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Treponema denticola
Immunoinhibitory protein
induces irreversible G4 arrest in
activated human lymphocytes

Lee W, Pankoski L, Zekavat A, Shenker BJ. Treponema denticola immunoinhibitory
protein induces irreversible G; arrest in activated human lymphocytes.
Oral Microbiol Immunol 2004: 19: 144—149. © Blackwell Munksgaard, 2004.

Oral spirochetes may contribute to the pathogenesis of a number of disorders including
periodontal and periradicular diseases; however, the mechanism (s) by which these
organisms act to cause disease is unknown. We have previously shown that extracts of
the oral spirochete, Treponema denticola, contain an immunosuppressive protein
(Sip) which impairs human lymphocyte proliferation. The objective of this study was to
determine the mechanism by which Sip alters the proliferative response of lymphocytes.
Human T-cells were activated by PHA in the presence or absence of Sip and cell cycle
progression was assessed by flow cytometry. Cell cycle distribution was based upon
DNA, RNA and protein content as well as expression of the activation markers;
CD69 and IL-2R. Seventy-two hours following activation with PHA, cells were found in
the Gy, G;, S and G/M phases of the cell cycle. In contrast, pretreatment with Sip
resulted in a significant reduction of cells in the S and G,/M phases and a concomitant
increase in the G, phase. Sip did not alter the expression of the early activation
markers CD69 and CD25R. To determine if G; arrest resulted in activation of the
checkpoint and cell death, we also monitored Sip-treated cells for apoptosis. Indeed,
treatment with Sip resulted in both DNA fragmentation and caspase activation after 96 h.
Our results indicate that Sip induces G; arrest in human T-cells and, furthermore,
that the arrest is irreversible, culminating in activation of the apoptotic cascade.

We propose that if cell cycle arrest occurs in vivo, it may result in local and/or systemic
immunosuppression and thereby enhance the pathogenicity of spirochetes and/or
that of other opportunistic organisms.
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Spirochetes are motile, gram-negative, anae-
robic organisms which have been implicated
as pathogens in several human infections
including syphilis, yaws and Lyme disease
as well as periodontal disease and periapical
infections. Spirochetes are conspicuous
inhabitants of subgingival plaque in patients
with gingivitis and periodontitis (19). More-
over, the presence of the oral spirochete,
Treponema denticola, has been associated
with the severity of periodontal disease (1,
20). Recent studies also suggest that, in

addition to periodontal diseases, spirochetes
may also be involved in pulpal and periapical
infections (22, 37). For instance, 7. denticola
accounted for more than 50% of the flora in
infected root canals and in acute alveolar
abscesses (35, 36). It is not clear how spir-
ochetes contribute to the pathogenesis of
these disorders. However, several potential
virulence factors have been described,
including adherence factors, cytopathic fac-
tors, chemotactic factors and a number of
surface structures (3, 14, 26, 38).

It is also well known that several infec-
tious diseases are associated with patho-
gens capable of impairing immunologic
responsiveness; these include measles,
leprosy, candidiasis, leishmaniasis, syphi-
lis, certain forms of periodontal diseases as
well as pulpal and periapical diseases (28,
36). In fact, several microorganisms such
as Actinobacillus actinomycetemcomitans
(30, 31), Fusobacterium nucleatum (29,
40), T.denticola (32), Vibrio cholera
(13), group A streptococcus (10, 21),



Pseudomonas aeruginosa (9), Plasmodium
berghei (17), rubella, influenza, polio and
parvovirus (8, 15, 16, 24) have been shown
to produce immunosuppressive factors.
These immunomodulatory agents may
act by interfering with either the induction
or the expression of the immune response.
Collectively, these studies illustrate the
potential of bacteria and/or bacterial pro-
ducts to act as exogenous immunoregula-
tory agents that could have profound
effects on the course of infection. In this
regard, we previously demonstrated that
soluble sonic extracts of several strains
of T.denticola inhibit human peripheral
blood lymphocyte (HPBL) proliferative
responses to both mitogens and antigens
invitro (32). These effects were found to
be due to a protein composed of two
polypeptides of 50 and 56 kDa and were
designated spirochete immunoinhibitory
protein (Sip). The objective of this study
was to determine the mechanism by which
Sip impairs lymphocyte responsiveness.

Materials and methods
Bacterial cultures and sonic extract
preparation

Spirochete strain LL2513 was used for this
study. Bacteria were grown in 500 ml of
TYGVS (Trypticase, yeast extract, glucose,
volatile fatty acids, serum) spirochete med-
ium containing veal infusion broth (Difco
Laboratories, Detroit, MI) supplemented
with yeast extract (BBL), trypticase pep-
tone, ammonium sulfate, L-cysteine hydro-
chloride, glucose, and volatile fatty acid
solution (acetic acid, propionic acid, n-
butyric acid, n-valeric acid, isobutyric acid,
isovaleric acid and D,L-methylbutyric
acid in dH,O (32). Cultures were incubated
under anaerobic conditions (95% N, and
5% CO,). After 72 h, bacterial cell suspen-
sions were harvested, washed in phosphate-
buffered saline (PBS) containing PMSF,
and disrupted by sonication in the presence
of an equal volume of glass beads. The
equivalent of 1 liter of washed spirochetes
was sonicated (Sonic Dismembrator, Model
550, Fisher Scientific, Pittsburgh, PA) for a
total of 7min with 30-s pulses. Cellular
debris was removed by centrifugation at
12000g for 20min and the membrane
fraction was sedimented by ultracentrifu-
gation at 85000g for 60 min at 4°C. The
supernatant was dialyzed against PBS
and sequentially fractionated using ion
exchange, chromatofocusing and gel filtra-
tion chromatography. Column fractions
were screened for their ability to inhibit
Con-A-induced *H-thymidine incorpora-
tion in human lymphocytes (see below).

T. denticola-induced lymphocyte cell cycle arrest

Cell cultures

Human peripheral blood mononuclear
cells (HPBMC) were prepared by buoyant
density centrifugation on Ficoll-Hypaque
(Amersham Pharmacia Biotech, Piscat-
away, NJ) as previously described (30).
HPBMC were washed twice with Hanks’
balanced salt solution and diluted to
2.0 x 10° viable cells per ml culture med-
ium consisting of RPMI 1640, 2% penicil-
lin/streptomycin, and 2% heat-inactivated
human AB serum. Cell cultures (2 x 10°
HPBMC) were prepared in flat-bottomed
96-well microculture plates. Each culture
received 0.1 ml of cells and 0.1 ml of med-
ium or 0.1 ml of varying concentration of
Sip diluted in medium. The cells were
incubated for 30 min at 37°C and then an
optimal mitogenic dose of Con A (1 pg/
culture; Calbiochem, La Jolla, CA) was
added. The cells were incubated for 72 h,
and DNA synthesis was assessed by the
incorporation of (*H)-thymidine.

Cell cycle analysis was performed on
HPBMC by a modification of the method
of Schmid et al. (25). Briefly, 1-ml cultures
(2 x 10° cells) were incubated for 72h in
the presence of medium, PHA (1 pg/ml;
Murex, Dartfield, UK) or PHA and Sip.
Cells were harvested, washed with Hanks’
balanced salt solution containing 1% AB
serum and resuspended in 1 ml of 80% ice
cold ethanol for 2h at —20°C. The cells
were stained with 10 pg/ml of propidium
iodide (Sigma Chemical Co., St Louis,
MO) for 30min and analyzed on a
Becton-Dickinson FACStar"™"® flow cyto-
meter. Propidium iodide fluorescence was
excited by an argon laser operating at
488 nm and fluorescence was measured
with a 630/22-nm bandpass filter using
linear amplification.

To distinguish between the G, and G,
phases of the cell cycle, multiparametric
cell cycle analysis was employed; total
RNA and protein content in relation to cell
cycle were assessed. Cells were washed in
PBS, fixed in 1 ml of 80% ice cold ethanol,
and stained with pyronin Y (4 pg/ml;
Sigma Chemical Co) or FITC (0.1 g/
ml; Molecular Probes, Eugene, OR) to
measure RNA or protein content, respec-
tively. DNA content was measured with
Hoechst 33342 (2 pg/ml; Molecular
Probes) and the cells were analyzed by
flow cytometry. Hoechst 33342 fluores-
cence was excited with one laser operating
in ultraviolet emission and fluorescence
was detected through a 424/44-nm band-
pass filter. Both pyronin Y and FITC were
excited with a second laser operating at
488 nm, and fluorescence was measured
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with a 575/26-nm bandpass filter or a
535/30-nm bandpass filter, respectively.

Analysis of cell activation markers

HPBMC (2 x 10%ml) were incubated for
24 h with PHA in the presence or absence
of Sip. The cells were washed with Hanks’
balanced salt solution containing 1% BSA
and 0.1% sodium azide. Cells were then
stained with anti-CD25 or anti-CD69
monoclonal antibodies conjugated to fluor-
escein isothiocyanate ((FITC); Becton
Dickinson Immunocytometry Systems;
San Jose, CA). After incubation on ice
for 15min, cells were washed, fixed in
1% paraformaldehyde and analyzed by
flow cytometry. To identify T-cells, sam-
ples were also stained with anti-CD3
monoclonal antibody conjugated to phyco-
erythrin (Becton Dickinson Immuno-
cytometry Systems). Cells which gave
fluorescence signals brighter than those
observed for 98% of control cells were
considered to be positive.

Analysis of apoptosis

Apoptosis was monitored by measuring
DNA fragmentation (TUNEL assay) and
caspase activation. HPBMC were incu-
bated with PHA in the presence or absence
of Sip for 96 h. For the TUNEL assay, cells
were harvested, washed with 2 ml of PBS
containing 1% BSA and centrifuged at
300g for 10min. Cells were then fixed
in 4% paraformaldehyde for 30 min at
room temperature. After washing, cells
were permeabilized in dH,O containing
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Fig. 1. Effect of Sip on lymphocyte prolifera-
tion. HPBMC were incubated with varying
amounts of Sip (g protein/ml) for 30 min fol-
lowed by the addition of Con A. The cells were
then incubated for 72h and proliferation was
monitored by measuring (*H)-thymidine incor-
poration. Data are presented as percent inhibi-
tion of (*H)-thymidine incorporation observed
in control cultures (Con A alone; (44,490 cpm)).
Results represent the mean + SD of three experi-
ments each performed in triplicate. Inset shows
SDS-PAGE analysis of the purified Sip.
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0.1% sodium citrate and 0.1% Triton X-
100 for 2 min on ice. The TUNEL reaction
was carried out using the In situ Cell Death
Detection kit, (Roche Diagnostic Co.,
Indianapolis, IN) according to manufac-
turer’s directions. Cells were analyzed by
flow cytometry as previously described
(33). To measure caspase activation, cells
were harvested, exposed to FAM-VAD-
FMK (CaspaTag®™ Fluorescein Caspase
Activity kit; Intergen Co., Purchase, NY)
and incubated in the dark for 1h at 37°C.
The cells were washed and analyzed by
flow cytometry. FAM-VAD-FMK fluores-
cence was excited by an argon laser oper-
ating at 488 nm and excitation measured
with a 530-nm bandpass filter using log
amplification.

Results

We previously reported that crude sonic
extracts of 7. denticola strain LL2513 con-
tain a protein capable of inhibiting human
T-cell activation by both antigens and
mitogens (32). This spirochete immuno-
modulatory protein, designated Sip, was
partially purified using a combination of
ion exchange, chromatofocusing, and gel
filtration chromatography. The enriched
preparation of Sip consists of two peptides

of approximately 50 and 56kDa (Fig. 1,
inset). The two Sip peptides appear to be
equimolar in the purified preparation; it
should also be noted that only one band
was observed under non-denaturing elec-
trophoretic conditions (data not shown).
Human lymphocytes exposed to varying
amounts of Sip (0-0.5 pg protein/ml) exhi-
bit a dose-dependent reduction in their
ability to proliferate in response to Con
A (Fig. 1). In the presence of 0.12 pg/ml of
Sip, (*H)-thymidine incorporation was
inhibited 32.7%; inhibition increased to
52.9% and 74.4% in the presence of
0.25 pg/ml and 0.5 pg/ml of Sip, respec-
tively.

In addition to (*H)-thymidine incorpora-
tion, propidium iodide in conjunction with
flow cytometry was employed to assess
cell cycle progression in Sip-treated cells.
As shown in Fig. 2(A), 97.3% of lympho-
cytes incubated in medium alone were
found in the G¢/G; phase of the cell cycle.
Treatment with PHA led to entry of cells
into the cell cycle (Fig.2B); 58.0% of the
cells were in the Go/G, phase, 34.6% in the
S phase, and 7.4% in the G,/M phase. In
contrast, cells pre-exposed to 0.25 pg/ml
of Sip were blocked from entering the S,
and G,/M phases; 75.1% of the cells were
in the Go/G; phase, 19.9% in the S phase
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Fig. 2. Cell cycle analysis of Sip-treated cells. HPBMC were incubated with medium alone (panel
A), PHA (panel B), PHA and Sip (0.25 pg protein/ml; (panel C)) or PHA and Sip (0.5 pg/ml; (panel
D)) for 72h. The cells were then stained with propidium iodide as described in Materials and
methods. Cell cycle analysis was performed by flow cytometry; at least 10,000 cells were assessed per
sample. Numbers in each panel represent the mean+ SD for cell cycle distribution (%) of five

experiments each performed in triplicate.

and 5.0% in the G,/M phase (Fig.2C).
Inhibition of cell cycle progression was
further exacerbated by exposure to
0.5 pg/ml Sip; 87.7% of the cells were
in the Gy/G, phase, 8.6% in the S phase
and 4.6% in the G,/M phase (Fig. 2D). To
determine if cells were activated in the
presence of Sip, we needed to distinguish
between the Gy and G; phases. Therefore,
we next conducted dual parametric cell
cycle analysis in which DNA content
was assessed using Hoechst 33342 fluor-
escence along with total protein (FITC
fluorescence) or total RNA (pyronin Y
fluorescence) content. As shown in
Fig.3(A), 90.1% of cells incubated in med-
ium alone remain in the Gy phase, which
is characterized by diploid DNA content
(dim Hoechst 33342 fluorescence) and low
protein content (dim FITC fluorescence).
In contrast, PHA activation leads to a dis-
tribution in which cells were found in all
phases of the cell cycle; 56.3% in the Gg
phase, 17.7% in the G, phase (diploid DNA
content and increased FITC fluorescence),
14.7% in the S phase and 11.3% in the
G,/M phase (high Hoechst 33342 and
FITC fluorescence (Fig.3B)). In the pre-
sence of Sip, 58.7% of the cells were found
in the Gy phase and 31.2% in the G phase;
the remainder of the cells (9.1%) were
distributed among the S and G,/M phases
(Fig. 3C). Analysis of DNA (Hoechst 33342)
and RNA content (pyronin Y) showed a
similar pattern of cell cycle distribution.
Non-activated lymphocytes (medium only)
were found primarily in the Gy phase
((92.7%); Fig.3(D); PHA activation led
to 45.0% of the cells in the G; phase,
12.4% in the S phase, and 14.8% in the
G,/M phase (Fig.3E). In contrast, PHA
activation in the presence of Sip resulted
in 36.8% in the Gy phase, 52.9% in the
G phase and 5.1% and 5.2% in the S and
G,/M phases, respectively (Fig. 3F).

The preceding experiments suggest that
in the presence of Sip, lymphocytes are
indeed activated by PHA; however, the
cells are not able to progress beyond the
G, phase of the cell cycle. To further
demonstrate that cells were activated in
the presence of Sip and progressed from
Gy to the G; phase, we assessed other
events associated with this phase of
lymphocyte activation. Specifically, we
focused on the expression of two proteins
associated with transition through the G
phase of the cell cycle; the activation
inducer molecule, CD69, and the interleu-
kin-2 receptor (IL-2R), CD25. As shown in
Fig. 4(B,E), PHA-activated T-cells exhibit
increased expression of CD69 (73.2%) and
CD25 (52.3%). This compares with 6.5%
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Fig. 3. Dual parameter cell cycle analysis of
Sip-treated cells. Lymphocytes were incubated
with medium alone (panels A and D), PHA
(panels B and E), or PHA and 0.25 pg pro-
tein/ml of SIP (panels C and F) for 72 h. Cells
were then stained with Hoechst 33342 and FITC
(panels A—C) or pyronin Y (panels D-F) and
analyzed by flow cytometry as described in
Materials and methods. Results are displayed
as contour plots and are representative of three
experiments; 10,000 cells were analyzed per
sample. The percentage of cells in each phase
of the cell cycle is indicated in the panels.

(CD69) and 6.4% (IL-2R) in non-activated
cells (Fig.4A,D). Sip failed to influence
the percentage of lymphocytes expressing
these activation markers; 84.1% and 65.3%
of the cells expressed CD69 and CD25,
respectively (Fig.4C,F). The level of
CD69 and CD25 expression in Sip-treated
cells was also comparable to that of PHA-
treated cells; the mean channel fluores-
cence was 307.6 (CD69) and 81.5 (CD25)
for PHA-treated cells and 238.0 (CD69)
and 87.5 (CD25) for Sip-treated cells.

In a final series of experiments, we fo-
cused on the fate of Sip-treated cells by
determining whether lymphocytes become
apoptotic following exposure to the im-
munoinhibitory protein. Apoptosis was
assessed by analyzing cells for two hall-
marks of this form of cell death: DNA
fragmentation and caspase activation.
DNA fragmentation was measured using
the TUNEL assay. As shown in Fig. 5(A)
and 9.6% of cells treated with PHA alone
exhibit DNA fragmentation; in contrast,
DNA fragmentation was detected in
39.6% of Sip-treated cells (Fig. 5B). Cas-
pase activation was assessed using the
fluorescent tripeptide caspase inhibitor,
FAM-VAD-FMK, which binds to the
active site of several activated caspases
(caspase-1, -2, -3, -4, -5, -6, -7, -8 and -9).
In the presence of PHA, 24.0% of the
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Fig. 4. Effect of Sip on lymphocyte expression of CD69 and CD25. Lymphocytes were incubated
with medium (panels A and D), PHA (panels B and E), or PHA and 0.25 pg/ml of Sip (panels C and F)
for 24 h; the cells were stained with anti-CD69 (panels A—C) or anti-CD25 (panels D-F) monoclonal
antibodies conjugated to FITC and analyzed by flow cytometry. The numbers in each panel represent
the percentage of positive cells; analysis gates were set so that >98% of cells stained with isotypic
control antibodies remained outside the positive region. Results are representative of three experi-
ments; at least 10,000 cells were analyzed per sample.
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Fig. 5. Assessment of DNA fragmentation.
HPBMC were treated with PHA (panel A) or
PHA and 0.25 pg protein/ml of Sip (panel B) and
incubated for 96 h. DNA fragmentation was mea-
sured using the TUNEL assay (dUTP-FITC fluor-
escence). The numbers in each panel represent
the percentage of cells exhibiting DNA fragmen-
tation and are representative of three experi-
ments; 5000 cells were assessed per sample.

lymphocytes contained activated caspases
(Fig. 6A); caspase activation increased to
49.2% in the presence of Sip (Fig.6B). It
should be noted that Sip-induced apoptosis
was observed at 96 h. No significant differ-
ence in cell death was observed between the
Sip-treated cells and the PHA control cells at
earlier time points (data not shown).

Discussion

In this study we have demonstrated that a
highly enriched preparation of Sip induces
a dose-dependent inhibition of mitogen-
induced lymphocyte (*H)-thymidine incor-
poration. Furthermore, cell cycle analysis
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Fig. 6. Assessment of caspase activation.
HPBMC were incubated for 96 h in the presence
of PHA (panel A) or PHA and 0.25 p.g protein/ml
of Sip (panel B). Caspase activation was monitored
by flow cytometry after staining with the caspase
inhibitor FAM-VAD-FMK. Data are plotted as
caspase activation (FAM-VAD-FMK fluores-
cence) versus relative cell number. The numbers
in each panel represent the percentage of positive
cells and are representative of three experiments;
5000 cells were assessed per sample.

indicates that Sip-treated lymphocytes
remain in the Go/G, phase of the cell cycle.
It is noteworthy that the single parametric
method initially employed for cell cycle
analysis did not enable us to distinguish
between the Gy and G, phases. However,
by employing dual parameter cell cycle
analysis based upon DNA content along
with either total RNA or protein levels, we
were able to demonstrate that Sip-treated
cells do indeed enter the cell cycle (Gl
phase), but fail to progress into the S phase
resulting in the accumulation of cells in the
G; phase. Sip-induced G; arrest was
further demonstrated by monitoring the
expression of the cell activation markers,
CD69 and CD25, which are upregulated as
cells pass through the early to mid-G,;
phase of the cell cycle. Our results demon-
strate that both CD69 and CD25 are
expressed in cells exposed to Sip at levels
comparable to PHA control cultures. Col-
lectively, these data support the conclusion
that lymphocytes are activated in the pre-
sence of Sip but are unable to progress
beyond the G1 phase of the cell cycle.

It is becoming increasingly evident that
perturbation of the cell cycle of host cells is
a common target utilized by a number of
pathogens. For instance, Helicobacter
pylori (34) has been shown to inhibit the
G; to S transition of gastric epithelial cells.
Likewise, we have demonstrated that
F. nucleatum produces an immunoinhibi-
tory protein that induces a mid-G; phase
arrest of human lymphocytes. Further-
more, the G, arrest is associated with the
failure to express cyclin D3 and PCNA
(29). Another bacterial toxin, produced by
Haemophilus ducreyi, induces fibroblasts
to arrest in the G, phase of the cell cycle
(5); the mechanism for the arrest has not
been determined. Furthermore, the family
of cytolethal distending toxins produced
by A. actinomycetemcomitans, Escherichia

coli, H.ducreyi and Campylobacter jejuni
induces G arrest in human T cells and other
cell lines (4, 6, 33, 39). Preliminary studies
suggest that the G, arrest is linked to activa-
tion of the G, checkpoint and is irreversible,
culminating in activation of the apoptotic
cascade.

We have not determined the precise
mechanism by which Sip induces G,
arrest. However, progression through the
cell cycle is regulated by the temporal
activation of a family of related protein
kinases, the cyclin-dependent kinases
((cdk), reviewed in (7) and (25)). While
the activity of these kinases normally fluc-
tuates in a tightly regulated fashion
throughout the cell cycle, the absolute
amount of protein remains relatively con-
stant. Instead, cdk activity is regulated by
the availability of cyclin partners, and in
some instances, dephosphorylation of the
kinase itself. With regards to the G, phase,
progression through this phase requires
activation of cdk4 and cdk2. Cdk4 activa-
tion regulates transit through mid to late-
Gy; this kinase requires the availability of
the D family of cyclins and PCNA to form
an active complex. Likewise, cdk2, which
regulates the late G; phase and transit into
the S phase, requires cyclin E and PCNA.
Failure to express adequate levels of
PCNA and the G; cyclins in a timely
fashion impairs the ability of cells to com-
plete the cell cycle and results in G arrest.
Indeed, preliminary results indicate that
Sip-treated cells exhibit reduced expres-
sion of cyclins D3, E and PCNA.

Delays in cell cycle progression, known
as checkpoints, occur at discrete points:
G;-S boundary, G,-M boundary and in the
S phase as well (23, 27). The checkpoints
are governed by a series of control systems
which are most commonly activated by
DNA damage. The purpose of these check-
points is to delay the cell cycle and allow
DNA repair to occur. The G, checkpoint
consists primarily of pS3 and p21; the latter
protein is a potent cdk inhibitor. Following
DNA damage, p53 levels increase as a
result of protein stabilization. This leads
to increased expression of p21, which in
turn binds to cdk and inhibits the active
complex. Inactivation of cdk leads to
reduced phosphorylation of Rb and results
in G, arrest (reviewed in 11, 23, 27). The
p21 peptide may also bind to PCNA, which
serves as a component of DNA polymerase
1. This implies that p21 has a dual role, as a
critical component of the G; checkpoint as
well as of the DNA repair apparatus. If
cells are unable to repair DNA damage,
then the checkpoint prevents them from re-
entering the cell cycle and instead may

lead to activation of the apoptotic cascade.
Alternatively, if cells are able to repair
DNA, they may then be released to com-
plete the cell cycle.

We have not determined if Sip directly
(or indirectly via DNA damage) activates
the G; checkpoint. Instead, we studied the
fate of G,-arrested cells by determining if
they undergo apoptosis. We first deter-
mined that Sip-treated cells exhibit DNA
fragmentation; this was not observed until
96 h after exposure to the inhibitory protein
whereas maximal G, arrest was detected at
72h. Thus it appears that G; arrest pre-
cedes activation of the apoptotic cascade.
DNA fragmentation represents the results
of a series of upstream events associated
with apoptosis and occurs relatively late in
the death process. Therefore, we also
assessed Sip-treated cells for earlier apop-
totic events such as caspase activation.
Indeed, we show that the family of
cysteine-aspartic acid specific proteases
are activated in cells 96 h following treat-
ment with Sip. In this study, we utilized a
tripeptide inhibitor, FAM-VAD-FMK to
measure caspase activation. This inhibitor
enters the cell and irreversibly binds to
activated caspases; however, this inhibitor
is not caspase specific and is able to detect
several activated caspases including cas-
pases -1, -2, -3, -4, -5, -6, -7, -8 and -9 (2).
In preliminary experiments, however, we
have utilized specific caspase inhibitors
and determined that caspases -8, -9, and
-3 are activated in Sip-treated cells. Acti-
vation of caspase-8 leads to perturbation of
mitochondrial function and translocation
of cytochrome c to the cytosol. Cyto-
chrome ¢ normally resides in the inter-
membrane space of the mitochondria and
its release into the cytosol is linked to the
development of the mitochondrial perme-
ability transition state and the activation of
downstream caspases -9 and -3 (12, 18,
41). Collectively, our data indicate that
Sip-induced G arrest is followed by cell
death. Thus, we infer that Sip-induced G,
arrest leads to activation of the G;-S check-
point and irreversible cell cycle arrest.

There is increasing evidence that the
host immune system is a target of many
human pathogens. Avoidance or modula-
tion of the immune response by pathogens
may be a critical event in determining the
outcome of numerous infectious processes.
Bacterially derived immunosuppressive
factors, such as Sip, could lead to a state
of hyporesponsiveness that favors estab-
lishment or colonization by the initiat-
ing organism or by other opportunistic
organisms. As previously mentioned,
T. denticola has been implicated in the



pathogenesis of several diseases and is also
considered to be an opportunistic organism
infecting compromised patients. Our data
demonstrate that Sip acts as an immuno-
toxin by disrupting the ability of T- cells to
properly progress through the cell cycle; the
arrested cells eventually become apoptotic.
This disturbance could, in turn, adversely
affect the development of normal immuno-
logic defense mechanisms. We propose that
such immunologic perturbation could con-
tribute to the pathogenesis of diseases asso-
ciated with 7. denticola infection.
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