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Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) infection remains a serious hazard to global

health despite increases in public education and development of innovative treatment strategies.

Use of immune modulatory therapy to combat infection is gaining interest as a novel treatment

alternative. Lactoferrin (LF), an iron binding protein with multiple immune modulating properties,

has the potential to modify the course of systemic MRSA infection. Specifically, LF is capable of

limiting deleterious inflammatory responses while promoting development of antigen specific T-

cell activity. The efficacy of a novel recombinant mouse LF (rmLF) to protect against MRSA

infection was examined in a mouse peritonitis model. BALB/c mice were infected with a lethal

dose of MRSA and treated at 2 hours post-infection with rmLF. The effects of rmLF on MRSA-

infected primary monocytes and granulocytes were analyzed for inflammatory mediator

production. The rmLF treated mice demonstrated only modest increase in survival by more than

24hrs, albeit with reduced bacteremia. Serum cytokines, IL-17 and IL-6, were significantly

reduced post challenge in the rmLF treated mice. Treatment with rmLF led to a minor decrease in

IL-1β, and a slight increase in TNF-α production. Preliminary investigation towards human

clinical relevance was accomplished using human blood derived monocytes and granulocytes

infected with MRSA and treated with a homologous recombinant human LF (rhLF). Treatment

with (rhLF) led to increased production of IFN-γ and IL-2. The human cell studies also showed a

concurrent decrease in TNF-α, IL-6, IL-1β, IL-12p40, and IL-10. The study reports the first

investigation into the efficacy of a novel recombinant mouse lactoferrin (LF) therapy in a mouse

model of MRSA peritonitis. Overall, these results indicate the rmLF and rhLF have a high degree

of overlap to modify inflammatory responses, although differences in activities were observed

indicating existence of mechanisms between the two heterologous recombinant molecules.
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Introduction

The ever-increasing capability of bacteria to acquire antibiotic resistance out-paces

development of new antibiotics; an adjunct effort may therefore include agents that

modulate host immunity. This is a concept well accepted in vaccinology, which focuses on

targeted generation of specific and effective immune responses. Staphylococcus aureus is

estimated to inhabit 25–35% of the world’s population, with 1–50% carrying strains

exhibiting methicillin resistance (1, 2). Cases of hospital acquired methicillin-resistant S.

aureus (MRSA) infections have risen from 36% in 1992 to 64% in 2003 (3), with a

mortality rate of 20% in the United States (4). Recently, incidence of hospital/health-care

associated MRSA infections are declining, and community associated MRSA infection has

remained unchanged or slightly increased (5). Efforts to control MRSA infection include a

variety of programs, including public health awareness and improving diagnostics. The most

widely used and preferred therapeutic agent for treatment of MRSA is vancomycin.

However, emergence of vancomycin resistance (6), coupled with waning efficacy of

vancomycin on strains with high MIC values (7, 8), indicate a need for development of

novel treatment options for therapeutic intervention of MRSA infections.

MRSA presents an interesting challenge in development of effective adjunct immunotherapy

due to contribution of the overwhelming activation of lymphocytes triggered by

superantigens (9–11). However, even in the presence of T cell dysregulation, immune

therapy can still be considered an important and effective strategy for disease therapy (12).

This concept is highlighted in a recent report of an immunostimulatory peptide based on the

C-terminal region of C5a, a complement split product, as a successful treatment for

community-acquired MRSA skin infections (13).

Lactoferrin (LF), an iron binding protein that is secreted to mucosal surfaces and present in

secondary granules of neutrophils, is a unique immune modulator that contributes to innate

immune function during infectious assault (14). LF affects activities of numerous leukocytes

that may affect defense against MRSA, including decreased macrophage production of

inflammatory cytokines (15), increased T-cell specific cytokine (IL-12) in the presence of

TLR agonist (16), increased natural killer cell activity (17), increased expression of antigen

presentation and co-stimulatory molecules in macrophages and dendritic cells, and increased

dendritic cell and macrophage stimulation of antigen specific T-cells (18, 19). Additionally,

in mouse models of induced sepsis, bovine LF reduced serum inflammatory cytokines TNF-

α and IL-6 which correlated with host survival (18, 20). These studies demonstrate that LF

has unique immune modulatory properties that render it capable of suppressing excessive

inflammatory responses.

Previous studies examined LF as an immune modulator to prevent development of septic

condition in animal models utilized bovine milk-derived lactoferrin (bLF). The bLF is only

70% homologous with human and mouse LFs (21), which raises concern on the applicability
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for use of heterologous LF in mouse or human model systems. Recently, we developed a

CHO-based expression protocols for the production of both mouse and human recombinant

LFs using a high expressing and stable cell line (DG44) (22). These novel recombinant LF

proteins, with a mammalian type glycosylation patterns, can serve as useful tools to

investigate LF in models of infection, while eliminating immunogenicity issues related to

antigenic recognition of heterologous epitopes. The studies reported here are the first

investigations into the efficacy of a novel recombinant mouse LF (rmLF) therapy in a mouse

(homologous) model of MRSA peritonitis. Using comparable in vitro models, the

translational effectiveness of the recombinant human LF (rhLF) as a potential clinical

therapeutic against MRSA was also investigated.

Materials and Methods

Lactoferrin, MRSA, and MRSA peritonitis

Recombinant human and mouse LFs produced in CHO stable cell lines were provided by

PharmaReview Corporation (Houston, TX) (22, 23). LFs were produced under endotoxin

free serum conditions, and further affinity purified to remove traces of endotoxin

(<0.1EU/mg in end product). Methicillin-resistant Staphylococcus aureus (MRSA) Mu50

strain (ATCC) with intermediate vancomycin resistance was grown in BBL™ Muller-

Hinton (MH) (Becton, Dickinson and Company) broth supplemented with 4µg/mL of

Vancomycin (according to Sigma protocols) at 37°C and rotating at 225rpm. MRSA in log-

phase was resuspended in 1x Dulbecco’s Phosphate Buffered Saline (PBS) and

intraperitoneal (IP) injected into BALB/c mice (6–10 weeks old) (Harlan Labs) at 5–9×108

colony forming units (CFU)/300µL/mouse. At 2 hours post-infection, mice were given

intravenously (IV) either 100µL/mouse 1xPBS or 1mg/mL rmLF. Mice were sacrificed at 1

hour post-LF treatment. Whole blood samples were used to determine circulating bacterial

load, and serum was assessed for cytokines by analysis using a multiplex bead array

(Invitrogen). Animal studies were conducted under the approval of the UTHHSC

Institutional Review Board, document AWP 10–124.

Blood bacterial load

Whole blood collected from MRSA-infected mice was serially diluted and plated onto MH

agar plates supplemented with 4µg/mL of Vancomycin. Colonies were enumerated after

48hrs incubation at 37°C.

Serum cytokine/chemokine analysis

Serum was isolated from whole blood collected at 1hr post-LF treatment from MRSA-

infected mice by centrifuging at 8000rpm for 10 mins. The serum was clarified by centrifuge

at 10,000 rpm for 10 minutes. The clarified serum was analyzed using the multiplex bead

array (Invitrogen Mouse cytokine 20-plex panel) following manufacturer’s instructions.

In vitro analysis of MRSA-infected splenocytes

Total splenocytes were obtained from naïve BALB/c mice (6–10 weeks old) as previously

described (16). Splenocytes (2×106 cells/mL) were cultured in DMEM with 10% FBS and

exposed to MRSA (MOI 1:10 or 1:1 MRSA:cells) for 1hr. rmouseLF was added in
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increasing concentrations (10, 100 µg/mL). Supernatants were collected 6hrs post-LF

treatment and analyzed by ELISA. Low production of cytokines is observed at <3hrs post-

infection, and overnight cultures are overgrown with MRSA. This time point ensured that

supernatants were collected at a time point where cells are properly stimulated and viable.

Mouse blood monocytes and granulocytes

Whole blood from naïve BALB/c mice were overlaid onto a discontinuous gradient of

Histopaque 1119 and 1083 (Sigma) and spun at 700G for 30mins. Monocyte (89–93%

purity) and granulocyte (97–99% purity) (24, 25) layers were collected, remaining RBC

lysed with ACK buffer (BioWhittaker), and washed 2x with 1xPBS (spun at 1500rpm for 10

mins). Monocytes and granulocytes were cultured at 2×105 – 5×105 cells/mL in DMEM

with 10% FBS at 37°C with 5% CO2. Cells were exposed to MRSA (MOI 1:10

MRSA:cells) for 1hr followed by addition of rm LF (100µg/mL). Supernatants were

collected at 6hrs post-LF treatment and analyzed by ELISA.

Human blood monocytes and granulocytes

Human buffy coat from healthy donors were purchased from the Gulf Coast Regional Blood

Bank in Houston, TX. Buffy coat was overlaid onto Histopaque 1077 and 1119 (Sigma) and

spun at 700G for 30mins. Monocytes and granulocyte layers were collected and treated as

mentioned above. Monoytes and granulocytes were cultured at 2×106 cells/mL in DMEM

with 10% FBS at 37°C with 5% CO2. Cells were exposed to MRSA (MOI 1:10

MRSA:cells) for 1hr followed by addition of rhLF (10–100µg/mL). Supernatants were

collected at 6hrs post-LF treatment and analyzed by ELISA.

ELISA

Mouse and human DuoSets for analysis of TNF-α, IL-6, IL-1β, IL-12p40, IL-10, IL-8, IFN-

γ, IL-2, IL-17, and TGF-β1 was conducted following manufacturer’s instructions, as

previously reported (16). Lower limits of detection were 16–32 pg/ml. Samples were

assessed in duplicate or triplicate, and experiments were repeated for confirmation of results.

Statistics

In vivo mouse experiments contained 5–8 subjects, and the experiment was repeated at least

twice. In vitro experiments were conducted in duplicate and repeated 3–6 times. Survival

graph is representative, and analyzed by GraphPad Prizm software. Analysis of mouse CFU

and cytokine data was determined for relative significance using the Student’s T-test or

OneWay ANOVA with post-hoc Tukey test. All other graphs show individual subjects from

experimental repetitions.

Human cell cytokine data shown is compiled from 3 individual donors, and each donor

pooled cells represent an experiment that was repeated twice. Cytokine measurements were

done in duplicate or triplicate. Human cytokine data was analyzed by OneWay ANOVA,

repeated measures, and post-hoc Tukey.
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Results

Limited protection against lethal MRSA challenge using recombinant mouse LF

Using a mouse peritonitis model, MRSA at a LD100 level was IP introduced into 6 week old

BALB/c mice. Mice were subsequently treated at 2hrs post-infection with one IV injection

of rmLF (100µg/mouse). The dose of rm LF was set according to previous studies using

bovine milk-derived LF (18). Survival of animals was monitored through 3 days, at which

all remaining survivors were sacrificed. The control mice receiving mock treatment (PBS

vehicle) succumbed to infection within 20 hours post-delivery of MRSA. In contrast, a

single IV treatment with rmLF modestly extended host survival (Fig 1), with the difference

in survival between the non-treated and LF treated group being statistically significant

(p=0.029).

Mice were further assessed for bacterial burden in serum post infectious challenge with

MRSA. The rationale is whether protection of the host against MRSA peritonitis induced

mortality is associated with a decrease in overall blood bacteria number. Mice were

sacrificed at 1hr post-treatment with rmLF or after sham treatment with PBS. Whole blood

was collected for bacterial load analysis. The early time point was chosen due to our

previous observations with bovine LF, as bacterial burden increases at later time points do

not correlate with host death (18). At 1hr post-treatment with rmLF, there was a trend of

decrease in overall MRSA numbers (5120 +/− 4950 CFU/mL) in whole blood (Fig 2)

compared to the PBS treated control group (18700 +/− 36680 CFU/mL); the reduction in

bacterial burden due to the rm LF was not significant.

Modulation of host inflammatory signals by mouse LF

Sepsis, whether induced by non-microbial insult (e.g. trauma) or bacterial infection, can

progress via unregulated immune responses into severe sepsis or septic shock. LF is known

to modulate inflammatory responses during acute infection primarily by limiting production

of pro-inflammatory mediators. MRSA triggers immediate innate cellular activation events,

followed by production of factors that trigger non-specific lymphocytic activation. To assess

the potential of LF to modulate immediate immune function, serum factors were analyzed at

1hr post-treatment with rmLF, or with control PBS, using a multiplex bead assay.

Treatment with the rmLF significantly decreased circulating IL-17 (p<0.05) compared to the

treated controls (Fig 3); a non-significant decrease in IL-6 was also observed. However, no

significant differences were observed in circulating factors between groups for all other

cytokine/chemokine analyzed: IFN-γ, IL-2, IL-5, IP-10, IL-12p40, IL-10, TNF-α, IL-1β,

IL-1α, KC, MCP-1, MIP-1α, and MIG.

Mouse LF modulates cytokine production from MRSA-infected cells

Cell populations affected by LF immediately post MRSA challenge were examine in an in

vitro infection assays. Total splenocyte populations obtained from naïve BALB/c mice were

infected in vitro with MRSA. Two hrs post-infection, these cells were treated with

increasing concentrations of rmLF. At 6hrs post-treatment, supernatants were analyzed for

cytokine production.
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Significant changes in TNF-α and IL-1β were observed in the MRSA-infected splenocyte

group which was treated with rmLF (Table I). All concentrations of rmLF significantly

(p<0.05) decreased production of IL-1β, compared to MRSA-infected splenocytes without

rmLF. Treatment with 100µg/mL of mouse LF also increased TNF-α, compared to the

MRSA-infected splenocytes treated with a lower dose (10µg/mL) or compared to those

without LF treatment. No production of IL-6 was observed (data not shown). Little to no

cytokine production was observed in splenocytes not infected with MRSA, with or without

addition of rmLF.

Blood cells were subdivided into monocytes and granulocytes to examine if a directed cell

population was preferentially affected. Supernatants were examined for cytokine production

at 6hrs post-treatment with rmLF (100µg/mL). Of interest, the MRSA-infected granulocytes

were identified as the population that demonstrated a significant increase in TNF-α
production, whereas this was not evident in the monocyte population (p<0.001). Analysis of

IL-1β showed no differences in production with mouse LF treatment in either the monocyte

or granulocyte populations (Table II). No production of IL-6 was observed (data not shown).

Recombinant human lactoferrin differentially modulates MRSA-infected human monocyte
and granulocyte populations

To determine if the immune modulatory effects of rmLF demonstrated in the mouse MRSA

sepsis model would be predictive to human infection, MRSA-infected human monocyte and

granulocyte populations were further assessed in vitro. Cells were obtained from healthy

donor buffy coats, infected with MRSA, and treated with increasing concentrations of rhLF

at 2hrs post-infection. Supernatants were collected at 6hrs post-treatment and analyzed for

presence of IL-4, IL-17, IL-12p40, IL-10, TNF-α, IL-6, IL-1β, and IL-8.

Overall, MRSA stimulated high concentration of cytokines/chemokines from monocytes and

granulocytes. MRSA-infected monocytes cultured with rhLF showed a significant increase

in T-cell cytokines, IFN-γ and IL-2 (Fig 4) and decreased production of inflammatory

factors, including IL-6, IL-1β, and IL-12p40 (Fig 5). No changes were observed with rhLF

in production of TNF-α, IL-10, IL-8, IL-17 or IL-4 (data not shown). The granulocytic

population from the healthy donors was more limited in response. Granulocytes infected

with MRSA produced limited amounts of TNF-α and IL-1β. In contrast to monocytes,

MRSA-infected granulocytes treated with rhLF demonstrated an increase in inflammatory

factor, IL-1β (Fig 6). No differences were observed with regard to production of TNF-α and

IL-8 (data not shown). Granulocytes did not produce any IL-6 or IL-10 during MRSA

infection (data not shown).

Discussion

The experiments outlined here examine the feasibility to employ LF as a novel method to

combat MRSA infection, functioning as an immune modulator. S. aureus is a causative

agent of life-threatening pneumonia and sepsis (26); the increased worldwide incidence of

methicillinresistant S. aureus (MRSA) (27) demonstrates the need to develop more effective

therapeutic treatment. Immune modulators as adjunct therapeutics may be a novel way to

compliment primary antibiotic activity by altering immune status of the infected host. This
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is the first report of using CHO-derived recombinant mouse or human LF for this purpose.

Overall, while addition of the LF modestly enhanced host survival upon infectious

challenge, the response was limited. The response seen was consistent with modulations to

inflammation occurring during infection. Preliminary comparisons in vitro with a rhLF

indicated that the human counterpart shared many properties with the mouse molecule,

although exhibited differences in activities on comparative cellular populations were

uncovered.

The concept to use LF for treatment of sepsis is not unique, given the protein’s ability to

limit bacterial growth, and to suppress microbial-induced inflammation in a variety of

animal models (20, 28–35). Our previous studies using bovine LF in the mouse model of

MRSA challenge showed similar (modest) improvements in host survival concurrent with

decreased serum cytokines (18). We fully expected to see improved survival when using the

homologous recombinant in the mouse, however, this was not proven in our model system.

In humans, several investigators have now reported that oral bovine LF is effective as a

prophylactic to prevent onset of sepsis in high risk infants (36–39). Bovine LF has been

shown to protect gut integrity in mouse models of LPS endotoxemia (32) or gram negative

bacteremia (40). However, the conclusion of these studies suggests a mechanism tied to

protection of gut integrity to prevent translocation of intestinal-residing bacteria, rather than

straight improvement due to decreased bacterial load or modification of cytokine storm post

infection.

The novel recombinant mouse and human LFs in this report are made from CHO cells with

glycosylation patterns resembling LF secreted by mammalian epithelial cells. Other reported

recombinants, such as those produced in Aspergillus oryzae, may not render glycosylation

pattern fully compatible with human counterpart molecules (41). Both the rmLF and rhLF

demonstrated a decrease in inflammatory cytokine production from monocytes and

increased cytokine production from granulocytes during MRSA infection, indicating that

autologous LF effects share many activities between species. The in vivo mouse model

showed that treatment with rmLF decreased circulating IL-6 with 100µg/mouse dose, which

represents a dose considerably lower compared to previously published reports using the

bovine LF (20, 32, 42–44). This decrease in serum IL-6 is theoretically important for host

survival in the mouse sepsis model, as high levels of IL-6 in the early sepsis phase may be a

predictor of mortality (45). In addition to lower serum IL-6, treatment with rmLF also

decreased circulating IL-17. The implication of this finding is less clear, as the role of T-cell

(CD4+) helper-17 cells which produces the majority of IL-17 has not been well studied for

systemic MRSA infection. While IL-17 is protective in MRSA cutaneous infections,

systemic MRSA infection (as modeled in this report) is not affected by IL-17 deficiency (46,

47). It’s not suprising to find MRSA stimulated blood monocytes produce T-cell cytokines

as peripheral blood monocyte layer by Histopaque separation includes limited numbers of

lymphocytes.

These experiments are the first to report on the activities of a homologous rmLF on mouse

models of infectious disease, as a foundation to predict effect of recombinant human LF in

the clinic. The same rmLF was also investigated by Zimecki, et al., for induction of

myelopoiesis in mouse bone marrow cells (23). Despite similar trends caused by LF to
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decrease inflammation, there are clear differences in in vitro response to MRSA infection

between mouse and human primary monocytes and granulocytes. For one, mouse

granulocytes demonstrated a different cytokine pattern upon MRSA infection than human

granulocytes. Therefore, in humans, the MRSA induced acute inflammation may be

primarily attributed to stimulated monocytes. The studies reported here strongly suggest that

rhLF can decrease inflammatory responses, albeit modestly, in innate cells due to MRSA

infection.

Systemic MRSA infections result in increases of pro-inflammatory mediators TNF-α and

IL-6, as well as T-cell derived cytokine IFN-γ (48, 49). Part of this responses has been

attributed to virulence factor secretion (50). The ability of LF to control early (innate)

inflammation is crucial, as strong systemic inflammation (TNF-α, IL-6, IL-1β, and IL-8) is

a threat to host survival (51–53). Interestingly, the effect of rhLF to decrease pro-

inflammatory responses from MRSA-infected monocytes is associated with a concurrent

increase in T-cell cytokines, specifically IFN-γ and IL-2. Protection and resolution against

MRSA is dependent on IFN-γ production, which is linked to enhancement of reactive

oxygen species (ie. NO) in neutrophils (54–56). The ability of rhLF to down-regulate pro-

inflammatory mediators without decreasing IFN-γ, may serve as an indication that rhLF

treatment will suppress inflammation but preserve the beneficial IFN-γ induced NO

production to combat MRSA infection.

This report presents a potential for development of lactoferrin as a supportive treatment for

MRSA through modulation of host immunity. Lactoferrin limits MRSA induced

inflammation without compromising effective immunity. These results also demonstrated

that use of autologous LF to examine effects in the mouse model provides similar immune

modulatory outcomes to that of human LF in an in vitro model using human derived

monocytes and granulocytes. Extension of these findings to rhLF suggests the potential for

its use as an effective adjunct therapeutic for MRSA systemic infection in humans. Thus,

although some differences between molecules exist, the utilization of the recombinant

mouse LF may serve as a pre-clinical proof-of-concept for human LF therapy in patients.
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Highlights

► Novel recombinant human and mouse lactoferrins (LF) were examined as

modulatory agents during MRSA infection in mice. Modest protection was

elicited by recombinant mouse LF (rmLF).

► Serum cytokines, IL-17 and IL-6, were significantly reduced post MRSA

challenge in the rmLF treated mice, with changes also seen in IL-1β, and a

slight increase in TNF-α production.

► Human blood derived monocytes and granulocytes infected with MRSA and

treated with a homologous recombinant human LF (rhLF) led to increased

production of IFN-γ and IL-2. The human cell studies also showed a

concurrent decrease in TNF-α, IL-6, IL-1β, IL-12p40, and IL-10.

► Overall, these results indicate the rmLF and rhLF have a high degree of

overlap to modify inflammatory responses, although differences in activities

were observed.

Hwang et al. Page 12

Int Immunopharmacol. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1. Modest change in survival post treatment with rmLF after lethal challenge with MRSA
BALB/c mice were infected IP with MRSA (LD100) were treated at 2 hours post-infection

with rmLF (100µg/mouse). Survival was monitored post-infection. Control (non-treated)

mice succumbed to MRSA infection within 24 hours. Mice treated with rmLF demonstrated

increased survival. Data representative of two experimental repeats with 8 mice per

experiment.
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Figure 2. Bacteremia of mice infected with MRSA
BALB/c mice were infected with MRSA (LD100) and treated with 100µg/mouse rmLF at 2

hours post-infection. Blood was collected 1 hour later and colony forming units (CFU) were

enumerated. Mice treated with rmLF showed a slight, but non-significant, decrease

compared to non-treated controls. Data graphed as mean +/− standard deviation, log scale.

Data representative of three experimental repeats with 4–5 mice per experiment.
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Figure 3. IL-17 and IL-6 production from MRSA-infected granulocytes after rmLF treatment
MRSA-infected mice given rmLF as described in Figures 1 and 2 demonstrated significant

decrease in IL-17, but not IL-6. Data representative of three experimental repeats with at

least 5 mice per experiment; rmLF alone did not induce responses above background levels.

N=8 depicted with mean +/− standard deviation.
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Figure 4. Change in T-cell derived cytokines in MRSA-infected human PBMCs upon treatment
with rhLF
Human blood monocytes isolated from healthy human buffy coats were infected with

MRSA (MOI 1:10) and treated with rhLF at 2 hours post-infected were analyzed for

cytokine production at 6 hours post-treatment. Addition of rhLF at 100µg/mL increased

MRSA-infected PBMC production of IFN-γ and IL-2. rhLF alone did not induce responses

above background levels. Data represented as box and whiskers with the box expressing

mean, minimum, and maximum, and whiskers as standard deviation. ***=p<0.001
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Figure 5. Reduced pro-inflammatory cytokine production from MRSA-infected human PBMCs
treated with recombinant human LF
Human blood monocytes isolated from healthy human buffy coats were infected with

MRSA (MOI 1:10) and treated with rhLF at 2 hours postinfected were analyzed for cytokine

production at 6 hours post-treatment. Treatment with rhumanLF decreased levels of IL-6,

IL-1β, and IL-12p40. A non-significant decrease was also observed in IL-10. *=p<0.05;

**=p<0.01; ***=p<0.001
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Figure 6. Production of pro-inflammatory mediators from MRSA-infected granulocytes after
treatment with rhLF
Granulocytes isolated from human buffy coats were infected with MRSA (MOI 1:10) and

treated with rhLF at 2 hours post-infection. Supernatants were collected and analyzed by

ELISA at 6 hours post-treatment. While there was no change in TNF-α, addition of rhLF led

to an increase in IL-1β production from MRSA-infected granulocytes. Data represented as

box and whiskers with the box expressing mean, minimum, and maximum, and whiskers as

standard deviation. *=p<0.05
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Table I

Modulation of pro-inflammatory cytokine production from MRSA-infected mouse splenocytes treated with

rmLF.

Mouse LF (µg/mL)

0 10 100

TNF-α (pg/mL) 145 +/− 66 147 +/− 64 177 +/− 76

IL-1β (pg/mL) 234 +/− 115 206 +/− 97 196 +/− 97

Total splenocytes from BALB/c mice were infected with MRSA (MOI 1:10) and treated with or without rmLF after 2 hours. Supernatants were
collected at 6 hours and analyzed for cytokine production by ELISA. Data represented as mean +/− standard deviation. Gray cells represent
significant differences compared to no mouse LF controls (p<0.05).
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Table II

TNF-α production from MRSA infected granulocytes after rmouseLF treatment.

Mouse LF (µg/mL)

TNF-α (pg/106 cells) 0 100

Monocytes 114 +/− 67 145 +/− 46

Granulocytes 88 +/− 83 247 +/− 107

IL-1β (pg/106 cells)

Monocytes 257 +/− 65 247 +/− 69

Granulocytes 384 +/− 161 421 +/− 60

Monocytes and granulocyte populations isolated from mouse whole blood were infected with MRSA (MOI 1:10) and treated at 2 hours post-
infection with or without rmouseLF (100µg/mL). Cytokines were analyzed at 6 hours post-treatment. Addition of rmouseLF enhanced TNF-α
production of MRSA infected granulocyte populations. ***=p<0.001
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