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Our laboratory has reported on a biphasic pattern of nuclear factor kB (NF-kB) activation in cultured
human umbilical vein endothelial cells during infection with Rickettsia rickettsii, an obligate, intracellular
bacterium, and the etiologic agent of Rocky Mountain spotted fever. Transcriptional activation of the tissue
factor (TF) gene during this infection has been shown to involve NF-kB. To further understand the signal
transduction events underlying these phenomena, we studied the role of protein kinase C (PKC), a ubiquitous
family of phospholipid-dependent enzymes implicated in the regulation of a variety of cell signaling pathways.
Two inhibitors of PKC, namely, bisindolylmaleimide I hydrochloride (BM-1) and calphostin C, which exhibit
different inhibitory properties towards various isozymes of PKC, were used. Infection of cells with R. rickettsii
in the presence of BM-1 (50 nM) did not significantly affect NF-kB, whereas calphostin C (2.5 mM) completely
blocked the early phase of NF-kB activation. The late, sustained phase also was not affected by treatment with
BM-1. Downregulation of phorbol ester-sensitive PKCs by long-term treatment with phorbol 12-myristate
13-acetate (PMA) did not inhibit NF-kB activation. Likewise, this downregulation had no effect on induction
of TF activity. The activity of TF was, however, sensitive to BM-1 and calphostin C, whereas expression of TF
mRNA was inhibited only by calphostin C. Overall, these results suggest the lack of involvement of classical
PKC pathways in R. rickettsii-induced NF-kB activation but the possible involvement of a non-PMA-responsive
PKC isoform in the posttranscriptional control of TF expression.

Infection of cultured vascular endothelial cells (EC) with
Rickettsia rickettsii, an obligate, intracellular, and gram-nega-
tive bacterium, results in the expression of a proinflammatory
and procoagulant cellular phenotype characterized by the in-
duction of tissue factor (TF; factor III, thromboplastin) (33,
39), E-selectin (32), interleukin-1a (IL-1a) (34), and plasmin-
ogen activator inhibitor-1 (8, 27). Since the endothelial cell is
the primary target of infection, these alterations likely contrib-
ute significantly to the vascular pathology associated with the
human rickettsial disease, Rocky Mountain spotted fever.

The transcription factor, nuclear factor kB (NF-kB), con-
trols the expression of many genes involved in responses to
injurious or inflammatory stimuli, including TF, E-selectin, and
interleukins (20, 22, 29, 42) and appears to participate as a
major regulator of the host cell response to rickettsial infec-
tion. Indeed, NF-kB activation mediates R. rickettsii-induced
expression of prothrombotic TF (28), a cell surface receptor
and essential cofactor for coagulation factor VII, which is an
important initiator of intravascular coagulation (1). Its activa-
tion is also required to inhibit host cell apoptosis during infec-
tion (4), probably by inducing expression of survival factors.
NF-kB is a ubiquitous family of transcription factors which
resides in the cell cytoplasm bound to a member of the family
of structurally related inhibitor proteins known as IkB. Upon
appropriate stimulation, IkB is phosphorylated on specific
serine residues which targets it for degradation by the protea-
some (31), thus exposing nuclear translocation sequences and
DNA-binding domains. R. rickettsii infection of endothelial
cells results in a biphasic pattern of NF-kB activation, with an

early transient phase evident at about 3 h, with a decline back
to basal levels by 14 h, followed by a second, sustained phase
appearing at 18 to 24 h (35). Aside from the fact that activation
requires intracellular uptake of viable organisms (35), little is
known about signaling pathways involved in R. rickettsii-in-
duced activation of NF-kB.

Although activation of NF-kB is a common response of the
host cell to a variety of infectious agents, including Mycobac-
terium tuberculosis (40), Shigella flexneri (9), Listeria monocyto-
genes (13, 14), Salmonella typhimurium (15), parasitic protozo-
ans such as Theileria parva (18), and many viruses (31), little is
known about the intracellular signaling pathways involved. S.
typhimurium infection of cultured intestinal epithelial cells was
recently reported to trigger activation of mitogen-activated
protein (MAP) kinases, ERK, JNK, and p38, and such activa-
tion could be linked to the resulting nuclear responses includ-
ing interleukin-8 (IL-8) expression (15). L. monocytogenes in-
vasion also activates several host cell MAP kinases (37), but
involvement of these kinases in NF-kB activation has not been
explored. Yersinia pseudotuberculosis, on the other hand, inhib-
its NF-kB activation in its host by a mechanism involving the
YopJ protein (26).

Several studies have suggested a role for protein kinase C
(PKC), a family of structurally related, phospholipid-depen-
dent, serine-threonine kinases (17), in the activation of NF-kB
by infectious agents and other stimuli. The persistent but not
the initial activation of NF-kB by respiratory syncytial virus
involves signaling through PKC (3). Lysophosphatidylcholine,
an atherogenic phospholipid, induces biphasic activation of
NF-kB, and its effect is partly mediated through a PKC-depen-
dent pathway (36). Furthermore, activated PKC itself is suffi-
cient to induce NF-kB activation in vitro (30). Exploring the
potential involvement of PKC in R. rickettsii-induced NF-kB
activation is a logical first step in elucidation of signal trans-
duction pathways. In the present study, we have utilized phar-
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macologic inhibitors of PKC as well as phorbol ester-induced
downregulation of this enzyme to investigate whether R. rick-
ettsii-induced activation of NF-kB and TF expression in the
host endothelial cell involve PKC.

(A portion of this work was presented at the American
Society for Microbiology conference entitled “A Cell Biology
Approach to Microbial Pathogenesis” held in Portland, Oreg.,
1999.)

MATERIALS AND METHODS

Reagents. Bisindolylmaleimide I hydrochloride (BM-1; GF 109203X; Gö
6850), phorbol 12-myristate 13-acetate (PMA), calphostin C, H7 dihydrochlo-
ride, and staurosporine were obtained from Sigma Chemical Co. (St. Louis,
Mo.). Stock concentrations of BM-1 and calphostin C were prepared in dimethyl
sulfoxide, and PMA was dissolved in ethanol. TRI Reagent was purchased from
Molecular Research Center, Inc., Cincinnati, Ohio. [g-32P]ATP (3,000 Ci/mmol)
was obtained from Dupont NEN (Boston, Mass.).

Cell culture. Human umbilical vein EC were isolated as described previously
(10) and cultured in McCoy’s 5a medium (Flow Laboratories, McLean, Va.)
supplemented with 20% fetal bovine serum, EC growth supplement (50 mg/ml;
Collaborative Research Inc., Bedford, Mass.), heparin (100 mg/ml; Sigma), and
insulin (25 mg/ml; Sigma). All experiments used cells at passage 2, which were
plated so as to achieve confluence after 4 to 5 days in culture.

Infection with R. rickettsii and treatment with inhibitors. Near-confluent cell
cultures were infected with R. rickettsii as previously described (35). The Sheila
Smith strain of R. rickettsii was used as a plaque-purified seed stock (1 3 107 to
5 3 107 PFU/cm2) prepared in Vero cells (African green monkey kidney; Amer-
ican Type Culture Collection, Rockville, Md.). EC were infected with approxi-
mately 6 3 104 PFU/cm2 of cell culture area, and infection was monitored on
cells cultured in parallel on Thermanox plastic coverslips (33). To study the
effects of treatments, cells were incubated with the desired concentrations of the
inhibitor in complete culture medium for 1 h at 37°C prior to and during
infection with R. rickettsii.

Preparation of nuclear extracts and gel shift analysis. After infection and/or
inhibitor treatment, EC nuclei were isolated, and nuclear proteins were extracted
as previously described (35). Approximately 2 3 106 EC were used per experi-
mental condition. The protein concentration in the nuclear extracts was mea-
sured by using the Bradford reagent (Bio-Rad, Hercules, Calif.) and typically
ranged between 0.2 and 0.5 mg/ml. HeLa cell nuclear extracts containing acti-
vated NF-kB (Promega Corporation, Madison, Wis.) were used as controls for
all gel shift experiments. Gel shift analyses were performed with the Promega
Gel Shift Assay System according to the manufacturer’s specifications by using 2
mg of nuclear protein for each gel shift reaction. A double-stranded oligonucle-
otide containing consensus NF-kB binding sequence (59-AGT TGA GGG TTT
CCC AGG C-39) was end labeled with [g-32P]ATP by using T4 polynucleotide
kinase, as instructed by the manufacturer (Promega). Competition studies were
performed by adding a 10-fold molar excess of unlabeled oligonucleotide to the
reaction mixture prior to the addition of radiolabeled probe. Reaction mixtures
were analyzed on 4% nondenaturing polyacrylamide gels in 0.53 TBE (89 mM
Tris-HCl, pH 8.0; 89 mM boric acid; 2 mM EDTA) as the running buffer.
Electrophoresis was performed at 100 V for 2 to 3 h, followed by drying of the
gel at 80°C under vacuum and visualization of DNA-protein complexes by au-
toradiography for 12 to 18 h.

Semiquantitative RT-PCR. Total RNA was isolated from EC cultured in
25-cm2 flasks by using Tri Reagent (Molecular Research Center, Inc., Cincinnati,
Ohio) according to the manufacturer’s protocol. Total RNA (0.5 mg) was then
reverse-transcribed by using Superscript RNase H reverse transcriptase (RT;
Bethesda Research Laboratories, Gaithersburg, Md.) and amplified by using
standard PCR protocols in a Perkin-Elmer Cetus Thermal Cycler. The cycles
comprised an initial incubation at 95°C for 105 s followed by cycling at 95°C for
30 s, 65°C for 30 s, and 72°C for 60 s, with a final incubation at 72°C for 7 min.
The nucleotide sequences of the primers used were as follows: TF forward
primer, 59-ACT CCC CAG AGT TCA CAC CTT ACC-39; TF reverse primer,
59-TGA CCA CAA ATG CCA CAG CTC C-39 (398-bp product); and glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) forward primer, 59-CCA CCC
ATG GCA AAT TCC ATG GCA-39; GAPDH reverse primer, 59-TCT AGA
CGG CAG GTC AGG TCC ACC-39 (588-bp product). The amplification prod-
ucts, after completion of 25, 30, 35, and 40 cycles respectively, were separated by
electrophoresis on a 1.5% agarose gel, visualized by ethidium bromide staining,
and analyzed by comparison with a 1-kb DNA ladder (Gibco BRL).

Measurement of TF activity. EC cultured in 12-well plates were washed twice
with Tris-buffered saline (TBS; 0.05 M Tris, 0.1 M NaCl, pH 7.5) and lysed in
0.16 ml of TBS containing 10 mg of bovine serum albumin per ml. After three
freeze-thaw cycles, the TF activity in cell lysates was assayed by a two-stage
clotting assay (33). Results were quantitated based on a standard curve gener-
ated by using purified human brain TF reconstituted into phospholipid vesicles
(kindly provided by Yale Nemerson), as previously described (2, 25).

RESULTS

To explore the involvement of PKC during the early phase
of NF-kB activation during R. rickettsii infection, cultured en-
dothelial cells were infected for 3 h in the presence or absence
of a potent and highly specific inhibitor of PKC, BM-1 (Ki 5 10
nM) or calphostin C (50% inhibitory concentration 5 50 nM).
BM-1 (50 nM) was used to selectively inhibit the calcium-
dependent, phorbol ester-sensitive classical PKCs (cPKCs; a,
b, and g isozymes) (23, 41). Calphostin C interacts with the
common regulatory domain in all isozymes of PKC (19) and
inhibits the calcium-independent, phorbol ester-insensitive,
atypical PKCs (aPKCs, z and l) as well (12). A third class of
PKC isozymes, the novel PKCs (nPKCs, d and ε) do not re-
quire calcium but are phorbol ester responsive. Nuclear ex-
tracts were prepared, and activated NF-kB was measured by
gel shift assay with a 32P-labeled oligonucleotide probe. Very
low levels of activated NF-kB were present in the nuclear
extracts from uninfected endothelial cells. Treatment with the
inhibitors BM-1 and calphostin C alone did not alter this basal
level of activation. As reported previously (35), a 3-h infection
with R. rickettsii led to a dramatic increase in the intensity
of the gel-shifted complexes, indicating activation of NF-kB.
This activation was not affected by BM-1 but was completely
blocked by calphostin C (Fig. 1). Immunofluorescence staining
for R. rickettsii, performed in parallel by using cells cultured on
coverslips, indicated that these treatments had no effect on the
level of endothelial cell infection (not shown). Treatment of
cells with the PKC inhibitors, H7 or staurosporine, dramati-
cally enhanced basal levels of NF-kB activation (results not
shown) and thus could not be used to assess involvement of
PKC in R. rickettsii-induced responses.

Endothelial cells were preincubated with PMA (100 ng/ml)
for 48 h to downregulate and deplete the cells of PMA-sensi-
tive PKCs (11, 16). Cells were subsequently infected with R.
rickettsii (3 h) or challenged with PMA (20 ng/ml). As shown in
Fig. 2, in the absence of PMA downregulation, both R. rickettsii
infection (lane 2) and PMA stimulation (lane 3) resulted in
similar levels of NF-kB activation. PMA-pretreated endothe-
lial cells, as expected, were refractory to subsequent PMA
stimulation (lane 6). PMA pretreatment did not inhibit and

FIG. 1. Effect of PKC inhibitors on R. rickettsii-induced NF-kB activation.
Cultured endothelial cells were incubated with BM-1 or calphostin C (CC) for
1 h prior to and during a 3-h infection with R. rickettsii. Nuclear extracts were
prepared, and activation of NF-kB was measured by gel shift analysis by using a
32P-labeled oligonucleotide containing a consensus NF-kB binding sequence. A
10-fold molar excess of unlabeled oligonucleotide was added (1 cold) to dem-
onstrate specificity of complex formation. Autoradiographic exposures were typ-
ically for 18 to 24 h. The positions of gel-shifted NF-kB complexes and free probe
are indicated. NS represents a nonspecific and noninducible complex.
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actually appeared to potentiate the activation response to
R. rickettsii infection (lane 5). The extent of endothelial cell
infection was not affected by pretreatment of cells with PMA
(not shown). These results, in conjunction with the inhibitor
studies described above, suggest that R. rickettsii-induced
NF-kB activation occurred independently of the involvement
of PMA-sensitive PKCs, which include the classical and novel
PKC isoforms. Furthermore, since BM-1 treatment had no
effect on the level of activation seen during the late phase of R.
rickettsii-induced NF-kB activation (not shown), it is likely that
classical PKCs are similarly not involved in this phase as well.
It was not possible to assess the effects of calphostin C on the
late phase of activation, since its complete inhibitory effect on
the early phase led to rapid host cell loss by apoptosis.

The effects of BM-1, calphostin C, and PMA downregulation
of PKC on R. rickettsii-induced expression of TF procoagulant
activity were then studied. As reported previously, infection of
endothelial cells for 8 h resulted in enhanced expression of TF
activity (28). Untreated endothelial cells expressed very low
basal levels of TF activity. As expected, based on its ability to
block R. rickettsii-induced NF-kB activation, calphostin C ab-
rogated R. rickettsii-induced TF activity in a dose-dependent
manner. Surprisingly, treatment of cells with BM-1 (25 and 50
nM), which did not inhibit R. rickettsii-induced NF-kB activa-
tion, also resulted in substantial, dose-dependent inhibition of
R. rickettsii-induced TF activity (Fig. 3). Downregulation of the
phorbol ester-responsive PKCs by prolonged PMA treatment,
however, had no effect on R. rickettsii-induced TF activity,
whereas it completely blocked the response to a second chal-
lenge with PMA (Fig. 4).

To determine whether BM-1 blocked the induced expression
of TF activity by preventing transcriptional activation of the TF
gene, steady-state levels of TF mRNA were measured by semi-
quantitative RT-PCR. Total RNA was isolated from endothe-
lial cells infected for 4 h and from uninfected cells (control) in
the presence or absence of BM-1 (50 nM). As previously re-
ported, R. rickettsii infection caused an increase in TF mRNA
levels (28). BM-1 treatment resulted in no apparent decrease
in R. rickettsii-induced levels of TF mRNA (Fig. 5A). Calphos-
tin C, however, completely blocked TF mRNA expression (Fig.
5B), a result consistent with its inhibitory effect on R. rickettsii-
induced NF-kB activation. Neither R. rickettsii infection nor

the presence of either inhibitor affected steady-state levels of
the housekeeping mRNA species, GAPDH.

DISCUSSION

Studies were undertaken to explore the potential involve-
ment of PKC in R. rickettsii-induced activation of NF-kB and
TF expression in endothelial cells. Two inhibitors of PKC,
BM-1 and calphostin C, each of which displays unique struc-
tural characteristics, inhibitory properties, and mode of action,
were employed. BM-1 inhibits PKC by competing for the ATP
binding site and, at the concentrations used in this study, ex-
hibits high selectivity for classical isoforms of PKC (Ki 5 10
nM). It can inhibit other isozymes, including atypical PKCs,
but only at much higher concentrations; it has little effect on
cyclic AMP-dependent protein kinase, myosin light-chain ki-
nase, or phosphorylase kinase and is inactive against tyrosine
kinases (41). BM-1 had no effect on the degree of NF-kB
activation induced by infection, either at the peak of the early
phase (3 h) (Fig. 1) or during the late, sustained phase of
activation (18 h) (results not shown). Calphostin C, which

FIG. 2. Effect of downregulation of phorbol ester-sensitive PKCs on R. rick-
ettsii-induced NF-kB activation. Activated NF-kB was assayed by gel shift anal-
ysis of nuclear extracts derived from the following EC samples: untreated, un-
infected EC (f/f); EC infected with R. rickettsii in the absence of PMA
pretreatment (f/Rr); EC challenged with PMA (20 ng/ml) in the absence of
PMA pretreatment (f/PMA); EC pretreated with PMA (100 ng/ml) with no
subsequent challenge or infection (PMA/f); EC pretreated for 48 h with PMA
(100 ng/ml), followed by R. rickettsii-infection (3 h) (PMA/Rr); and EC pre-
treated for 48 h with PMA (100 ng/ml), followed by PMA (20 ng/ml) challenge
for 30 min (PMA/PMA).

FIG. 3. Effect of PKC inhibitors on R. rickettsii-induced TF activity. The
effects of increasing concentrations of calphostin C and BM-1 on R. rickettsii-
induced expression of TF procoagulant activity are shown. Untreated endothelial
cells expressed low levels of TF activity, whereas a 10- to 20-fold increase in
expression occurred after 8 h of infection with R. rickettsii. Within each experi-
ment, the percent TF activity was calculated, with the amount present in R.
rickettsii-infected EC (8 h) in the absence of inhibitor assigned a value of 100%.
Results shown represent the mean 6 the standard error of the mean (SEM) from
three separate experiments performed in duplicate. p, P , 0.05, pp, P , 0.02;
ppp, P , 0.002. P values were calculated in relation to results with no inhibitor
present during infection.

FIG. 4. Effect of downregulation of PMA-sensitive PKCs on R. rickettsii-
induced TF activity. EC were treated with PMA (100 ng/ml) for 48 h and infected
with R. rickettsii for 8 h or else rechallenged with PMA (20 ng/ml). PMA and R.
rickettsii-induced TF activities in untreated EC were assigned a value of 100%
(open bars), and changes are expressed relative to this value (shaded bars). The
values shown are the mean 6 the SEM (n $ 9).
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inhibits PKC by competing at the binding site of diacylglycerol
and phorbol esters, is known to inhibit atypical PKCs (12) and
completely blocked R. rickettsii-induced activation of NF-kB
(Fig. 1). Consistently, prolonged treatment with the phorbol
ester, PMA, which downregulates and depletes cells of classical
and novel PKC isoforms, but not atypical PKCs (11, 16), did
not diminish NF-kB activation induced by R. rickettsii infection
(Fig. 2).

Taken together, these results argue strongly against the in-
volvement of classical (a, b, and g), as well as novel (d and ε),
PKC isoforms in R. rickettsii-induced NF-kB activation. In-
volvement of an atypical PKC such as PKCz remains a likely
possibility since this diacylglycerol-insensitive and calcium-in-
dependent isozyme of PKC is not activated or downregulated
by exposure to PMA (5) and is not inhibited by BM-1 at the
concentrations used and yet is blocked by calphostin C. PKCz
is thought to be required for the activation of NF-kB in mam-
malian cells (21), possibly through the activation of an IkB
kinase leading to the phosphorylation and inactivation of IkBa
(7). Further, overexpression of PKCz is sufficient to activate
NF-kB, and transfection of NIH 3T3 fibroblasts with a kinase-
defective dominant-negative mutant of PKCz dramatically
blocks kB-dependent transactivation (6).

Expression of the procoagulant protein, TF, is an important
consequence of NF-kB activation, since its expression could
contribute to the inflammatory and thrombotic consequences
of disease. NF-kB controls expression of many genes involved
in rapid responses of endothelial cells to injury or inflamma-
tory signals, including E-selectin, interleukin-1 (IL-1), and tis-
sue factor. We have previously demonstrated that R. rickettsii
infection induces NF-kB-dependent TF expression (28). An
active infection is necessary for turning on the signaling ma-
chinery leading to these phenomena since treatment of EC
with cytochalasin B, which causes inhibition of rickettsial entry
into the host cell without eliminating adherence of the organ-
isms to the surface by disrupting cell’s actin cytoskeleton, in-
hibited activation of NF-kB by about 70% and eliminated the
TF response (33, 35). Similarly, rendering R. rickettsii nonin-

fective by tetracycline treatment or UV exposure also elimi-
nated TF induction (33). Rickettsial lipopolysaccharide (LPS)
also appears not to function in the signaling events resulting in
transcriptional activation, since adsorption of suspensions of
intact, viable R. rickettsii on polymyxin B had no significant
effect on TF expression (33).

The role of PKC in the induced expression of endothelial
cell TF has been investigated in response to several stimuli,
with no clear consensus on its involvement. The PKC inhibi-
tors, H7 and sphingosine, blocked expression of TF activity in
response to tumor necrosis factor alpha (TNF-a), IL-1, LPS,
and stimulation with allogenic T-cell subpopulations. PMA
downregulation of PKC, however, did not block expression of
TF activity in response to LPS and IL-1 (24). In the present
study, TF activity during R. rickettsii infection was completely
unaffected by PMA-induced downregulation (Fig. 4). Further
analysis of R. rickettsii-induced TF mRNA and functional ac-
tivity in the presence of the PKC inhibitors BM-1 and calphos-
tin C revealed that PKC may be involved as an important
mediator in the expression of TF at the levels of mRNA as well
as the protein.

While our studies suggest that R. rickettsii-induced activation
of NF-kB likely involves an atypical PKC, it appears that the
expression of TF activity on the cell surface may be regulated
at the posttranscriptional level. Although expression of TF
activity during R. rickettsii infection was insensitive to PMA-
induced downregulation of PKC (Fig. 4), it was inhibited by
BM-1 in a concentration-dependent manner (Fig. 3). It was
interesting, however, that BM-1 had no significant inhibitory
effect on R. rickettsii-induced expression of TF mRNA (Fig.
5A), indicating that its effect is not exerted at the level of gene
expression. It is not yet clear whether BM-1-mediated inhibi-
tion of TF activity is specific to or independent of its PKC
inhibitory activity. In contrast, calphostin C, which has been
shown to inhibit TF mRNA expression in response to IL-1a
and TNF-a (38), had an almost complete inhibitory effect on
the mRNA and activity levels of TF. It was recently reported
that NF-kB-induced expression of IkBa after stimulation with

FIG. 5. (A) Effect of BM-1 on R. rickettsii-induced expression of TF mRNA. Levels of TF mRNA (398-bp product) and GAPDH mRNA (588-bp product) were
analyzed in total RNA samples prepared from uninfected EC (Control), uninfected EC in the presence of BM-1 (Control 1 BM-1), R. rickettsii-infected EC (RR), and
infected EC in the presence of BM-1 (RR 1 BM-1) by RT-PCR analysis with specific primer pairs. The amplification products generated after 30 amplification cycles
are shown. (B) Effect of calphostin C (CC) on R. rickettsii-induced expression of TF mRNA. Levels of TF mRNA and GAPDH mRNA were analyzed in total RNA
preparations from R. rickettsii-infected EC (RR), infected EC in the presence of CC (RR 1 CC), uninfected EC (Control), and uninfected EC in the presence of CC
(Control 1 CC) by RT-PCR analysis with the primer sequences described in Materials and Methods.
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IL-1a, but not TNF-a, involves PKC-dependent, posttranscrip-
tional regulation of the IkBa transcript. Specifically, inhibition
of PKCa resulted in nuclear retention of this mRNA species
(12). R. rickettsii-induced expression of TF appears to be at
least partially regulated by a similar mechanism, perhaps in-
volving one or more isozymes of PKC. It is important to note
that the inhibitor studies described here do not reveal the
entire spectrum of activation of various PKC isoforms during
infection. Such studies may reveal that more than one isozyme
of PKC is activated, perhaps at various times throughout the
course of infection, but particular isozymes are involved in the
various steps leading to the altered host cell phenotype.

NF-kB activation likely constitutes a pivotal event in R.
rickettsii-induced activation of the host endothelial cell. The
data presented clearly suggest that NF-kB activation occurs
independently of classical PKCs but likely involves a phorbol
ester-insensitive, atypical isoform. Since PKC isotypes are
unique with respect to their primary structure, expression pat-
terns, and responsiveness to extracellular ligands and might
have separate and unique functions in the cell (17), the result-
ant change in cell phenotype may be influenced by other mech-
anisms involving PKC isozymes that are exerting a regulatory
influence at the posttranscriptional level.
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