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Lung transplantation remains as a primary treatment for end-stage lung diseases.
Although remarkable improvement has been achieved due to the immunosuppressive
protocols, long-term survival for lung transplant recipients (LTR) is still limited. In the last
few decades, an increasing interest has grown in the study of dysregulation of immune
mechanisms underlying allograft failure. In this regard, myeloid-derived suppressor cells
(MDSCs) could play an important role in the promotion of graft tolerance due to their
immune regulatory function. Here, we describe for the first time circulating subsets
MDSCs from LTR at several time points and we evaluate the relationship of MDSCs
with sort-term lung transplant outcomes. Although no effect of MDSCs subsets on short-
term clinical events was observed, our results determine that Mo-MDSCs frequencies are
increased after acute cellular rejection (ACR), suggesting a possible role for Mo-MDSCs in
the development of chronic lung allograft dysfunction (CLAD). Therefore, whether MDSCs
subsets play a role as biomarkers of chronic rejection remains unknown and requires
further investigations. Also, the effects of the different immunosuppressive treatments on
these subpopulations remain under research and further studies are needed to establish
to what extend MDSCs immune modulation could be responsible for
allograft acceptance.
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INTRODUCTION

Lung transplantation remains the primary treatment option
for patients with end stage lung failure. Despite the advance in
the handling of lung transplant recipients, in contrast to heart,
liver and kidney transplantation, 5-year survival in lung
transplant recipients (LTR) remains limited (1) by post
transplant development of bronchiolitis obliterans syndrome
(BOS) which is the prime source of chronic allograft failure
(2, 3).

Due to this, predicting the risk of developing chronic lung
rejection is one of the most important aims in lung
transplantation. However, the current understanding of the
unbalanced regulatory mechanisms underlying chronic lung
rejection is incomplete and identifying potential prognostic
markers is necessary to achieve this aim.

In the last few years, there has been an increasing interest in
the field of research of myeloid-derived suppressor cells
(MDSCs) due to their ability to suppress immune responses.
MDSCs immunoregulatory role in transplant has been
highlighted in previous studies performed in animal models
that led to suggest them as potential biomarkers for promoting
allograft tolerance (4, 5). MDSCs were initially described in
cancer more than 10 years ago, but their value has been
enhanced more recently due to the studies that point their role
as important regulators in different clinical settings, such as
transplant rejection, infection and autoimmunity (6-10).

In a first report of MDSCs in mice, these cells were described
as a CD11b* Gr1* subpopulation and additional experimental
models demonstrated their role in the induction of tolerance (5,
11). In renal transplant patients Luan et al. (12) featured
MDSCs, as CD33" CD11b" HLA-DR' cells. Those cells were
capable of promoting a Treg phenotype in vitro and correlated
with the percentage of Treg in vivo. Meng et al. (13), found that
MDSCs were related to increased graft survival and those
MDSCs obtained from transplant recipients were also able to
expand regulatory T cells (14). Taking together, these studies
point out MDSCs as main players involved in tolerance
processes. Within the human MDSCs population, three main
subsets have been identified: monocytic-MDSCs (Mo-MDSCs:
CD33"CD11b" HLA-DR™ CD14"), polymorphonuclear-
MDSCs (PMN-MDSCs: CD33*CD11b* HLA-DR™ CD15"),
and a population lacking linage surface markers described as
early-stage MDSCs (e-MDSCs: CD33"HLA-DR' CD15 CD14)
(15). Because of the current deficiency of specific markers,
MDSCs definition needs demonstration of their regulatory
function (16). Some studies have shown that MDSCs
differentiation and function are affected by existing
immunosuppressive drugs (14, 17, 18) but due to the scarce
data regarding MDSCs in clinical organ transplantation, further
investigations are required to determine their role in graft

Abbreviations: 7AAD, 7-amino-actinomycin D; CNI, Calcineurin Inhibitors; e-
MDSC, early stage MDSCs; HC, healthy controls; LTR, Lung Transplant
Recipients; Mo-MDSCs, Monocytic MDSCs; MDSCs, Myeloid Derived
Suppressor Cells; PBMC, Peripheral Blood Mononuclear Cells; PBS, Phosphate
Buffer Saline; PMN-MDSCs, Polymorphonuclear MDSCs.

acceptance and their potential use as biomarkers in order to
assess their therapeutic potential in transplantation. Here, we
monitored the MDSCs in LTR and assessed their function in
association with tacrolimus treatment and also with early
clinical events after lung transplantation.

MATERIALS AND METHODS
Study Design

Blood was drawn from 82 patients on the waiting list for lung
transplantation in the Hospital Universitario Marques de
Valdecilla since 2016. The study was approved by the Hospital
Universitario Marqués de Valdecilla Ethics Committee (CEIC),
the patients received the informed consent and agreed to enroll
in the study. The mean follow-up time was 239 days. The main
immunological and clinical features of the lung transplant
recipients (LTR) are summarized in Table 1. A protocol biopsy
21 days after lung transplantation was performed in all
recipients. Acute rejection was assigned based on ISHLT
guidelines (19). Clinical data were collected from patient
records and blood was drawn at day 0 (n=82), 7 (n=52), 21
(n=73), 90 (n=67), 180 (n=61) and 360 (n=50) days after
transplantation. Importantly, all the LTR were receiving a
Tacrolimus-based triple immunotherapy during the first 360
days after transplantation (Table 1).

TABLE 1 | Main features of study population.

LTP N =82

Age, mean, years 56.38 (SD 10.34)

Female 27 (32.93%)
PGD 22 (26.82%)
Preexisting anti-HLA antibodies 22 (26.83%)
Class | antibodies 22(26.83%)
Class II antibodies 3 (3.65%)
Rejection 30 (36.58%)
Basal Disease

Bronchiectasis/Cystic fiorosis 8(9.74 %)
In-tur-STISH-ul 44 (53.65 %)
COPD 22 (26.8 %)
PPH 5 (6.09 %)
Others 3(3.65 %)
Intubation time

<3 days 66 (80.48 %)
>3 days 16 (19.51 %)

Infection (first month)
Induction treatment

30 (36.58 %)

Basiliximab 82 (100%)

Immunosupressive protocol

Calcineurin inhibitor 82 (100 %)
ABDR Mismatches

>3 68 (82.92 %)
<3 14 (17.08 %)
Class Il Mismatches

0 3 (3.66%)

1 35 (42.68%)
2 44 (53.66%)

SD, standard deviation; PGD, primary graft dysfunction; In-tur-STISH-ul diffuse intersticial;
COPD, chronic obstructive pulmonary disease; PPH, primary pulmonary hypertension.
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Monoclonal Antibodies and Flow
Cytometry Analysis

The following monoclonal antibodies were used to stain
peripheral blood mononuclear cells (PBMCs) or isolated
MDSCs: anti-CD3-Fluorescein isothiocyanate (FITC) (clone
UCHT1), Anti-CD33-Allophycocyanin (APC) (clone
D3HL60.251), anti-CD11b-Phycoerytrin (PE)-cyanin 7 (Cy7)
(clone Bearl) and anti-CD14-Phycoerytrin-Texas Red- (ECD)
(clone RMO52) (Beckman Coulter, Marseille, France); anti-
HLA-DR-Brilliant Violet 510 (BV510) (clone L243), anti-
CD16-(APC)- Cy7 (clone 3G8) and anti-CD56-FITC (clone
HCD56) (Biolegend, San Diego, CA); anti-CD14-FITC (clone
M@P9) and anti-CD19-FITC (clone 4G7) (BD Biosciences); anti-
CD4-APC-Vio770 (clone REA623) from Miltenyi Biotech
(Bergisch Gladbach, Germany) and anti-CD15-Pacific Blue
(PB) (clone MCS-1) (Inmunostep, Salamanca, Spain). PBMCs
or the cells collected after culture were incubated during 20 min,
washed with Phosphate Buffer Saline (PBS) and acquired in a
Cytoﬂex® flow cytometer (Beckman Coulter). Total MDSCs
were defined as CD33"CD11b"HLADR cells as previously
described (14). Further, the gating strategy suggested by Bronte
etal. (15) was used to analyze MDSC:s subsets by flow cytometry:
Mo-MDSCs (CD33*CD11b*HLADR™ CDI14* CD157), PMN-
MDSCs (CD33"CD11b*HLADR™ CDI15* CDI14°) and e-
MDSCs Lin~ CD33"CD11b*HLADR™ CD14 CD15".
Fluorescence Minus One controls were used to assess the HLA
DR* and HLA DR'™" populations. The gating strategy is
summarized in Supplementary Figure 1.

Cell Isolation and Sorting

To test the suppressive capacity of human MDSCs in vitro,
human PBMCs were isolated from buffy coats obtained from
both Healthy Controls (HC) and LTR (under calcineurin
inhibitor treatment during at least 2 years) by Ficoll density
gradient centrifugation. To sort CD33" HLA-DR™ CD14" cells
(Mo-MDSCs), in a first step, the CD33™ cells were isolated from
PBMCs by magnetic-automated cell sorting (positive selection)
Microbeads (Miltenyi Biotech, Bergisch Gladbach, Germany)
according to the manufacturer’s instructions. Secondly, Mo-
MDSCs were isolated from the CD33" enriched fraction by
fluorescence activating cell sorting on a FACS-ARIA II (BD
Biosciences, San Jose, CA). The purity of the cell sorting was
tested, and > 98% efficiency was accepted for the study.

In Vitro Evaluation of MDSCs Function

CD4" T cells were obtained from HC PBMCs by
immunomagnetic isolation using EasySepTM Human CD4
+naive T Cell Isolation Kit (Stemcell Technologies, Grenoble,
France) and incubated with CarboxyFuorescein Succinimidyl
Ester (CFSE). The CFSE-labeled T CD4" cells (5x10°) were
stimulated with Dynabeads Human T-activator CD3/CD28
(Life Technologies AS, Oslo, Norway) in U-bottomed 96-well
plates (Thermo Fisher Scientific, Hvidovre, Denmark) with
complete RPMI media supplemented with 10% human AB+
serum. In order to determine the suppressive function of MDSCs
subsets, autologous Mo-MDSCs were added to the culture at 1:2

ratio (CD4'T cells:MDSCs) and proliferation was analyzed after
5 days of culture by flow cytometry. These experiments were
repeated five times for each donor. The same functional assays
were replicated at least four times using blood from different
donors and at least two times using blood from LTR.

Statistical Analysis

To test if the variables followed a Gaussian distribution we
performed Kolmogorov Smirnoff test. For those non-
parametric unpaired variables, Mann-Whitney U test was used
to compare two groups and Kruskal-Wallis (not matching) or
Friedman (repeated measures) test were used to compared more
than two groups. To check parametric unpaired variables
Student’s t test was used to compare two groups and more
than two groups were compared using the parametric analysis of
variance (ANOVA) as appropriate. Differences between two
paired groups were assessed using the Student’s t-test for
paired data or the Wilcoxon signed-rank test when data were
or not normally distributed, respectively. Multiple comparisons
were assessed using Dunn or Tukey's tests. Statistical analyses
were performed using Graphpad software version 8.4.3
(GraphPad Inc. San Diego, CA). To examine the relationship
between variables, the Pearson correlation was calculated by
using SPSS Statistics version 24.

RESULTS

Monitoring MDSCs in Lung

Transplant Patients

Theoretically, MDSCs frequencies might serve as convenient
biomarkers to predict clinical outcome after lung
transplantation. Therefore, we quantified total MDSCs and
MDSCs subsets: Mo-MDSCs, PMN-MDSCs and e-MDSCs in
peripheral blood from end-stage lung disease (ESLD) and lung
transplant recipients (Figures 1-3). Paired comparisons of
MDSCs subsets frequency in different timepoints are shown in
Supplementary Figures 1, 2.

We found that total MDSCs frequencies from ESLD patients
and from short-term after transplantation patients remain at
baseline levels but they are increased 90 days after
transplantation up to a year follow up [ESLD (median 8.49%
IQR 4.05%-21.05%) vs 90 days after transplantation (median
18.21%, IQR 12.41%-33.60%) (p=0.0002), ESLD vs 180 days after
transplantation (median 22.29, IQR 12.83%-30.21%) (p<0.0001),
ESLD vs 360 days after transplantation (median 22.25% IQR
11.06%-39.14%) (p<0.0001)]. (Figure 2A, absolute numbers in
Figure 3A, paired tests in Supplementary Figures 1A and 2BA).

Similarly, we examined changes in MDSCs subsets allocation
after transplantation. The evaluation of Mo-MDSCs frequencies
revealed that percentages were increased promptly after
transplantation and decreased progressively recovering basal
levels during the time course follow up [ESLD (median
26.45%, IQR 4.96%-67.41%) vs 7 days post transplantation
(median 61.16% IQR 34.12%-79.39%) (p=0.0002), 7days vs 21
days after transplant (median 40.86 IQR 23.73%-65.37%)
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FIGURE 1 | Characterization of MDSCs subsets by flow cytometry. CD33* CD11b"HLA-DR™ myeloid cells were selected from live cells after doublets and
debris exclusion (CD11b expression not shown). To define monocytic (Mo-MDSCs), early-stage (e-MDSCs) and polymorphonuclear (PMN-MDSCs) MDSCs, the
CD14 and CD15 expression was analyzed on cells selected from CD33"HLA-DR™ MDSCs. Representative flow cytometry data of MDSCs from (A) patients on
the day of transplantation (day 0); lung transplant recipients on days (B) 7, (C) 21, (D) 90, (E) 180 and (F) 360 post-transplantation is shown. % subsets

calculated from total MDSCs.

(p<0.0001), 7days vs 90 days after transplantation (median
13.56% IQR 5.41%-34.47%) (p<0.0001), 7days vs 180 (median
12.63% IQR 5.22%-31.02%) (p<0.0001) and 7days vs 360 days
after transplant (median 15.27%, IQR 6.26%-33.39%)
(p<0.0001)] (Figure 2B, absolute numbers in Figure 3B,
paired tests in Supplementary Figures 1B and 2B).

On the other hand, PMN-MDSCs frequencies on the short-term
after transplantation were significantly lower up to 90 days; then
they stayed increased during the time course follow up [7 days after
transplantation (median 29.03%; IQR 12.22%-49.03%) vs 90 days
(median 69.95% IQR 39.99%-81.04%) (p< 0.0001), 7 days vs 180
days (median 58.28% IQR 33.93%-81.47%) (p=0.0007). 21 days
(median 26.19% IQR 11.95%-45.58%) vs 90 days (p<0.0001), 21 vs
180 days (p<0.0001) and 21 vs 360 days (median 59.38% IQR

22.34%-73.13%)(p=0.0184)] (Figure 2C, absolute numbers in
Figure 3C, paired tests in Supplementary Figures 1C and 2C).

The effect of transplantation on e-MDSCs frequencies was
calculated as well. We observed e-MDSCs basal levels are low at
baseline and post transplant compared to PMN-MDSCs and Mo-
MDSCs. Nevertheless, 21 days after transplantation there is an
increase (median 7.742%; IQR 2.5%-19.63%) compared to pre
transplant levels (median 3.92%; IQR 1.35%-8.06%) (p=0.0375)
and 7 (median 2.04%; IQR 0.84%-3.93%) (p<0.0001) (Figure 2D,
absolute numbers in Figure 3D, paired tests in Supplementary
Figures 1D and 2D).

No significant differences were found when comparing
MDSCs frequencies from ESLD and HC (n=59) matched by
sex and age (data not shown).

Frontiers in Immunology | www.frontiersin.org

January 2022 | Volume 12 | Article 788851


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

Iglesias-Escudero et al.

MDSCs in Lung Transplantation

A t MDSC

P—

100+ r N

804 O

% Live cells

od 7d 21d 90d 180d 360d

B Mo-MDSC

.

100

80+

60

40

% CD33+CD11b+HLA-DR-

od 7d  21d 90d 180d 360d

c PMN-MDSC

dwx

100

80+

PO D ©

60+

40

20+

% CD33+CD11bHLA-DR-

o=

»
N
a
©
o4
&
-
B4
S S
w
z 4
g

100 ) )
80+
60~ v e

40

% CD33+CD11bHLADR-
[s0®)

20+

pQTNOD

.

od 7d  21d 90d 180d 360d

180 (n=61) and 360 (n=50) post-transplantation.

FIGURE 2 | MDSCs frequencies in LTR. (A) Frequencies of total myeloid-
derived suppressor cells (t-MDSCs) from live peripheral blood mononuclear
cells (PBMC); (B) monocytic-MDSCs (Mo-MDSCs); (C) polymorphonuclear
MDSC (PMN-MDSCs) and (D) early stage-MDSCs (eMDSCs) are shown.
Differences between groups were assessed by Kruskal-Wallis and Mann-
Whitney U test (***p < 0.0001). % of subsets was calculated from total
MDSC. Blood was drawn at day 0 (n=82), 7 (n=52), 21 (n=73), 90 (n=67),

A tMDSC

6000- whn

180d 360d

od 7d 21d 90d

Mo-MDSC

1500 hkk

1000+

(o]

o0d 7d 21d 90d 180d 360d

c PMN-MDSC

s

2]
o
=
=

> 0

O
(

ABS N°

od 7d 21d 90d 180d 360d

D e-MDSC

Bl

B
3
1
ole
0]
(@]

) 3D

ABS N°
g
o
F L
o O«
®
Qo

od 7d 21d 90d 180d 360d

FIGURE 3 | MDSCs absolute numbers in LTR. (A) Frequencies of total
myeloid-derived suppressor cells (t-MDSCs) in peripheral blood mononuclear
cells (PBMCs); (B) monocytic-MDSCs (Mo-MDSCs); (C) early stage-MDSCs
(e-MDSCs) and (D) polymorphonuclear MDSCs (PMN-MDSCs) are shown.
Differences between groups were assessed by Kruskal-Wallis and Mann-
Whitney U test; ***p < 0.0001. Blood was drawn at day O (n=76), 7 (n=45),
21 (n=61), 90 (n=55), 180 (N=56) and 360 (N=39) post-transplantation.

Frontiers in Immunology | www.frontiersin.org

January 2022 | Volume 12 | Article 788851


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

Iglesias-Escudero et al.

MDSCs in Lung Transplantation

MDSCs From Tacrolimus Treated

LTR Effectively Suppress T Cell
Proliferation In Vitro

Because of the lack of specific markers, MDSCs need to be
identified upon demonstration of their regulatory function.
Then, we determined the cell-suppressive ability of MDSCs
from healthy controls and tacrolimus treated LTR. Moreover,
as LTR were under Tacrolimus treatment, it is important to
evaluate the potential effect of the immunosuppressive treatment
on MDSCs.

The suppressive capacity of Mo-MDSCs was analyzed using
an in vitro assay of polyclonally-activated T cell proliferation.
Sorted Mo-MDSCs were added at a 1:2 ratio to autologous CD3/
CD28-stimulated CD4" T cells. Two patients under long-term
tacrolimus treatment and four HC were tested (Figure 4).
Results indicate that Mo-MDSCs obtained from tacrolimus
treated LTR were significantly more suppressive in comparison
with HC. This suggests that Mo-MDSCs from transplant patients
exhibit potent suppressive function in vitro despite of the
immunosuppressive treatment.

MDSCs and Clinical Events

To evaluate if MDSCs can modulate the balance between
rejection and graft acceptance, we next examined the effect of
MDSCs subsets frequency on clinical events. In our cohort, we
found no association between MDSCs levels and acute cellular
rejection (ACR). In spite of this, we observed an immediate
increased of Mo-MDSC post ACR (90 days posttransplant ACR:
n=23, median 22.58 IQR 8.96- 83.74; No ACR: n=44, median
10.63 IQR 5.15-20.63) (p=0.0336) and 180 days post-transplant:
ACR: n=23, median 17.8 IQR 6.82- 46.28; No ACR n=36, median
8.6 IQR 4.53-20.02) (p=0.0342) (Figure 5). Whether this effect is
a consequence of the rejection itself or it is produced by the
treatment, remains unknown. We found no differences when we
studied MDSCs subsets from patients previously sensitized,
primary graft disfunction (PGD), primary disease

-

(=3

o
]

O No rejection
0 Rejection

0 O Om

% Mo-MDSC
8
PEEEE ST AT U AT AT A A A
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FIGURE 5 | Frequency of Mo-MDSCs and acute rejection. Comparison of
median frequency of Mo-MDSCs in lung transplant recipients with rejection
(white squares) and no rejection (white circles). At 90 and 180 days post-
transplant Mo-MDSCs percentages were lower in patients who do not reject
compared to those who reject. Box represents median and 25th and 75th
percentiles and whiskers were calculated by the Tukey method; “p < 0.05.

(Supplementary Figure 3), sex or gender. No correlation was
observed when we studied tacrolimus levels in peripheral blood
and MDSCs frequencies (data not shown).

DISCUSSION

MDSCs represent a varied group of myeloid regulatory cells
known for their role in immune regulation (20, 21). Previously
published studies performed in animal models that point to them
as potential players in the induction of graft acceptance in
transplantation (22, 23). Although some studies about MDSCs
in human organ transplantation have been reported (6, 12, 13,
18, 24, 25), this is the first study concerning the monitoring of
MDSCs in human LTR. In the current study, MDSCs frequencies
in 82 LTR were analyzed at multiple time points over the first
year after transplantation. In our cohort, we found that total
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FIGURE 4 | Suppressive function of MDSCs. Sorted CD4 * T cells were stained with carboxyfluorescein-succinimidyl ester (CFSE) and cultured under polyclonal
activation alone or with autologous monocytic-myeloid-derived suppressor cells (Mo-MDSCs). Representative flow cytometry plots of two independent experiments
with Mo-MDSCs from healthy volunteers (A) and two lung transplant recipients under tacrolimus treatment (B) are shown. The summary of % of proliferation
stimulated (black squares) and with MDSCs (black triangles) of 4 healthy controls (top panel) and 2 LTR with tacrolimus treatment (bottom panel).
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MDSCs percentages increase 3 months post lung transplant up
to a year follow up. When we evaluated the changes on MDSCs
subsets, we observed increased percentages promptly after
transplantation that decreased gradually during the
monitoring. On the other hand, the frequencies of those cells
with PMN-MDSCs phenotype decreased in the short-term post
transplantation and increased during the follow up, although no
changes were observed compared to pre-transplant levels. E-
MDSCs were significantly increased after transplant compared to
ESLD. Previously, we examined the function and the dynamic
changes in the frequencies of MDSCs in a cohort of 38 kidney
transplant recipients (KTR) at different time-points. Our
previous data indicate that Mo-MDSCs frequencies increase at
6 months and remain increased up to a year of follow up (14).
Agreeing with our results, Luan et al. (12) reported that MDSCs
frequencies were elevated from 3 to 12 months after transplant.
Utrero-Rico et al. (24), described Mo-MDSCs cells counts were
increased within the first days after transplant in KTR, in spite of
the use of induction and immunosuppressive therapy and these
cells counts remained high for one year after transplant.

Hock et al. showed that MDSCs subsets increased promptly after
transplant in KTR and then underwent some variations during the
first year of follow-up (6). Interestingly, in a different study from the
same group, the authors found that most of those patients with long
term transplants had increased MDSCs numbers, which suggests
that MDSCs expand on the long term (26). Taken together, these
reports point towards an increase in the frequency of MDSCs
rapidly after transplantation, peaking after immunosuppressive
therapy administration. Furthermore, when MDSCs from donors
who had undergone parallel surgical methodologies to the recipients
were analyzed, the evidence suggested that the changes observed in
KTRs were likely due to the immunosuppressive therapy rather
than the inflammation caused by the surgery (26). Aligned with
these results, the release of neutrophils from the bone marrow
secondary to glucocorticoids is well established (27) and the
induction of anti-inflammatory monocytes resembling MDSCs
(28, 29) in response to glucocorticoids has also been described. In
essays performed in the immunomonitoring group in the Hospital
Klinikum (HKR) in Regensburg (30) it was observed a reduction in
HLA-DR expression in monocytes after dexamethasone exposure.
As a consequence, after dexamethasone treatment these monocytes
acquired a Mo-MDSCs phenotype. This supports the hypothesis
that corticosteroids are increasing Mo-MDSCs population in
peripheral blood rapidly after transplantation. In addition, these
increases suggest that MDSCs numbers are not negatively affected
by the tacrolimus-based maintenance therapy.

In a previous report from our group we evaluated the function of
MDSCs obtained from KTR under calcineurin (tacrolimus) or
mTOR (rapamycin) inhibition at 360 days of immuno-suppressant
maintenance and we observed that MDSCs from tacrolimus, but
not rapamycin treated KTR, were able reduce effectively CD4" T
cell proliferation in vitro (14). Calcineurin inhibitors are
immunosuppressive drugs regularly used in transplantation
primarily to prevent T cell activation and expansion, hence
understanding their effect on MDSCs is critical to develop
strategies to promote allograft acceptance in transplantation. In a

mouse model of skin transplant, cyclosporine A (CsA) treatment
increased the expression of indoleamine 2,3-dioxygenase (IDO) and
enhanced the suppressive function of MDSCs in allograft recipients
(30). Here, we report that the suppressive capacity of cells with a Mo-
MDSCs phenotype obtained from long-term tacrolimus treated LTR
is enhanced compared to the suppressive function of MDSCs
obtained from healthy donors.

Heigl et al, featured MDSCs in LTR to determine if MDSCs
can serve as a potential target in the field (25). They showed
functional G-MDSCs obtained from LTR and described a mild
correlation with CNI levels, as previously reported (17, 31).

It has been described that FK binging protein (FKBP) is
expressed in MDSCs and PMN-MDSCs from tumoral animal
models and modulates their suppressive function (32).
Altogether, studies on the functional activity and number of
MDSCs in transplantation, suggest that immunosuppressive
treatments such as glucocorticoids and CNI are able to
modulate mobilization and function of MDSCs.

Mycophenolic acid (MPA) is a non-competitive inhibitor of
inosine monophosphate dehydrogenase widely used in
immunosuppression regimens. MPA avoids the conversion of
inosine monophosphate to guanine monophosphate. Thus, by
blocking the de novo synthesis of purines, MPA acts as a potent
inhibitor of the proliferation of lymphocytes (33). Among its
anti-inflammatory effects, the effects of MPA on monocyte-
macrophage lineage cells have been described (34): decreased
recruitment of monocytic lineage cells into sites of graft rejection,
decreased production of IL-1B and increased production of the
IL-1 receptor antagonist (35). However, although mycophenolic
acid is likely to be involved in MDSCs development, this effect
has not been explored in this report. Also, other limitation of the
present study is that our cohort of LTR was under the same
immunosuppressive treatment, and differences in the effect of
immunosuppressive drugs can not be assessed to stablish to what
extend the drugs are modulating MDSCs eftects differentially.

As MDSCs frequencies could serve as biomarkers to predict
clinical outcome after lung transplantation, we collected data
regarding the presence of some clinical events and we examined
those clinical outcomes in relation to MDSCs frequencies. In
contrast to some studies (13, 24), we describe here that the
frequencies of Mo-MDSCs 90 and 180 days post-transplant are
higher in patients that suffered acute cellular rejection (ACR) of
the graft compared to those who did not.

Similarly to previous results, when Mo-MDSCs were treated with
dexamethasone (30), Okano et al. (18) reported that MDSCs
numbers increased to 6 times in an intestinal transplant patient on
day 3 after methylprednisolone treatment for ACR. Hence, these post
transplant changes in MDSCs frequency related to clinical outcomes
might be reflecting changes in glucocorticoid treatment.
Interestingly, in a long-term retrospective study, in those patients
with more than 10-year standing kidney grafts and low
immunosuppression, Mo-MDSCs were significantly higher than in
short-term renal recipients, and Mo-MDSCs levels correlated with
survival rates (36, 37). According to previous mentioned studies that
point out MDSCs are regulated by immunosuppressive treatments
such as CNI, we also found slightly higher levels of tacrolimus in
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peripheral blood of patients with rejection, suggesting that MDSCs
frequencies could also be modulated by the tacrolimus-based
maintenance therapy.

In summary, the results of this study demonstrate that
mobilization of MDSCs subsets is differentially regulated by yet
undetermined stimulus, but immunosuppressive therapy is likely
involved in the modulation of MDSCs numbers and function
after transplant.

Also, the increases in Mo-MDSCs after acute rejection raise
the question whether MDSCs could be implicated in the
development of chronic lung allograft dysfunction (CLAD).
This study confirms the ability of Mo-MDSCs subsets from
tacrolimus treated LTR to suppress T cell proliferation and
raise the possibility that MDSCs may play an important role in
suppressing allogeneic immune responses.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by 2019.222 (PI19/01509) the Hospital Universitario
Marqueés de Valdecilla Ethics Committee (Santander, Spain). The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

MI-E: data acquisition, analysis and interpretation, investigation,
methodology, writing, and original draft. DS: conceptualization,
formal analysis, funding acquisition, supervision, writing, review,
editing, and final approval of the version to be published. DM-F:
data acquisition, analysis and interpretation, investigation, and
methodology. VMM-C: investigation, methodology (provided
and cared for study patients), and clinical data interpretation.
PL: investigation and methodology. MA-P: investigation and
methodology. SR: investigation and methodology. DI-F:
investigation, methodology (provided and cared for study
patients), and clinical data interpretation. SR-F: investigation,
methodology (provided and cared for study patients), and
clinical data interpretation. JC: investigation, methodology
(provided and cared for study patients), and clinical data

REFERENCES

1. Annual Data Report of the US Organ Procurement and Transplantation
Network. Preface. Am ] Transplant: Off ] Am Soc Transplant Am Soc
Transplant Surgeons (2014) 14:5-7. doi: 10.1111/ajt.12626

2. Burton CM, Carlsen ], Mortensen J, Andersen CB, Milman N, Iversen M.
Long-Term Survival After Lung Transplantation Depends on

interpretation. ML-H: conceptualization, funding acquisition,
formal analysis, supervision, writing, review, editing, and final
approval of the version to be published. All authors contributed
to the article and approved the submitted version.

FUNDING

This work was supported by grants from the FIS-ISCII (PI16/
01585) to ML-H and NVAL16/22 to DS.

ACKNOWLEDGMENTS

We are grateful to Maria José Ortiz Gonzalez (IDIVAL,
Santander, Spain) for her excellent technical support.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2021.788851/
full#supplementary-material

Supplementary Figure 1 | Paired comparison of MDSCs subsets. Paired

analysis of total-Myeloid derived Suppressor cells (t-MDSCs) (A), Monocytic (Mo)-
MDSCs (B), Poly morpho nuclear (PMN)-MDSCs (C), and early stage (e)-MDSCs
(D) at day 0 and 7 days after transplant (left panels); at day 7 and day 21 (center-left
panels); at day 21 and 90 (center panels); at day 90 and 180 (center-right panels)
and at day 180 and 360 days (right panels). Mean values of each MDSC subset are
showed in each timepoint. The central number is the difference (in percent) between
the means of the two time points. Differences between time points were calculated
using the following formula: (mean posTx - mean previous timepoint)/mean previous
timepoint. Paired t-test was performed, and p value depicted in each panel.

Supplementary Figure 2 | Paired comparisons of MDSC subset frequency
changes to pre transplant levels: Paired analysis of total-Myeloid derived
Suppressor cells (t-MDSCs) (A), Monocytic (Mo)-MDSCs (B), polymorphonuclear
(PMN)-MDSCs (C), and early €-MDSCs (D) at day 0 and 7 days after transplant (left
panels); at day 0 and day 21 (center-left panels); at day 0 and 90 (center panels); at
day 0 and 180 (center-right panels) and at day 0 and 360 days (right panels). Mean
values of each MDSCs subset are showed in each timepoint. The central number is
the difference (in percent) between the means of the two time points. Differences
between time points were calculated using the following formula: (mean posTx-
mean preTx)/mean preTx. Paired t-test was performed, and p value depicted in
each panel.

Supplementary Figure 3 | MDSCs frequencies in LTR and clinical events
Frequencies of total myeloid-derived suppressor cells (t-MDSCs), monocytic (Mo)-
MDSCs, polymorphonuclear (PMN)-MDSCs, early stage (e)-MDSCs in PBMC were
studied and compared with clinical events such as (A) rejection (B) primary graft
dysfunction (PGD), (C) basal disease, (D) anti-HLA antibodies development.
Differences between groups were assessed by Kruskal- Wallis and Mann-Whitney
U test (p<0.05).

Development and Severity of Bronchiolitis Obliterans Syndrome.
J Hear Lung Transplant (2007) 26(7):681-6. doi: 10.1016/j.healun.
2007.04.004

3. Copeland CAF, Snyder LD, Zaas DW, Jackson Turbyfill W, Davis WA,
Palmer SM. Survival After Bronchiolitis Obliterans Syndrome Among
Bilateral Lung Transplant Recipients. Am ] Respir Crit Care Med (2010)
182(6):784-9. doi: 10.1164/rccm.201002-02110C

Frontiers in Immunology | www.frontiersin.org

January 2022 | Volume 12 | Article 788851


https://www.frontiersin.org/articles/10.3389/fimmu.2021.788851/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.788851/full#supplementary-material
https://doi.org/10.1111/ajt.12626
https://doi.org/10.1016/j.healun.2007.04.004
https://doi.org/10.1016/j.healun.2007.04.004
https://doi.org/10.1164/rccm.201002-0211OC
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Iglesias-Escudero et al.

MDSCs in Lung Transplantation

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

. Zhang W, LiJ, Qi G, Tu G, Yang C, Xu M. Myeloid-Derived Suppressor Cells

in Transplantation: The Dawn of Cell Therapy. ] Trans Med (2018) 16:19. doi:
10.1186/s12967-018-1395-9

. Scalea JR, Lee Y, Davila E, Bromberg JS. Myeloid-Derived Suppressor Cells and

Their Potential Application in Transplantation. Transplantation (2017) 1:359—
67. doi: 10.1097/TP.0000000000002022

. Hock BD, MacKenzie KA, Cross NB, Taylor KG, Currie MJ, Robinson BA,

et al. Renal Transplant Recipients Have Elevated Frequencies of Circulating
Myeloid-Derived Suppressor Cells. Nephrol Dial Transplant (2012) 27
(1):402-10. doi: 10.1093/ndt/gfr264

. Jeong H]J, Lee HJ, Ko JH, Cho B-J, Park SY, Park JW, et al. Myeloid-Derived

Suppressor Cells Mediate Inflammation Resolution in Humans and Mice
With Autoimmune Uveoretinitis. J Immunol (2018) 200(4):1306-15.
doi: 10.4049/jimmunol.1700617

. Dorhoi A, Du Plessis N. Monocytic Myeloid-Derived Suppressor Cells in

Chronic Infections. Front Immunol (2018) 8:1895. doi: 10.3389/fimmu.
2017.01895

. Le Page A, Garneau H, Dupuis G, Frost EH, Larbi A, Witkowski JM, et al.

Differential Phenotypes of Myeloid-Derived Suppressor and T Regulatory
Cells and Cytokine Levels in Amnestic Mild Cognitive Impairment Subjects
Compared to Mild Alzheimer Diseased Patients. Front Immunol (2017)
8:783/full. doi: 10.3389/fimmu.2017.00783/full

Hoechst B, Gamrekelashvili J, Manns MP, Greten TF, Korangy F. Plasticity of
Human Th17 Cells and Itregs Is Orchestrated by Different Subsets of Myeloid
Cells. Blood (2011) 117(24):6532-41. doi: 10.1182/blood-2010-11-317321
Huang B, Pan P-Y, Li Q, Sato Al Levy DE, Bromberg J, et al. Gr-1 * CD115 *
Immature Myeloid Suppressor Cells Mediate the Development of Tumor-
Induced T Regulatory Cells and T-Cell Anergy in Tumor-Bearing Host.
Cancer Res (2006) 66(2):1123-31. doi: 10.1158/0008-5472.CAN-05-1299
Luan Y, Mosheir E, Menon MC, Wilson D, Woytovich C, Ochando J, et al.
Monocytic Myeloid-Derived Suppressor Cells Accumulate in Renal
Transplant Patients and Mediate CD4 * Foxp3 " Treg Expansion. Am ]
Transplant (2013) 13(12):3123-31. doi: 10.1111/ajt.12461

Meng F, Chen SY, Guo X, Chen Z, Huang X, Lai Y, et al. Clinical Significance
of Myeloid-Derived Suppressor Cells in Human Renal Transplantation With
Acute T Cell-Mediated Rejection. Inflammation (2014) 37(5):1799-805. doi:
10.1007/s10753-014-9910-5

Iglesias-Escudero M, Sansegundo-Arribas D, Riquelme P, Merino-Fernandez
D, Guiral-Foz S, Pérez C, et al. Myeloid-Derived Suppressor Cells in Kidney
Transplant Recipients and the Effect of Maintenance Immunotherapy. Front
Immunol (2020) 11. doi: 10.3389/fimmu.2020.00643

Bronte V, Brandau S, Chen S-H, Colombo MP, Frey AB, Greten TF, et al.
Recommendations for Myeloid-Derived Suppressor Cell Nomenclature and
Characterization Standards. Nat Commun (2016) 7(1):12150. doi: 10.1038/
ncomms12150

Bruger AM, Dorhoi A, Esendagli G, Barczyk-Kahlert K, van der Bruggen P,
Lipoldova M, et al. How to Measure the Immunosuppressive Activity of
MDSC: Assays, Problems and Potential Solutions. Cancer Immunol
Immunother (2019) 68(4):631-44. doi: 10.1007/s00262-018-2170-8

Han C, Wu T, Na N, Zhao Y, Li W, Zhao Y. The Effect of Immunosuppressive
Drug Cyclosporine A on Myeloid-Derived Suppressor Cells in Transplanted
Mice. Inflamm Res (2016) 65(9):679-88. doi: 10.1007/s00011-016-0949-7
Okano S, Abu-Elmagd K, Kish DD, Keslar K, Baldwin WM, Fairchild RL, et al.
Myeloid-Derived Suppressor Cells Increase and Inhibit Donor-Reactive T Cell
Responses to Graft Intestinal Epithelium in Intestinal Transplant Patients. Am
] Transplant (2018) 18(10):2544-58. doi: 10.1111/ajt.14718

Stewart S, Fishbein MC, Snell GI, Berry GJ, Boehler A, Burke MM, et al.
Revision of the 1996 Working Formulation for the Standardization of
Nomenclature in the Diagnosis of Lung Rejection. | Hear Lung Transplant
(2007) 26(12):1229-42. doi: 10.1016/j.healun.2007.10.017

Zhao Y, Wu T, Zhao Y. The Roles of Myeloid-Derived Suppressor Cells in
Transplantation. Expert Rev Clin Immunol (2014) 10:1385-94. doi: 10.1586/
1744666X.2014.948424

. Escors D, Liechtenstein T, Perez-Janices N, Schwarze J, Dufait I, Goyvaerts C,

et al. Assessing T-Cell Responses in Anticancer Immunotherapy: Dendritic
Cells or Myeloid-Derived Suppressor Cells? Oncolmmunology (2013)
2:10.e26148. doi: 10.4161/0nci.26148

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ochando JC, Chen SH. Myeloid-Derived Suppressor Cells in Transplantation and
Cancer. Immunol Res (2012) 54:275-85. doi: 10.1007/s12026-012-8335-1
Ochando J, Conde P, Utrero-Rico A, Paz-Artal E. Tolerogenic Role of Myeloid
Suppressor Cells in Organ Transplantation. Front Immunol (2019) 10. doi:
10.3389/fimmu.2019.00374

Utrero-Rico A, Laguna-Goya R, Cano-Romero F, Chivite-Lacaba M, Gonzalez-
Cuadrado C, Rodriguez-Sanchez E, et al. Early Posttransplant Mobilization of M-
MDSC Correlates With Increase in Soluble Immunosuppressive Factors and
Predicts Cancer in Kidney Recipients. Transplantation (2020) 104:2599-608.
doi: 10.1097/TP.0000000000003179

Heigl T, Singh A, Saez-Gimenez B, Kaes J, Van Herck A, Sacreas A, et al.
Myeloid-Derived Suppressor Cells in Lung Transplantation. Front Immunol
(2019) 10(APR). doi: 10.3389/fimmu.2019.00900

Hock BD, McKenzie JL, Cross NB, Currie MJ. Dynamic Changes in Myeloid
Derived Suppressor Cell Subsets Following Renal Transplant: A Prospective
Study. Transpl Immunol (2015) 32(3):164-71. doi: 10.1016/j.trim.
2015.05.001

Mintzer DM, Billet SN, Chmielewski L. Drug-Induced Hematologic
Syndromes. Adv Hematol (2009) 2009:495863. doi: 10.1155/2009/495863
Varga G, Ehrchen J, Tsianakas A, Tenbrock K, Rattenholl A, Seeliger S, et al.
Glucocorticoids Induce an Activated, Anti-Inflammatory Monocyte Subset in
Mice That Resembles Myeloid-Derived Suppressor Cells. ] Leukoc Biol (2008)
84(3):644-50. doi: 10.1189/j1b.1107768

Ehrchen J, Steinmiiller L, Barczyk K, Tenbrock K, Nacken W, Eisenacher M,
et al. Glucocorticoids Induce Differentiation of a Specifically Activated, Anti-
Inflammatory Subtype of Human Monocytes. Blood (2007) 109(3):1265-74.
doi: 10.1182/blood-2006-02-001115

Riquelme PP. Exploring the Relationship Between Circulating M-MDSC
Numbers and Risk of Posttransplant Malignancy. Transplantation (2020)
104:(12):2475-7. doi: 10.1097/TP.0000000000003180

Wang X, Bi Y, Xue L, Liao J, Chen X, Lu Y, et al. The Calcineurin-NFAT Axis
Controls Allograft Immunity in Myeloid-Derived Suppressor Cells Through
Reprogramming T Cell Differentiation. Mol Cell Biol (2015) 35(3):598-609.
doi: 10.1128/MCB.01251-14

Yang F, Li Y, Zhang Q, Tan L, Peng L, Zhao Y. The Effect of
Immunosuppressive Drugs on MDSCs in Transplantation. ] Immunol Res
(2018) 2018:1-16. doi: 10.1155/2018/5414808

Allison AC, Eugui EM. Mechanisms of Action of Mycophenolate Mofetil in
Preventing Acute and Chronic Allograft Rejection. Transplantation (2005) 80
(2 Suppl):S181-90. doi: 10.1097/01.tp.0000186390.10150.66

Cohn RG, Mirkovich A, Dunlap B, Burton P, Chiu S-H, Eugui E, et al.
Mycophenolic Acid Increases Apoptosis, Lysosomes and Lipid Droplets in
Human Lymphoid and Monocytic Cell Lines. Transplantation (1999) 68:411.
doi: 10.1097/00007890-199908150-00014

Waters RV, Webster D, Allison AC. Mycophenolic Acid and Some
Antioxidants Induce Differentiation of Monocytic Lineage Cells and
Augment Production of the IL-1 Receptor Antagonist. Ann N Y Acad Sci
(1993) 696:185. doi: 10.1111/§.1749-6632.1993.tb17151.x

Kim Y-S, Kim Y-J, Lee J-M, Kim E-K, Park Y-J, Choe S-K, et al. Functional
Changes in Myeloid-Derived Suppressor Cells (MDSCs) during Tumor
Growth: FKBP51 Contributes to the Regulation of the Immunosuppressive
Function of MDSCs. J Immunol (2012) 188(9):4226-34. doi: 10.4049/
jimmunol.1103040

Du XX, Guo YL, Zhao YP, Yang M, Chang S, Liu B, et al. Accumulation of
High Levels of Monocytic Myeloid-Derived Suppressor Cells Enhances Graft
Survival in Almost-Tolerant Kidney Transplant Recipients. Transplant Proc
(2018) 50(10):3314-20. doi: 10.1016/j.transproceed.2018.04.043

Conflict 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.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Frontiers in Immunology | www.frontiersin.org

January 2022 | Volume 12 | Article 788851


https://doi.org/10.1186/s12967-018-1395-9
https://doi.org/10.1097/TP.0000000000002022
https://doi.org/10.1093/ndt/gfr264
https://doi.org/10.4049/jimmunol.1700617
https://doi.org/10.3389/fimmu.2017.01895
https://doi.org/10.3389/fimmu.2017.01895
https://doi.org/10.3389/fimmu.2017.00783/full
https://doi.org/10.1182/blood-2010-11-317321
https://doi.org/10.1158/0008-5472.CAN-05-1299
https://doi.org/10.1111/ajt.12461
https://doi.org/10.1007/s10753-014-9910-5
https://doi.org/10.3389/fimmu.2020.00643
https://doi.org/10.1038/ncomms12150
https://doi.org/10.1038/ncomms12150
https://doi.org/10.1007/s00262-018-2170-8
https://doi.org/10.1007/s00011-016-0949-7
https://doi.org/10.1111/ajt.14718
https://doi.org/10.1016/j.healun.2007.10.017
https://doi.org/10.1586/1744666X.2014.948424
https://doi.org/10.1586/1744666X.2014.948424
https://doi.org/10.4161/onci.26148
https://doi.org/10.1007/s12026-012-8335-1
https://doi.org/10.3389/fimmu.2019.00374
https://doi.org/10.1097/TP.0000000000003179
https://doi.org/10.3389/fimmu.2019.00900
https://doi.org/10.1016/j.trim.2015.05.001
https://doi.org/10.1016/j.trim.2015.05.001
https://doi.org/10.1155/2009/495863
https://doi.org/10.1189/jlb.1107768
https://doi.org/10.1182/blood-2006-02-001115
https://doi.org/10.1097/TP.0000000000003180
https://doi.org/10.1128/MCB.01251-14
https://doi.org/10.1155/2018/5414808
https://doi.org/10.1097/01.tp.0000186390.10150.66
https://doi.org/10.1097/00007890-199908150-00014
https://doi.org/10.1111/j.1749-6632.1993.tb17151.x
https://doi.org/10.4049/jimmunol.1103040
https://doi.org/10.4049/jimmunol.1103040
https://doi.org/10.1016/j.transproceed.2018.04.043
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Iglesias-Escudero et al.

MDSCs in Lung Transplantation

Copyright © 2022 Iglesias-Escudero, Segundo, Merino-Fernandez, Mora-Cuesta,
Lamadrid, Alonso-Pefia, Raso, Iturbe, Fernandez-Rozas, Cifrian and Lépez-Hoyos.
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

January 2022 | Volume 12 | Article 788851


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

	Myeloid-Derived Suppressor Cells Are Increased in Lung Transplant Recipients and Regulated by Immunosuppressive Therapy
	Introduction
	Materials and Methods
	Study Design
	Monoclonal Antibodies and Flow Cytometry Analysis
	Cell Isolation and Sorting
	In Vitro Evaluation of MDSCs Function
	Statistical Analysis

	Results
	Monitoring MDSCs in Lung Transplant Patients
	MDSCs From Tacrolimus Treated LTR Effectively Suppress T Cell Proliferation In Vitro
	MDSCs and Clinical Events

	Discussion
	Data Availability Statement
	Ethics Statement 
	Author Contributions
	Funding
	Acknowledgments
	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


