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Differential in vivo activation of
monocyte subsets during low-
-grade inflammation through
e experimental endotoxemia in
e humans
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Human monocytes are a heterogeneous cell population, which can be divided into a classical

. (CD14++CD16—), a non-classical (CD14+CD16+), and an intermediate (CD14++CD16+) subset.

. We hypothesized that low-grade inflammation may differentially affect monocyte subsets. We used

. ahuman lipopolysaccharide (LPS) infusion model to mimic low-grade inflammation to identify,

 which monocyte subsets are preferentially activated under these conditions. Monocyte subsets

. were identified by staining for CD14 and CD16, activation status of monocytes was analyzed by
staining for CD11b and a novel in situ mRNA hybridization approach to detect IL-6 and IL-8 specific
mRNA at the single-cell level by flow cytometry. After LPS challenge, cell numbers of monocyte

. subsets dropped after 2 h with cell numbers recovering after 6 h. Distribution of monocyte subsets

: was skewed dramatically towards the intermediate subset after 24 h. Furthermore, intermediate

. monocytes displayed the largest increase of CD11b expression after 2 h. Finally, IL-6 and IL-8 mRNA
levels increased in intermediate and non-classical monocytes after 6 h whereas these mRNA levels
in classical monocytes changed only marginally. In conclusion, our data indicates that the main

. responding subset of monocytes to standardized low-grade inflammation induced by LPS in humans is

. the CD14++CD16+ intermediate subset followed by the CD14+CD16+ non-classical monocyte subset.

. Circulating classical monocytes showed comparably less reaction to LPS challenge in vivo.

© Monocytes are bone marrow derived phagocytic cells primarily involved in the innate immune response, but
- also in other processes such as tissue repair and angiogenesis'. However, monocytes form a heterogeneous cell
. population with several identifiable subsets. Human monocyte subsets can be distinguished by the expression of
: CD14, a co-receptor for toll like receptor 4 (TLR4) and thus a crucial component of LPS signaling, and CD16, a
. low affinity Fc gamma receptor’. Human monocytes consist of three major subsets defined as CD14++CD16—
. for classical monocytes, CD144-4-CD16+- for intermediate monocytes and CD144-CD16+ for non-classical
. monocytes’. Each cell type has been associated with a certain function. Classical monocytes have a high phago-
. cytic capacity while intermediate and non-classical monocytes represent further differentiated proinflammatory
* and proapoptotic cells**. Previously, human non-classical monocytes were suggested to have patrolling function
. but were reported not to be stimulated by cell surface toll like receptors®. This view was challenged by a report
. showing that in vivo activation of non-classical monocytes occurred in a humanized mouse model describing a
similar activation pattern of CD16+ and CD16— monocytes’. In addition, Mukherjee et al. demonstrated that
non classical monocytes react strongly to in vitro LPS challenge®. However, reactivity of subsets in humans in vivo
remains to be explored.
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An increasing number of mostly small observational studies have investigated if the distribution of monocyte
subsets is related to clinical stages of disease progression in cardiovascular pathologies. Most of these studies have
described higher levels of CD16+ monocytes to be associated with cardiovascular disease progression®. Apart
from one study that reported that the CD16— monocytes predict cardiovascular events independent of other risk
factors, recent evidence points towards an association of CD14+4+CD16+ intermediate monocytes with inflam-
matory cardiovascular conditions, sepsis or inflammatory disease®!°. We have recently shown that proatherogenic
lipoprotein profiles were associated with increased levels of intermediate or non-classical monocytes!!-1* and
intermediate monocytes further predicted cardiovascular outcome in patients with chronic kidney disease'. In
addition, in a study of more than 900 patients the CD14++CD16+ subset of monocytes independently predicted
cardiovascular events'® and patients with stable and acute heart failure displayed increased levels of intermediate
monocytes's. However, insight in molecular mechanisms that form the basis for these associations is limited as
most of the experimental studies investigating such mechanisms were done either in vitro or in mice in vivo. Since
in vitro results must only be translated into the in vivo setting with considerable caution, in particular as culture
conditions in in vitro experiments may alter subset distribution and surface marker expression on these cells,
and since a lack of consensus as to how the inflammatory capacity of murine and human monocyte subsets are
comparable still exists, in vivo investigations studying possible differences in inflammatory activation patterns of
human monocyte subsets are warranted!.

We hypothesized that exposure of monocytes to inflammatory conditions may differentially affect the acti-
vation pattern of the three monocyte subsets in vivo. Therefore we analyzed the activation pattern of human
monocyte subsets by measuring their expression of two classical cytokines, namely the classical inflammatory
cytokine interleukin-6 (IL-6) and the classical chemokine IL-8 in a well-standardized human endotoxemia model
of low-grade systemic inflammation!”-°. We have chosen to measure IL-6 and IL-8 in our study as both interleu-
kins are produced by monocytes and are critically involved in the pathogenesis of conditions characterized by an
inflammatory state®*-**. In addition, levels of IL-6 and IL-8 have been used previously to distinguish monocyte
subsets after LPS stimulation®®. Our study provides evidence that the main responding monocytes in humans
in vivo are CD16+ monocytes, whereas circulating classical monocytes (CD14+-+CD16—) did not show strong
reactivity under these conditions.

Results

Infusion of 2 ng/kg LPS induced monocytopenia and lymphocytopenia after 2h and 6 h with a recovery of cell
numbers after 24 h (Fig. 1A), which is consistent with previous reports®*. Within our study we addressed the
question of distribution of monocyte subsets during endotoxemia. 2 h after LPS injection, total cell numbers
for all monocyte subsets dramatically dropped and were a fraction of the initial circulating monocyte numbers
(Fig. 1B). For classical monocytes, we observed a drop to 5% of the initial count (p < 0.001), intermediate mono-
cytes were reduced to 17% (p =0.001) and non-classical monocytes were reduced to 13% (p < 0.001). 6 h after
LPS injection, classical monocytes recovered to their initial cell number whereas intermediate and non-classical
monocytes remained reduced. Interestingly, 24 h after endotoxemia induction, classical monocyte counts were
reduced to 57% of the initial cell number before LPS injection (p < 0.05) and no significant change was observed
for non-classical monocytes. In contrast, cell counts increased dramatically for intermediate monocytes (572%
increase, p < 0.001). This massive increase is represented in the skewing of the monocyte subpopulation distribu-
tion towards the intermediate monocyte subset (Fig. 1C).

Classical monocytes were described to lose CD14 surface expression after exposure to LPS in a humanized
mouse model”. Twenty-four hours after LPS infusion, classical monocytes showed a 22% (p < 0.05) reduction of
mean fluorescence intensity of CD14 expression, whereas a slight, albeit not significant increase of CD14 expres-
sion was seen in non-classical monocytes in human test subjects. A slight but not significant decrease in CD14
was seen in intermediate monocytes (Fig. 2A).

To determine the effect of LPS activation on monocyte subsets we analyzed the surface expression of acti-
vated CD11b, a member of the 32 integrin family. Mild endotoxemia induces a rapid increase in CD11b surface
expression on the total monocyte population®. The current study confirms these data and shows a similar CD11b
up-regulation on the surface of the total monocyte population as quantified by mean fluorescence intensity
(MFI) (2h, 96% increase, p < 0.001). Whereas classical monocytes and non-classical monocytes only moderately
increased CD11b surface expression to 176 £ 18% (p < 0.05) and 125 £ 7% (p < 0.001) of the baseline MFI value,
respectively, intermediate monocytes displayed an increase to 328 4= 149% (p < 0.05) over baseline MFI. CD11b
expression dropped to baseline levels after 6 h, albeit intermediate monocytes remained the cell subtype with the
highest CD11b levels thereafter (Fig. 2B). As can be seen from the inset to Fig. 2B, staining for activated CD11b
was specific as an isotype control antibody did not stain monocytes after 4h of LPS treatment.

Lastly, we compared cytokine activation patterns in monocyte subsets after LPS injection. To avoid misleading
results with intracellular cytokine staining due to secretion of proteins we decided to use a novel in situ mRNA
hybridization approach to detect IL-6 and IL-8 mRNA at the single-cell level by flow cytometry?. Overall IL-6
mRNA and IL-8 mRNA MFI were already slightly increased in intermediate and non-classical monocytes at base-
line. LPS infusion increased IL-6 mRNA MFI levels to 1804+ 30% (p < 0.05) and 225+ 80% (p=0.12) and IL-8
mRNA MFI levels to 240 = 14% (p < 0.001) and 232+ 53% (p < 0.05) in intermediate and non-classical mono-
cytes 6 h after LPS infusion respectively, whereas these levels increased only slightly to 119+ 13% (p < 0.01) and
1424 18% (p < 0.001) in classical monocytes. After 24 h, MFI mRNA levels for IL-6 and IL-8 mRNA returned
back to baseline in intermediate and non-classical monocytes suggesting no prolonged activation of circulating
monocytes (Fig. 3A,B). Plasma levels for IL-6 and IL-8 in the same volunteers followed similar kinetics. They
increased from non-detectable levels before LPS infusion to 1.8 £ 0.7 pg/ml IL-6 and to 31.3 £ 12.8 pg/ml IL-8 8h
after the infusion and returned to non-detectable levels at 24 h.
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Figure 1. (A) Total lymphocyte and monocyte cell counts during human endotoxemia. Lymphocytes and
monocytes were identified in a CD45/SSC scatter plot and followed over the given time course. Total cell
number was calculated using 123 count eBeads as provided in Methods section. Total lymphocyte cell numbers
dropped significantly 2h and 6 h after LPS infusion with a return to baseline after 24 h. In contrast monocyte
numbers dropped significantly after 2 h whereas total cell number was reverted to baseline already 6 h after

LPS infusion. *p < 0.001 versus baseline. Values are given as average of cell number + S.E.M. (B) Monocyte
subset distribution during endotoxemia. Monocyte subsets are given according to their percentage distribution.
After 2h CM subset distribution was reduced compared to baseline, whereas IM and NCM showed a trend
towards an increase. After 6 h, the monocytic pool consisted almost exclusively of CM, whereas after 24 h the
distribution was shifted towards IM. *p < 0.001 versus baseline, *p < 0.05 versus baseline. Values are given as
average percent distribution. (C) Total monocyte subset cell counts during human endotoxemia. Monocyte
subsets were identified as described in the Methods section. All three monocyte subsets displayed strong cell
count reductions 2 h after endotoxemia induction. Cell numbers returned to baseline for CM after 6 h, whereas
they remained reduced for IM and NCM. After 24 h total cell numbers were skewed towards IM as total cell
numbers were increased for IM and decreased for CM. *p <0.001 versus baseline, *p < 0.05 versus baseline.
Values are given as average of cell number + S.E.M. (D-F) Individual patient data of monocyte subset count for
CM (D), IM (E) and NCM (F). Mean values & S.E.M. are represented by bold lines.

Discussion

It is generally accepted that low-grade inflammation is associated with coronary artery disease caused by the pres-
ence of atherosclerotic lesions in the vessel wall?’. Strong clinical and experimental evidence supports the notion
that the innate immune system in general and monocytes and monocyte-derived macrophages in particular are
key players in the development and progression of such lesions?.

Human monocytes are not a homogeneous cell population. Based on their expression of the surface markers
CD14 and CD16 three major subsets defined as CD14++CD16— for classical monocytes, CD14+4-+CD16+ for
intermediate monocytes and CD14+CD16+ for non-classical monocytes can be distinguished in men®. Several
clinical studies point towards an association of CD16+ subsets with pathologies characterized by a chronic
inflammatory state such as coronary artery disease, obesity, arthritis, inflammatory diseases of the intestinal tract
or systemic lupus erythematous®»-32,

The exact role and response of monocyte subsets under inflammatory conditions and the underlying molec-
ular mechanisms are currently critically discussed with diverging results from various in vitro studies. Most
in vivo studies, on the other hand, addressing this subject, used murine models. Murine monocyte subsets, how-
ever, differ substantially from human monocyte subsets in their physiological and pathophysiological properties!~.
In our study we have used a well-characterized model of human LPS-induced low-grade inflammation to study
the response of different monocyte subsets to inflammatory activation in vivo in men*%.

In line with previous results, demonstrating an expansion of CD16+ monocytes in septic conditions in vivo
and in vitro®*>%, we find, after an initial drop in total monocyte numbers shortly after LPS-infusion and a subse-
quent recovery in total monocyte numbers to pre-LPS levels, an increase in intermediate and a decrease in classical
monocytes 24 hours after LPS infusion. We extend the findings of Fingerle et al. and Dominguez-Nieto et al.?>3¢
showing that this effect occurs early and even during low-grade inflammation. Still, cautious interpretation of
data obtained from in vivo LPS studies is required as activated monocytes might disappear from peripheral blood
as they adhere to the endothelium and therefore might subsequently be lost for sampling. However, the relative
increase in intermediate monocytes in our study occurs after 24 hours and classical monocytes reappear already
after 6 hours when the other two subsets are still clearly missing in the circulation. Furthermore it would be of
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Figure 2. (A) Change in CD14 receptor surface density. CD14 cell surface density was evaluated in CM, IM,
and NCM before LPS injection and 24 h after. CM monocytes showed a significant reduction in CD14 surface
availability compared to base line, whereas IM and CM receptor density did not change significantly. Values are
given as x-fold control + S.E.M. (B) CD11b surface density on monocytes in human endotoxemia. Receptor
density at baseline was similar in IM and CM and lowest in NCM. Two hours after LPS injection, CD11b values
increased the most in IM followed by CM, and increased slightly in NCM. Comparing the individual subsets

at 2h revealed the highest CD11b surface availability for IM followed by CM and NCM. After 6h CD11b
values dropped significantly for CM and IM whereas they remained at a similar level in NCM. However, the
IM subset remained the subset with the highest receptor density. A similar CD11b distribution was observed
for 6h and 24 h. *p < 0.001 versus baseline, p < 0.05 versus baseline. Values are given as mean fluorescence
intensity £ S.E.M. The inset to (B) shows a representative histogram of classical monocytes treated for 4h with
or without LPS and stained with either an antibody against CD11b or the respective isotype control as outlined

in the Methods section.
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Figure 3. (A) IL-6 mRNA in monocytes subsets in human endotoxemia. IL-6 mRNA was determined using

an in situ mRNA hybridization approach at the single-cell level by flow cytometry. Baseline mRNA levels

were significantly higher in IM and NCM compared to CM. 6h after LPS induction a marked increase of IL-6
mRNA in IM and NCM over CM was identified reverting to baseline conditions after 24 h. MFI denotes mean
fluorescence intensity. Sp < 0.01 versus baseline, “p < 0.05 versus baseline. Values are given as mean fluorescence
intensity £ S.E.M. (B) IL-8 mRNA in monocytes subsets in human endotoxemia. IL-8 mRNA was determined
using an in situ mRNA hybridization approach at the single-cell level by flow cytometry. Baseline mRNA levels
were significantly higher in IM and NCM compared to CM. 6h after LPS induction a marked increase of IL-8
mRNA in IM and NCM over CM was identified reverting to baseline conditions after 24 h. *p < 0.001 versus
baseline, “p < 0.05 versus baseline. Values are given as mean fluorescence intensity + S.E.M.

interest if intermediate monocytes after LPS challenge originate directly from bone marrow or are derived from
classical monocytes present in the circulation in this setting. In that respect it is noteworthy that Mandl et al. have
shown recently that the human bone marrow contains a monocyte pool resembling intermediate monocytes.
In contrast Rogacev et al. found that the first monocytes that appear in peripheral blood of patients after myo-
ablation and subsequent bone marrow transplantation are classical monocytes, followed by intermediate and
then non-classical monocytes®®. Although we cannot clarify the exact origin of intermediate monocytes in this
study, we speculate that the intermediate subset might be a transitional subset bridging between the classical and
non-classical population® because endotoxemia reduces the surface density of the CD14 receptor together with an
observed increase in the intermediate subset population in our study. However, we cannot rule out a mobilization
of a CD16+ monocytic subfraction from the bone marrow.

Further changes in monocyte subsets were observed in regards to the adhesion protein CD11b. CD11b dimer-
izes with CD18 and is necessary for proper monocyte locomotion on the endothelial layer®. In addition CD11b
can also act as a receptor for LPS necessary for LPS uptake*. Previously, mild endotoxemia in human subjects
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was shown to induce CD11b surface expression®. Analyzing subset specific activated CD11b surface availability
we found that activated CD11b is predominantly induced in intermediate monocytes. CD11b expression patterns
after LPS infusion suggest that classical monocytes are only weakly responsive to LPS in vivo. The increase in
activated CD11b expression in intermediate cells could reflect a different adhesion pattern of intermediate cells
upon inflammatory activation in vivo. Our data might support the suggested patrolling behavior of non-classical
monocytes even after LPS stimulation as activated CD11b fluorescence intensity was lowest for non-classical
monocytes. Of note, increased adhesion molecule receptor expression was reported for intermediate monocytes
in ischaemic heart disease*! indicating the increased reactivity of intermediate cells towards an inflammatory
stimulus.

The current paradigm for human monocytes is that classical monocytes react the most to LPS-induced
inflammatory activation with a decrease in reactivity for intermediate and non-classical monocytes®. In addition,
non-classical monocytes are viewed as the subset patrolling the blood stream with only a reduced reaction to
inflammatory stimuli®. Our results, however, indicate that cytokine production in response to an inflammatory
stimulus is enhanced in CD16+ monocyte subsets. In vivo exposure to LPS increased IL-6 and IL-8 mRNA
expression in both intermediate and non-classical monocytes strongly, whereas only a minor effect was detectable
for classical monocytes. This is especially striking when comparing RNA levels 6 h after LPS infusion between
subsets, as both intermediate and non-classical monocytes show increased levels of at least 1.8 fold for IL-6 and
more than 2 fold for IL-8. It should be noted that we have chosen to perform in situ hybridisation as a more reli-
able approach to quantitate IL-6 and IL-8 production in these cells as these two cytokines are usually secreted
and thus intracellular protein levels most likely do not reflect the actual amount of proteins produced by the cell.
Plasma levels for IL-6 and IL-8 in the same volunteers followed similar kinetics reaching peak levels 8 h after LPS
infusion. However, the rather low numbers of intermediate and non-classical monocytes early after LPS infusion
might limit their contribution to overall plasma levels of IL-6 and IL-8 at that time period. Still it is tempting to
speculate that these two subsets of monocytes might contribute to local IL-6 and IL-8 levels. In patients with
a disease connected with an increase of CD16+ monocytes, the increased responsiveness of these subsets to
inflammation might however be of more importance compared to healthy human subjects. Further work needs to
clarify whether this increased reaction of intermediate and non-classical monocytes is due to a different signaling
transduction due to CD16 availability as already suggested by Shalova et al. who have shown that CD16 regulates
the TRIF-dependent TLR4 signalling in monocyte*?. Interestingly, previous reports also suggested an increase of
TLR4 receptor in CD16+ cells, which might contribute to the observed behavior®:.

In conclusion, we demonstrate in this report for the first time in human subjects that in vivo inflammatory
activation of monocytes is occurring mainly in the CD16+ monocyte fraction of intermediate and non-classical
monocytes. Intermediate monocytes are the key responders to low-grade inflammation represented by an
increased expression of the integrin CD11b and the inflammatory cytokines IL-6 and IL-8. Non-classical mono-
cytes upregulated IL-6 and IL-8 but did not show massive changes in CD11b surface expression. This in vivo
behavior is in contrast to previously reported in vitro behavior of isolated non-classical monocytes®. On the con-
trary, classical monocytes displayed only slight changes in mRNA levels of IL-6 or IL-8, and responded with a
downregulation of CD14 surface availability. Our results might indicate a prominent in vivo role for CD16 in
TLR4 signaling. Whether this role might be due to changes in downstream TLR4 signaling pathways as suggested
previously*? needs to be further addressed. Overall, our data suggest a predominant role for intermediate and
non-classical monocyte subsets in the course of human low-grade inflammation. This observation is in so far
interesting, as an increase of CD16+ intermediate monocytes has been described as characteristic for cardiovas-
cular disease’®. In addition in a recent study of more than 900 patients the CD14++CD16+ subset of monocytes
independently predicted cardiovascular events'®. Our results lead us to speculate that the intermediate subset of
monocytes could represent a possible target for the development of new therapeutic strategies in the treatment of
conditions characterized by an inflammatory state and the involvement of the innate immune system.

Methods

Endotoxin model. This study was approved by the Ethical Committee of the Medical University of Vienna
and complies with the Declaration of Helsinki. Informed consent was obtained from all participants. Healthy
volunteers (n = 12) were injected with a bolus infusion of LPS (2 ng/kg; CCRE lot from NIH)*. Blood samples
were obtained before LPS injection and at 2h, 6 h, 8h and 24 h after injection. Study participants were apparently
healthy with no symptoms of relevant clinical illness or medication within the last 3 weeks before inclusion. In
addition, no blood donation was allowed within the last 4 weeks before inclusion. Furthermore, volunteers had no
liver or kidney dysfunction and passed a physical examination with normal status for general appearance, head,
ears, throat, nose, lymph nodes, cardiovascular, respiratory, abdomen, musculoskeletal, and neurologic status.
Mean age of participants was 28.7 years. One proband was smoking <5 cigarettes per day. The remaining eleven
were non-smokers.

FACS analysis. Whole blood samples were stained for CD45 (PerCP, Clone SD1, eBiosciences, CA, USA),
CD14 (PeCy7, Clone 61D3, eBiosciences), CD16 (APC-H7, Clone 3G8, BD Biosciences, CA, USA) and CD11b
(FITC, Clone CBRM1/5, eBiosciences) and incubated for 15 min at room temperature. Antibodies were used in
the concentrations recommended by the respective company. In addition, specificity of the CD11b antibody was
tested with an isotype control (eBiosciences), which was used to validate the binding to the activation-specific
epitope of CD11b.

1 ml of FACS lysing solution (BD Biosciences) was added to lyse red blood cells and samples were incu-
bated for another 15 min. Afterwards, cells were washed three times with phosphate buffered saline (PBS),
ph=7.4+1% bovine serum albumin (BSA; Sigma, USA) and acquired. 100.000 events were recorded per sample
and analyzed on a BD FACS Canto IT using FACS DIVA software. Gating strategy can be seen in Fig. 4A. Absolute
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Figure 4. (A) Gating strategy for identification of classical (CM), intermediate (IM), and non-classical (NCM)
monocytes. After whole blood staining and red blood cell lysis, the monocyte population was defined as CD45
positive cells exhibiting a typical location in a CD45 and sideward scatter (SSC) scatter plot. The remaining
CD45 population was then distinguished according to their CD14 and CD16 surface expression identifying
them as CM, IM and NCM. (B) Gating strategy used for in situ hybridization experiments to identify

classical (CM), intermediate (IM), and non-classical (NCM) monocytes. After isolation of peripheral blood
mononuclear cells via density gradient centrifugation, the monocyte population was defined as CD14 positive
cells and monocyte subsets were then defined according to their CD14 and CD16 expression.

cell numbers were determined using 123 count ebeads (Affymetrix, CA, USA) by adding 100 pl of the bead sus-
pension directly to the sample before acquisition. 123 count ebeads were identified in a scatter blot using the flu-
orescent parameters FITC and PE and were used as a reference to calculate absolute cell numbers. Compensation
was achieved by using single stains of BD CompBead beads (BD Biosciences) with the respective antibodies.

In situ hybridization for IL-6 and IL-8. Peripheral blood mononuclear cells were isolated from whole
blood via Ficoll centrifugation (GE Healthcare, IL, USA) and stained for CD14 and CD16. Afterwards, sam-
ples were washed once with PBS + 1% BSA, fixed for 30 min at 4 °C with PrimeFlow RNA Fixation Buffer
(Affymetrix) and permeabilized with Permeabilization Buffer (Affymetrix) for another 30 min at 4°C. In situ
hybridization for IL-6 and IL-8 was performed using Prime FlowRNA assay kit and probe sets according to the
manufacturer (Affymetrix)?. In short, samples were incubated with the appropriate target probes for 2h at 40°C,
washed twice with PrimeFlow RNA Wash Buffer, resuspended in Storage Buffer and acquired on a FACS Canto II
(BD Biosciences). Gating strategy is displayed in Fig. 4B. In short, 100.000 events per sample were recorded and
the monocyte population was gated using CD14 as a selection marker. Afterwards monocyte subsets were eval-
uated according to the respective expression of CD16. Compensation was achieved by using single stains of BD
CompBead beads with the respective secondary labels.

Determination of IL-6 and IL-8 in plasma. IL-6 and IL-8 levels were determined in plasma samples of
volunteers before, 8 h and 24 h after infusion of LPS using specific ELISAs (R&D Systems, MN, USA). The detec-
tion limit was 0.7 pg/ml for the IL-6 ELISA and 1.5 pg/ml for the IL-8 ELISA.

Statistics. Sample size calculation revealed that we would need at least 10 patients to detect a difference
of one standard deviation in pairwise comparison with a power of 80% and significance level (two-tailed) of
0.05*, Statistical analysis was performed using analysis of variance (ANOVA) with post-hoc testing accord-
ing to Bonferroni and pairwise t-tests adjusted for multiple comparison using the method according to
Bonferroni-Holm. Data is shown as mean = standard error of the mean (SEM).
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