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Figure 8. B. henselae-induced CXCLS8 production assayed by ELISA. (A) B.
henselae induced CXCL8 production from human umbilical vein endothelial cells
(HUVEC) and; human microvascular endothelial cells (HMEC-1). (B) B. henselae-
induced CXCLS8 production from hepatocytes (HepG2). (C) B. henselae-induced
CXCLS8 production from monocyte-derived macrophages (THP-1). (Un=Uninfected

cells; Bh=B. henselae-infected cells; *P<0.001).
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CXCR2 levels were around four times higher in B. henselae-infected cells than in
uninfected cells (Fig. 9A, B). B. henselae causes CXCL8 production from macrophages,
endothelial cells, and hepatocytes; B. henselae also induces CXCL2 expression in
endothelial cells, indicating a putative autocrine mechanism during B. henselae infection

of endothelial cells.

Effect of Blocking CXCLS8 on B. henselae-Induced Endothelial Cell Proliferation.

B. henselae causes more endothelial cell proliferation at MOIs of under 50 than at
higher MOIs (77). This is most likely due to a cytotoxic effect from a factor coded by the
virB operon at higher MOIs. However, other aspects of B. henselae-induced
angiogenesis such as inhibition of apoptosis, capillary tube formation, and NFkB-
dependent proinflammatory activation correlate positively with bacterial numbers(42, 43,
72). Since it has been reported that CXCLS directly mediates endothelial cell survival
and proliferation (46), we examined the role of CXCLS8 in B. henselae-induced HUVEC
proliferation (Fig. 10A). Cells were incubated with B. henselae (MOI of 50) or rtCXCLS8
(100 ng/ml). Cells were also treated with anti-human CXCLS or a control IgG1 (10
pg/ml). After 3 days, pictures were taken of the wells (Fig. 9A) and cells were counted
(Fig. 10B). Both B. henselae and rCXCL8 induced proliferation as compared to
unstimulated cells. The presence of a CXCL8 antibody quenched the proliferative effect
of B. henselae and rCXCLS, while an isotype control did not. These data point to a

putative role for CXCLS8 during B. henselae-induced proliferation.
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Figure 9. CXCR2 expression in HUVEC. (A) RNA was extracted from uninfected
and B. henselae-infected HUVEC and subjected to semi-quantitative RT-PCR. (B)
Scanning densitometry determined the relative intensities of CXCR2 expression when
normalized to B-actin house-keeping gene expression. Relative CXCR2 induction was
measured as a ratio of CXCR?2 to B-actin when this ratio in uninfected cells was

normalized to 1. (UN=uninfected HUVEC,; BH= B. henselae-infected HUVEC).
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Figure 10. Effect of CXCL8 on HUVEC proliferation in response to B.
henselae. HUVEC were uninfected (UN) or infected with B. henselae (BH) or
incubated with rCXCLS8 in either the presence or absence of a neutralizing anti-
CXCLS antibody or an isotype control (mouse IgG1) for 3 days. (A) Digital
pictures of typical phase-contrast microscopic fields. (B) Cell proliferation

expressed as a graph of average cell number per high-powered field. *P<0.008.
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Role of CXCLS8 in B. henselae-Induced Endothelial Cell Survival.

The balance between Bax (apoptotic) and Bcl-2 (anti-apoptotic) is important for
endothelial cell survival or apoptosis. We examined HUVEC infected with B. henselae
at an MOI of 100 for expression of Bcl-2 family members Bcl-2 and Bax. CXCLS8
induces increased Bcl-2 expression and decreased Bax expression (53). While it has been
reported that B. henselae inhibits apoptosis of HUVEC though inhibition of caspases
(43), the Bcl-2 and Bax levels in uninfected and B. henselae-infected HUVEC have not
been previously compared. We examined Bax and Bcl-2 levels in HUVEC by real-time
PCR. We found that B. henselae-infected HUVEC had almost undetectable levels of Bax
expression and about four times enhanced Bcl-2 expression (Fig. 11A) when compared
with uninfected controls and normalized to a B-actin housekeeping gene. This increased
Bcl-2/Bax ratio probably biases the cell into an anti-apoptotic state. We examined the
role of CXCL8 on B. henselae-enhanced HUVEC survival. When anti-CXCL8 was
added to HUVEC in the presence of B. henselae, the anti-apoptotic response of the cells
decreased markedly (Fig. 11B, C). Bax levels were raised about fivefold in the presence
of anti-CXCLS8 but not in the presence of control IgG1 (Fig. 11B). Conversely, Bcl-2
levels induced by B. henselae infection dropped six fold in the presence of a CXCLS8
neutralizing antibody (Fig. 11C). These results reveal a possible autocrine role for

CXCLS8 in B. henselae-stimulated endothelial cell survival.
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Figure 11. Effect of anti-CXCLS8 on inhibition of HUVEC apoptosis induced by
B. henselae. (A) B. henselae causes enhanced Bcl-2 expression and decreased Bax
expression in HUVEC. Results are expressed as relative expression units, a ratio of
amounts of Bcl-2 or Bax transcripts to B-actin transcript amounts. (B) Bax expression
reduced by B. henselae is increased in the presence of a neutralzing antibody to
CXCLS. (C) Bcl-2 expression increased by B. henselae is decreased in the presence
of anti-CXCLS. (UN=uninfected HUVEC; BH=B. henselae—infected HUVEC;

rCXCL=rCXCLS-treated HUVEC; *P<0.01).
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Role of CXCLS in B. henselae-Induced Capillary Tube Formation.

In vitro angiogenesis assays have revealed a pro-angiogenic response of HUVEC
to B. henselae infection (42). HUVEC infected with B. henselae seeded on a GFR
matrigel exhibited advanced capillary tube formation when compared to uninfected
HUVEC (Fig. 12). HUVEC incubated with rCXCLS also showed enhanced capillary
tube formation. When anti-CXCL8 was present in the matrigel, the capillary tube
formation was visibly diminished (Fig. 12). The presence of an isotype control, however,
had no such effect on tube formation. These data delineate further an autocrine role for

CXCLS8 during B. henselae infection.

B. henselae Secreted Proteins (BHSP) Contain GROEL and BadA.

B. henselae secreted proteins have been implicated in endothelial cell
proliferation (59). However, the TFSS encoded by the virB operon is not responsible for
endothelial cell proliferation, and is turned on only inside the endothelial cell (77, 79).
Thus in order to avoid this cytotoxic effect and study simply the effect of TFSS-
independent secreted proteins, we isolated secreted proteins (SP) from B. henselae
conditioned media as described in Materials and Methods. The proteins were analyzed
by electrophoresis and tested for the presence of GROEL, a heat shock protein that is
potentially secreted, and BadA, an immunogenic adhesion (Fig. 13A, B), by western blot
and dot blot, respectively. Both proteins were present in the SP fractions. The presence

of GROEL was expected, as it has been previously found in conditioned media from B.
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Figure 12. Effect of anti-CXCLS8 on B. henselae-induced capillary formation
in a GFR matrigel. HUVEC were infected with B. henselae (BH) or uninfected
(UN) and seeded on a GFR matrigel containing no antibody, a control antibody
(mouse IgG1, 10 pg/ml), or anti-CXCLS8 (10 pg/ml). Uninfected HUVEC were
then either stimulated with CXCL8 (100 ng/ml) or left alone. Pictures were taken

after 24 hours.
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Figure 13. B. henselae secreted proteins (BHSP) contain BadA and GROEL.
BHSP were analyzed by western blot for GROEL (A) and dot blot for BadA (B). A
medium control (MC) served to rule out non-specific antibody binding to proteins in
the medium. Secreted proteins from a BadA mutant (ABadA) were also used as a

negative control for the BadA dot blot.
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henselae (63). However, the presence of BadA was unexpected since it is an adhesin;
perhaps it is shed from the bacteria during liquid culture. Thus we identified two

potentially important proteins in the B. henselae secreted protein (BHSP) fraction.

BHSP Induce a Proliferative Response in HUVEC.

There has been controversy in the literature concerning whether bacteria-host cell
contact is needed for endothelial cell proliferation to occur (20, 59). Therefore we tested
the ability of BHSP to cause proliferation in HUVEC. At a concentration of 250 pg/ml,
the BHSP caused HUVEC proliferation, while a medium control (MC) at the same
concentration did not (Fig. 14A, B). The proliferative response was almost 3 times that
of untreated controls. In addition, the morphology of the cells incubated with BHSP was
similar to the morphology of HUVEC when they are infected with B. henselae at MOls
of 50 or lower. They are elongated and display morphology consistent with proliferating

cells in the presence of VEGF (77).

BHSP Induce an Intracellular Ca** Response in HUVEC.

Ca®" signals play a key role in angiogenesis and other cellular processes (2). We
tested the ability of BHSP to induce a Ca*" rise in HUVEC. Interestingly, when 250 pg
BHSP were added to HUVEC, intracellular Ca** concentrations rose rapidly to 100 nM
(Fig. 15A). When a medium control was added to HUVEC, there was no Ca’' rise (Fig.
15A). The peak Ca*" concentrations were significantly different (P<0.05) from base

levels (Fig. 15B).
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Figure 14. BHSP cause HUVEC proliferation. HUVEC were incubated with a
medium control (MC) or BHSP (250 pg/ml) and incubated 96 hours. Cells were
viewed by inverted microscope and pictures were taken to view qualitative cell

numbers (A). Five fields per well were counted and the average number for media

controls was normalized to 1 (B).
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Figure 15. BHSP cause a Ca’* rise in HUVEC. BHSP were added to HUVEC
mounted on a coverslip and intracellular Ca®" was quantified as described in Materials
and Methods. (A) One HUVEC Ca’" response to BHSP (250 pg/ml) and a medium
control (MC). (B) The average peak and baseline Ca*" levels were compared for all

cells. (*P<0.05; results are expressed as the mean plus one standard deviation).

53



BHSP Induce an Intracellular Ca** Response in HUVEC from Intracellular Stores.
In order to determine if the intracellular Ca** response from HUVEC resulted
from extracellular Ca*" entering the cell or from Ca®" mobilization from intracellular
stores, we tested the Ca®* response to BHSP under various conditions. Under
extracellular Ca**-free conditions (0 Ca”"), the Ca®" response did not change significantly
(Fig. 16A, B) upon application of BHSP. Thus the Ca*" response derived from inside the
cell. Next we preincubated HUVEC with 1 pM thapsigargin (THAPS), a Ca®* ATPase
inhibitor which depletes intracellular Ca** stores (10, 83). In the presence of the
inhibitor, the Ca®" levels did not increase in response to BHSP (Fig. 15A) and the peak
values of Ca®" concentration were significantly lowered (Fig. 16B, P<0.05). Therefore
the BHSP-derived Ca* response in HUVEC derives from intracellular Ca®" pools, which

have been implicated as the crucial Ca®* pool for angiogenesis (10, 80, 83).

BHSP-Induced HUVEC Proliferation Requires Ca’".

Given that intracellular Ca*" is important for angiogenesis and that BHSP induce
such a high concentration of intracellular Ca*" as well as HUVEC proliferation, we
investigated whether HUVEC proliferation induced by BHSP would still occur in the
presence of a Ca>" chelator, BAPTA/AM. After 10 minute pre-incubation with
BAPTA/AM at concentrations of 1 pM BAPTA/AM or equivalent volumes of a DMSO
vehicle control, the cells were washed and BHSP or medium controls were added. In the
presence of BAPTA/AM, the HUVEC proliferation was reduced almost 50% (Fig. 17).

We also determined that whole B. henselae-induced proliferation is also lowered when
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Figure 16. BHSP cause a Ca’* rise in HUVEC from intracellular stores.
HUVEC were either incubated with 1 uM thapsigargin(THAP) for 30 minutes
followed by incubation with FURA-2-AM (20 uM), or incubated with FURA-2-
AM and assayed in Ca*'-free conditions. BHSP were added to HUVEC and
intracellular Ca®" was quantified as described in Materials and Methods. (A)
Responses to BHSP from cells assayed with Ca*" present (control), cells assayed
in the absence of Ca*" (0 Ca), and cells incubated with 1 uM thapsigargin
(THAPS). (B) The average peak and baseline Ca>" levels were compared for all

cells. Results are expressed as the mean plus one standard deviation. (*P<0.05).
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Figure 17. Ca** signaling is important for BHSP-mediated HUVEC
proliferation. HUVEC were preincubated with 1 pM BAPTA/AM or a DMSO
vehicle control. A medium control (MC) or BHSP were added to HUVEC at
indicated concentrations 250 pg/ml, or cells were infected at an MOI of 50 with B.
henselae (BH). After 72 hours, cells were photographed and five high-powered

fields (HPF) were counted and averaged (*P<0.02; **P<0.04).
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HUVEC are pre-incubated with BAPTA/AM. Consequently, intracellular Ca®" is

important for BHSP- and live B. henselae-induced HUVEC proliferation.

BHSP Induce CXCLS8 Production from HUVEC.

We have determined that CXCLS plays an autocrine role in B. henselae —induced
endothelial cell survival, proliferation, and capillary tube formation. In order to
determine if the BHSP were inducing proliferation through CXCLS8 production, we tested
the ability of BHSP to induce CXCL8 production from HUVEC. When BHSP were
added to HUVEC, the CXCLS levels increased (Fig. 18A). CXCLS8 production did not
increase in the presence of a medium control. Additionally, when BAPTA/AM was
added to HUVEC before addition of BHSP, the CXCLS levels dropped significantly (Fig.
18B). These data indicate a role for intracellular Ca®" activity in CXCL8 production

mediated by BHSP.

57



60
E 50 |
S
E 40 |
Z 30-
£
o 20
- |
>
o 10 -
UN MC100 MC250 BHSP100 BHSP250
B 70 - B DMSO
“BAPTA
m d{
50 |
40 {

CXCLS production (pg/ml)

UN | MC | M.C | Mé | BHéP! BHSP: BHIéP

ugmi  — 100 250 500 100 250 500
Figure 18. BHSP induce CXCLS production from HUVEC. (A) HUVEC were
incubated with a medium control (MC) or BHSP at indicated concentrations (pg/ml)
for 24 hours. Supernatants were collected and ELISA was performed. (B) HUVEC
were preincubated with BAPTA/AM or DMSO control. BHSP or media controls
were added at shown concentrations (pg/ml) and supernatants were collected after

24 hours and ELISA was performed. *P<0.03.
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Discussion

B. henselae, the etiologic agent of CSD, is a fastidious, gram-negative, oxidase-
negative, aerobic bacillus (11, 13). B. henselae infections cause a range of symptoms
from lymphadenopathy (CSD) to systemic disease. The severity of the disease tends to
relate to immune status. Immunocompromised patients such as AIDS patients, chronic
alcoholics, or immunosuppressed people can develop systemic disease. However,
immunocompetent patients may still present with systemic bacteremia, endocarditis, and

bacillary angiomatosis.

B. henselae can cause vascular proliferative lesions (5) into which macrophages
infiltrate during infection (49, 50, 64). In the paracrine and autocrine model of B.
henselae-induced angiogenesis (Fig. 2), macrophages are implicated as effector cells;
upon stimulation by B. henselae, they secrete VEGF and other endothelial cell mitogens
(71). Concurrently, endothelial cells upregulate pro-angiogenic factors such as
chemokines, inhibit apoptosis through inhibition of caspases (44), and upregulate
adhesion molecules (32) which may promote proliferation. In this study we investigated
the endothelial cell mediators of angiogenesis which are induced upon infection with B.
henselae. Specifically, we determined that B. henselae (1) upregulates MCP-1
production, which brings the effector cell macrophage into the site of infection, where it

secretes VEGF and CXCL8 which would promote angiogenesis; (ii) induces CXCL8
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production and CXCLS8 receptor CXCR2 expression, which promotes angiogenesis in an
autocrine manner by enhancing endothelial cell survival, endothelial cell proliferation,
and capillary tube formation; and (iii) causes an intracellular Ca’' rise from intracellular
pools which leads to NFxB-directed pro-inflammatory activation and endothelial cell
proliferation. These mediators of angiogenesis which are induced by the bacterium
probably play a pivotal role in B. henselae-induced angiogenesis. When the additional
factors from peripheral cells are considered, a model of B. henselae-induced angiogenesis
emerges (Fig. 19).

Macrophages and monocytes infiltrate lesions caused by BA (49, 50, 64).
Macrophages secrete VEGF upon B. henselae infection, which probably contributes to
angiogenesis during infection (41, 71). We investigated the mechanism by which the
macrophage is brought into the site of infection by examining the expression and
production of the chemokine MCP-1 from B. henselae-infected HMEC-1. MCP-1 is a
member of the C-C chemokine family and is produced and secreted by monocytes,
fibroblasts, and vascular endothelial cells. MCP-1 then interacts with its CCR2B receptor
on monocytes and macrophages to cause chemotaxis (16). MCP-1 can also directly
promote angiogenesis. When tumor cells are transfected with mcp-1 gene and injected
into a murine model, angiogenesis is stimulated (68). In addition, MCP-1 implants
induce angiogenesis in a rabbit cornea (88). During B. henselae infection, MCP-1
released from endothelial cells, most likely in addition to other factors, causes chemotaxis
of monocytes and macrophages to the site of infection, thereby promoting an angiogenic

state by recruiting the effector cell.
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Figure 19. Endothelial cell mediators of angiogenesis during B. henselae
infection. This model depicts the mediators of angiogenesis that are induced
by B. henselae from endothelial cells (EC). When ECs are infected with B.
henselae (BH), MCP-1 is produced and recruits macrophages (M), which
secrete VEGF when they are infected. CXCLS is also produced from ECs,
leading to enhanced EC survival and capillary tube formation. BH secretes
proteins (BHSP), which induce a Ca*" spike from intracellular stores and
contribute to NFkB-dependent CXCLS8 production and EC proliferation.

These mechanisms culminate in B. henselae-induced angiogenesis.
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Bacterial pathogens such as E. coli, Orientia tsutsugamushi, and Porphorymonas
gingivalis increase chemokine production and secretion (18, 45, 99). MCP-1 is induced
in HMEC-1 in response to B. henselae infection (Fig. 4). Both mRNA and protein levels
are upregulated; mRNA levels are higher than uninfected controls in B. henselae-infected
HMEC-1 at 6 and 24 hours after infection, while protein levels in infected cells are higher
at 6, 24, and 48 hours after infection. Furthermore, supernatants from B. henselae-
infected HMEC-1 caused chemotaxis of THP-1 monocytes (Fig. 7). Thus the levels of
MCP-1 produced by HMEC-1 in response to B. henselae infection in vitro are sufficient
to function as a chemoattractant for monocytes. Results also reveal that the bacterial
factor which causes MCP-1 production is probably a heat stable molecule.

The LPS of B. henselae has recently been characterized as containing a lipid A
possessing features known to reduce endotoxicity, including a pentaacyl lipid A and a
long-chain fatty acid (97). B. henselae LPS induces TLR4 1000-fold lower than
Salmonella enterica sv. Friedenau LPS (97). In addition, LPS from B. quintana, which is
likely quite similar to B. henselae LPS, induces GRO-CINC-1 in rats but not TNF in rats
or human whole blood (62). B. henselae LPS also does not induce TNF in cats. In this
study, the addition of polymyxin B sulfate to B. henselae before infection of HMEC-1 did
not reduce MCP-1 production; however, polymyxin B sulfate had a significant lowering
effect on E. coli-induced MCP-1 production (Fig. 4). These data corroborate with the
low endotoxicity of LPS from Bartonella spp. to imply a limited or nonexistent role for
LPS in B. henselae-induced MCP-1 production.

Toll-like receptors activated by various microbial products can cause expression
and production of chemokines (23, 24, 57), including MCP-1 (76). LPS, a TLR4 agonist,

62



causes MCP-1 production in a TLR4-dependent manner (89). Most studies confirm that
MCP-1 production is TLR4-mediated, and usually caused by LPS in a bacterial infection.
However, recently it was discovered that TLR4-deficient and TLR4-competent mice have
the same MCP-1 response to infection by Leishmania major (6), which is known to cause
chemokine production early in infection (40). Our findings indicate that MCP-1
production in response to B. henselae infection is not TLR4-dependent (Fig. 5A). In
contrast, E. coli LPS-induced MCP-1 production was lowered in the presence of a TLR4
monoclonal antibody. These data suggest the possibility of an alternate pathway to TLR4
activation for the MCP-1 production from B. henselae-infected HMEC-1. Furthermore,
these results again exclude B. henselae LPS from a role in MCP-1 production. HMEC-1
express TLR1, TLR3, TLR4, and TLRS but express TLR2 very weakly, which is why
they are unresponsive to TLR2 ligands (25). Thus the MCP-1 production investigated in
this study is probably not TLR4- or TLR2-mediated. Other TLR or similar receptor
pathways must be investigated to pinpoint the exact mechanism of MCP-1 induction in
HMEC-1 in response to B. henselae.

The mcp-1 gene contains binding sites for both NFkB and AP-1 (73, 91), and both
transcription factors have been implicated in mcp-1 expression (18, 94). It has been
established that B. henselae induces NFxB-dependent upregulation of adhesion molecules
in HUVEC independent of LPS (32). The findings from our study suggest the
independence of MCP-1 expression and protein production from B. henselae LPS. In
addition, we used two NF«B inhibitors to determine whether MCP-1 protein production
requires NFkB activation. Diverse NFkB inhibitors have been used with HMEC-1
previously in similar experiments (18). PDTC is an antioxidant that inhibits the
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phosphorylation of IkB (66, 78) and TPCK inhibits proteosome-dependent degradation of
inhibitory peptides (58). Consequently, through the use of these inhibitors, we
demonstrated that MCP-1 production caused by B. henselae in HMEC-1 is NFkB-
dependent (Fig. 5B).

OMPs of B. henselae are important for pathogenesis (14, 32). Data presented
here reveal the ability of B. henselae Houston-1 OMPs, specifically OMPs of low
molecular weight, to enhance production of the C-C chemokine MCP-1 from HMEC-1
(Fig. 6A). This upregulation is again independent of LPS, as shown by incubation of
OMP-1 with polymyxin B sulfate before addition to HMEC-1 (Fig. 6B). These data
point to a heat-stable low molecular weight OMP of B. henselae Houston-1 that
contributes at least in part to B. henselae-induced MCP-1 production from endothelial
cells. Further studies are needed in order to specify the putative OMP that causes MCP-1
upregulation in endothelial cells.

We have described upregulation of gene expression and protein production of the
chemokine MCP-1 in response to B. henselae infection. This stimulation of HMEC-1 is
independent of B. henselae LPS and toll-like receptor 4 but dependent on NF«B activity.
MCP-1 produced by infected HMEC-1 most likely contributes to the ability of
conditioned media from these cells to induce monocyte chemotaxis. The recruitment of
macrophages by MCP-1 produced from infected endothelial cells could have broad
implications on mechanisms of angiogenesis during this infection. Specifically, the
macrophage effector cell which secretes VEGF and other angiogenic factors is brought to
the site of infection. Pathogenic angiogenesis provides actively growing target cells for

B. henselae in an enriched vascularized microenvironment, and while the specific role of
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MCP-1 induction in this phenomenon is not completely understood, we suggest that
recruitment of the monocyte/macrophage effector cell is an important component of the
pathway.

Angiogenesis is a complex process involving several key steps. These steps
include (i) inhibition of endothelial cell apoptosis, (i1) endothelial cell proliferation, (iii)
breakdown of the extracellular matrix by MMPs, and (iv) capillary tube formation.
CXCLS8 can promote each of these steps. Since B. henselae upregulates CXCLS8
production from endothelial cells (21, 71), we investigated a putative autocrine role for
CXCLS in B. henselae-induced angiogenesis.

There are conflicting reports on whether endothelial cells actively proliferate or
whether they simply exhibit enhanced survival in the presence of B. henselae (43, 77).
Endothelial cell proliferation in BA most likely comes from a combination of inhibition
of apoptosis and mitogenic stimulation. In addition, endothelial cell proliferation and
angiogenesis probably result from the effects of the bacterium on both the endothelial
cells and peripheral cells such as epithelial cells and macrophages (41, 71). While this
particular study focuses on the autocrine role of CXCLS, a paracrine role should not be
overlooked as many cell types produce CXCLS8 after infection with B. henselae (Fig. 8).
Furthermore, the bacterium causes an upregulation of expression of one of the CXCLS8
receptors, CXCR2 (Fig. 9). This may represent a mechanism by which the effects of
CXCLS on the endothelial cell are enhanced because the receptor is present at elevated
levels. When the fact that CXCLS8 production is upregulated from endothelial and other

cells is combined with the information that CXCR2 expression is also enhanced during
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endothelial cell infection, a model emerges whereby CXCLS signaling is extremely
elevated in the endothelial cell during B. henselae infection.

The balance between Bax and Bcl-2 is important for endothelial cell survival or
apoptosis. CXCLS induces an increase in Bcl-2 expression and a decrease in Bax
expression, most likely favoring survival over apoptosis in endothelial cells (52). It has
been shown that B. quintana can modulate the cell-programmed death of HUVEC-C by
increasing Bcl-2 expression (54). In this study, we examined expression of two Bcl-2
family members, Bcl-2 (anti-apoptotic) and Bax (apoptotic) in HUVEC by real time RT-
PCR. In the presence of B. henselae, Bax is decreased and Bcl-2 is increased (Fig. 11A).
These increases and decreases are quite dramatic alone; however, when the ratio of Bel-2
to Bax is considered, the comparison is even more drastic. This is the first report of B.
henselae mediating Bax and Bcl-2 expression in endothelial cells. In addition, the data
reveal a possible role for CXCLS in this prevention of apoptosis since the presence of
anti-CXCLS8 abrogates the higher Bcl2 levels and the lower Bax levels induced by B.
henselae (Fig. 11B, C).

These data also implicate CXCLS as a mediator of endothelial cell proliferation
and capillary tube formation during infection. Both aspects of angiogenesis were
decreased in the presence of a CXCLS neutralizing antibody (Figs. 10, 12). However,
other mechanisms are probably also involved in proliferation, including the activity of
growth factors such as VEGF from other cells. It has been shown that while B. henselae
cause endothelial cells to proliferate, this proliferation is inhibited at higher MOls as a
result of a cytotoxic effect from the B. henselae TFSS (77). Our proliferation results
agreed with this phenomenon; at MOIs above 50, endothelial cell proliferation was
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decreased. However, the other aspects of angiogenesis (capillary tube formation,
enhanced endothelial cell survival, and CXCL8 production) increased at an MOI of 100
when compared to an MOI of 50 (data not shown). These results suggest that the
cytotoxic effect of the products of the virB does not have an effect on expression of Bcl-2
family members or capillary tube formation. Thus the pro-angiogenic effect of B.
henselae may consist of a complicated fusion of many host cell and bacterial factors.
Nevertheless, CXCL8 seems to play an autocrine and possible paracrine role in B.
henselae-induced angiogenesis, representing a mechanism by which the bacterium causes
upregulation of CXCLS thereby increasing its survival by expanding its host cell
reservoir. An assessment of the contribution of each of these in vifro components toward
the overall angiogenesis mediated by B. henselae is still unfinished, and it will require
extensive in vivo and in vitro studies.

B. henselae secreted proteins (BHSP), or conditioned media, have been shown to
induce endothelial cell proliferation (59). These proteins are isolated from B. henselae
grown on chocolate agar and resuspended in liquid medium for 24 hours. There is a
cytotoxic effect from the TFSS of B. henselae, which mediates secretion of BepD into
endothelial cells (80), at MOIs above 50. When a virB mutant is used to infect HUVEC,
the proliferation is 4-fold higher than with wildtype B. henselae (77). Thus it was
determined that the TFSS triggers a cytotoxic effect in HUVEC. The virB promoter is
only active inside the cell; B. henselae containing a GFP reporter construct driven by the
virB promoter are not green outside of the cell (79). BHSP therefore contain only low

levels, if any, of TFSS-transported proteins.
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NF«B activation links the upregulation of MCP-1 and CXCLS during B. henselae
infection. Thus we investigated upstream of NF«B activation by examining the
intracellular Ca®* response to bacterial secreted proteins. In this study we determined that
BHSP in fact cause endothelial cell proliferation (Fig. 14) and that this proliferation is
dependent on Ca** signaling, since in the presence of the Ca*” chelator BAPTA/AM
HUVEC proliferation was lowered (Fig. 17). Additionally, we demonstrated that BHSP
induce a Ca*" elevation in HUVEC, while a medium control did not have the same effect
(Fig. 15). Furthermore, we showed that the origin of the Ca** response to BHSP is an
intracellular store, since the intracellular Ca" store inhibitor thapsigargin abolished the
BHSP-induced Ca®* rise in HUVEC (Fig. 16).

CXCLS is an important mediator of angiogenesis and is important for HUVEC
survival and capillary tube formation during B. henselae infection of HUVEC. Since the
BHSP induced HUVEC proliferation, we sought to ascertain whether BHSP induce
CXCLS production from HUVEC. In the presence of BHSP, CXCLS production was
raised about four times higher than a medium control (Fig. 18A, P<0.001). However, the
CXCLS levels in the presence of BHSP did not increase above 100 pg/ml (Fig. 18A, B).
These CXCLS levels are lower than those elicited by live B. henselae (Fig. 8). Thus the
question arises: Are these CXCLS levels sufficient to cause HUVEC proliferation or is
there another proliferative pathway activated by BHSP? In fact, during proliferation
assays, HUVEC are seeded at a low density (10° HUVEC/well of a 96-well plate) in
order to allow for proliferation over 3-4 days. Thus while MOIs of live bacteria take into
account the cell numbers, the concentrations of BHSP are determined as pg/ml.

Therefore during proliferation assays, higher CXCLS levels may be elicited as a result of
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lower numbers of cells. Unfortunately, since the HUVEC proliferate over 3 or 4 days,
measurement of CXCLS levels would be skewed as there are more cells in BHSP-treated
wells. Additionally, the BHSP are present for 3 days and may cause more CXCL8
production over that time course. Consequently, we propose that while the CXCLS8
responses to BHSP were not as robust as the response to live B. henselae, these levels
may be sufficient to cause HUVEC proliferation. CXCLS8 production enhanced by BHSP
was lowered in the presence of a Ca®" chelator BAPTA/AM (Fig. 18B). NFkB activation
can be mediated by intracellular Ca** signaling, and BHSP induction of CXCLS appears
to be Ca**-dependent.

The factor which induces the Ca®" rise and subsequent effects is still unknown.
We determined that BHSP contain BadA and GROEL (Fig.13), both which are important
during B. henselae infection of endothelial cells (63, 72). BadA binds to the extracellular
matrix proteins collagen, laminin, and fibronectin (72). This could be responsible for the
Ca®" rise in HUVEC. GROEL is mitogenic for endothelial cells, which may contribute to
HUVEC proliferation and CXCLS8 production mediated by BHSP. The TFSS mediates
CXCLS production in HUVEC as well (77); perhaps low levels of some of the effectors
translocated by the TFSS are present in the BHSP or the components on the bacterial
membrane are present in BHSP. Further studies are necessary to determine the factor
responsible for proliferation and CXCL8 production, including proteomic analysis of the
BHSP and functional assays of these species present in BHSP.

We propose that the BHSP experiments may evolve into an animal model of B.
henselae-induced angiogenesis. A rhesus macaque model of B. quintana infection was

developed in which the levels of bacteria mimicked human infection (98). No infection
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model in mice has been successfully developed; Arvand et.al. showed bacterial presence
up to one week after infection in C57/BL6 mice (8), after which the bacteria were
cleared. Perhaps the BHSP could be used in an angiogenic model such as an in vivo
matrigel in mice or the chicken embryo assay, which may circumvent the problems
associated with clearance of B. henselae during mice infection.

Endothelial cell mediators of angiogenesis induced by B. henselae contribute to
the overall pathology in B. henselae infection. In this study we identified three mediators
of angiogenesis induced from the endothelial cell as a result of bacterial factors: MCP-1,
which brings the macrophage effector cell into the site of infection; CXCL8, which
directly promotes angiogenesis in an autocrine manner; and intracellular Ca®" activity,
which contributes to endothelial cell proliferation and NFkB activation. These factors
and others from peripheral cells culminate in the unique angiogenic lesions seen during
B. henselae infection in the immunocompromised. A better understanding of how B.
henselae causes angio-proliferation could lead to the development of improved
therapeutics and contribute to the understanding of interactions between intracellular

bacteria and host cells.

70



Literature Cited

Ades, E. W., F. J. Candal, R. A. Swerlick, V. G. George, S. Summers, D. C.
Bosse, and T. J. Lawley. 1992. HMEC-1: establishment of an immortalized
human microvascular endothelial cell line. J Invest Dermatol 99:683-90.

Alessandro, R., L. Masiero, L. A. Liotta, and E. C. Kohn. 1996. The role of
calcium in the regulation of invasion and angiogenesis. In Vivo 10:153-60.

Alsmark, C. M., A. C. Frank, E. O. Karlberg, B. A. Legault, D. H. Ardell, B.
Canback, A. S. Eriksson, A. K. Naslund, S. A. Handley, M. Huvet, B. La
Scola, M. Holmberg, and S. G. Andersson. 2004. The louse-borne human
pathogen Bartonella quintana is a genomic derivative of the zoonotic agent
Bartonella henselae. Proc Natl Acad Sci U S A 101:9716-21.

Anderson, B. E., and M. A. Neuman. 1997. Bartonella spp. as emerging human
pathogens. Clin Microbiol Rev 10:203-19.

Anderson, B. E., and M. A. Neuman. 1997. Bartonella spp. as emerging human
pathogens. Clin Microbiol Rev 10:203-19.

Antoniazi, S., H. P. Price, P. Kropf, M. A. Freudenberg, C. Galanos, D. F.
Smith, and I. Muller. 2004. Chemokine gene expression in toll-like receptor-

competent and -deficient mice infected with Leishmania major. Infect Immun
72:5168-74.

Arbeit, J. M., D. C. Olson, and D. Hanahan. 1996. Upregulation of fibroblast
growth factors and their receptors during multi-stage epidermal carcinogenesis in
K14-HPV16 transgenic mice. Oncogene 13:1847-57.

71



10.

1.

12.

13.

14.

15.

Arvand, M., R. Ignatius, T. Regnath, H. Hahn, and M. E. Mielke. 2001.
Bartonella henselae-specific cell-mediated immune responses display a

predominantly Th1 phenotype in experimentally infected C57BL/6 mice. Infect
Immun 69:6427-33.

Batterman, H. J., J. A. Peek, J. S. Loutit, S. Falkow, and L. S. TompKkins.
1995. Bartonella henselae and Bartonella quintana adherence to and entry into
cultured human epithelial cells. Infect Immun 63:4553-6.

Birkett, S. D., J. Y. Jeremy, S. M. Watts, N. Shukla, G. D. Angelini, and C. A.
McArdle. 1999. Inhibition of intracellular Ca2+ mobilisation by low

antiproliferative concentrations of thapsigargin in human vascular smooth-muscle
cells. J Cardiovasc Pharmacol 33:204-11.

Birtles, R. J., T. G. Harrison, N. A. Saunders, and D. H. Molyneux. 1995.
Proposals to unify the genera Grahamella and Bartonella, with descriptions of
Bartonella talpae comb. nov., Bartonella peromysci comb. nov., and three new
species, Bartonella grahamii sp. nov., Bartonella taylorii sp. nov., and Bartonella
doshiae sp. nov. Int J Syst Bacteriol 45:1-8.

Branley, J., C. Wolfson, P. Waters, T. Gottlieb, and R. Bradbury. 1996.
Prevalence of Bartonella henselae bacteremia, the causative agent of cat scratch
disease, in an Australian cat population. Pathology 28:262-5.

Brenner, D. J., S. P. O'Connor, H. H. Winkler, and A. G. Steigerwalt. 1993.
Proposals to unify the genera Bartonella and Rochalimaea, with descriptions of
Bartonella quintana comb. nov., Bartonella vinsonii comb. nov., Bartonella
henselae comb. nov., and Bartonella elizabethae comb. nov., and to remove the
family Bartonellaceae from the order Rickettsiales. Int J Syst Bacteriol 43:777-86.

Burgess, A. W,, and B. E. Anderson. 1998. Outer membrane proteins of
Bartonella henselae and their interaction with human endothelial cells. Microb
Pathog 25:157-64.

Carbone, M., H. 1. Pass, P. Rizzo, M. Marinetti, M. Di Muzio, D. J. Mew, A.
S. Levine, and A. Procopio. 1994. Simian virus 40-like DNA sequences in
human pleural mesothelioma. Oncogene 9:1781-90.

72



16.

17.

18.

19.

20.

21.

22.

23.

24.

Charo, I. F., S. J. Myers, A. Herman, C. Franci, A. J. Connolly, and S. R.
Coughlin. 1994. Molecular cloning and functional expression of two monocyte

chemoattractant protein 1 receptors reveals alternative splicing of the carboxyl-
terminal tails. Proc Natl Acad Sci U S A 91:2752-6.

Chenoweth, M. R., C. E. Greene, D. C. Krause, and F. C. Gherardini. 2004.
Predominant outer membrane antigens of Bartonella henselae. Infect Immun
72:3097-105.

Cho, N. H., S. Y. Seong, M. S. Choi, and I. S. Kim. 2001. Expression of
chemokine genes in human dermal microvascular endothelial cell lines infected
with Orientia tsutsugamushi. Infect Immun 69:1265-72.

Chomel, B. B., R. C. Abbott, R. W. Kasten, K. A. Floyd-Hawkins, P. H. Kass,
C. A. Glaser, N. C. Pedersen, and J. E. Koehler. 1995. Bartonella henselae
prevalence in domestic cats in California: risk factors and association between
bacteremia and antibody titers. J Clin Microbiol 33:2445-50.

Conley, T., L. Slater, and K. Hamilton. 1994. Rochalimaea species stimulate
human endothelial cell proliferation and migration in vitro. J Lab Clin Med
124:521-8.

Dehio, C. 2003. Recent progress in understanding Bartonella-induced vascular
proliferation. Curr Opin Microbiol 6:61-5.

Dehio, C. 2005. Bartonella-host-cell interactions and vascular tumour formation.
Nat Rev Microbiol 3:621-31.

Doyle, S., S. Vaidya, R. O'Connell, H. Dadgostar, P. Dempsey, T. Wu, G.
Rao, R. Sun, M. Haberland, R. Modlin, and G. Cheng. 2002. IRF3 mediates a
TLR3/TLR4-specific antiviral gene program. Immunity 17:251-63.

Fan, J., and A. B. Malik. 2003. Toll-like receptor-4 (TLR4) signaling augments
chemokine-induced neutrophil migration by modulating cell surface expression of
chemokine receptors. Nat Med 9:315-21.

73



25.

26.

27.

28.

29.

30.

31.

32.

Faure, E., O. Equils, P. A. Sieling, L. Thomas, F. X. Zhang, C. J. Kirschning,
N. Polentarutti, M. Muzio, and M. Arditi. 2000. Bacterial lipopolysaccharide
activates NF-kappaB through toll-like receptor 4 (TLR-4) in cultured human
dermal endothelial cells. Differential expression of TLR-4 and TLR-2 in
endothelial cells. J Biol Chem 275:11058-63.

Felder, C. C., L. MacArthur, A. L. Ma, F. Gusovsky, and E. C. Kohn. 1993.
Tumor-suppressor function of muscarinic acetylcholine receptors is associated

with activation of receptor-operated calcium influx. Proc Natl Acad Sci U S A
90:1706-10.

Filip, C., G. Fletcher, J. L. Wulff, and C. F. Earhart. 1973. Solubilization of
the cytoplasmic membrane of Escherichia coli by the ionic detergent sodium-
lauryl sarcosinate. J Bacteriol 115:717-22.

Flore, O., S. Rafii, S. Ely, J. J. O'Leary, E. M. Hyjek, and E. Cesarman. 1998.
Transformation of primary human endothelial cells by Kaposi's sarcoma-
associated herpesvirus. Nature 394:588-92.

Foley, J. E., B. Chomel, Y. Kikuchi, K. Yamamoto, and N. C. Pedersen. 1998.
Seroprevalence of Bartonella henselae in cattery cats: association with cattery
hygiene and flea infestation. Vet Q 20:1-5.

Folkman, J., and Y. Shing. 1992. Angiogenesis. J Biol Chem 267:10931-4.

Fournier, P. E., H. Lelievre, S. J. Eykyn, J. L. Mainardi, T. J. Marrie, F.
Bruneel, C. Roure, J. Nash, D. Clave, E. James, C. Benoit-Lemercier, L.
Deforges, H. Tissot-Dupont, and D. Raoult. 2001. Epidemiologic and clinical
characteristics of Bartonella quintana and Bartonella henselae endocarditis: a
study of 48 patients. Medicine (Baltimore) 80:245-51.

Fuhrmann, O., M. Arvand, A. Gohler, M. Schmid, M. Krull, S. Hippenstiel,
J. Seybold, C. Dehio, and N. Suttorp. 2001. Bartonella henselae induces NF-
kappaB-dependent upregulation of adhesion molecules in cultured human

endothelial cells: possible role of outer membrane proteins as pathogenic factors.
Infect Immun 69:5088-97.

74



33.

34.

35.

36.

37.

38.

39.

40.

41.

Furutani, Y., H. Nomura, M. Notake, Y. Oyamada, T. Fukui, M. Yamada, C.
G. Larsen, J. J. Oppenheim, and K. Matsushima. 1989. Cloning and

sequencing of the cDNA for human monocyte chemotactic and activating factor
(MCAF). Biochem Biophys Res Commun 159:249-55.

Griffioen, A. W., and G. Molema. 2000. Angiogenesis: potentials for
pharmacologic intervention in the treatment of cancer, cardiovascular diseases,
and chronic inflammation. Pharmacol Rev 52:237-68.

Haake, D. A., T. A. Summers, A. M. McCoy, and W. Schwartzman. 1997.
Heat shock response and groEL sequence of Bartonella henselae and Bartonella
quintana. Microbiology 143 ( Pt 8):2807-15.

Hanahan, D., and J. Folkman. 1996. Patterns and emerging mechanisms of the
angiogenic switch during tumorigenesis. Cell 86:353-64.

Houpikian, P., and D. Raoult. 2001. 16S/23S rRNA Intergenic Spacer Regions
for Phylogenetic Analysis, Identification, and Subtyping of Bartonella Species. J.
Clin. Microbiol. %R 10.1128/JCM.39.8.2768-2778.2001 39:2768-2778.

Inoue, K., J. W. Slaton, B. Y. Eve, S. J. Kim, P. Perrotte, M. D. Balbay, S.
Yano, M. Bar-Eli, R. Radinsky, C. A. Pettaway, and C. P. Dinney. 2000.
Interleukin 8 expression regulates tumorigenicity and metastases in androgen-
independent prostate cancer. Clin Cancer Res 6:2104-19.

Jackson, L. A., B. A. Perkins, and J. D. Wenger. 1993. Cat scratch disease in
the United States: an analysis of three national databases. Am J Public Health
83:1707-11.

Ji, J., J. Sun, and L. Soong. 2003. Impaired expression of inflammatory
cytokines and chemokines at early stages of infection with Leishmania
amazonensis. Infect Immun 71:4278-88.

Kempf, V. A., B. Volkmann, M. Schaller, C. A. Sander, K. Alitalo, T. Riess,
and I. B. Autenrieth. 2001. Evidence of a leading role for VEGF in Bartonella
henselae-induced endothelial cell proliferations. Cell Microbiol 3:623-32.

75



42.

43.

44,

45.

46.

47.

48.

49.

50.

Kirby, J. E. 2004. In vitro model of Bartonella henselae-induced angiogenesis.
Infect Immun 72:7315-7.

Kirby, J. E., and D. M. Nekorchuk. 2002. Bartonella-associated endothelial
proliferation depends on inhibition of apoptosis. Proc Natl Acad Sci U S A
99:4656-61.

Kirby, J. E., and D. M. Nekorchuk. 2002. Bartonella-associated endothelial
proliferation depends on inhibition of apoptosis. Proc Natl Acad Sci U S A
99:4656-61.

Kobayashi-Sakamoto, M., E. Isogai, and K. Hirose. 2003. Porphyromonas
gingivalis modulates the production of interleukin 8 and monocyte chemotactic
protein 1 in human vascular endothelial cells. Curr Microbiol 46:109-14.

Koch, A. E., P. J. Polverini, S. L. Kunkel, L. A. Harlow, L. A. DiPietro, V. M.
Elner, S. G. Elner, and R. M. Strieter. 1992. Interleukin-8 as a macrophage-
derived mediator of angiogenesis. Science 258:1798-801.

Koehler, J. E., C. A. Glaser, and J. W. Tappero. 1994. Rochalimaea henselae
infection. A new zoonosis with the domestic cat as reservoir. Jama 271:531-5.

Koehler, J. E., M. A. Sanchez, C. S. Garrido, M. J. Whitfeld, F. M. Chen, T.
G. Berger, M. C. Rodriguez-Barradas, P. E. LeBoit, and J. W. Tappero.

1997. Molecular epidemiology of bartonella infections in patients with bacillary
angiomatosis-peliosis. N Engl J Med 337:1876-83.

LeBoit, P. E., T. G. Berger, B. M. Egbert, J. H. Beckstead, T. S. Yen, and M.
H. Stoler. 1989. Bacillary angiomatosis. The histopathology and differential
diagnosis of a pseudoneoplastic infection in patients with human
immunodeficiency virus disease. Am J Surg Pathol 13:909-20.

LeBoit, P. E., T. G. Berger, B. M. Egbert, T. S. Yen, M. H. Stoler, T. A.
Bonfiglio, J. A. Strauchen, C. K. English, and D. J. Wear. 1988. Epithelioid
haemangioma-like vascular proliferation in AIDS: manifestation of cat scratch
disease bacillus infection? Lancet 1:960-3.

76



51.

52.

53.

54.

55.

56.

57.

58.

59.

Leonard, E. J., and T. Yoshimura. 1990. Human monocyte chemoattractant
protein-1 (MCP-1). Immunol Today 11:97-101.

Li, A., S. Dubey, M. L. Varney, B. J. Dave, and R. K. Singh. 2003. IL-8
directly enhanced endothelial cell survival, proliferation, and matrix

metalloproteinases production and regulated angiogenesis. J Immunol 170:3369-
76.

Li, A., S. Dubey, M. L. Varney, and R. K. Singh. 2002. Interleukin-8-induced
proliferation, survival, and MMP production in CXCR1 and CXCR2 expressing
human umbilical vein endothelial cells. Microvasc Res 64:476-81.

Liberto, M. C., G. Matera, A. G. Lamberti, G. S. Barreca, A. Quirino, and A.
Foca. 2003. In vitro Bartonella quintana infection modulates the programmed cell

death and inflammatory reaction of endothelial cells. Diagn Microbiol Infect Dis
45:107-15.

Lopez-Ocejo, O., A. Viloria-Petit, M. Bequet-Romero, D. Mukhopadhyay, J.
Rak, and R. S. Kerbel. 2000. Oncogenes and tumor angiogenesis: the HPV-16
E6 oncoprotein activates the vascular endothelial growth factor (VEGF) gene
promoter in a p53 independent manner. Oncogene 19:4611-20.

Lowry, O. H., N. J. Rosebrough, A. L. Farr, and R. J. Randall. 1951. Protein
measurement with the Folin phenol reagent. J Biol Chem 193:265-75.

Luster, A. D. 2002. The role of chemokines in linking innate and adaptive
immunity. Curr Opin Immunol 14:129-35.

Mackman, N. 1994. Protease inhibitors block lipopolysaccharide induction of
tissue factor gene expression in human monocytic cells by preventing activation
of c-Rel/p65 heterodimers. J Biol Chem 269:26363-7.

Maeno, N., H. Oda, K. Yoshiie, M. R. Wahid, T. Fujimura, and S. Matayoshi.
1999. Live Bartonella henselae enhances endothelial cell proliferation without
direct contact. Microb Pathog 27:419-27.

77



60.

61.

62.

63.

64.

65.

66.

67.

Maeno, N., K. Yoshiie, S. Matayoshi, T. Fujimura, S. Mao, M. R. Wahid, and
H. Oda. 2002. A heat-stable component of Bartonella henselae upregulates

intercellular adhesion molecule-1 expression on vascular endothelial cells. Scand
J Immunol 55:366-72.

Majewski, S., A. Szmurlo, M. Marczak, S. Jablonska, and W. Bollag. 1994.
Synergistic effect of retinoids and interferon alpha on tumor-induced
angiogenesis: anti-angiogenic effect on HPV-harboring tumor-cell lines. Int J
Cancer 57:81-5.

Matera, G., M. C. Liberto, A. Quirino, G. S. Barreca, A. G. Lamberti, M.
Iannone, E. Mancuso, E. Palma, F. A. Cufari, D. Rotiroti, and A. Foca. 2003.
Bartonella quintana lipopolysaccharide effects on leukocytes, CXC chemokines
and apoptosis: a study on the human whole blood and a rat model. Int
Immunopharmacol 3:853-64.

Minnick, M. F., L. S. Smitherman, and D. S. Samuels. 2003. Mitogenic effect
of Bartonella bacilliformis on human vascular endothelial cells and involvement
of GroEL. Infect Immun 71:6933-42.

Monteil, R. A., J. F. Michiels, P. Hofman, M. C. Saint-Paul, C. Hitzig, C.
Perrin, and J. Santini. 1994. Histological and ultrastructural study of one case of

oral bacillary angiomatosis in HIV disease and review of the literature. Eur J
Cancer B Oral Oncol 30B:65-71.

Moody, T. W., and F. Cuttitta. 1993. Growth factor and peptide receptors in
small cell lung cancer. Life Sci 52:1161-73.

Munoz, C., D. Pascual-Salcedo, M. C. Castellanos, A. Alfranca, J. Aragones,
A. Vara, M. J. Redondo, and M. O. de Landazuri. 1996. Pyrrolidine
dithiocarbamate inhibits the production of interleukin-6, interleukin-8, and
granulocyte-macrophage colony-stimulating factor by human endothelial cells in
response to inflammatory mediators: modulation of NF-kappa B and AP-1
transcription factors activity. Blood 88:3482-90.

Murdoch, C., P. N. Monk, and A. Finn. 1999. Cxc chemokine receptor
expression on human endothelial cells. Cytokine 11:704-12.

78



68.

69.

70.

71.

72.

73.

74.

75.

Nakashima, E., N. Mukaida, Y. Kubota, K. Kuno, K. Yasumoto, F. Ichimura,
I. Nakanishi, M. Miyasaka, and K. Matsushima. 1995. Human MCAF gene
transfer enhances the metastatic capacity of a mouse cachectic adenocarcinoma
cell line in vivo. Pharm Res 12:1598-604.

Niemann, H. H., W. D. Schubert, and D. W. Heinz. 2004. Adhesins and
invasins of pathogenic bacteria: a structural view. Microbes Infect 6:101-12.

Regnery, R. L., B. E. Anderson, J. E. Clarridge, 3rd, M. C. Rodriguez-
Barradas, D. C. Jones, and J. H. Carr. 1992. Characterization of a novel
Rochalimaea species, R. henselae sp. nov., isolated from blood of a febrile,
human immunodeficiency virus-positive patient. J Clin Microbiol 30:265-74.

Resto-Ruiz, S. I., M. Schmiederer, D. Sweger, C. Newton, T. W. Klein, H.
Friedman, and B. E. Anderson. 2002. Induction of a potential paracrine
angiogenic loop between human THP-1 macrophages and human microvascular
endothelial cells during Bartonella henselae infection. Infect Immun 70:4564-70.

Riess, T., S. G. Andersson, A. Lupas, M. Schaller, A. Schafer, P. Kyme, J.
Martin, J. H. Walzlein, U. Ehehalt, H. Lindroos, M. Schirle, A. Nordheim, I.
B. Autenrieth, and V. A. Kempf. 2004. Bartonella adhesin a mediates a
proangiogenic host cell response. J Exp Med 200:1267-78.

Roebuck, K. A., L. R. Carpenter, V. Lakshminarayanan, S. M. Page, J. N.
Moy, and L. L. Thomas. 1999. Stimulus-specific regulation of chemokine
expression involves differential activation of the redox-responsive transcription
factors AP-1 and NF-kappaB. J Leukoc Biol 65:291-8.

Salcedo, R., M. L. Ponce, H. A. Young, K. Wasserman, J. M. Ward, H. K.
Kleinman, J. J. Oppenheim, and W. J. Murphy. 2000. Human endothelial cells
express CCR2 and respond to MCP-1: direct role of MCP-1 in angiogenesis and
tumor progression. Blood 96:34-40.

Savarese, D. M., J. T. Russell, A. Fatatis, and L. A. Liotta. 1992. Type IV
collagen stimulates an increase in intracellular calcium. Potential role in tumor
cell motility. J Biol Chem 267:21928-35.

79



76.

77.

78.

79.

80.

81.

82.

83.

Schaefer, T. M., K. Desouza, J. V. Fahey, K. W. Beagley, and C. R. Wira.
2004. Toll-like receptor (TLR) expression and TLR-mediated
cytokine/chemokine production by human uterine epithelial cells. Immunology
112:428-36.

Schmid, M. C., R. Schulein, M. Dehio, G. Denecker, I. Carena, and C. Dehio.
2004. The VirB type IV secretion system of Bartonella henselaec mediates
invasion, proinflammatory activation and antiapoptotic protection of endothelial
cells. Mol Microbiol 52:81-92.

Schmidt, K. N., E. B. Traenckner, B. Meier, and P. A. Baeuerle. 1995.
Induction of oxidative stress by okadaic acid is required for activation of
transcription factor NF-kappa B. J Biol Chem 270:27136-42.

Schmiederer, M., R. Arcenas, R. Widen, N. Valkov, and B. Anderson. 2001.
Intracellular induction of the Bartonella henselae virB operon by human
endothelial cells. Infect Immun 69:6495-502.

Schulein, R., P. Guye, T. A. Rhomberg, M. C. Schmid, G. Schroder, A. C.
Vergunst, I. Carena, and C. Dehio. 2005. A bipartite signal mediates the

transfer of type IV secretion substrates of Bartonella henselae into human cells.
Proc Natl Acad Sci U S A 102:856-61.

Shamaei-Tousi, A., R. Cahill, and G. Frankel. 2004. Interaction between
protein subunits of the type IV secretion system of Bartonella henselae. J
Bacteriol 186:4796-801.

Shukla, N., N. Freeman, P. Gadsdon, G. D. Angelini, and J. Y. Jeremy. 2001.
Thapsigargin inhibits angiogenesis in the rat isolated aorta: studies on the role of
intracellular calcium pools. Cardiovasc Res 49:681-9.

Shukla, N., J. Y. Jeremy, P. Nicholl, B. Krijgsman, G. Stansby, and G.
Hamilton. 1997. Short-term exposure to low concentrations of thapsigargin
inhibits replication of cultured human vascular smooth muscle cells. Br J Surg
84:325-30.

80



84.

85.

86.

87.

88.

&9.

90.

91.

Singh, R. K., M. L. Varney, K. Ino, J. M. Vose, P. J. Bierman, and J. E.
Talmadge. 2000. Immune dysfunction despite high levels of immunoregulatory
cytokine gene expression in autologous peripheral blood stem cell transplanted
non-Hodgkin's lymphoma patients. Exp Hematol 28:499-507.

Smith, D. R., P. J. Polverini, S. L. Kunkel, M. B. Orringer, R. I. Whyte, M. D.
Burdick, C. A. Wilke, and R. M. Strieter. 1994. Inhibition of interleukin 8
attenuates angiogenesis in bronchogenic carcinoma. J Exp Med 179:1409-15.

Stoler, M. H., T. A. Bonfiglio, R. T. Steigbigel, and M. Pereira. 1983. An
atypical subcutaneous infection associated with acquired immune deficiency
syndrome. Am J Clin Pathol 80:714-8.

Takigawa, M., Y. Nishida, F. Suzuki, J. Kishi, K. Yamashita, and T.
Hayakawa. 1990. Induction of angiogenesis in chick yolk-sac membrane by
polyamines and its inhibition by tissue inhibitors of metalloproteinases (TIMP and
TIMP-2). Biochem Biophys Res Commun 171:1264-71.

Toi, M., A. L. Harris, and R. Bicknell. 1991. Interleukin-4 is a potent mitogen
for capillary endothelium. Biochem Biophys Res Commun 174:1287-93.

Tsuboi, N., Y. Yoshikai, S. Matsuo, T. Kikuchi, K. Iwami, Y. Nagai, O.
Takeuchi, S. Akira, and T. Matsuguchi. 2002. Roles of toll-like receptors in C-
C chemokine production by renal tubular epithelial cells. J Immunol 169:2026-33.

Tsuchiya, S., M. Yamabe, Y. Yamaguchi, Y. Kobayashi, T. Konno, and K.
Tada. 1980. Establishment and characterization of a human acute monocytic
leukemia cell line (THP-1). Int J Cancer 26:171-6.

Ueda, A., Y. Ishigatsubo, T. Okubo, and T. Yoshimura. 1997. Transcriptional
regulation of the human monocyte chemoattractant protein-1 gene. Cooperation of
two NF-kappaB sites and NF-kappaB/Rel subunit specificity. J Biol Chem
272:31092-9.

81



92.

93.

94.

95.

96.

97.

98.

99.

van den Akker, W. M. 1998. Lipopolysaccharide expression within the genus
Bordetella: influence of temperature and phase variation. Microbiology 144 ( Pt
6):1527-35.

Wang, J. M., A. Sica, G. Peri, S. Walter, I. M. Padura, P. Libby, M. Ceska, I.
Lindley, F. Colotta, and A. Mantovani. 1991. Expression of monocyte
chemotactic protein and interleukin-8 by cytokine-activated human vascular
smooth muscle cells. Arterioscler Thromb 11:1166-74.

Wang, Y., G. K. Rangan, B. Goodwin, Y. C. Tay, and D. C. Harris. 2000.
Lipopolysaccharide-induced MCP-1 gene expression in rat tubular epithelial cells
is nuclear factor-kappaB dependent. Kidney Int §7:2011-22.

Yang, S. K., L. Eckmann, A. Panja, and M. F. Kagnoff. 1997. Differential and
regulated expression of C-X-C, C-C, and C-chemokines by human colon
epithelial cells. Gastroenterology 113:1214-23.

Yoshimura, T., N. Yuhki, S. K. Moore, E. Appella, M. I. Lerman, and E. J.
Leonard. 1989. Human monocyte chemoattractant protein-1 (MCP-1). Full-
length cDNA cloning, expression in mitogen-stimulated blood mononuclear

leukocytes, and sequence similarity to mouse competence gene JE. FEBS Lett
244:487-93.

Zahringer, U., B. Lindner, Y. A. Knirel, W. M. van den Akker, R. Hiestand,
H. Heine, and C. Dehio. 2004. Structure and biological activity of the short-
chain lipopolysaccharide from Bartonella henselae ATCC 49882T. J Biol Chem
279:21046-54.

Zhang, P., B. B. Chomel, M. K. Schau, J. S. Goo, S. Droz, K. L. Kelminson,
S. S. George, N. W. Lerche, and J. E. Koehler. 2004. A family of variably
expressed outer-membrane proteins (Vomp) mediates adhesion and
autoaggregation in Bartonella quintana. PNAS %R 10.1073/pnas.0405284101
101:13630-13635.

Zhao, B., R. A. Bowden, S. A. Stavchansky, and P. D. Bowman. 2001. Human
endothelial cell response to gram-negative lipopolysaccharide assessed with
cDNA microarrays. Am J Physiol Cell Physiol 281:C1587-95.

82



Presentation of Studies
Publications resulting from these studies include one first-authored paper
published, one first-authored paper in press, and one manuscript in preparation. These
results were also presented in part as posters at the American Society for Microbiology
general meetings and as an oral presentation at the American Society for Microbiology

Southeastern Branch meeting. These presentations and papers are listed below.

McCord AM, Cuevas J, Anderson B. B. henselae secreted proteins activate intracellular

calcium stores in endothelial cells (manuscript in preparation).

McCord AM, Resto-Ruiz, SI, Anderson B. 2006. An autocrine role for IL-8 in

Bartonella henselae-induced angiogenesis. Infect Immun. (in press).

McCord AM, Burgess AW, Whaley M, Anderson B. 2005. Interaction of Bartonella
henselae with endothelial cells promotes monocyte/macrophage
chemoattractant protein 1 gene expression and protein production and triggers monocyte

migration. Infect Immun. 73(9):5735-42.

83



Poster Presentation. A.M. McCord, J. Cuevas, B. Anderson. (upcoming, May 2006).
Bartonella henselae upregulates pro-angiogenic effectors in endothelial cells leading to
autocrine promotion of angiogenesis. American Society for Microbiology General

Meeting, Orlando, FL.

Oral Presentation. Amy M. McCord, Sandra Resto-Ruiz, Burt E. Anderson. 2005. IL-8

Plays an Autocrine Role in Bartonella henselae-Induced Endothelial Cell Proliferation
and Inhibition of Apoptosis. Southeastern Branch of American Society for Microbiology

Annual Meeting, St. Petersburg, Florida.

Poster Presentation. A.M. McCord, A.W. Burgess, B. Anderson. 2005. Infection of
Endothelial Cells with Bartonella henselae Increases Monocyte-Macrophage
Chemotattractant Protein-1 Expression and Promotes Monocyte Chemotaxis. American

Society for Microbiology General Meeting, Atlanta, GA.

Poster Presentation. S.1. Resto-Ruiz, A. McCord, P. Baldi, M. Whaley, B. Anderson.
2004. Induction of Vascular Endothelial Growth Factor by Substances Secreted from

Bartonella henselae. American Society for Microbiology General Meeting, New Orleans,

LA.

84



About the Author

Amy Marie McCord completed her undergraduate education at the University of
Florida where she was recognized as a National Merit Scholar and a Florida Bright
Futures Scholar and received her B.S. in Microbiology and Cell Science. She entered the
University of South Florida in 2001 as a graduate student in the department of Medical
Microbiology and Immunology. While at USF, she has received two Outstanding
Presentation Awards during the Health Sciences Research Day and was recognized as an
alternate for a national travel award from the American Society for Microbiology. She

also was awarded Distinction for this dissertion.



