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ABSTRACT

BACKGROUND Human /7 vivo models of systemic inflammation are used to
study the physiological mechanisms of inflammation and the effect of drugs and
nutrition on the immune response. Although iz vive lipopolysaccharide (Lps)
challenges have been applied as methodological tool in clinical pharmacology
studies, detailed information is desired on dose-response relationships, especially
regarding LPS hyporesponsiveness observed after low-dose iz vivo LPs adminis-
tration. A study was performed to assess the i vivo inflammatory effects of low
intravenous LPS doses, and to explore the duration of the induced LPs hypore-
sponsiveness assessed by subsequent ex vivo Lps challenges.

METHODS This was a randomized, double-blind, placebo-controlled study
with single ascending low doses of LPs (0.5, 1 and 2 ng/kg body weight) adminis-
tered to healthy male volunteers (3 cohorts of 8 subjects, Lps:placebo 6:2). The iz
vivo inflammatory response was assessed by measurement of cytokines and CRP.
Ex vivo LPS challenges were performed (at -2, 6, 12, 24, 48 and 72 hours relative to
in vivo LPS administration) to estimate the duration and magnitude of LPS hypo-
responsiveness by assessment of cytokine release (TNFa, IL1j3, ILG, IL8).

RESULTS LPS administration dose-dependently increased body temperature
(+15 °C for 2 ng/kg LPS), heart rate (+28 bpm for 2 ng/kg LPs), CRP and circu-
lating cytokines which showed clearly distinctive increases from placebo already
at the lowest LPs dose level tested (0.5 ng/kg, contrast for timeframe 0-6 hours:
TNFa +413%, IL6 +288%, IL8 +254%; all p<0.0001). In vivo LPS administration
dose-dependently induced a period of hyporesponsiveness in the ex vivo LPS-
induced cytokine release (1L1f3, 1L6 and TNFa), with maximal hyporesponsiveness
observed at 6 hours, lasting no longer than 12 hours. For 1L6 and 1.8, indications
for immune cell priming were observed.

CONCLUSIONS  We demonstrated that an 77 vivo LPS challenge, with Lps doses
as low as 0.5 ng/kg, elicits a cytokine response that is clearly distinctive from base-
line cytokine levels. This study expanded the knowledge about the dose-effect
relationship of LPs-induced hyporesponsiveness. As such, the low-dose LPs chal-
lenge has been demonstrated to be a feasible methodological tool for future clinical
studies exploring pharmacological or nutritional immune-modulating effects.
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INTRODUCTION

Human models of systemic inflammation have been developed with the purpose
to explore the molecular mechanisms and physiological significance of the system-
ic inflammatory response encountered in acute as well as chronic inflammatory
conditions, such as sepsis, trauma, type 2 diabetes, atherosclerosis, and Alzheimer’s
disease, in a controlled, standardized experimental setting. A better understanding
of the underlying molecular and pathophysiological mechanisms could lead to
optimized prevention and treatment of these disorders, associated with morbidity
and mortality [1]. In addition, human models of systemic inflammation can be
applied in clinical pharmacology studies to assess the effects of specific interven-
tions (medicinal or non-medicinal) on the inflammatory response in non-diseased
populations.

Human endotoxemia is often used as a model of systemic inflammation. In this
experimental setting, purified lipopolysaccharide (LPs, also referred to as endo-
toxin) from the cell membrane of Escherichia coli (E.coli) or other Gram-negative
bacteria is administered intravenously to healthy volunteers resulting in flu-like
symptoms, increased production of C-reactive protein (CRP) and increased con-
centrations of pro- and anti-inflammatory cytokines. Since the effects of E.coli are
highly reproducible, this is the predominant bacterial source used [1]. LPs induc-
es an inflammatory response via stimulation of Toll-like receptors (TLRs), basic
signaling receptors of the innate immune system activated by tissue damage or by
molecules associated with pathogen-associated molecular patterns (PAMPs) on
invading microorganisms. LPs is known to activate multiple intracellular path-
ways (e.g. the MYD88-dependent and TRIF-dependent pathways) [2,3].

The human endotoxemia model has been studied extensively, and commonly
applies relatively high Lps doses (2-4 ng/kg body weight) [1,4-8]. However, an
endotoxemia model applying such relatively high Lps doses is not preferred as
methodological tool in clinical pharmacology studies since the elicited immune
response is so strong that potential effects of immune-modulating interven-
tions may not be observed, other homeostatic mechanisms may be temporarily
impaired, and, importantly, the elicited immune response at these LPs doses is
not free of risk for the volunteer. Studies applying lower LPs doses have been per-
formed [9,10], but thorough characterization of a human endotoxemia model at
lower LPs dose levels is desired. In the current study, 0.5 ng/kg was selected as the
lowest LPs dose to be administered intravenously because an LPs dose of 0.2 ng/
kg was shown previously to elicit no cytokine response i vivo [11]. We performed
a study to characterize the LPS dose relationship of the human inflammatory
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response at low LPS doses (0.5, 1 and 2 ng/kg) administered to healthy volun-
teers. Furthermore, we explored the effects of such an 77 vivo LPs challenge on the
inflammatory response induced by subsequent ex vivo LPs challenges. It has been
described that an iz vivo LPs challenge induces hyporesponsiveness to following
in vivo or ex vivo LPS challenges. The biochemical mechanisms accounting for this
hyporesponsiveness have been demonstrated to involve negative regulators such as
IRAK-M, SOCS-I, SHIP, ST2 and IL10 [2,3,12-18] and downregulation of cD14 [19].

It has been reported that ex vivo LPS hyporesponsiveness following an iz vive
LPs challenge was resolved after 1 week [4]. However, the exact time course of
this phenomenon and relation to LPs dose level is unclear. Since such information
could be important for (repeated) application of iz vive and ex vivo LPs challenges
in clinical pharmacology studies, characterization of this hyporesponsiveness was
an objective of our study.

METHODS

The study was conducted in accordance with the Declaration of Helsinki and
Guideline for Good Clinical Practice, and was approved by the Medical Ethics
Review Board of the Academic Medical Center, Amsterdam, The Netherlands.

SUBJECTS Twenty-four healthy male volunteers, aged 18-28 years (inclusive)
with a BMI of 18 to 25 kg/m” and a body weight > 56 kg, participated in this study.
After providing informed consent, subjects were medically screened within 3
weeks prior to participation. Exclusion criteria included history of sepsis, car-
diovascular disease, previous syncope or malignancy, hemorrhagic diathesis, any
active inflammatory or infectious disease, renal impairment, diabetes mellitus,
thyroid dysfunction, and prior exposure to endotoxin in an experimental setting
within 4 weeks of the anticipated exposure. Any use of medication that in the
opinion of the investigator would complicate or compromise the study or interfere
with the study objectives was not permitted during the study.

STUDY DESIGN  This was a randomized, blinded, placebo controlled study of
ascending single doses of 0.5, 1 and 2 ng/kg Lps (U.s. Reference Escherichia Coli
(E.coli) endotoxin cc-RE-Lot 3 (Or13:H, 10:K negative, National Institute of
Health, Bethespa, MD, US, approximately 10 eu/ng; or placebo), administered to
healthy male subjects as an intravenous bolus over 2 minutes. Each cohortincluded
eight healthy subjects, of which six subjects received LPs and two placebo (sodi-
um chloride 0.9%). Subjects were prehydrated with 1500 mL glucose/saline (2.5%
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glucose/0.45% sodium chloride) 2 hours prior to LPS (/placebo) administration,
followedbyanintravenousdripofisomL/hrforaperiodof 6 hours. AfterLrs/place-
bo administration, subjects were confined to the clinical research unit for 24 hours.

SAFETY MONITORING Safety monitoring was performed by adverse events
monitoring, physical examination, assessment of electrocardiogram (ECG) and
vital signs,and laboratory evaluations (routine hematology, chemistry, coagulation,
and semi-quantitative dipstick urinalysis). In case of clinically significant findings
in dipstick analysis, a microscopic investigation of the urine was performed. For
subject safety, maximally two subjects were treated within one day, with a lag time
of at least 40 minutes between subjects. All blinded safety data collected up to at
least 24 hours after LPs/placebo administration were reviewed before the deci-
sion was made to escalate the LPs dose level and proceed with the next cohort.

INFLAMMATORY MARKERS The systemic inflammatory response was assessed
by frequent measurement of C-reactive protein (CRP) and a panel of cytokines
(1L1f, 1L6, 1L8 and TNFa) using a human ultra-sensitive 4-plex (MSD). CRP levels
were measured as part of the standard chemistry panel. Samples for cytokine anal-
ysis were collected in sodium heparin (Greiner) tubes. In addition, the effect of an
in vivo LPS challenge on cytokine release (1L1f, 1L6, IL8, TNF«) induced by an ex
vivo LPS challenge was studied. Blood samples were collected in sodium heparin
tubes (Greiner) before and 6, 12, 24, 48 and 72 hours after the i% vivo LPs admin-
istration. Whole blood cultures were prepared with a 1:1 dilution with RPMI
1640 medium and incubated with LPs (E.coli O111:B4, manufactured by Sigma-
Aldrich, Saint Louis, MO, US, catalog number L-3012, approximately 10 eu/ng) for
24 hoursat 37 °C, 5% coz. Cultures were centrifuged and supernatants were used
for cytokine assessment using the earlier mentioned cytokine 4-plex with a 20-fold
dilution. Whole blood cultures were performed by Good Biomarker Sciences,

Leiden, The Netherlands.

STATISTICAL ANALYSIS Statistical analysis was performed for circulating
inflammatory markers and ex vivo-induced cytokines, which were log-transformed
prior to analysis. These repeatedly measured parameters were analyzed with a
mixed model of variance with treatment, time, and treatment by time as fixed fac-
tors and subject as random factor and the baseline measurement as covariate. A
variance components (co-) variance structure was used to model the within-sub-
ject errors, the Kenward-Roger approximation to estimate denominator degrees
of freedom and the restricted maximum likelihood method to estimate model
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parameters. Contrasts were calculated within the model for each parameter over
the following time profiles: baseline to 6 hours post-dose for circulating cytokines;
baseline to 24 hours post-dose for CRP; and at 6 hours post-dose for ex vivo-in-
duced cytokines. The general treatment effect and specific contrasts were reported
with the estimated difference, the 95% confidence interval (c1), the least square
mean (LSM) estimates and the p-value. Graphs of the LsMs estimates over time by
treatment present 95% confidence intervals as error bars and change from baseline
LsMs estimates. All analyses were performed using sas for Windows Version 9.1.3
(sas Institute, Inc., Cary, NC, USA).

RESULTS

SAFETY Singleintravenouslow doses of LPs were well tolerated in healthy male
subjects. Observed adverse events (AEs) were of mild severity and self-limiting
without therapeutic intervention. The most frequent occurring AEs, probably or
possibly related to treatment, were headache, observed in 66.7% of the LPs-treated
subjects and 33.3% of the placebo-treated subjects and feeling cold, observed in
44.4% of the LPs-treated subjects and none of the placebo-treated subjects. No
clinically relevant changes or unexpected treatment-related trends were observed
in supine systolic and diastolic blood pressure, body temperature, or ECG-derived
parameters following administration of LPs (Figure 1). LPS dose-dependently
increased body temperature and heart rate, with a maximal increase amounting
approximately 1.5 °C and 28 + 13.2 bpm for the highest LPs dose tested, observed at
3-4 hours after LPS administration.

LPs administration resulted in a dose-dependent decrease in monocyte count
(maximal change from baseline -1.9 + 2.3,-4.8 £ 3.6 and -7.7 £ 1.5% at 6 hours post-
LPS for dosesof 0.5, 1and 2 ng/kg, respectively), returning to baseline levels within
12 to 24 hours post-LPS (data not shown). In addition, Lps administration result-
ed in decreased blood platelet count levels (minimal change from baseline of -15
+9.4,-28 + 14.4,and -31 £ 9.1*10%9/L at 4 hours post-dose, data not shown) and
an increase in neutrophil count (maximum change from baseline 25.8 + 3.5, 40.4
+ 9.5,and 42.9 + 6.2% at 4 hours post-LPs for doses of 0.5, 1 and 2 ng/kg, respec-
tively) and leukocyte count (maximum change from baseline 4.0 + 1.3, 4.4 + 1.2,
6.3+ 1.4"10"9/L at 4-6 hours post-LPS), returning to baseline at 12-2 4 hours post-
dose (data not shown). Eosinophil, erythrocyte, lymphocyte, and basophil counts
and hematocrit and hemoglobin slightly decreased after LPs administration, with
maximal changes observed 4 hours after LPs administration (data not shown).
Activated partial thromboplastin time (aPTT) was variable over the day, ranging
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from -0.7 to +0.9 s around a baseline concentration of 29.3 + 1.8 5. LPS admin-
istration resulted in a decrease in apTT, with an estimated difference of -2.0 s
(p=o0.0151) at 1 ng/kg LPs and a maximal mean decrease from baseline of -3.9 s at 4
hours post-Lps (Figure 2). Although the decrease in aPTT upon administration of
2 ng/kg LPs was comparable in size, this difference did not reach a level of statisti-
cal significance (p=0.1233). An effect of LPS administration on prothrombin time
(pT) was not observed (data not shown).

CIRCULATING INFLAMMATORY MARKERS  CRP levels were low in the place-
bo-treated group (data not shown; baseline concentration 0.85 + 1.08 mg/L, with
aminimal variability over time of maximally 0.30 + 0.55 mg/L. LPs administration
dose-dependently increased CRP, maximal levels observed 24 hours post-dose
(1131 673, 15.15 * 3.93, and 18.42 * 5.15 mg/L for LPS doses of 0.5, 1 and 2 ng/kg,
respectively, Figure 34; all contrasts presented for the complete time profile up to
24 hours post dose, versus placebo, p<0.0001). In the placebo-treated group, circu-
lating cytokine levels were minimal (Figure 3B-D). LPS administration resulted in
a dose-dependent increase in TNFa, IL6, and 1L8, with maximal levels amounting
221.9 + 61.2 pg/mL, 314.8 + 130.9 and 329.4 + 84.4 pg/mL, respectively. Maximal
concentrations were reached at 1.5-3 hours after LPS administration. For all Lps
dose levels tested, contrasts for cytokine release versus placebo (time interval 0-6
hours post-dosc) reached a distinct level of significance (p<0.0001). In a consid-
erable number of samples, IL1 levels were below the limit of quantification (LoQ,
0.6 pg/mL, data not shown). In general, higher levels of 1L1f were observed with
increasing LPs doses. For all subjects in the 2 ng/kg dose group, 1L1§ levels above
L0Q could be detected 3-6 hours post-LPs, ranging from 0.7 to 2.6 pg/mL. No
statistical analysis was performed for 1L1f.

EX VIVO LPS-INDUCED CYTOKINE RELEASE  Ex vivo LPS-induced 1L1B, 1L,
1.8 and TNF« release was variable over time, as observed in the placebo-treated
subjects (Figure 4). I vivo LPS administration dose-dependently decreased ex
vivo LPS-induced TNFa release at the highest two dose levels tested in the first
hours after the iz vivo LPs challenge (Figure 4A). Maximal mean reduction was
observed at 6 hours post-dose with an estimated difference (95% C1) of -66.4%
(-81.4 to -39.0%) and -74.7% (-86.0 to -54.3%) for 1 and 2 ng/kg, respectively,
which differed significantly from placebo (Table 1, p=0.0005 and p<o.0001 for
1 and 2 ng/kg, respectively). Subsequently, TNFa release increased and exceeded
levels as observed for the placebo group at 12 hours post-LPS. Ex vivo LPS-induced
1L1f release basically mirrored the patterns observed for TNFa release, with a
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maximal mean reduction at 6 hours post-LPs with an estimated difference (95%
CI) of -65.8% (-79.5 to -43.1%) and -84.7% (-90.8 to -74.5%; Figure 4B and Table
1; p<o.ooo1 and p<o.0001 versus placebo for 1 and 2 ng/kg, respectively), and a
return to placebo levels at approximately 12 hours post-dose. An iz vivo LPS chal-
lenge at 1 and 2 ng/kg significantly inhibited the ex vivo LPs-induced release of 1L6
lasting for approximately 12 hours post-LPs and a maximal effect at 6 hours with
an estimated difference (95% C1) of -31.3 % (-50.8 to -4.0%) and -41.3% (-58.1 to
-17.8%; Figure 4C and Table 1; p=0.0283 and p=0.0024 versus placebo for 1 and 2
ng/kg). Remarkably, ex vivo 1L6 release increased after the 77 vivo administration
of 0.5 ng/kg LPs, peaking at 6 hours post-LPs and almost significantly exceeding
cytokine levels observed for placebo-treated subjects with an estimated difference
(95% C1) 0f34.8% (-3.1 to 87.5% (Figure 4C and Table 1; p=0.0754 versus placebo).
A same response was observed for ex vivo 1L8 release: iz vivo administration of
LPS resulted in an increased 1L8 response to an ex vivo LPS challenge for the two
lowest Lps doses tested with an estimated difference (95% c1) of s5.1% (-6.6 to
157.5%) and 19.2% (-28.8 t0 99.5%) (Figure 4D and Table 1; at 6 hours, p=0.0879
and p=0.4961 versus placebo, for 0.5 and 1 ng/kg), but not for the 2 ng/kg dose.
The observed increases in IL8 release were followed by a strong decrease up to 12
hours post-dose, which was consistent for all LPs doses tested (Figure 4D).

DISCUSSION

Human endotoxemia has been applied frequently as a controlled and stan-
dardized model of systemic inflammation providing mechanistic insight in
molecular and physiological inflammatory pathways. The iz vivo LPs challenge
can also be applied as methodological tool in clinical pharmacology studies to
assess the effects of specific interventions (medicinal or non-medicinal) on the
inflammatory response in healthy volunteers. This experimental model has been
studied extensively, and commonly applies relatively high LPs doses (2-4 ng/kg
bodyweight) [1,4-8]. However, such relatively high LPs doses are not preferred for
reasons mentioned, and characterization of a human endotoxemia model applying
lower Lps doselevelsis desired. Therefore, we performed a study to characterize the
human inflammatory response induced by low Lps doses administered to healthy
volunteers. In addition, we explored the effects of an % vivo LPS challenge on the
inflammatory response induced by subsequent ex vivo LPs challenges. Although
it is known from literature that iz vivo LS challenge induces hyporesponsiveness
to subsequent 77 vivo or ex vivo LPS challenges [2,3,12-18], the exact time course of
this phenomenon and relation to LPs dose level is unclear.
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Administration of low LPs doses (0.5-2 ng/kg) to healthy volunteers was well-tol-
erated and safe; all reported AEs were of mild severity and self-limiting, and no
unexpected treatment-related trends in vital signs or ECG recordings nor in
urinary or blood laboratory parameters were measured. LPs administration
dose-dependently increased body temperature and heart rate with maximum lev-
cls observed at 3-4 hours post-dose (change to bascline of approximately 1.5 °C and
28 + 13.2 bpm). Observed changes in hematology parameters were expected as a
result of LPS treatment [,8,20,21] and subject hydration from 2 hours pre-dose till
6 hours post-dose. Furthermore, LPs administration temporarily inhibited aPTT,
with a maximal decrease from baseline of approximately 3-4 s at 4 hours post-LPs,
in line with previously reported LPs effects on coagulation [22,23]. There is a close
interaction between coagulation and inflammation pathways [24,25]. Stimulation
of monocytes with endotoxin results in an increased expression of tissue factor,
the main initiator of coagulation [23,26,27]. Based on this observation an increase
in PT levels was expected via the extrinsic pathway, however, this could not be
confirmed by the results from our study due to a high variability over the 24hr
time profile. Cytokines such as IL6 and TNFe are the main mediators of inflamma-
tion-induced coagulation [28,29]. Whereas changes in temperature and heart rate
after an iz vivo LPS challenge could serve as a pharmacodynamic readout measure
for pharmacological or dietary interventions, aPTT effect size and contrast versus
placebo of an iz vivo Lps challenge were limited.

In vivo LPS administration dose-dependently increased circulating CRP and
cytokine levels (TNFa, 1L6 and 1L8). Maximal CRP levels were observed 24 hours
post-LPs and maximal cytokine levels were observed r.5-3 hours post-LPs. A sin-
gle intravenous dose of LPs as low as 0.5 ng/kg induced a distinct inflammatory
response in the healthy volunteers.

A power calculation was performed which showed that in a parallel study
design, at an LPs dose level of 0.5 ng/kg, a sample size of 8 subjects per treatment
group would provide 80% power to detect an 28% inhibition in the LPs-induced
TNFa response, at a two-sided significance level of 0.0s. Under the same con-
ditions, it would be possible to demonstrate an inhibition of the LPs-induced
cytokine response of 53% and 49% for 1L6 and CRP, respectively. Given the fact
that the inter subject variability on log scale is well comparable between different
LPs doses, this power calculation also applies for LPs doses of 1 and 2 ng/kg.

Circulating 111§ levels were low and for the majority of the samples tested the
level was below LoQ (0.6 pg/mL). However, in the highest LPs dose group tested,
an increase in circulating 1L1 levels could be demonstrated at 3-6 hours post-Lps,
with observed 1L1f levels ranging from 0.7 to 2.6 pg/mL. This is in contrast with
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1L1P release following an ex vivo LPs challenge of whole blood cultures, which
caused the release of substantial amounts of 1L1f. Reports from other human
endotoxemia experiments also note IL1f} responses are very low or lacking, despite
high circulatinglevels of IL6 and TNFa [30-35]. Interestingly, even in cases of severe
sepsis, IL1f can be detected in only a small fraction of patients and corresponds
weakly with disease severity [36]. However it can be acutely induced in response
to certain surgical procedures, and is implicated in many chronic inflammatory
conditions, such as diabetes, cardiovascular disease, and rheumatoid arthritis.
Since 1L1 expression is limited to inflammasome activation and requires multiple
signals [37,38], this suggests that low-dose human endotoxemia may be insufficient
to induce systemic IL1f. LPs stimulation in whole blood cultures also induces cell
death, which may facilitate inflammasome activation and induce substantial 1L1f
release as seen in our ex vivo LPS experiment.

In vivo LPS administration induced LPs hyporesponsiveness as evidenced by
ex vivo cytokine release of 1L1B, 1L6 and TNFa. This hyporesponsiveness was LPS
dose-dependent. Although the kinetics of endotoxin hyporesponsiveness have
been described previously, the exact time course of the hyporesponsiveness is not
well documented [ 4]. Here we demonstrate that Lps-induced hyporesponsiveness
of specific cytokines reached a maximum at 6 hours after the iz vivo Lps challenge,
and lasted no longer than 12 hours. Interestingly, it has been reported that atten-
uated cytokine responses iz vivo persisted for at least 2 weeks [4]. This indicates
that there is a significant discrepancy between the Lps hyporesponsiveness mea-
sured after an iz vivo LPS challenge, for which the tissue-resident macrophages,
migratingleukocytes and endothelial cells are implicated to be the main sources of
cytokine production, and an ex vivo LPs challenge, for which only the circulating
leukocytes are the source of cytokine release and there is no active clearance of
endotoxin since the system is closed [4,39]. The fact that the estimated duration
of the derangement of the immune system induced by an 77 vivo LPS challenge
is dependent on the selected methodology (assessment by ex vivo LPs challenge
or in vivo LPS challenge) should be carefully taken into account when designing
future clinical pharmacology studies applying iz vivo/ex vivo LPs challenges, and
this process should be driven by the nature and mechanism of action of the inves-
tigational product.

Interestingly, patterns for ex vivo LPs-induced IL8 release (at all i vivo LPs
doses tested) and 1.6 release (at the lowest iz vivo Lps dose tested) differed from
the patterns observed for 11 and TNFa: a preceding iz vivo LPs challenge caused
an increased cytokine release after an ex vivo LPSs challenge, rather than an inhibi-
tion of cytokine release. It may be well possible that immune cells were primed by
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the low-dose i7 vivo LPs challenge, resulting in an augmented 118 and 1L 6 respons-
es after ex vivo LPS stimulation. Priming of innate immune cells by low endotoxin
levels has been described before, and allows the immune system to elicit a strong
inflammatory response against potential pathogens [2]. Although priming of the
murine immune system has been explored rather extensively, the underlying mech-
anisms in human immunology are poorly understood. Pretreatment of murine
macrophage cells with very low doses of LPS results in an augmented cytokine pro-
duction after subsequent LPs stimulation, which is LPs concentration-dependent
[40-42]. In general it should be noted that humans are much more sensitive to
LPs than mice, indicating the relative poor feasibility of murine models to support
human endotoxin responses [ 43]. The fact that, dependent on the i vivo Lps dose
applied and specific cytokine measured, either LPs hyporesponsiveness or LPS
priming is observed in a relatively narrow LPs dose range (0.5-2 ng/kg) indicates
that a delicate balance exists between endotoxin hyporesponsiveness and endotox-
in priming, which is still to be characterized in more detail.

It should be noted that sample collection tubes used for ex vivo Lps challenges
contained an endotoxin-like contamination. Although the exact level of contami-
nation could not be expressed in relative endotoxin units, additional experiments
indicated that the contamination was TLR4-specific. As a consequence of this
contamination, ex vivo LPS challenges were performed at an endotoxin level
resulting in a maximal TLR4-mediated response (EC,qp) rather than the antici-
pated sub-maximal response level (ECg), which was believed not to affect study
outcomes.

Opverall, our experiments demonstrate that human endotoxemia induced by
commonly applied relatively high LPs doses (exceeding 2 ng/kg) can be avoided:
application of LPs doses aslow as 0.sng/kg result in significant responses in routine
safety markers (e.g. temperature, blood pressure and heart rate) and circulating
cytokine levels that can function as pharmacodynamic markers. As such, the low-
dose LPs challenge has been demonstrated to be a feasible methodological tool for
future clinical studies exploring pharmacological or nutritional immune-modu-
lating effects. An iz vivo LPs challenge induced immune cell hyporesponsiveness
or immune cell priming (dependent on i7 vivo LPs dose and cytokine readout),
determined by repeated ex vivo LPs challenges, but the duration of these effects
was limited. These results indicate that a combination of iz vive LPS administra-
tion and repeated ex vivo LPS challenges can be applied in clinical pharmacology
studies.
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Table 1. Contrasts of ANCOVA (difference in %) at 6 hours post-dose after exvivo LPs challenge. Figure 2. Activated Partial Thromboplastin Time (aPTT) LsMs change from baseline profile, with

0.5 ng/kgvs placebo 1 ng/kgvs placebo 2 ng/kgvs placebo 95% CI as error bars.
Contrast P-value Contrast P-value Contrast P-value 4
TNFo -13.6 0.6256 -66.4 0.0005 -74.7 <0.0001 3r
2+
Lip -30.0 0.1606 -65.8 <0.0001 -84.7 <0.0001 1k
L6 34.8 0.0754 -31.3 0.0283 -41.3 0.0024 Z of
5o placebo
L8 55.1 0.0879 19.2 0.4961 -4.8 0.8475 Z ot
5h —+— 0.5ng/kg
4L —— Ing/kg
Figure 1. Vital signs: temperature (°C, panel 4), heart rate (bpm, panel B), systolic blood pressure Z o —=— 2ng/kg
(mmHg, panel ¢), diastolic blood pressure (mmHg, pancl ), change from baseline with standard 30 3 6 o 1215 18 21 24 27
deviation as error bars. Time (hours)
2.00 60
150} . Figure 3. CRP (A) time profile graph, with standard deviation as error bars; TNFa (B), 116 (C), 1L8 (D
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Figure 4. TNFo (A), 1L1J (B), 116 (C), L8 (D) after ex vivo LpS challenge (10 eu/ng, 24 hour incuba-
tion) LsMs change from baseline profile, with 95% CI as error bars, in vivo LPs challenge on t = 0.
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