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Familial Mediterranean fever (FMF) is caused by pyrin-encoding MEFV gene mutations and
characterized by the self-limiting periods of intense inflammation, which are mainly
mediated by a massive influx of polymorphonuclear neutrophils (PMNs) into the inflamed
sites. Perturbation of actin polymerization by different pathogens was shown to activate the
pyrin inflammasome. Our aim was to test whether cytoskeletal dynamics in the absence of
pathogens may cause abnormal activation of PMNs from FMF patients. We also aimed to
characterize immunophenotypes of circulating neutrophils and their functional activity.
Circulating PMNs displayed heterogeneity in terms of cell size, granularity and
immunophenotypes. Particularly, PMNs from the patients in acute flares (FMF-A) exhibited
a characteristic of aged/activated cells (small cell size and granularity, up-regulated CXCR4),
while PMNs form the patients in remission period (FMF-R) displayed mixed fresh/aged cell
characteristics (normal cell size and granularity, up-regulated CD11b, CD49d, CXCR4, and
CDg2L). The findings may suggest that sterile tissue-infiltrated PMNs undergo reverse
migration back to bone marrow and may explain why these PMNs do not cause immune-
mediated tissue damage. A multidirectional expression of FcyRs on neutrophils during acute
flares was also noteworthy: up-regulation of FcyRIl and down-regulation of FCyRII/FcyRIIl. We
also observed spontaneous and fMPL-induced activation of PMNs from the patients after
transmigration through inserts as seen by the increased expression of CD11b and intracellular
expression of IL-1B. Our study suggests heightened sensitivity of mutated pyrin
inflammasome towards cytoskeletal modifications in the absence of pathogens.

Keywords: Familial Mediterranean fever, neutrophils, fresh/aged neutrophils, transmigration, IL-18,
immunophenotype, FcyRs

INTRODUCTION

Familial Mediterranean fever [FMF, MIM249100] is an autoinflammatory syndrome characterized
by the recurrent episodes of fever and aseptic polyserositis. Gain-of-function mutations in the MEFV
gene which encodes pyrin are the cause for FMF (1, 2). Interaction of the N-terminal part of pyrin with
microtubules and co-localization of pyrin with actin (3, 4) suggest that pyrin might be a sensor for
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actin homeostasis (5). Later on, pyrin was shown to recognize
downstream Rho modifications, most likely involving the actin
cytoskeleton modifications (6, 7). Pyrin has been shown to activate
caspase-1 and mature IL-1P and IL-18 release in response to Rho-
inactivating toxins from a number of pathogenic bacteria (5, 6, 8).
The involvement of cytoskeleton might be confirmed by the
therapeutic efficiency of colchicine, antimitotic drug, which
causes microtubule disruption/depolymerization as well as re-
organization of actin cytoskeleton (9, 10).

The pyrin is primarily expressed in neutrophils
(polymorphonuclear cells, PMNs), eosinophils, and cytokine-
activated monocytes (11). Despite the main players of self-limited
inflammatory attacks are neutrophils, remarkably little is known
about their phenotypic and functional characteristics. PMNs carrying
MEFV mutations display characteristics of activation status (12, 13).
Increased spontaneous release of IL-18, SI00A12, myeloperoxidase
(MPO), caspase-1, and proteinase 3 have been shown by neutrophils
from FMF patients. Moreover, the highest levels of IL-18 were
released by the cells derived from the patients with homozygous
M694V mutations (14). In our previous experiments, we have
observed a phenomenon of heightened sensitivity of neutrophils
from FMF patients towards in vitro conditions in the inductor-free
media (13, 15). Similar results with the use of monocytes have been
obtained later by another group (16). In vitro experiments
unavoidably impose mechanical forces on cells that may affect
cytoskeletal structure and modulate cellular behaviour (17). It is
already known that mechanical deformation has the ability to
increase expression of adhesion molecules, reorganize cell
cytoskeleton, increase free intracellular Ca2+ concentration,
and induce cell activation (18, 19). The routine experimental
procedures involving external mechanical forces applied to the cells
may lead to the generation of danger signals that are sensed by the
pyrin inflammasome. Recent investigations showing the pyrin
inflammasome activation in response to actin modifications (6, 7),
together with our results suggesting the excessive activation of
neutrophils from FMF patients in ex vivo experiments (13, 15),
warrants further studies of pyrin-cytoskeleton interactions. We
hypothesize that mechanical forces induced by the transmigration
of the cells may enhance pyrin inflammasome priming. To address
our hypothesis and evaluate the role of cytoskeletal dynamics in
increased activation of the cells, we performed a series of in vitro
assays where PMNs were influenced by different stressful signals such
as transmigration through Transwell insert, stress hormone
epinephrine, and bacterial ligands. In parallel, immunophenotypes
of circulating neutrophils and their functional activity were analysed.

MATERIALS AND METHODS

Patients

A total of 35 patients with fulfilled Tel Hashomer criteria for
FMF diagnosis and at least one mutation in the MEFV gene were
enrolled in the study (20). All FMF patients were recruited at
the” Arabkir” Medical Center - Institute of child and adolescent
health (Arabkir MC-ICAH, Yerevan, Armenia). Fourteen of the
35 patients expressed a typical FMF attack and were identified as

FMF-A group, and the remaining 21 clinically asymptomatic FMF
patients in attack-free period were identified as FMF-R group.
All patients within FMF-R groups were receiving colchicine, while
the patients from FMF-A group were newly diagnosed colchicine-
naive patients. Determination of the acute phase was based on
clinical and laboratory findings (fever, FMF-related symptoms such
as abdominal and/or thoracic pain, arthritis, C-reactive protein,
white blood cell counts, erythrocyte sedimentation rate, etc.). The
remission phase was defined as being free of attacks for at least 3
months. The control group consisted of 20 healthy, age and gender-
matched volunteers without any concomitant chronic disorders.
The potential carriage of MEFV mutations within the control group
was not assessed, however, healthy individuals with family history of
FMF in three successive generations were excluded from the study.
The clinical and demographic characteristics of the participants
involved in the study are summarized in Table 1. The study was
approved by the Ethical Committee of the Institute of Molecular
Biology NAS RA (IRB IORG0003427). Written informed consent
was obtained from all adult participants or from parents/legal
guardians of participants under 18.

Cell Surface Staining

Peripheral venous blood samples were drawn from patients with
FMF and healthy donors (HD) into EDTA- and Heparin-
containing tubes and processed within 2h. To investigate the
expression of cell surface markers in PMNs, whole blood was
aliquoted (50 pl per tube) and stained with optimal concentrations
of fluorochrome-conjugated monoclonal antibody combinations
directed against the following antigens: CD11b, CD15, CD16,
CD32, CD49d, CD62L, CD64, and CD184 (CXCR4) for 20
minutes at room temperature, in the dark. Isotype matched
FITC, PE, PE/Cy7, APC-conjugated irrelevant antibodies were
used to establish background staining. PMNs population was
identified through sequential gating strategy: based on forward
scatter (FSC), side scatter (SSC), and CD15 expression. Data was
acquired on a FACSCalibur flow cytometer (BD) equipped with
BD CellQuest'™ Pro acquisition software and analysed using the
FlowJo vX0.7 software (Tree Star, Inc, San Carlos, CA). At least
10,000 total events were collected per sample. Cell viability was
verified with PI staining. Results are expressed as the percentage
and median fluorescence intensity (MFI) of the cells for each
examined marker.

Oxidative Burst Assay

To determine PMNs oxidative burst capacity, dihydrorhodamine
123 (DHR-123) (Sigma-Aldrich) conversion into the fluorophore
rhodamine was evaluated. Briefly, the aliquots of heparinized
whole blood were incubated for 20 min with DHR-123 at final
concentration 10 UM in the dark at 37°C. fMLP (100 ng/ml) and
as a positive control PMA (50 ng/ml) were added to the
corresponding tubes and incubated for further 30 min in the
dark at 37°C. As negative control cells were left in the RPMI
medium alone. Reaction was stopped by placing tubes on ice for
10 min. Following erythrocytes lysis with cold hypotonic solution
and a single washing step, fluorescence intensity of the cells was
immediately analysed by flow cytometry.
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TABLE 1 | Demographic and clinical characteristics of FMF patients and healthy donors.

HD FMF-R FMF-A
Ne of participants 20 21 14
Age 21 (16-20) 16 (10-18) 15 (7-18)
Leucocytes [10*9/L] 7.36 + 1.95 7.57 £ 1.91 9.51 £ 2.61
PMNs [10*9/L] 3.95+2.18 4.73 £ 1.54 6.58 +2.88
PMNs [%)] 49.2 +6.48 56.4 + 7.36 65.15 + 11.97
CRP [mg/dL] 0.9 £ 1.31 3.26 £ 4.65 101.08 + 89.16
ESR [mm/hr] 7.3+4.62 9.71 £ 5.67 15.42 + 11.02
Colchicine treatment 0/20 21/21 0/14
MEFV mutations no family history of FMF 2 homozygous/ 4 homozygous/

19 heterozygous 10 heterozygous

Phagocytosis 30 min incubation in the dark at 4°C, actin polymerization was

PMN’s phagocytosis capacity was assessed in aliquots (50 ul per tube)
of heparinized whole blood, stimulated with following inducers: LPS
(100 ng/ml), PGN (1 ug/ml) in the dark at 37°C for 60 min.
Afterward, cells were incubated with 0,5 ul (density: 4.55x10"°
particles/ml) microbeads (Polysciences, Inc., Fluoresbrite® YG
Microspheres 1.00 pm size) for 30 min at 37°C. For negative
control, cells were incubated with microbeads at 4°C for 30 min,
without prior stimulation. Following the incubation, cells were
washed with ice-cold PBS to remove any free (non-ingested)
particles and analysed by flow cytometry.

Neutrophil Transmigration Assay

To analyse whether mechanical stress abnormally affects cell
activation, we performed a transmigration assay. Briefly, PMNs
were isolated with Histopaque-1077 gradient (Sigma, St. Louis,
MO) and subjected to transmigration using 24-well plate and
6.5-mm Transwell Inserts with 3-um pore Polyester Membrane
(Corning, NY, USA). Inserts (upper compartment) were placed
into the wells containing 600 pl RPMI-1640 supplemented with
0.5% bovine serum albumin (BSA) in the absence or presence of
fMLP (100 ng/ml). PMNs were suspended at final concentration
1x10%/100 pl, loaded into the upper compartment and allowed to
transmigrate for 2h, at 37°C under a humidified atmosphere of
5% CO,. In parallel, PMNs were cultured at the same conditions
in a 24-well plate without inserts as a non-migrated control.
Following cultivation period, migrated and non-migrated cells
were surface-labelled with CD11b, fixed/permeabilized with
Fixation Buffer/Permeabilization Wash buffer (BioLegend),
blocked to avoid non-specific binding, stained intracellularly
with IL-1f for 20 min, and analysed with flow cytometry.
Supernatants of migrated and non-migrated cells were
collected and stored at -80°C for further IL-1f quantification.

Actin Polymerization Assay

Isolated PMNs (500.000 cells per measurement) were stimulated
with fMLP (100 ng/ml) or left untreated for 5, 15, 30, 60, 120 and
180 sec. For every time point, regardless of stimulation, reaction
was stopped by adding a Fixation Buffer (BioLegend) for 20 min
at room temperature. Thereafter, cells were permeabilized and
blocked to avoid non-specific binding. Following 20 min
incubation, cells were intracellularly stained with FITC-
conjugated Phalloidin (Abcam, 1:1000). As negative control,
PMNs were left either unstimulated or unstained. Following

determined by the level of Phalloidin expression, as measured by
flow cytometry.

Kinetic of Cultured PMNs

Time-dependent dynamics of neutrophils activation in the
absence of any external forces were analysed using isolated
PMNs (1x10°) cultured in a complete RPMI medium
separately for 1h, 2h, 3h and 4h. After each hour, cell culture
supernatants were aspirated and stored for further IL-18
analysis. The cells were then surface-labeled with CD11b,
fixed/permeabilized and stained intracellularly with IL-1f for
20 min. Samples were acquired on the flow cytometer.

Whole Blood Cultivation With Epinephrine
Aliquots of 50 ul whole blood were cultured in the absence or
presence of Epi (10, 100, 1000 uM), LPS (100 ng/ml) or LPS (100
ng/ml) + Epi (1000 uM) in complete RPMI, supplemented with
10% FBS and 2 mmol/L glutamine, at 37°C under a humidified
atmosphere of 5% CO, for 4h. After the cultivation period, the
whole blood cells were labeled for surface markers and analysed
with flow cytometry. Cell culture supernatants were collected
and stored for IL-1B measurements.

IL-1B Quantification by ELISA

Duplicate samples of the cell culture supernatants were analysed
using Human IL-1p ELISA MAX Deluxe Set kit (Biolegend, UK)
commercial assay, according to the manufacturer’s instructions.
The samples were read at 450 nm on a microplate photometer HiPo
MPP-96 (BioSan, Riga, Latvia). Results were calibrated with serial
dilutions of known quantities of recombinant cytokines. The
minimum detectable concentration for IL-1f was 0.5 pg/mL.

Statistical Analyses

Data analysis was performed with GraphPad Prism 5.01 software
(GraphPad Software, USA). All values are given as mean + standard
deviation (SD). Normal distribution was checked with Shapiro—
Wilk’s W test. One-way ANOVA and Wilcoxon signed-rank tests
as appropriate were used to estimate the effect of inducers within
investigated groups. The Mann-Whitney test was used for the
comparisons between studied groups. Principal component
analysis (PCA) was performed using R software (version 4.0.5).
Values of P < 0.05 were considered statistically significant.
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RESULTS

Spontaneous Expression of Surface
Markers

Peripheral blood PMNs were identified and described according
to their FSC, SSC characteristics and CD15 expression. PMNs
from the FMF-A group displayed low FSC and SSC parameters
as measured by flow cytometry (Figure 1). Particularly, FMF-A
PMNs showed lower size compared with both HD and FMF-R
groups (P = 0.054 and P < 0.01, respectively), and tendency to the
lower granularity compared with the cells from the FMF-R group
(P=0.058). The cells from the FMF-A group also exhibited a
higher percentage of SSC™ cells compared to both HD and FME-
R (P < 0.05) (Figures SIA, B).

Next, we examined the surface expression of CD11b, CD16,
CD32, CD64, CD49d, CD62L, and CD184 (CXCR4) which is
shown in Figure 2. Both FMF-R and FMF-A neutrophils displayed
increased expression of CXCR4 (P < 0.05) compared to the HD
group, while expression of CD11b (P < 0.01), CD62L (P < 0.05) and a
percentage of integrin alpha subunit CD49-positive cells (P < 0.05)
were increased only in the FMF-R group. A positive correlation
between surface expression of CD11b and neutrophil percentage in
patients from FMF-A group (R = 0.729, P = 0.01) was observed.

Subsets of circulating neutrophils with pro-inflammatory and
anti-inflammatory features, were identified by the co-expression
of CD11b and CD49d (Figures S2A, B), which are the markers

able to characterize N1 (CD11b'°/CD49d") and N2 (CD11b"/
CD49d), respectively (21). There was an increase in CD11b%/
CD49d" subset of PMNs with pro-inflammatory features in the
FME-R group compared to HD (P < 0.05) (Figure S2C).

Interestingly, while analysing expression of FcyRs on circulating
PMNs, we observed multidirectional surface expression of these
receptors. Particularly, a significant downregulation of low-affinity
FcyRII (CD32) and FcyRIII(CD16) and upregulation of high-affinity
FcyRI (CD64) expression in the cells from the FMF-A group were
observed (Figure 3).

To determine if circulating neutrophils from all studied
groups are distinct in expression profiles of surface markers
and visualize the structure within the data, we used PCA. The
analyses revealed clustering of three subpopulations (HD, FMEF-
R, FMF-A) with several dispersed cases, and few cases displayed
in-between characteristics (2 HD, 3 FMF-R, and 2 FMF-A cases).
In total, 56% of the cases were classified correctly. It is worth
mentioning that overlapping of expression profiles was observed
only between patients and controls not between FMF-R and
FMEF-A groups. Within studied markers, CD11b, CD16, CD32,
CD64, and CXCR4 markers had the most consistent ability to
correctly classify the cells from studied groups (Figure 4).

Functional Activity of Circulating PMNs
Next, we addressed the question whether the patterns of FcRs
expressed in the studied groups are associated with the

A
Lo Granulocytes 150 = 18K} PN
800 = —— —»m ]
CD15+ 1
100 = e
600 ~ 000 =
175} 8 (75} 1
00 2 o
50 =
200 = 200 -
] 0 0
! ¥ \ = T T T T
° %0 10K 1o o' 10 10 1o 0 20 &0 60 80 10K
CD15 PeCy7 ESC
B
450+ =0.054 8001
P p=0.058
il 700 A
I3) 400- o - kil
oo AAA L A
i s _ae i N0 30 e __#.A. .
c 350 ﬁ# a"n c °8° o Adal —Sym
g A0 n T 5004 (Y} [ ] ]
®¢0 _E.L (]
= 300  o%.° A . = -”
o0 | | 400
]
250 T T T 300 T T T
HD FMF-R FMF-A HD FMF-R FMF-A
FIGURE 1 | Analysis of morphological parameters of PMN. (A) Backgating strategy for PMN identification and FSC/SSC values. (B) Mean FSC and SSC
parameters values of circulating PMNs in HD, FMF-R and FMF-A groups. *p < 0.01.

Frontiers in Immunology | www.frontiersin.org

May 2021 | Volume 12 | Article 672728


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Martirosyan et al.

Neutrophils in Familial Mediterranean Fever

400- ke
A
| ]
300~ A,
E A
2 n
3 200 5=
- PO A
[a) e A
o A u
100- ese ia LT
0 r r T
HD FMF-R FMF-A
50 =
*
40 A
T 5 ]
= 3 a2
> N "
- - LY
3 20 S - _%::;_
-o#o- AA LA
10] Coeye AAA g
A
0 T T T
HD FMF-R FMF-A

20+
*
15- N
s "
o 104
g .. A A ]
) e 0 4 u
5+ _F.!_ AEA%A %
o0 0 A ]
°® AA -I
0 T T T
HD FMF-R FMF-A
2001
*
150
E ° A, o~
= b A A ]
o 1004 ., Aas =
© o —g—
[a] AﬁAAA
O 504 ® A u
"o'. res ST
®c0 [
c T T L
HD FMF-R FMF-A

FIGURE 2 | Surface expression of CD11b, CD49d, CD184 (CXCR4), and CD62L on circulating PMNs from HD, FMF-R and FMF-A patients. *p < 0.05; **p < 0.01.

phagocytosis. As appeared, phagocytic activity of PMNs was not
different in both unstimulated and stimulated cells from all
studied groups. Notably, PMNs from the FMF-R group failed
to increase phagocytic activity in response to both fMLP and
PGN which might be explained by the colchicine therapy
received by the patients (Figure S3A).

As reactive oxygen species (ROS) can be found in higher
amounts when neutrophils are activated, we used ROS as a
parameter for neutrophil activity. Spontaneous oxidative burst of
neutrophils in the FMF-A group was decreased compared to HD
one (P < 0.05). A significant increase in ROS activity was detected
upon fMLP stimulation in HD and FMF-R groups compared
with unstimulated samples (P < 0.05 and P < 0.01, respectively).
In the FMF-A group, fMLP-stimulated and unstimulated

oxidative activity was reduced compared to the HD group (P <
0.05) and fMLP-stimulated compared to the FMF-R group (P <
0.05) (Figure S3B).

Transmigration of Neutrophils From FMF
Patients Activates the Cells

To determine whether mechanical forces induce increased
activation of neutrophils, we mimicked conditions distinctive
for the transendothelial migration. For this, we used 3pum pore
Transwell inserts to allow neutrophils to migrate towards fMLP.
In parallel, we cultured the cells in the absence or presence of
fMLP in 24-well plates as a control (non-migrated) for the
migrated cells. After 2h, we analysed the number of migrated
cells, surface expression of CD11b, intracellular expression of
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PC2 (24.3% explained var.)

IL-1f and production of IL-1B by migrated and non-migrated
neutrophils. PMNs from FMF-A group displayed a tendency to a
higher rate of transmigration compared to both HD and FMF-R
cells (Figure S4).

When analysing the effect of transmigration on cell activation,
an increase in activation markers in the cells from the FMF-R group
passing through the inserts was detected. When passing inserts,
fMLP-induced cells from the FMF-R group revealed higher
expression of IL-1f3 compared to those from the HD group (P <
0.05), except the non-migrated fMLP-stimulated cells. More
notably, IL-1B expression within the FMF-R group was higher in
migrated fMLP-stimulated PMNs compared to non-migrated ones
(P < 0.05). When analysing surface CD11b expression, differences
between studied groups were even more marked and exciting.
Within the FMF-R and FMF-A groups, the migrated cells had a
higher CD11b expression compared to the non-migrated cells (P <
0.05). EME-R cells also responded to the fMLP stimulation more
intensively as seen by up-regulated surface expression of CD11b on
fMLP-stimulated cells compared to the unstimulated ones both
after migration and without. Worth to mention that even without
migration, cultured not-stimulated FMF-R cells exhibited up-
regulation of IL-1PB in comparison to those from the HD groups
(P <0.05) (Figures 5A, B).

Similarly to intracellular expression, the levels of released IL-
1B were higher in the supernatants from the migrated fMLP-

Groups
-~ FMF-A
- FMF-R
~s~ HD

PC1 (31.7% explained var.)

FIGURE 4 | Principal component analysis (PCA) of PMN from HD (green), FMF-R (blue), and FMF-A (red), characterized by combination of CD11b, CD16, CD32,
CD64, and CXCR4 expression. Each dot on bi-plot graph represents a single patient/control. The model loadings are represented by vectors and indicate how each
surface marker contributes to the cell variability in a specific direction. Percentages represent variance captured by PC 1 and 2.

induced FMF-R cells compared with healthy ones (P < 0.05).
However, the highest release of IL-1 was observed in the
supernatants from the non-migrated FMF-R cells stimulated
with fMLP which significantly higher compared to the FMF-A
group (P < 0.05). Worth to mention that in the HD group,
production of IL-1f3 by fMLP-stimulated PMNs in non-migrated
was found to be higher than in migrated (Figure S5).

Actin Dysfunctions in Neutrophils From
FMF Patients

To analyse the kinetic of actin polymerization, we have measured
the amounts of F-actin in neutrophils induced by fMLP at 5s,
15s, 30s, 60s, 120s, and 180s time points in vitro. PMNs from
FME-R group displayed the lowest actin polymerization activity
at all-time points both in the absence or presence of fMLP, which
might be explained by the received colchicine therapy by the
patients. The cells from the FMF-A group stimulated with fMLP
displayed a maximal F-actin polymerization earlier (at 5s) than
in HD and FMF-R groups (at 30s) (P < 0.05 and P < 0.01,
respectively). In contrast, plateau levels of polymerized F-actin
content were reached earlier in HD and FMF-A neutrophils
(after 1 min), while plateau levels in FMF-R were reached later
(after 2 min) (Figure S6). The faster polymerization activity of
the cells in acute flares is confirmed by a higher rate of
transmigration observed in our study (albeit not significant).
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Production of IL-1p by Neutrophils From
FMF-R Group Is Increased in a Time-
Dependent Manner

As was seen by migratory study, IL-1P expression in FMF-R cells
was increased in induction-free media. To analyse time-
dependent changes, we cultured PMNs continuously during 4h
in RPMI media. The cells and supernatants were collected at 1, 2,
3, and 4h and analysed for IL-1B production and surface
expression of CD11b. As shown in Figure 6A, cultivation of
FMF-R and FMF-A cells has led to the increased production of
IL-1P compared to the HD cells at different time points. Within
the FMF-R group, an increase in IL-1B production was
significant with the highest levels at 4h cultivation. In contrast,
CD11b surface expression was gradually decreasing during the
cultivation hours (Figure 6B). At 4h cultivation CDI11b
expression was higher on the cells from FMF-R and FMF-A
groups compared to the HD group (P = 0.064 and P <
0.01, respectively).

Epinephrine Is Not Significant Inducer

of PMNSs Activation in FMF

Since stress has been linked to the FMF flares, next we addressed
the question whether stress hormone epinephrine (Epi) might be
implicated in abnormal activation of FMF PMNs. For this,
different concentrations of Epi were used to induce
neutrophil’s response. As the analyses showed, there was no
difference in expression of surface markers CD62L, CD11b on
neutrophils exposed to different concentrations of epinephrine in
all studied groups. In contrast, production of IL-1f was
significantly increased in the supernatants from the cells
exposed to LPS and LPS+Epi in FMF-R and FMF-A compared
to those in the HD group (Figure 7). However, the differences in
IL-1p concentrations between LPS-stimulated and LPS+Epi were
not found which suggest that the observed effects of IL-13 were
caused by LPS.
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FIGURE 5 | Activation patterns of migrated and non-migrated PMNs. PMNs were allowed to transmigrate through 3-um pore Polyester Membrane Inserts or
cultured in 24-well plates (non-migrated control cells) for 2h in absence or presence of fMLP. (A) Surface expression of CD11b (MFI), and (B) Intracellular expression

DISCUSSION

Despite pyrin function has been shown is an innate sensor for a
number of pathogenic bacteria (5, 6, 8), it appeared that pyrin senses
an event downstream of Rho modification, most likely involving the
actin cytoskeleton modifications and do not directly detecting a
microbial product (6, 7). Recently, Liston and Masters introduced a
term named ‘homeostasis-altering molecular processes’ (HAMPs),
which describes the ability of innate immunity to recognize novel
infections and trigger sterile inflammation (22). Pyrin
inflammasome can sense cellular imbalance rather than a distinct
pathogen enabling it to provide a defence to a large number of
infections even novel (22, 23). The hypothesis that pyrin senses the
changes in the cytoskeleton organization (6, 7, 23) is further
confirmed by our study showing spontaneous and fMPL-induced
activation of PMNs from FMF patients after transmigration as seen
by the increased expression of CD11b and IL-1f. Transendothelial
migration is a crucial step in the inflammatory response allowing
PMNs exit circulation and enter a tissue. PMN migration is
mediated by polarized shape changes and mechanical interactions
with the extracellular tissues, driven by the cytoskeleton and
associated proteins (24, 25). The selective activation of small Rho
GTPases, including Rho, Rac, and Cdc42 results in the regulation of
actin networks required to form varying structures involved in cell
motility (26). Whether cytoskeletal activation caused by cell
transmigration in the absence of virulent agents is able to
assemble pyrin inflammasome or increased activation of FMF
PMNs after transmigration was caused by another unidentified
mechanism are unknown. The fact that colchicine blocks activation
of the pyrin inflammasome after RhoA inactivation, favour that
microtubule/actin dynamics might control or regulate pyrin
activation (27).

In parallel, we analysed the population of circulating PMNs in
terms of their immunophenotypes and functionality. As it turned
out, circulating PMNs displayed heterogeneity as seen by the
diverse phenotypes and FSC/SSC in the diseased groups. PMNs
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FIGURE 6 | Analysis of time-dependent kinetics of PMNs activation. The cells were isolated from HD, FMF-R and FMF-A patients and cultured for 1h, 2h, 3h and 4h
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assessed by ELISA; (B) Surface expression of CD11b (MFI) analysed by flow cytometry. *p < 0.05; **p < 0.01; **p < 0.001.

rapidly change their characteristics and behaviour as they get
activated, aged, or primed by different mediators, and are able to
polarize and produce alternative effector or immune-regulatory
molecules (28). In norm, neutrophils display different
phenotypes based on the time they egress bone marrow and
enter the circulation (fresh neutrophils) to the time they leave the
circulation (aged neutrophils). Fresh neutrophils are
characterized by CD62L™CXCR4' phenotype, while aged
neutrophils are CD62L'°CXCR4™ (29, 30). CXCR4 is a
chemokine receptor regulating the distribution and trafficking
of neutrophils. Up-regulation of CXCR4 on aged PMNs was
shown to promote their re-entering vasculature and migrating
selectively back to the bone marrow in response to CXCL12 (31).
Additionally, aged neutrophils are smaller, contain fewer
granules and upregulate CD11b and CD49d, which promote
their migration and adherence to inflamed tissues (29). In our

ones. *p < 0.05; **p < 0.01; **p < 0.001.
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study, FMF-A cells were characterized by the small cell size and
granularity, increased number of the cells with SSC™ parameters,
and up-regulated CXCR4 receptor which reflects the presence of
aged PMNs in the circulation of the patients in acute period. The
aged PMNs with up-regulated CD11b and CXCR4 observed in
the acute period of the disease may reflect their activated state
and the direction of migration to the bone marrow resulting in
the clearance of these leukocytes by resident macrophages (30).
Here these aged neutrophils might be involved in the
mobilization of fresh neutrophils from the bone marrow to
replenish the number of circulating PMNs (32). FMF-R cells
were of normal size and granularity and also characterized by the
up-regulated CD11b, CD49d, CXCR4, and CD62L which
suggests the mixed pool of the cells containing both fresh and
aged fraction of the cells in the circulation. Heterogeneous
population of FMF-R cells might also reflect a high turnover of
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FIGURE 7 | Effect of stress-related hormone Epinephrine (Epi) on PMNs activation. Whole blood cells were cultured in the absence or presence of Epi (10, 100,
1000 uM), LPS (100 ng/ml) or LPS (100 ng/ml) + Epi (1000 uM) for 4h. (A) Surface expression of CD11b (MFI) analysed by flow cytometry; (B) IL-1B production by
whole blood cells was assessed in culture supernatants using ELISA. Data presented as fold change for stimulated CD11b and IL-1f production versus unstimulated
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circulating PMNs and their activated status even in the absence
of acute flares. Results of the current study may explain why
tissue-infiltrated PMNs do not cause immune-mediated tissue
damage. Rather, sterile tissue-infiltrated aged PMNs undergo
reverse transmigration migrating back into the circulation and
then to the bone marrow via CXCR4 (29, 33, 34). This
phenomenon is a form of biologic recycling, an event that is
unlikely to occur in infections (34).

In addition to the changes in the heterogeneity of neutrophils, a
down-regulation of CD16 (FcyRIII) and CD32 (FcyRIIA) in
PMNs from FMF-A group were observed, which also confirms
aged/activation status of the cells during acute flares. Modulation
of FcyRII- and FeyRIII-induced cell activation might be achieved
by receptor internalization or shedding of the extracellular portion
of the FcyRs. The cleavage of FcRs from the cell surface has been
shown after neutrophil stimulation and during neutrophil
apoptosis (35). It was shown that cross-linking of FcyRIIA
(spontaneously expressed on neutrophils) leads to the activation,
degranulation, and production of inflammatory mediators and
ROS (35). A decrease in expression of FcyRIII was shown in heat-
stressed neutrophils which was suggested to contribute to the anti-
inflammatory signalling at inflamed sites and preceded the
development of spontaneous apoptosis (36). In contrast to
FcyRII and FcyRIIL, FcyRI was significantly high in the FMF-A
group which has been shown to be strongly upregulated in the
presence of inflammatory cytokines and reflects disease activity in
numerous inflammatory conditions (37, 38). The reason for
multidirectional expression FcyRs is unknown. A possible
explanation might reside in differential differences in
monomeric/multimeric IgGs or other factors in the blood of
FMF patients during acute flares, however experimental data to
support this hypothesis are missing.

In conclusion, the current study raised the possibility of
heightened sensitivity of mutated pyrin inflammasome towards
cytoskeletal modifications in the absence of pathogens. Whether
pyrin in turn modulates biomechanics of the cells is unknown.
Further studies should be directed towards understanding
whether cytoskeleton perturbations alone are able to influence
pyrin phosphorylation state.

REFERENCES

1. Chae JJ, Cho YH, Lee GS, Cheng J, Liu PP, Feigenbaum L, et al. Gain-of-
Function Pyrin Mutations Induce NLRP3 Protein-Independent Interleukin-
1B Activation and Severe Autoinflammation in Mice. Immunity (2011)
34:755-68. doi: 10.1016/j.immuni.2011.02.020

2. Manukyan G, Aminov R. Update on Pyrin Functions and Mechanisms of
Familial Mediterranean Fever. Front Microbiol (2016) 31:456. doi: 10.3389/
fmicb.2016.00456

3. Mansfield E, Chae JJ, Komarow HD, Brotz TM, Frucht DM, Aksentijevich I,
et al. The Familial Mediterranean Fever Protein, Pyrin, Associates With
Microtubules and Colocalizes With Actin Filaments. Blood (2001) 98:851-9.
doi: 10.1182/blood.V98.3.851

4. Waite AL, Schaner P, Hu C, Richards N, Balci-Peynircioglu B, Hong A, et al. Pyrin
and ASC Co-Localize to Cellular Sites That are Rich in Polymerizing Actin. Exp
Biol Med (Maywood) (2009) 234:40-52. doi: 10.3181/0806-RM-184

5. Aubert DF, Xu H, Yang J, Shi X, Gao W, Li L, et al. A Burkholderia Type VI Effector
Deamidates Rho GTPases to Activate the Pyrin Inflammasome and Trigger
Inflammation. Cell Host Microbe (2016) 19(5):664-74. doi: 10.1016/j.chom.2016.04.004

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethical Committee of the Institute of Molecular
Biology NAS RA (IRB IORG0003427). Written informed
consent to participate in this study was provided by the
participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

GM conceived the study and planned the experiments,
interpreted the data, and wrote the manuscript. NM and GA
collected the patient samples and clinical data. AM, DP, and SG
performed the analysis. AM and DP performed the statistical,
data mining analysis and designed the figures. AM, DP, and GA
revised the manuscript. All authors contributed to the article and
approved the submitted version.

FUNDING

This work was supported by a State Committee Science MES RA,
in frame of the research project no. SCS 20RF-112.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2021.672728/
full#supplementary-material

6. Xu H, Yang J, Gao W, Li L, Li P, Zhang L, et al. Innate Immune Sensing of
Bacterial Modifications of Rho Gtpases by the Pyrin Inflammasome. Nature
(2014) 513:237-41. doi: 10.1038/nature13449

. Kim ML, Chae JJ, Park YH, De Nardo D, Stirzaker RA, Ko H]J, et al. Aberrant
Actin Depolymerization Triggers the Pyrin Inflammasome and
Autoinflammatory Disease That is Dependent on IL-18, Not IL-1f. J Exp
Med (2015) 1212(6):927-38. doi: 10.1084/jem.20142384

. Gao W, Yang J, Liu W, Wang Y, Shao F. Site-Specific Phosphorylation and
Microtubule Dynamics Control Pyrin Inflammasome Activation. Proc Natl
Acad Sci USA (2016) 113(33):E4857-66. doi: 10.1073/pnas.1601700113
9. Ravelli RBG, Gigant B, Curmi PA, Jourdain I, Lachkar S, Sobel A, et al.

Insight Into Tubulin Regulation From a Complex With Colchicine and a
Stathmin-Like Domain. Nature (2004) 428(6979):198-202. doi: 10.1038/
nature02393
10. Taskiran EZ, Cetinkaya A, Balci-Peynircioglu B, Akkaya YZ, Yilmaz E. The
Effect of Colchicine on Pyrin and Pyrin Interacting Proteins. J Cell Biochem
(2012) 113(11):3536-46. doi: 10.1002/jcb.24231

11. Centola M, Wood G, Frucht DM, Galon J, Aringer M, Farrell C, et al. The
Gene for Familial Mediterranean Fever, MEFV, is Expressed in Early

~

ol

Frontiers in Immunology | www.frontiersin.org

May 2021 | Volume 12 | Article 672728


https://www.frontiersin.org/articles/10.3389/fimmu.2021.672728/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.672728/full#supplementary-material
https://doi.org/10.1016/j.immuni.2011.02.020
https://doi.org/10.3389/fmicb.2016.00456
https://doi.org/10.3389/fmicb.2016.00456
https://doi.org/10.1182/blood.V98.3.851
https://doi.org/10.3181/0806-RM-184
https://doi.org/10.1016/j.chom.2016.04.004
https://doi.org/10.1038/nature13449
https://doi.org/10.1084/jem.20142384
https://doi.org/10.1073/pnas.1601700113
https://doi.org/10.1038/nature02393
https://doi.org/10.1038/nature02393
https://doi.org/10.1002/jcb.24231
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Martirosyan et al.

Neutrophils in Familial Mediterranean Fever

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Leukocyte Development and is Regulated in Response to Inflammatory
Mediators. Blood (2000) 1595(10):3223-31. doi: 10.1182/blood.V95.10.3223
Molad Y, Fridenberg A, Bloch K, Langevitz P, Mukamel M, Sulkes J, et al. Neutrophil
Adhesion Molecule Expression in Familial Mediterranean Fever: Discordance
Between the Intravascular Regulation of Beta2 Integrin and L-selectin Expression
in Acute Attack. ] Investig Med (2004) Jan52(1):58-61. doi: 10.1136/jim-52-01-28
Manukyan G, Petrek M, Kriegova E, Ghazaryan K, Fillerova R, Boyajyan A.
Activated Phenotype of Circulating Neutrophils in Familial Mediterranean
Fever. Immunobiology (2013a) 218(6):892-8. doi: 10.1016/j.imbi0.2012.10.007
Stoler I, Freytag J, Orak B, Unterwalder N, Henning S, Heim K, et al. Gene-
Dose Effect of MEFV Gain-of-Function Mutations Determines Ex Vivo
Neutrophil Activation in Familial Mediterranean Fever. Front Immunol
(2020) 1111:716. doi: 10.3389/fimmu.2020.00716

Manukyan G, Petrek M, Tomankova T, Martirosyan A, Tatyan M,
Navratilova Z, et al. Colchicine Modulates Expression of Pro-Inflammatory
Genes in Neutrophils From Patients With Familial Mediterranean Fever and
Healthy Subjects. ] Biol Regul Homeost Agents (2013b) 27:329-36.

Sugiyama R, Agematsu K, Migita K, Nakayama J, Mokuda S, Ogura F, et al.
Defect of Suppression of Inflammasome-Independent Interleukin-8 Secretion
From SW982 Synovial Sarcoma Cells by Familial Mediterranean Fever-
Derived Pyrin Mutations. Mol Biol Rep (2014) 41(1):545-53. doi: 10.1007/
$11033-013-2890-y

Matthews BD, Overby DR, Mannix R, Ingber DE. Cellular Adaptation to
Mechanical Stress: Role of Integrins, Rho, Cytoskeletal Tension and
Mechanosensitive Ion Channels. J Cell Sci (2006) 119(Pt 3):508-18.
doi: 10.1242/jcs.02760

Yap B, Kamm RD. Cytoskeletal Remodeling and Cellular Activation During
Deformation of Neutrophils Into Narrow Channels. ] Appl Physiol (1985)
2005. 99(6):2323-30. doi: 10.1152/japplphysiol.00503.2005

Ekpenyong AE, Toepfner N, Fiddler C, Herbig M, Li W, Cojoc G, et al.
Mechanical Deformation Induces Depolarization of Neutrophils. Sci Adv
(2017) 3(6):€1602536. doi: 10.1126/sciadv.1602536

Livneh A, Langevitz P, Zemer D, Zaks N, Kees S, Lidar T, et al. Criteria for the
Diagnosis of Familial Mediterranean Fever. Arthritis Rheum (1997) 40
(10):1879-85. doi: 10.1002/art.1780401023

Tsuda Y, Takahashi H, Kobayashi M, Hanafusa T, Herndon DN, Suzuki F.
Three Different Neutrophil Subsets Exhibited in Mice With Different
Susceptibilities to Infection by Methicillin-Resistant Staphylococcus Aureus.
Immunity (2004) 21(2):215-26. doi: 10.1016/j.immuni.2004.07.006

Liston A, Masters SL. Homeostasis-Altering Molecular Processes as
Mechanisms of Inflammasome Activation. Nat Rev Immunol (2017) 17
(3):208-14. doi: 10.1038/nri.2016.151

Schnappauf O, Chae JJ, Kastner DL, Aksentijevich I. The Pyrin Inflammasome
in Health and Disease. Front Immunol (2019) 10:1745. doi: 10.3389/
fimmu.2019.01745

Stroka KM, Hayenga HN, Aranda-Espinoza H. Human Neutrophil Cytoskeletal
Dynamics and Contractility Actively Contribute to Trans-Endothelial
Migration. PloS One (2013) 238(4):¢61377. doi: 10.1371/journal.pone.0061377
Biro M, Munoz MA, Weninger W. Targeting Rho-GTPases in Immune Cell
Migration and Inflammation. Br | Pharmacol (2014) 171(24):5491-506.
doi: 10.1111/bph.12658

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Provenzano PP, Keely PJ. Mechanical Signaling Through the Cytoskeleton
Regulates Cell Proliferation by Coordinated Focal Adhesion and Rho Gtpase
Signaling. J Cell Sci (2011) 124:1195-205. doi: 10.1242/jcs.067009

Heilig R, Broz P. Function and Mechanism of the Pyrin Inflammasome. Eur J
Immunol (2018) 48(2):230-8. doi: 10.1002/¢ji.201746947

Deniset JF, Kubes P. Neutrophil Heterogeneity: Bona Fide Subsets or Polarization
States? ] Leukoc Biol (2018) 103(5):829-38. doi: 10.1002/JLB.3RI0917-361R
Casanova-Acebes M, Pitaval C, Weiss LA, Nombela-Arrieta C, Chévre R, A-
Gonzalez N, et al. Rhythmic Modulation of the Hematopoietic Niche Through
Neutrophil Clearance. Cell (2013) 153(5):1025-35. doi: 10.1016/j.cell.2013.04.040
Uhl B, Vadlau Y, Zuchtriegel G, Nekolla K, Sharaf K, Gaertner F, et al. Aged
Neutrophils Contribute to the First Line of Defense in the Acute
Inflammatory Response. Blood (2016) 128(19):2327-37. doi: 10.1182/blood-
2016-05-718999

De Filippo K, Rankin SM. CXCR4, the Master Regulator of Neutrophil
Trafficking in Homeostasis and Disease. Eur J Clin Invest (2018) 48(Suppl
2):e12949. doi: 10.1111/eci.12949

Adrover JM, Nicolas-Avila JA, Hidalgo A. Aging: A Temporal Dimension for
Neutrophils. Trends Immunol (2016) 37(5):334-45. doi: 10.1016/j.it.
2016.03.005

Zhang D, Chen G, Manwani D, Mortha A, Xu C, Faith JJ, et al. Neutrophil
Ageing is Regulated by the Microbiome. Nature (2015) 24525(7570):528-32.
doi: 10.1038/nature15367

Wang J, Hossain M, Thanabalasuriar A, Gunzer M, Meininger C, Kubes P.
Visualizing the Function and Fate of Neutrophils in Sterile Injury and Repair.
Science (2017) 358(6359):111-6. doi: 10.1126/science.aam9690

Wang Y, Jonsson F. Expression, Role, and Regulation of Neutrophil Fcy
Receptors. Front Immunol (2019) 10:1958. doi: 10.3389/fimmu.2019.01958
Bzowska M, Hamczyk M, Skalniak A, Guzik K. Rapid Decrease of CD16
(Fcyriii) Expression on Heat-Shocked Neutrophils and Their Recognition by
Macrophages. | BioMed Biotechnol (2011) 2011:284759. doi: 10.1155/2011/
284759

Wright HL, Moots RJ, Bucknall RC, Edwards SW. Neutrophil Function in
Inflammation and Inflammatory Diseases. Rheumatol (Oxford) (2010) 49
(9):1618-31. doi: 10.1093/rheumatology/keq045

Komiya A, Matsui T, Horie K, Fukuda H, Nogi S, Iwata K, et al. Neutrophil
CD64 for Monitoring the Activity of Nontuberculous Mycobacteria Infection
in Patients With Rheumatoid Arthritis. Mod Rheumatol (2014) 24(5):770-4.
doi: 10.3109/14397595.2013.871108

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Martirosyan, Poghosyan, Ghonyan, Mkrtchyan, Amaryan and
Manukyan. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

May 2021 | Volume 12 | Article 672728


https://doi.org/10.1182/blood.V95.10.3223
https://doi.org/10.1136/jim-52-01-28
https://doi.org/10.1016/j.imbio.2012.10.007
https://doi.org/10.3389/fimmu.2020.00716
https://doi.org/10.1007/s11033-013-2890-y
https://doi.org/10.1007/s11033-013-2890-y
https://doi.org/10.1242/jcs.02760
https://doi.org/10.1152/japplphysiol.00503.2005
https://doi.org/10.1126/sciadv.1602536
https://doi.org/10.1002/art.1780401023
https://doi.org/10.1016/j.immuni.2004.07.006
https://doi.org/10.1038/nri.2016.151
https://doi.org/10.3389/fimmu.2019.01745
https://doi.org/10.3389/fimmu.2019.01745
https://doi.org/10.1371/journal.pone.0061377
https://doi.org/10.1111/bph.12658
https://doi.org/10.1242/jcs.067009
https://doi.org/10.1002/eji.201746947
https://doi.org/10.1002/JLB.3RI0917-361R
https://doi.org/10.1016/j.cell.2013.04.040
https://doi.org/10.1182/blood-2016-05-718999
https://doi.org/10.1182/blood-2016-05-718999
https://doi.org/10.1111/eci.12949
https://doi.org/10.1016/j.it.2016.03.005
https://doi.org/10.1016/j.it.2016.03.005
https://doi.org/10.1038/nature15367
https://doi.org/10.1126/science.aam9690
https://doi.org/10.3389/fimmu.2019.01958
https://doi.org/10.1155/2011/284759
https://doi.org/10.1155/2011/284759
https://doi.org/10.1093/rheumatology/keq045
https://doi.org/10.3109/14397595.2013.871108
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Transmigration of Neutrophils From Patients With Familial Mediterranean Fever Causes Increased Cell Activation
	Introduction
	Materials and Methods
	Patients
	Cell Surface Staining
	Oxidative Burst Assay
	Phagocytosis
	Neutrophil Transmigration Assay
	Actin Polymerization Assay
	Kinetic of Cultured PMNs
	Whole Blood Cultivation With Epinephrine
	IL-1β Quantification by ELISA
	Statistical Analyses

	Results
	Spontaneous Expression of Surface Markers
	Functional Activity of Circulating PMNs
	Transmigration of Neutrophils From FMF Patients Activates the Cells
	Actin Dysfunctions in Neutrophils From FMF Patients
	Production of IL-1β by Neutrophils From FMF-R Group Is Increased in a Time-Dependent Manner
	Epinephrine Is Not Significant Inducer of PMNs Activation in FMF

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	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 /LeaveColorUnchanged
  /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 false
  /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 false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


