactive protein value 

 

>

 

 50 mg/l.
Acute  EBV  infection  was  defined  by  serological  proof  of
the infection, acute graft-

 

versus

 

-host disease (GVHD) was
defined by clinical criteria including all stages of the disorder.

Forty 

 

µ

 

l EDTA blood per probe was studied at the day of
collection or the next day. Cells were washed once in PBS,
then stained as detailed below.

 

Flow cytometry

 

For detection of intracellular PI-9, the PI-9 specific mono-
clonal mouse IgG1 antibody 2E7 [3] or the mouse IgG1
isotype control (BD Biosciences, Erembodegem, Belgium)
were applied on cells fixed and permeabilized using the
IntraPrep

 

TM

 

 kit (Immunotech, Marseille, France) according
to the manufacturer’s instructions, with a fluorescein
isothiocyanate (FITC)-labelled goat anti-mouse IgG (Sero-
tec, Oxford, UK) as secondary antibody (incubation 30 min
each, followed by washing twice in PBS). Ten 

 

µ

 

l per pellet of
about 200 

 

µ

 

l were added in each case. Analysis was per-
formed using a FACScan

 

TM

 

 flow cytometer (Becton-Dickin-
son, San Jose, CA, USA) according to the manufacturer’s
instructions. Mean fluorescence intensity (MFI) ratio was
determined as the ratio between MFI of 2E7-stained and
MFI of control-stained cells.

For two-colour flow cytometry, cells were first surface-
stained by a phycoerythrin (PE)-coupled IgG2a or IgG2b
antibody (10 

 

µ

 

l per pellet), followed by the fixation and per-
meabilization procedure. As secondary antibody for intrac-
ellular staining, a FITC-labelled goat anti-mouse IgG1
(Serotec) was used. The surface antibodies used were: CD4
IgG2b-PE (Santa Cruz Biotechnology, San Diego, CA, USA),
CD8 IgG2a-PE (Santa Cruz), CD3 IgG2a-PE (BD Bio-
sciences), CD20 IgG2b-PE (BD Biosciences), CD14 IgG2a-
PE (Dako, Glostrup, Denmark) and CD1a IgG1-PE (BD Bio-
sciences) (10 

 

µ

 

l per pellet).
For isolation of lymphocyte subsets, microbead-coupled

antibodies and the Mini-MACS

 

TM

 

 (Milteny, Bergisch-
Gladbach, Germany) device were used, following the man-
ufacturer’s recommendations. The antibodies used were
CD19 microbeads (Milteny), CD3 Microbeads (Milteny)
and CD56 Microbeads (Milteny).

Calculation of means, standard deviations and 

 

P

 

-values
were carried out using MS-Excel

 

TM

 

 and Origin

 

TM

 

 (Microcal
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Software Inc., Northampton, MA, USA) software. Patient-
derived data were visualized as box charts (the horizontal
lines in the box denote the 25th, 50th and 75th percentile val-
ues. The error bars denote the 5th and 95th percentile values.
The two symbols below the 5th percentile error bar denote
the 0th and 1st percentile values. The two symbols above the
95th percentile error bar denote the 99th and 100th percen-
tiles. The square symbol in the box denotes the mean of the
column of data).

 

Results

 

PI-9 is present in all lymphocyte subsets and monocytes 
but is not detectable in granulocytes

 

In fresh EDTA blood probes of healthy adults, the different
leucocyte subpopulations could be identified easily by gating
in the forward–side-scatter mode of the flow cytometer
(Fig. 1a). After intracellular staining with the specific anti-
body 2E7 or the isotype control, PI-9 expression was analy-
sed by calculation of the MFI ratio. As shown in Fig. 1a the
ratio was highest in lymphocytes, while in the monocyte gate
MFI ratio was lower, and in the granulocyte fraction no PI-
9 expression was detectable by flow cytometry. Complete
negativity of granulocytes is in contrast to data by Hirst 

 

et al

 

.
[6], who found low levels of PI-9 in granulocytes. This dif-
ference is due probably to methodology [6].

To analyse the different lymphocyte subsets separately,
cells were co-stained with CD3, CD20 or CD56 specific
mouse IgG2a or IgG2b antibodies, followed by intracellular
2E7 staining with the use of FITC coupled IgG1-specific
goat-anti-mouse antibodies. There were no significant dif-
ferences in PI-9 expression among the lymphocyte subsets
(Fig. 1b).

 

PI-9 within cells is very stable

 

The stability and turnover of PI-9 within cells is unknown.
To determine whether it resembles an early response gene
(high turnover) or a housekeeping or late response gene
(lower turnover), we studied PI-9 expression upon incuba-
tion in the presence of the protein synthesis inhibitor cyclo-
heximide (0·1 

 

µ

 

g/ml; 1·0 

 

µ

 

g/ml; 10 

 

µ

 

g/ml) for 48 h. Based
on gating by the forward–side-scatter mode, lymphocytes
and monocytes were analysed separately. We found that
within 48 h no significant decrease in PI-9 expression was
visible, indicating that PI-9 has a slow turnover in these cells
(Fig. 1c).

 

PI-9 is up-regulated by IL-2 and LPS in monocytes but 
not lymphocytes; up-regulation is inhibited by PDTC 
and dexamethasone

 

As a model of inflammation, PBMC were treated 

 

in vitro

 

 with
IL-2 (40 IU/ml), IFN-

 

γ

 

 (40 IU/ml) or LPS (1 

 

µ

 

g/ml); and PI-
9 expression was assayed for 48 h separately in lymphocytes

and monocytes (Fig. 2a). Besides an initial small and prob-
ably unspecific increase which occurred in all cells, no alter-
ation of PI-9 expression was induced in the lymphocytes.
However, in monocytes IL-2 and, more profoundly, LPS
induced a marked up-regulation of PI-9 (twofold:

 

P

 

 

 

=

 

 0·00238 and 2·5-fold: 

 

P

 

 

 

=

 

 0·01251, respectively, increase
at 36 h) (Fig. 2a,c). This effect was inhibited by dexametha-
sone (3·125 mg/ml) (Fig. 2b) and by the NF-

 

κ

 

B inhibitor
pyrrolidin dithiocarbamate (PDTC, 0·3 

 

µ

 

M

 

) [19] (1·2-fold
up-regulation of median at 36 h; 

 

P

 

 

 

=

 

 0·23811, thus no sig-
nificant change) (Fig. 2c). This indicates a NF-

 

κ

 

B-dependent
regulation of PI-9 in monocytes. Dexamethasone alone
induced no change in PI-9 expression (data not shown).

 

PI-9 is not up-regulated by IL-2, PHA or LPS in 
lymphocyte subsets

 

To study PI-9 regulation in lymphocytes more specifically,
lymphocyte subfractions were isolated by magnetic sorting,
leading to a 

 

>

 

90% pure suspension of cells that were
CD3

 

+

 

 (T cells), CD20

 

+

 

 (B cells) or CD56

 

+

 

 (NK cells)
(Fig. 3a–d). Purity was confirmed by flow cytometry (data
not shown). To stimulate cells, stimuli were selected depend-
ing on what was regarded as the strongest activator of the
specific cell subset.

First, CD3 positive cells were analysed, and stimulation
was assessed by CD25 staining. Up-regulation of CD25
within 48 h was seen by stimulation with PHA (20 

 

µ

 

g/ml)
alone or in combination with IL-2 (200 U/ml). However, no
up-regulation of PI-9 was seen in these cells. PDTC (0·3 

 

µ

 

M

 

)
had inconsistent effects on stimulation 

 

−

 

 in cells treated with
IL-2, it led to up-regulation of CD25, while in those treated
with PHA or PHA plus IL-2, CD25 declined; however, in iso-
lated CD3

 

+

 

 cells it led to a marked down-regulation of PI-9
(Fig. 3a). This cannot be explained as impaired production,
as treatment with the protein synthesis inhibitor cyclohex-
imide did not induce any down-regulation of PI-9 within
48 h (Fig. 1c). This may be due to the toxic effects of PTDC;
however, no alterations of the cells were visible by micro-
scopic examination or flow cytometry.

To stimulate CD20

 

+

 

 cells (B cells) 

 

in vitro

 

 LPS (1 

 

µ

 

g/ml
and 10 

 

µ

 

g/ml), which is known to induce rapid activation of
B cells [12], was applied. However, we did not observe any
up-regulation of PI-9. Again, PDTC (0·3 

 

µ

 

M

 

) led to a
marked down-regulation of PI-9, both in the presence or
absence of LPS (Fig. 3b).

 

In vitro

 

 stimulation of CD56

 

+

 

 cells (NK cells) with high-
dose IL-2 (200 U/ml), which is known to induce rapid acti-
vation of NK cells, did not induce any up-regulation of PI-9
as shown by flow cytometry. Once more, PDTC (0·3 

 

µ

 

M

 

) led
to a marked down-regulation of PI-9 both in the presence or
absence of IL-2 (Fig. 3c).

Finally, we studied non-adherent PBMC over a period of
15 days upon incubation with PHA/IL-2 (PHA 20 

 

µ

 

g/ml; IL-
2200 U/ml) or PMA (20 ng/ml) and in the presence of PDTC
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Fig. 1.

 

Expression of proteinase inhibitor 9 (PI-9) in normal peripheral blood mononuclear cells (PBMC) in fresh blood samples from three healthy 

adults were analysed by flow cytometry. The different leucocyte subpopulations were identified by gating in the forward–side-scatter mode, and PI-9 

expression was analysed by intracellular staining with the specific antibody 2E7 compared to the isotype control, followed by calculation of the mean 

fluorescence intensity (MFI) ratio. (a) PI-9 expression is highest in lymphocytes (R1) and lower in monocytes (R2). No PI-9 expression was detectable 

in the granulocyte fraction (R3). The non-gated population represent dead cells. One typical example of three separate experiments is shown. 

(b) To analyse lymphocyte subsets, cells were co-stained with CD3, CD20 or CD56 specific mouse IgG2a or IgG2b marker, followed by fluorescein 

isothiocyanate (FITC)-coupled IgG1-specific goat-anti-mouse antibodies. No significant differences in PI-9 expression were evident among the 

lymphocyte subsets. One typical example of three experiments is shown. (c) To assess the stability of PI-9, we monitored PI-9 levels in the presence 

of the protein synthesis inhibitor cycloheximide (0·1 

 

µ

 

g/ml; 1·0 

 

µ

 

g/ml; 10 

 

µ

 

g/ml) for 48 h. Based on gating in the forward–side-scatter, lymphocytes 

and monocytes were analysed separately. Mean and standard deviations of triplicate experiments are given.
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(0·3 

 

µ

 

M

 

). Besides an unspecific initial up-regulation and
down-regulation in the presence of PDTC, we found no sig-
nificant alterations in the PI-9 expression (Fig. 3d).

Taken together, these data show that while up-regulation
of PI-9 correlates with stimulation of monocytes, this does
not occur in lymphocytes, either in specific subsets or upon
long-term stimulation. The fact that PDTC is sufficient to
down-regulate PI-9 expression in isolated lymphocyte
subsets (Fig. 3) but not in lymphocytes co-incubated with
monocytes (Fig. 2c) might indicate protection from a direct
toxic effect of PDTC by a monocyte-derived factor. It is a rel-
atively common finding in lymphocyte stimulation assays
that the presence of monocytes has a large impact on lym-
phocyte reactivity. The possible interaction mechanisms 

 

−

 

via cytokines or direct cell–cell contact 

 

− 

 

are too numerous
to be analysed completely in this work although, of course,
they are certainly of biological significance.

 

Regulation of leucocyte PI-9 during acute EBV infection 
and bacterial infection

 

Using EDTA blood specimens of healthy or sick adults and
children, PI-9 expression in the lymphocyte and monocyte
fraction under different clinical conditions were analysed
(Fig. 4a,b). In monocytes, no differences were detected for
healthy adults compared with preterm infants (

 

<

 

 30 weeks of
gestation), while in lymphocytes, preterm infants had lower
PI-9. In bacterial infections in older children or adults, PI-9
was unchanged in monocytes, but decreased in lymphocytes.
In preterm infants, a marked down-regulation was observed
upon infection, both in lymphocytes and in monocytes.
Acute EBV infection, proved by positive VCA-IgG and -IgM
and positive EA-antibodies, however, was associated with PI-
9 up-regulation, which was stronger in the monocyte than in
the lymphocyte fraction. Higher PI-9 expression was also
observed in GVHD, although only a limited number of
patients could be included in the study. High expression of
PI-9 in EBV was not restricted to a specific subset of lym-
phocytes, but involved all subsets in a similar way (data not
shown).

 

Fig. 2.

 

Expression of proteinase inhibitor 9 (PI-9) in peripheral blood 

mononuclear cells (PBMC) stimulated 

 

in vitro

 

. PBMC were treated 

 

in 

vitro

 

 with interleukin (IL)-2 (40 IU/ml), interferon (IFN)-

 

γ

 

 (40 IU/ml) 

or lipopolysaccharide (LPS) (1 

 

µ

 

g/ml); and PI-9 expression was assessed 

by flow cytometry for 48 h in lymphocytes and monocytes separately. 

Mean and standard deviations of triplicate experiments are given. (a) 

No significant alteration of PI-9 expression was induced in the lympho-

cytes. In the monocytes, IL-2 led to a marked up-regulation of PI-9. 

IFN-

 

γ

 

 induced a mild up-regulation. (b) LPS led to a marked up-

regulation of PI-9 in monocytes, which could be inhibited by dexam-

ethasone (3·125 mg/ml). No effect was seen in lymphocytes. (c) In the 

presence of the nuclear factor-kappa B (NF-

 

κ

 

B) inhibitor pyrrolidin 

dithiocarbamate (PTDC) (0·3 

 

µ

 

M

 

), the up-regulation of PI-9 by LPS in 

monocytes was completely inhibited.
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Discussion

 

Because PI-9 may influence homeostasis of NK cells [15],
CTLs [16] and antigen-presenting cells [17], knowledge of
PI-9 regulation will probably improve our understanding of
a number of autoimmune or infectious diseases. Although

PI-9 has been analysed in a number of model systems 

 

in vitro

 

[2,4,11,20,21], its expression and regulation in clinical con-
ditions such as infections or immune disorders is largely
unknown to date.

Here, we first demonstrate the lack of PI-9 protein up-
regulation upon activation of lymphocytes. In concordance
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with this, in a recent study [21] constant expression of PI-9
protein − despite up-regulation of PI-9 RNA, which was not
analysed in our study − was shown upon stimulation in a
CD8-positive T cell clone. Because in NK cells activation-
induced death has been shown to be mediated by self-
destructive GrB leaking into the cytosol of the cell [15],
here, and also possibly in CTL [16], constant PI-9 protein
expression despite stimulation may have a function in
homeostasis regulation, leading to the long-term survival of
inactive but short-term survival of activated cytotoxic cells.
Interestingly, LPS, which is sufficient to activate B lympho-
cytes similarly to monocytes, is unable to induce PI-9 up-
regulation in B cells. Thus, these cells behave similarly to T
and NK cells.

In contrast, PI-9 is up-regulated rapidly in activated
monocytes, which do not express GrB but are exposed to
GrB crossfire upon inflammation or antigen presentation.
Here, PI-9 may provide a mechanism for homeostasis con-
trary to that in cytotoxic lymphocytes: survival of stimulated
but suppression of unstimulated cells.

Secondly, we found that PI-9 regulation is probably medi-
ated by NF-κB, as up-regulation in monocytes can be inhib-
ited by PDTC [19]. Thus, PI-9 regulation follows the pattern
of several other activation-related proteins in these cells, e.g.
TNF-α [19].

To understand fully the role of PI-9 in vivo, we searched
for a correlation between in vitro findings and some specific
clinical conditions. As both bacterial liposaccharides and
immune-activating cytokines such as IL-2 are relevant in the
pathogenesis of severe bacterial infections, it was surprising
that no up-regulation of PI-9 was found in patients suffering
from severe bacterial infection. This may be due in part to
high cell turnover in the course of bacterial infection, leading
to a loss of stimulated cells. Our findings in bacterial infec-
tion were in contrast to a marked effect seen in acute EBV
infection, where PI-9 expression increased significantly. In
acute GVHD, a trend for high PI-9 expression was seen.
These findings indicate that PI-9 up-regulation is not an
epiphenomenon of inflammation in general, but it is regu-
lated heterogeneously in different types of disease.

In acute EBV infection, the virus predominantly enters
CD21/EBV receptor-positive B cells, transforming them into
lymphoblastoid cells expressing a number of latent virus
proteins, especially latent membrane protein 1 (LMP-1), that
alter the cellular lifespan and function. As LMP-1 has a well-
known NF-κB activating effect [22,23], this might be one
reason for the high expression of PI-9 in EBV-transformed
lymphoblastoid cell lines [2]. Concerning up-regulation of
PI-9 in peripheral blood specimens which we found in all
cellular subsets, including T cells and monocytes, besides
LMP-1, the state of cellular immune activation which is
characteristic for EBV infection is certainly the main cause.
Further studies are required to analyse the underlying mech-
anism more precisely.

As in EBV infection, in GVHD a number of alterations
involving the interplay of T lymphocytes and the monocyte–
macrophage system are described, e.g. up-regulation of
cytokines such as IL-2 and TNF-α [23,24]. This may account
for the relatively high PI-9 in GVHD.

Several authors have studied maturation of immune func-
tions in preterm and term infants, showing a delay in immu-
nocompetence especially in monocyte, but also lymphocyte
function [25,26]. Down-regulation of PI-9 in preterm
infants with sepsis may therefore represent a consequence of
immaturity upon conditions of inflammation.

In summary, our data suggest a complex regulation pat-
tern for the GrB inhibitor PI-9 in the monocyte/macrophage
system and in the different lymphocyte subsets, with rapid
alterations in the monocytes and slow alterations in lympho-
cytes. This in turn has a strong impact on the regulatory loop
between antigen presentation and lymphocyte stimulation.
If T cells undergo a relatively rapid activation-induced cell
death after being stimulated by antigen-presenting cells
and co-stimulation, continuation of the immune response
depends largely on the presence of antigen-presenting cells
recruiting new T cells. In the context of inflammation, where
much GrzB is present, protection of antigen-presenting cells
by PI-9 may have a relevant impact on the duration and thus
the intensity of an immune response. Specific mechanisms,
such as direct involvement of EBV-derived proteins, may

Fig. 3. Proteinase inhibitor 9 (PI-9) expression in lymphocyte subsets following in vitro stimulation. Lymphocyte subsets were isolated by magnetic 

sorting, leading to a >90% pure suspension of cells that were CD3+ (T cells), CD20+ (B cells) or CD56+ [natural killer (NK) cells]. Purity was confirmed 

by flow cytometry (data not shown). Mean and standard deviation of triplicate experiments are given. (a) CD3 positive cells were analysed. First, 

stimulation was assessed by CD25 staining. Up-regulation of CD25 within 48 h was seen upon stimulation with phytohaemagglutinin (PHA) (20 µg/

ml) alone or in combination with interleukin (IL)-2 (200 U/ml). Secondly, PI-9 expression was analysed in the cells. However, no stimulus-dependent 

up-regulation of PI-9 was seen. Pyrrolidin dithiocarbamate (PDTC) (0·3 µM) had inconsistent effects on stimulation; however, in isolated T lympho-

cytes, it led to a marked down-regulation of PI-9. (b) To stimulate CD20+ cells (B cells) in vitro, lipopolysaccharide (LPS) (1 µg/ml and 10 µg/ml) 

was applied. No up-regulation of PI-9 was evident. PDTC (0·3 µM) led to a marked down-regulation of PI-9, both in the presence or absence of 

lipopolysaccharide (LPS). (c) CD56+ cells (NK cells) were stimulated with high-dose IL-2 (200 U/ml) to induce rapid activation of NK cells. This did 

not up-regulate PI-9. PDTC (0·3 µM) led to a marked down-regulation of PI-9 both in the presence or absence of IL-2. (d) Non-adherent peripheral 

blood mononuclear cells (PBMC) (lymphocytes) were stimulated over 15 days upon incubation with PHA/IL-2 (PHA 20 µg/ml; IL-2200 U/ml) or 

phorbol-myristate-acetate (PMA) (20 ng/ml), and in the presence of PDTC (0·3 µM). Cells were collected at the given time-points and frozen until 

they were analysed. We saw no up-regulation of PI-9 as shown by flow cytometry. Once more, PDTC (0·3 µM) led to a marked down-regulation of 

PI-9 both in the presence or absence of stimuli.
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alter this process further. Future work should be aimed at
means to manipulate PI-function for therapeutic purposes.
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