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Pseudomonas aeruginosa is a leading cause of nosocomial bloodstream
infections. The outcome of these infections depends on the virulence of the
microorganism as well as host-related conditions and factors. The complement
system plays a crucial role in defense against bloodstream infections.
P. aeruginosa counteracts complement attack by recruiting Factor H (FH) that
inhibits complement amplification on the bacterial surface. Factor H-related
proteins (FHRs) are a group of plasma proteins evolutionarily related to FH that
have been postulated to interfere this bacterial evasion mechanism. In this study,
we demonstrate that FHR-3 competes with purified FH for binding to
P. aeruginosa and identify EF-Tu as a common bacterial target for both
complement regulator factors. Importantly, elevated levels of FHR-3 in human
serum promote complement activation, leading to increased opsonization and
killing of P. aeruginosa. Conversely, physiological concentrations of FHR-3 have
no significant effect. Our findings suggest that FHR-3 may serve as a protective
host factor against P. aeruginosa infections.
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Introduction

Pseudomonas aeruginosa is one of the most common Gram-negative organisms causing
nosocomial bloodstream infections with a high-rate mortality ranging from 30% to about
50% (1-4). The reasons for the poor outcome of these infections are multifactorial and
include the frequent emergence of multidrug-resistant strains, the intrinsic virulence of the
pathogen, and host related-factors (5, 6). A remarkable feature of P. aeruginosa
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bloodstream infections is their rapid progression. Many deaths
occur shortly after infection (3, 4), suggesting that an altered
host’s early innate immune system response predisposes to this
type of infection.

The complement system is a crucial early innate immune
effector and the main defensive mechanism against P. aeruginosa
in blood (7). Complement is activated by three different pathways:
classical, lectin and alternative pathway. The result of the activation
of any of the three pathways is the formation of C3 convertases
which cleave C3 to generate C3b molecules that are deposited on
the bacterial surface. Surface-bound C3b organizes additional C3
convertases, which amplify complement activation and
opsonization of the bacteria. Clustering of C3b molecules around
the surface-bound C3-convertase generates the C5 convertases that
cleave C5 into C5a and C5b. C5b initiates the formation of the
membrane attack complex that may lead to bacterial lysis, while
C5a facilitates the recruitment of leukocytes to the site of the
infection. C3b in the bacterial surface is inactivated to iC3b and
C3dg. iC3b is a major ligand for the complement receptors CR3 and
CR4 that mediate the phagocytosis of the microorganism by
macrophages and other phagocytic leukocytes.

Complement activation is strictly controlled by regulatory
proteins that maintain the homeostasis of the system and prevent
damage to self-tissues. Factor H (FH), a 155-kDa circulating plasma
glycoprotein that consists of 20 short consensus repeats (SCR)
domains, is the master complement regulator (8). FH binds to
C3b by its N- and C- terminal domains, both in the fluid phase and
deposited on surfaces, and acts as a cofactor for Factor I to
proteolyze C3b into inactive C3b (iC3b) or accelerates the decay
of the C3 convertase (9). Not surprisingly, binding FH from the host
plasma is a common strategy exploited by many bacterial pathogens
to elude the complement system attack (10, 11).

In humans, the CFH gene is located in chromosome 1 adjacent
to the genes encoding the complement FH-related proteins 1 to 5
(CFHR-1-5). Although the FHRs proteins have evolved from gene
duplications of the CFH gene, they lack the FH regulatory domains
and cannot regulate the complement system. In contrast, the FHRs
have conserved the domains that FH uses to bind ligands in host
cells and pathogens and therefore can compete with FH for binding
to these ligands (11). Ligand competition between FH and the FHRs
is referred to as “FH-deregulation” and has been postulated as a
mechanism to interfere the complement evasion mechanisms
mediated by the incorporation of FH to the bacterial surface (9).
However, whilst the biological role of FH binding to P. aeruginosa
has been well determined (12), the biological consequences of the
interaction of the FHRs with the bacterial surface are still
poorly understood.

In this study, we focused on FHR-3 because it shows the highest
degree of amino acid identity to the microbial binding domain
present in the SCR6 and 7 of FH among FHRs proteins
(Supplementary Figure 1). FHR3 is a plasma protein, which is
expressed in four glycosylated forms with molecular masses ranging
from 45 to 56 kDa (8). Initial estimations indicated that plasma
concentration of FHR-3 was 50-100 ug/ml (13, 14). However, more
recent studies using specific FHR-3 monoclonal antibodies have
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demonstrated that the concentration of FHR-3 in human plasma is
remarkably as low as 0.14-4 pg/ml (15, 16).

In this manuscript, we investigated the effect of FHR-3
on the complement activation induced by P. aeruginosa and
whether this FH related protein influences host defense against
P. aeruginosa infections.

Materials and methods
Bacterial strains

PAOI1 and its isogenic wzz2-deficient mutant (PAO1Awzz2) were
previously described (17). wzz2 gene encodes a lipopolysaccharide
(LPS) O antigen chain length regulator. Interruption of wzz2 gene
results in production of LPS devoid of the very long O antigen,
conferring a serum-sensitive phenotype to the strain.

Two P. aeruginosa clinical strains, B205 and B75, collected from
patients with bloodstream infection were also used in this study.
Bacterial cells were grown in Luria Bertani (LB) broth at 37°C with
shaking or in LB solidified with 1.5% agar.

Human serum and complement proteins

Blood samples were collected from two donors with an FHR-1/
FHR-3 deficiency. Human samples were taken after informed
consent of each participant. The study was aligned with the
Helsinki Declaration and was approved by the Institutional
Review Board and the Regional Ethics Committee. Blood was
coagulated at 37°C for 30 min and then centrifuged at 4,500 x g
for 20 min at 4°C to separate the serum. Equal volumes of serum
from the two donors with FHR-1/FHR-3 deficiency were mixed to
get a pool of FHR-3-deficient human sera (AFHR-3). Human serum
was aliquoted and stored at —80°C until its use. In some
experiments, sera were heat inactivated (HI) at 56°C for 30 min
prior to use.

Factor H and recombinant human FHR-3 proteins were
supplied by HycultBiotech and Elabscience, respectively.

Purification of EF-Tu

P. aeruginosa EF-Tu was purified from strain PAO1 harboring
the plasmid pUCP18ApGw(tufB) which encodes His-tagged EF-Tu
(18) using nickel-nitrilotriacetic acid (Ni-NTA) agarose (Qiagen,
Valencia, CA) according to the manufacturer’s instructions.

Briefly, bacterial cells were suspended in lysis buffer consisting
of 50 mM sodium phosphate (pH 8), 300 mM NaCl, 10 mM
imidazole, and lysozyme (I mg/ml) (Sigma- Aldrich, St. Louis,
MO). The cells were disrupted by sonication (10 sets of 30-s pulses),
and the resulting homogenate was centrifuged at 12,000 X g to
remove cellular debris. Ni-NTA (5 ml in a 50% slurry) was added to
the resulting supernatant, and the suspension was swirled at 4°C at
100 rpm for 1 h on a rotary shaker. The Ni-NTA resin was washed
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three times with 20 ml of wash buffer consisting of 50 mM sodium
phosphate buffer (pH 8.0), 300 mM NaCl, and 20 mM imidazole.
The His-tagged protein was eluted with 1.5 ml of 50 mM sodium
phosphate buffer, pH 8.0, containing 300 mM NaCl and 250 mM
imidazole. Purity (>97%) was confirmed by SDS-PAGE analysis.

FH and FHR-3 binding assays

Binding of FH to bacterial cells was determined by whole-cell
ELISA. Briefly, 96-well round-bottom polystyrene microtiter plates
were coated overnight at 37°C with 1x10° bacterial cells
resuspended in phosphate-buffered saline (PBS). Next, wells were
blocked with PBS containing 1% bovine serum albumin (PBS-BSA)
and incubated with PBS as negative control, FH (20 pg/ml),
recombinant human FHR-3 protein at different concentrations
depending on the experiment or FHR-3-deficient human sera
(10%) diluted in PBS. FH was detected with the specific mouse
mAb antibody OX-24 (Abcam). Finally, wells were incubated with
an alkaline phosphatase-conjugated goat anti-mouse
immunoglobulin G (Sigma), and developed with p-nitrophenyl
phosphate (Sigma) in 50mM carbonate-bicarbonate buffer, pH
9.6, 5mM MgCl,. Absorbance was measured at 415 nm. Negative
controls values were < 0.1 optical density units and were subtracted
from the experimental values. Washing steps with PBS were
included between incubations that were performed for 1 h at 37°C.

Binding of FHR-3 to EF-Tu was also determined by ELISA
using the protocol described above using microtiter plate wells that
were coated overnight at 4°C with 1 ug of purified EF-Tu dissolved
in 100 pl of PBS. FHR-3 was detected with the mouse mAb antibody
MBI-6 (19).

To identify the binding region of FHR-3 and FH in EF-Tu, we
generated a library of 25 synthetic N-terminal biotinylated 20-mer
overlapping peptides spanning the entire P. aeruginosa EF-Tu
molecule. Peptides dissolved in PBS-Tween 0.05% at 10 pg/ml
were captured on streptavidin-coated microtiter plates overnight
at 25°C and incubated for 1 h at 37°C with recombinant human
FHR-3 (2 pg/ml) or purified human FH (10 pg/ml) diluted in PBS.
After three washing steps, FHR-3 and FH were detected using the
specific mouse mAb antibodies MBI-6 or OX-24, respectively.
Primary antibodies were detected as described above.

C3 deposition assays

Deposition of C3 on the bacterial cells was also determined by
whole-cell ELISA. Microtiter plates were coated and blocked as
described above and incubated for 15 min at 37°C with FHR-3-
deficient human sera (25%) diluted in PBS supplemented with
FHR-3 (2 pg/ml or 100 pg/ml of serum) or not. HI-serum was used
as control. Next, microtiter plate wells were incubated sequentially
with a mouse mAb anti-human C3 that recognizes an epitope in the
B-chain (C3-12.17) (20), an alkaline phosphatase-labeled goat anti-
mouse immunoglobulin G (Sigma), and developed with p-
nitrophenyl phosphate (Sigma) in 50 mM carbonate-bicarbonate
buffer (pH 9.6) plus 5 mM MgCl,.
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C3a and C5a quantification

Bacterial cells (1x10° CFU) of P. aeruginosa were incubated for
15 min at 37°C in FHR-3-deficient human sera (25%) diluted in PBS
supplemented with FHR-3 (500 ng/ml or at 25 ug/ml) or not. FHR-
3-deficient human sera incubated with FHR-3 without bacteria was
used as negative control. After incubation, bacterial suspension was
centrifuged and the amount of C3a and C5a present in the
supernatant was quantified using the Human C3a/Complement
C3a ELISA (Invitrogen) or the Human C5a/Complement Cba
ELISA Kit (Invitrogen) following the manufacturer’s instructions.

Serum resistance assays

Serum resistance assays were performed as previously described
(21, 22). Briefly, a total of 1x10° CFU of P. aeruginosa grown
exponentially at 37°C in LB were incubated at 37°C in FHR-3-
deficient human sera diluted in PBS supplemented or not with
recombinant FHR-3. Optimal serum concentrations were
determined empirically for each strain in the current setting. HI-
FHR-3-deficient human sera was used as control. At different time
points, survival was determined by counting colonies on LB
agar plates.

Statistical analysis

Comparisons among experimental groups were assessed using
one-way ANOVA with multiple comparisons. All results are
reported as the mean with standard deviation. Differences were
considered statistically significant at P < 0.05.

Results

FHR-3 competes with FH for the binding
to P. aeruginosa

The competition for ligands between FH and the FHRs is
termed “FH-deregulation” and has been proposed as a
mechanism to disrupt the complement evasion strategies
facilitated by the binding of FH to the bacterial surface (9). We
evaluated the impact of FHR-3 on the binding of FH to P.
aeruginosa using purified proteins. Bacterial cells were incubated
with FH, and decreasing amounts of recombinant FHR-3, and the
binding of FH to the bacterial surface was determined using a FH
specific monoclonal antibody. FHR-3 reduced the amount of FH
bound to P. aeruginosa PAOI in a dose-dependent manner
(Figure 1A). When the amount of recombinant FHR-3 and FH
were at approximately equimolar ratios to those determined in
normal human serum by Pouw et al. (15, 16) (FH: FHR-3 of
1:0.0066), FHR-3 had no effect on the binding of FH to the
bacteria (Figure 1B). By contrast, at FH: FHR-3 ratios to those
estimated in normal human serum by Fritsche et al. (13) (FH: FHR-
3 of 1:0.27), FH bound on the bacterial surface of PAOI was
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FHR-3 competes with FH for the binding to P. aeruginosa. ELISA binding assays of purified FH to the reference strain PAO1 and the serum-sensitive
isogenic LPS-deficient strain PAO1Awzz2 in the presence of FHR-3. In (A) the strain PAO1 was incubated with purified FH (20 pg/ml) in the presence of
decreasing amounts of recombinant FHR-3 (x-axis on a logarithmic scale). In (B) the strains were incubated with purified FH (20 ug/ml) in the absence
(black columns) or presence of FHR-3 at 0.13 pg/ml (white columns) or at 5 pg/ml (grey columns). Bound FH was detected with the mAb OX-24. Bars
represents the mean of at least three independent experiments done in duplicate, and SD is indicated by error bars. Statistical analyses were performed
using one-way ANOVA with multiple comparisons; P values are indicated on the bars with asterisks. ****P < 0.0001.

approximately 30% that seen in the absence of FHR-3 (Figure 1B).
A similar pattern was observed when we determined the impact of
FHR-3 on the binding of FH to the serum-sensitive strain
PAO1Awzz2 (Figure 1B). These results demonstrate antagonism
between FH and FHR-3 for binding to the bacterial surface and
suggest that FH and FHR-3 share a common binding site on
P. aeruginosa.

It is known that EF-Tu is a surface-exposed protein that
mediates the binding of FH to P. aeruginosa (12). FH has two
binding domains for EF-Tu; one is located in the SCRs 6-7 and the
other in the SCRs 18-20 (12). Given the high homology between FH
SCRs 6-7 and FHR-3 SCRs 1-2 (Supplementary Figure 1), we
hypothesized that EF-Tu might be an FHR-3-binding protein of
P. aeruginosa. To test this hypothesis, we purified recombinant P.
aeruginosa EF-Tu and conducted FHR-3 binding experiments.
ELISA assays of recombinant EF-Tu incubated with recombinant
human FHR-3 demonstrated that EF-Tu binds FHR-3 (Figure 2A).
Furthermore, this binding was dose-dependent, as shown for the
different concentrations of FHR-3.

To localize the binding region of FHR-3 and FH in EF-Tu, we
used a library of synthetic N-terminal biotinylated peptides
spanning the entire P. aeruginosa EF-Tu molecule (Figure 2B).
Peptide mapping was performed using recombinant FHR-3, or
purified human FH. Quantitative ELISA analysis revealed that the
highest reactivity of both proteins was against peptide ID 6
(Figure 2C). FHR-3 reacted almost exclusively with peptide ID 6,
while FH was also bound to peptide ID 23.

FHR-3 increases the binding of FH to
P. aeruginosa in human serum

We next assessed the influence of FHR-3 on the binding of FH
to P. aeruginosa using FHR-3-deficient human sera (AFHR-3) at
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10% supplemented with FHR-3 at 100 ug/ml or 2 pg/ml of serum,
according to Fritsche et al. (13) or Pouw et al. (15), respectively.
Conversely to the results obtained with purified FH, P. aeruginosa
incubated with human AFHR-3, supplemented with FHR-3 at 100
pg/ml of serum, acquired higher levels of FH than those without
exogenous FHR-3 (Figure 3A). Furthermore, the effect of FHR-3 on
FH binding to P. aeruginosa was more remarkable on the serum-
sensitive strain PAOl1Awzz2 than on the serum-resistant strain
PAOI, with increment rates of approximately 100% and 20%,
respectively. FHR-3 at 2 pg/ml of serum did not affect the
binding of FH to P. aeruginosa. Interestingly, FHR-3 had no
impact on the binding of FH to the bacteria when human serum
was heat-inactivated (HI-AFHR-3) (Figure 3B), suggesting that the
influence of FHR-3 on the binding of FH to the bacteria requires a
functional complement system and may be attributed to the
formation of C3b, the natural ligand of both proteins. These
results lead us to hypothesize that FHR-3 bound to C3b facilitates
the assembly of C3 convertase on P. aeruginosa, resulting in a much
higher deposition of C3b that recruits FH rather than competing
with FH for the binding to C3b.

To test this hypothesis, we determined the effect of FHR-3 on the
deposition of C3 on the bacteria (Figure 4). FHR-3 deficient serum
(25%) supplemented with FHR-3 at 100 pg/ml of serum increased
the amount of C3 fragments deposited on the serum-sensitive strain
PAO1Awzz2, but had no effect on the serum-resistant strain PAO1
(Figure 4). Low concentrations of FHR-3 (2 pg/ml of serum) had no
effect on the deposition of C3 fragments on P. aeruginosa.

We also quantified the amount of generated C3a to directly assess
the FHR-3-induced C3 convertase activity (Figure 5A). The addition of
FHR-3 at 100 pg/ml of serum to the FHR-3 deficient serum increased
the production of C3a induced by the P. aeruginosa independently of
the strain tested. As anticipated, the serum lacking FHR-3 and
supplemented with FHR-3 at 2 pug/ml of serum showed a production
of C3a comparable to that observed without supplementation.
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detected with a specific mAb, respectively. Data represent three experiments done in duplicate, and SD is indicated by error bars shown.

To further confirm that FHR-3 enhanced complement activation,
we went one step further. We evaluated the formation of C5a in the
human sera incubated with the bacteria in the presence or not of
exogenous FHR-3 (Figure 5B). Consistent with the previous results,
both strains produced higher levels of C5a when incubated in sera
supplemented with FHR-3 at 100 pg/ml demonstrating that, at this
concentration, this protein promotes the P. aeruginosa-induced
activation of the complement system. However, low concentrations
of FHR-3 (at 2 pg/ml of serum) had no effect on the production of C5a.

Overall, these results indicate that FHR-3, at the serum
concentrations estimated by Fritsche et al. (13), enhances the
activation and deposition of C3 on P. aeruginosa. In contrast, we
did not observe any effect at the serum concentrations reported by
Pouw et al. (15).
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FHR-3 promotes the killing of
P. aeruginosa

Cleavage of C5 into C5a and C5b initiates the formation of the
membrane attack complex that may result in the lysis of the
microorganism. To investigate whether FHR-3-enhanced
complement activation impacts on bacterial survival, we evaluated
the viability of P. aeruginosa incubated in strain-optimized
concentrations of AFHR-3 serum supplemented or not with
recombinant FHR-3 (Figure 6). The addition of FHR-3 at any
concentration did not impair the survival rate of the highly serum-
resistant strain PAO1, which was able to grow in the human sera at
45%. On the other hand, the serum-sensitive strain PAO1Awzz2
was efficiently cleared by the human sera (2.5%). Interestingly, the
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FHR-3 enhances the binding of FH to P. aeruginosa in human serum. ELISA binding assays of FH to the serum-resistant strain PAO1 or the isogenic LPS-
deficient serum-sensitive strain PAO1Awzz2 incubated in FHR-3-deficient serum (A) or heat-inactivated FHR-3-deficient serum (B) (both at 10%) without
(black columns) or supplemented with FHR-3 at 2 pg/ml of serum (white columns) or 100 pg/ml of serum (grey columns). FH was detected with the
mAb OX-24. Bars represents the mean of at least three independent experiments done in duplicate, and SD is indicated by error bars. Statistical analyses
were performed using one-way ANOVA with multiple comparisons; P values are indicated on the bars. * P< 0.05, **** P <0.001.
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FIGURE 4

FHR-3 increases the deposition of C3 on P. aeruginosa. FHR-3
deficient serum (25%) without (black columns) or supplemented
with FHR-3 at 2 pg/ml of serum (white columns) or at 100 pyg/ml of
serum (grey columns) were incubated for 15 min at 37°C with PAO1
or the isogenic serum-sensitive strain PAO1Awzz2. Deposition of C3
on the bacterial surface was determined by ELISA. Bars represents
the mean of at least three independent experiments done in
duplicate, and SD is indicated by error bars. Statistical analyses were
performed using one-way ANOVA with multiple comparisons; P
values are indicated on the bars. ** P< 0.01.

addition of FHR-3 at (100 pg/ml of serum) slightly increased the
killing of this strain, but the addition of a low concentration of
FHR-3 (2 ug/ml) did not enhance the clearance of this strain. This
observation was further confirmed with two additional P.
aeruginosa clinical strains isolated from bloodstream infections,
B75 and B205. FHR-3 deficient human sera killed P. aeruginosa B75
and B205 more efficiently with the addition of FHR-3 at the
concentration estimated by Fritsche et al. (13) (100 ug/ml of
serum), than without it. The presence of FHR3 at the
concentration reported by Pouw et al. (15) (2 ug/ml of serum)
did not result in improved clearance of these isolates.

100+ * % *k
80 |
= ] I
E 60 £
2 g
S 40+ 8
S ] S
20
0_
0 2 100 0 2 100 FHRS3 concentration
(ug/ml serum)
PAO1 PAO1Awzz2

FIGURE 5

10.3389/fimmu.2024.1449003

Discussion

In this work, we have characterized a previously unrecognized
interaction between the FHR-3, a member of the FH/FHRs protein
family, and P. aeruginosa. It has been already reported that this
microorganism binds different members of the FH protein family,
including FH, FHL-1, and FHR-1 (12, 23, 24). P. aeruginosa utilizes
FH and FHL-1 to inactivate C3b and to prevent formation of the C3
convertase to evade the host complement system (12, 23). However,
the biological significance of the binding of the FHR proteins
remained poorly investigated.

It has been suggested that FHRs proteins act as decoys
molecules that displace FH from the surface of the pathogen due
to their overlapping ligand spectrum with this complement
inhibitor (9). Our competition studies using purified FH and
FHR-3 support this idea. The most likely explanation for this
result is that, given the high homology between FH SCRs 6-7 and
FHR-3 SCRs 1-2 (Supplementary Figure 1), they share the same
bacterial target. In this regard, it is noteworthy that most FH-
binding microbial proteins also bind FHR proteins through those
FH domains that are conserved among the FHR proteins (9, 25). P.
aeruginosa is not an exception, therefore it is logical that the FH
binding protein EF-Tu is also the ligand of FHR-3. A linear EF-Tu
binding motif for both FH and FHR-3 was identified within domain
1 of this protein suggesting that this region of EF-Tu is surface
exposed and thus accessible to ligand binding. In fact, comparisons
of P. aeruginosa EF-Tu structure to EF-Tu structures from other
microorganisms and three-dimensional modeling indicate that FH
and FHR-3 binding region identified in this study is located on the
surface exposed portion of the protein in the domain 1 distant from
the typical consensus sequence of the GTP/GDP binding domain
(26). Since EF-Tu is a well-conserved protein which is surface
exposed in many different microorganisms, it is reasonable to
hypothesize that this region may be a common FH microbial
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P. aeruginosa-induced generation of C3a and C5a is enhanced by FHR-3. FHR-3 deficient serum (25%) without (black columns) or supplemented
with FHR-3 at 2 pg/ml of serum (white columns) or at 100 pg/ml of serum (grey columns) were incubated for 15 min at 37°C with the serum-
resistant strain PAO1 or the isogenic serum-sensitive strain PAO1Awzz2. Levels of C3a (A) and C5a (B) were determined by ELISA. Bars represents the
mean of at least three independent experiments done in duplicate, and SD is indicated by error bars. Statistical analyses were performed using one-
way ANOVA with multiple comparisons; P values are indicated on the bars. ** P<0.01, *** P<0.001
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FHR-3 increases P. aeruginosa complement-mediated killing. Survival of strains PAO1 (A), PAO1Awzz2 (B), and the clinical isolates from bloodstream
infections B75 (C) and B205 (D) at different time points after incubation in strain-optimized concentrations of FHR-3 deficient serum (PAO1, 45%;
PAO1Awzz2, 2.5%; B75, 2.5% and B205; 45%) not supplemented with FHR-3 (black circles) or supplemented with FHR-3 at 2 ug/ml of serum (white
circles), or 100 pg/ml of serum (grey circles). Black and grey circles are overlaid in panel A, while black and white circles are overlaid in panels C and
(D) Percentage survival at each time point was calculated in respect to the number of viable bacteria at time 0. Dots represent the mean of at least
three independent experiments done in duplicate, and SD is indicated by error bars. Statistical analyses were performed using one-way ANOVA with

multiple comparisons. P values; * P< 0.05, ** P <0.01.

binding motif. Thus, the identification of the FH binding domain on
EF-Tu may facilitate the generation of protective monoclonal
antibodies to block the binding of FH to the pathogens avoiding
complement inhibition.

When the competition experiments were performed using
active human FHR-3-deficient sera supplemented with FHR-3,
the results obtained were the opposite to those obtained with
purified components. FHR-3 enhanced the binding of FH to the
bacteria by a mechanism that is dependent of the complement
activation, because in the experiments conducted with heat-
inactivated serum, FHR-3 had no influence on the binding of FH
to the bacteria. To explain this apparent contradiction, we postulate
that surface-bound FHR-3 activates complement through the
alternative pathway by promoting the formation of an active
C3bBb convertase and the enhanced binding of FH to the
bacteria was a consequence of the increased amount of C3b
deposited on its surface, the natural ligand of FH.

Frontiers in Immunology

The results of our experiments measuring the FHR-3-induced
deposition of C3 and generation of C3a and C5a mediated by
activation of the complement on P. aeruginosa supports this idea.

Our observations are in line with several lines of evidence
supporting that the FHRs proteins promotes complement
activation independently of FH (27-30). Further experiments will
be required to characterize the underlying mechanisms that govern
FHR-3-induced activation of the complement alternative pathway.

To our knowledge, only one study has provided direct evidence
of the role of FHR-3 in bacterial infection. Caesar et al.
demonstrated that FHR-3 competes with FH for binding to
Neisseria meningitidis factor H binding protein (fHbp),
promoting complement activation (31). Interestingly, these
observations may explain the results of a genetic association study
that linked a variant in the CFHR-3 gene, associated with increased
expression of the FHR-3 protein, with protection from N.
meningitidis infection (32).
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In our study, we show that FHR-3 enhances complement
activation in the bacterial surface, which will result in increased
amount of C3 deposition and killing of the bacteria. We believe that
this effect of bacterial-bound FHR-3 increasing complement
activation and opsonization may be a general strategy used by the
innate immune system against different pathogens.

Our functional studies indicate that FHR-3 promotes the
complement-mediated killing of P. aeruginosa. The effect of FHR-
3 on the clearance of two bloodstream infection isolates was clear.
However, FHR-3 had no impact on the viability of the highly
serum-resistant strain PAO1 (7) or a poor effect on its isogenic
highly susceptible mutant PAO1Awzz2. This observation leads us to
hypothesize that FHR-3 fine-tunes complement activation. Thus, its
effect on bacterial clearance may rely on the specific phenotype of
each isolate and the complement concentration at the site of
infection. This observation is consistent with the high variable
survival rates for different P. aeruginosa strains in blood (7).

It is noteworthy that the effect of FHR-3 on complement
deposition and the killing of P. aeruginosa is only observed when
we use levels of FHR-3 similar to those employed by Caesar et al. in
their experiments with N. meningitidis (31). These levels are
significantly higher than the physiological concentration of FHR-
3 in human serum as subsequently reported by Pouw et al. (15).
Indeed, in our experiments using FHR-3 concentrations within the
range reported by Pouw et al., FHR-3 had no effect on complement
activation on P. aeruginosa.

In light of these results, it is unlikely that FHR-3 levels in the
blood significantly influence the outcome of P. aeruginosa
infections. Nonetheless, our data does not rule out the possibility
that the demonstrated effect of FHR-3 on complement deposition
and killing of P. aeruginosa in vitro could occur in vivo in some
infected tissues. Although a preliminary study suggests that FHR-3
does not function as an early major acute phase protein (15), other
research has demonstrated that FHR-3 is more abundant in certain
specific tissues when they are infected than in serum (33). Thus, in
vitro studies are a limitation to investigate the effect of FHR-3 on
bacterial infections and future studies should focus on the use of P.
aeruginosa Cfhr-3 knock-out mice model of infection to evaluate
the role of this complement regulator factor in vivo.

Interestingly, CFHR3 copy numbers impact on the FHR-3 serum
levels and usually differ between individuals (15). Moreover, the
deletion of CFHR3 is a frequent polymorphism in humans that
originated long time ago by a non-homologous recombination event.
Its allelic frequency ranges from 0.5% in sub-Saharan populations to
almost non-existence in Asiatic. In European populations it is around
2%, which translates into 4% homozygotes and 32% heterozygotes for
the CFHR3 deletion (15, 34). Future studies should be focused to
know whether CFHR3 deletion or low copy numbers of this gene is
associated with an increased risk for the development of
P. aeruginosa infections.
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Schematic representation of the human FH, FHL-1 and FHR-3 Functional sites
in FH are indicated in brackets on FH. Vertical alignment and colors show Short

References

1. Lyczak JB, Cannon CL, Pier GB. Establishment of Pseudomonas infection: lessons
from a versatile opportunist. Microbes Infect. (2000) 2:1051-60. doi: 10.1016/S1286-
4579(00)01259-4

2. Wisplinghoff H, Bischoft T, Tallent SM, Seifert H, Wenzel RP, Edmond MB.
Nosocomial bloodstream infections in US hospitals: analysis of 24,179 cases from a
prospective nationwide surveillance study. Clin Infect Dis. (2004) 39:309-17.
doi: 10.1086/421946

3. van Delden C. Pseudomonas aeruginosa bloodstream infections: how should we
treat them? Int J Antimicrob Agents. (2007) 30:S71-5. doi: 10.1016/j.ijjantimicag.2007.
06.015

4. Pefa C, Suarez C, Ocampo-Sosa AA, Murillas J, Almirante B, Pomar V, et al.
Effect of adequate single-drug vs combination antimicrobial therapy on mortality in
Pseudomonas aeruginosa bloodstream infections: a post hoc analysis of a prospective
cohort. Clin Infect Dis. (2013) 57:208-16. doi: 10.1093/cid/cit223

5. Pena C, Suarez C, Gozalo M, Murillas J, Almirante B, Pomar V, et al. Prospective
multicenter study of the impact of carbapenem resistance on mortality in Pseudomonas
aeruginosa bloodstream infections. Antimicrob Agents Chemother. (2012) 56:1265-72.
doi: 10.1128/AAC.05991-11

6. Penia C, Cabot G, Gomez-Zorrilla S, Zamorano L, Ocampo-Sosa A, Murillas J,
et al. Influence of virulence genotype and resistance profile in the mortality of
Pseudomonas aeruginosa bloodstream infections. Clin Infect Dis. (2015) 60:539-48.
doi: 10.1093/cid/ciu866

7. Pont S, Fraikin N, Caspar Y, Van Melderen L, Attrée I, Cretin F. Bacterial
behavior in human blood reveals complement evaders with some persister-like features.
PloS Pathog. (2020) 16:¢1008893. doi: 10.1371/journal.ppat.1008893

8. Zipfel PF, Jokiranta ST, Hellwage J, Koistinen V, Meri S. The factor H protein
family. Immunopharmacol. (1999) 42:53-60. doi: 10.1016/S0162-3109(99)00015-6

9. Jozsi M, Tortajada A, Uzonyi B, Goicoechea de Jorge E, Rodriguez de Cordoba S.
Factor H-related proteins determine complement-activating surfaces. Trends Immunol.
(2015) 36:374-84. doi: 10.1016/}.it.2015.04.008

10. Meri T, Amdahl H, Lehtinen M]J, Hyvirinen S, McDowell JV, Bhattacharjee A,
et al. Microbes bind complement inhibitor factor H via a common site. PloS Pathog.
(2013) 9:¢1003308. doi: 10.1371/journal.ppat.1003308

11. Jozsi M. Factor H family proteins in complement evasion of microorganisms.
Front Immunol. (2017) 18:571. doi: 10.3389/fimmu.2017.00571

12. Kunert A, Losse J, Gruszin C, Hithn M, Kaendler K, Mikkat S, et al. Immune
evasion of the human pathogen Pseudomonas aeruginosa: elongation factor Tuf is a
factor H and plasminogen binding protein. J Immunol. (2007) 179:2979-88.
doi: 10.4049/jimmunol.179.5.2979

13. Fritsche LG, Lauer N, Hartmann A, Selina H, Keilhauer CN, Oppermann M,
et al. An imbalance of human complement regulatory proteins CFHR1, CFHR3 and
factor H in-fluences risk for age-related macular degeneration (AMD). Hum Mol Genet.
(2010) 19:4694-704. doi: 10.1093/hmg/ddq399

14. Skerka C, Chen Q, Fremeaux-Bacchi V, Roumenina LT. Complement factor H
related proteins (CFRs). Mol Immunol. (2013) 56:170-80. doi: 10.1016/
j.molimm.2013.06.001

15. Pouw RB, Brouwer MC, Geissler J, van Herpen LV, Zeerleder SS, Wuillemin
WA, et al. Complement factor H-related protein 3 serum levels are low compared to
Factor H and mainly determined by gene copy number variation in CFHR3. PloS One.
(2016) 11:€0152164. doi: 10.1371/journal.pone.0152164

16. Pouw RB, Gomez Delgado I, Lopez Lera A, Rodriguez de Cordoba S, Wouters D,
Kuijpers TW, et al. High complement factor H-related (FHR)-3 levels are associated
with the atypical hemolytic-uremic syndrome-risk allele CFHR3*B. Front Immunol.
(2018) 9:848. doi: 10.3389/fimmu.2018.00848

17. Held K, Ramage MJ, Gallagher L, Manoil C. Sequence-verified two-allele
transposon mutant library for Pseudomonas aeruginosa PAOL. ] Bacteriol. (2012)
194:6387-9. doi: 10.1128/]B.01479-12

18. Barbier M, Oliver A, Rao ], Hanna SL, Goldberg JB, Alberti S. Novel
phosphorylcholine-containing protein of Pseudomonas aeruginosa chronic infection

Frontiers in Immunology

09

10.3389/fimmu.2024.1449003

Consensus Repeats (SCR) homologous to SCRs 6-8 and 19-20 of FH. The
degree of amino acid sequence identity (in percentage) between FH and FHR-3
is indicated below FHR-3 SCRs. FH-like protein 1 (FHL-1) is a splice variant of FH.

isolates interacts with airway epithelial cells. J Infect Dis. (2008) 197:465-7318.
doi: 10.1086/525048

19. Hakobyan S, Tortajada A, Harris CL, de Cordoba SR, Morgan BP. Variant-
specific quantification of factor H in plasma identifies null alleles associated with
atypical hemolytic uremic syndrome. Kidney Int. (2010) 78:782-8. doi: 10.1038/
ki.2010.275

20. Subias Hidalgo M, Yébenes H, Rodriguez-Gallego C, Martin-Ambrosio A,
Dominguez M, Tortajada A, et al. Functional and structural characterization of four
mouse monoclonal antibodies to complement C3 with potential therapeutic and
diagnostic applications. Eur J Immunol. (2017) 47:504-15. doi: 10.1002/€ji.201646758

21. Qadi M, Izquierdo-Rabassa S, Mateu Borras M, Doménech-Sanchez A, Juan C,
Goldberg JB, et al. Sensing Mg>* contributes to the resistance of Pseudomonas
aeruginosa to complement-mediated opsonophagocytosis. Environ Microbiol. (2017)
19:4278-86. doi: 10.1111/1462-2920.13889

22. Mateu-Borras M, Zamorano L, Gonzalez-Alsina A, Sanchez-Diener I,
Domenech-Sanchez A, Oliver A, et al. Molecular analysis of the contribution of
alkaline protease A and elastase B to the virulence of Pseudomonas aeruginosa
bloodstream infections. Front Cell Infect Microbiol. (2022) 11:816356. doi: 10.3389/
fcimb.2021.816356

23. Hallstrom T, Morgelin M, Barthel D, Raguse M, Kunert A, Hoffmann R, et al.
Dihydrolipoamide dehydrogenase of Pseudomonas aeruginosa is a surface-exposed
immune evasion protein that binds three members of the Factor H family and
plasminogen. J Immunol. (2012) 189:4939-50. doi: 10.4049/jimmunol.1200386

24. Gonzalez-Alsina A, Martin-Merinero H, Mateu-Borras M, Verd M, Domeénech-
Sanchez A, Goldberg JB, et al. Factor H-related protein 1 promotes complement-
mediated opsonization of Pseudomonas aeruginosa. Front Cell Infect Microbiol. (2024)
14:1328185. doi: 10.3389/fcimb.2024.1328185

25. Lambris JD, Ricklin D, Geisbrecht BV. Complement evasion by human
pathogens. Nat Rev Microbiol. (2008) 6:132-42. doi: 10.1038/nrmicro1824

26. Roy H, Becker HD, Mazauric MH, Kern D. Structural elements defining
elongation factor Tu mediated suppression of codon ambiguity. Nucleic Acids Res.
(2007) 35:3420 —-3430. doi: 10.1093/nar/gkm211

27. Hebecker M, Jozsi M. Factor H-related protein 4 activates complement by
serving as a platform for the assembly of alternative pathway C3 convertase via its
interaction with C3b protein. J Biol Chem. (2012) 287:19528-636. doi: 10.1074/
jbc.M112.364471

28. Csincsi Al Kopp A, Z6ldi M, Banlaki Z, Uzonyi B, Hebecker M, et al. Factor H-
related protein 5 interacts with pentraxin 3 and the extracellular matrix and modulates
complement activation. J Immunol. (2015) 194:4963-73. doi: 10.4049/
jimmunol.1403121

29. Lucientes-Continente L, Marquez-Tirado B, Goicoechea de Jorge E. The Factor
H protein family: The switchers of the complement alternative pathway. Immunol Rev.
(2023) 313:25-45. doi: 10.1111/imr.13166

30. Papp A, Papp K, Uzonyi B, Cserhalmi M, Csincsi Al, Szabo Z, et al. Complement
factor H-related proteins FHR1 and FHR5 interact with extracellular matrix ligands,
reduce Factor H regulatory activity and enhance complement activation. Front
Immunol. (2022) 13:845953. doi: 10.3389/fimmu.2022.845953

31. Caesar JJE, Lavender H, Ward PN, Exley RM, Eaton ], Chittock E, et al.
Competition between antagonistic complement factors for a single protein on N.
meningitidis rules disease susceptibility. Elife. (2014) 3:¢04008. doi: 10.7554/eLife.04008

32. Davila S, Wright VJ, Khor CC, Sim KS, Binder A, Breunis WB, et al.
International Meningococcal Genetics Consortium. 2010. Genome-wide association
study identifies variants in the CFH region associated with host susceptibility to
meningococcal disease. Nat Genet. (2010) 42:772-6. doi: 10.1038/ng.640

33. Narkio-Mékeld M, Hellwage ], Tahkokallio O, Meri S. Complement-regulator
factor H and related proteins in otitis media with effusion. Clin Immunol. (2001)
100:118-26. doi: 10.1006/clim.2001.5043

34. Holmes LV, Strain L, Staniforth SJ, Moore I, Marchbank KJ, Kavanagh D, et al.
Determining the population Frequency of the CFHR3/CFHRI Deletion at 1q32. PloS
One. (2013) 8:1-7. doi: 10.1371/journal.pone.0060352

frontiersin.org


https://doi.org/10.1016/S1286-4579(00)01259-4
https://doi.org/10.1016/S1286-4579(00)01259-4
https://doi.org/10.1086/421946
https://doi.org/10.1016/j.ijantimicag.2007.06.015
https://doi.org/10.1016/j.ijantimicag.2007.06.015
https://doi.org/10.1093/cid/cit223
https://doi.org/10.1128/AAC.05991-11
https://doi.org/10.1093/cid/ciu866
https://doi.org/10.1371/journal.ppat.1008893
https://doi.org/10.1016/S0162-3109(99)00015-6
https://doi.org/10.1016/j.it.2015.04.008
https://doi.org/10.1371/journal.ppat.1003308
https://doi.org/10.3389/fimmu.2017.00571
https://doi.org/10.4049/jimmunol.179.5.2979
https://doi.org/10.1093/hmg/ddq399
https://doi.org/10.1016/j.molimm.2013.06.001
https://doi.org/10.1016/j.molimm.2013.06.001
https://doi.org/10.1371/journal.pone.0152164
https://doi.org/10.3389/fimmu.2018.00848
https://doi.org/10.1128/JB.01479-12
https://doi.org/10.1086/525048
https://doi.org/10.1038/ki.2010.275
https://doi.org/10.1038/ki.2010.275
https://doi.org/10.1002/eji.201646758
https://doi.org/10.1111/1462-2920.13889
https://doi.org/10.3389/fcimb.2021.816356
https://doi.org/10.3389/fcimb.2021.816356
https://doi.org/10.4049/jimmunol.1200386
https://doi.org/10.3389/fcimb.2024.1328185
https://doi.org/10.1038/nrmicro1824
https://doi.org/10.1093/nar/gkm211
https://doi.org/10.1074/jbc.M112.364471
https://doi.org/10.1074/jbc.M112.364471
https://doi.org/10.4049/jimmunol.1403121
https://doi.org/10.4049/jimmunol.1403121
https://doi.org/10.1111/imr.13166
https://doi.org/10.3389/fimmu.2022.845953
https://doi.org/10.7554/eLife.04008
https://doi.org/10.1038/ng.640
https://doi.org/10.1006/clim.2001.5043
https://doi.org/10.1371/journal.pone.0060352
https://doi.org/10.3389/fimmu.2024.1449003
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Role of factor H-related protein 3 in Pseudomonas aeruginosa bloodstream infections
	Introduction
	Materials and methods
	Bacterial strains
	Human serum and complement proteins
	Purification of EF-Tu
	FH and FHR-3 binding assays
	C3 deposition assays
	C3a and C5a quantification
	Serum resistance assays
	Statistical analysis

	Results
	FHR-3 competes with FH for the binding to P. aeruginosa
	FHR-3 increases the binding of FH to P. aeruginosa in human serum
	FHR-3 promotes the killing of P. aeruginosa

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


