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Community-acquired pneumonia (CAP) remains the significant infectious cause of
morbidity and mortality worldwide. Although mucosal-associated invariant T cells (MAIT)
play roles in the pathogenesis of children CAP and ICU-associated pneumonia, their roles
in adult CAP are largely unexplored. In this study, we investigated the frequency,
phenotype, and function of MAIT cells in peripheral blood and bronchoalveolar lavage
fluid (BALF) of adult CAP patients. Our data indicate that MAIT-cell frequency is profoundly
lower in the peripheral blood of CAP patients compared to that in healthy individuals.
Furthermore, the circulatory MAIT cells express higher levels of CD69 and PD-1 compared
to those in healthy individuals. In BALF of CAP patients, MAIT-cell frequency is higher and
MAIT cells express higher levels of CD69 and PD-1 compared to their matched blood
counterparts. Levels of IL-17A and IFN-g are increased in BALF of CAP patients compared
to those in BALF of patients with pulmonary small nodules. The IL-17A/IFN-g ratio is
significantly positively correlated with MAIT frequency in BALF of CAP patients, suggesting
a pathogenic role of MAIT-17 cells in CAP. Of note, blood MAIT-cell frequency in CAP
patients is strongly negatively correlated with high-sensitivity C-reactive protein (hsCRP)
and neutrophil count percentage in blood. The ability of circulating MAIT cells in CAP
patients to produce IFN-g is significantly impaired compared to those in healthy
individuals. In summary, our findings suggest the possible involvement of MAIT cells in
the immunopathogenesis of adult CAP.
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INTRODUCTION

Community-acquired pneumonia (CAP) is an important
infectious cause of mortality and morbidity worldwide which is
caused by a wide spectrum of microbial pathogens outside a
healthcare setting including bacteria, viruses, and fungi (1). The
clinical manifestation of CAP can vary from mild pneumonia
characterized by fever and cough to severe pneumonia
characterized by acute respiratory distress syndrome, sepsis,
and multiorgan dysfunction (2). The host innate and adaptive
immune responses play pivotal roles in host defense against
pathogens and in determining disease severity. Previous studies
have demonstrated that dysfunctional neutrophils and
CD4+Th17 cells are involved in the pathogenesis of CAP (3,
4). Recent studies suggest that unconventional T cells are
equivalently important in the pathogenesis of CAP (5–7).
Unconventional innate-like T cells, including invariant NKT
cells, gdT cells, and mucosal-associated invariant T (MAIT)
cells, are known to bridge the innate and adaptive arms of the
immune response and play key roles in maintaining pulmonary
homeostasis and the integrity of the lung epithelium (8).

MAIT cells are abundant in the liver as well as mucosal sites
including the lung and gut, constituting 1%-10% of human
peripheral blood T cells (9). They express a semi-invariant
TCRVa7.2-Ja33/20/12 in humans and recognize derivatives of
riboflavin metabolism in bacteria and yeasts presented on major
histocompatibility complex class Ib-like molecules (MR1) (10). In
addition, MAIT cells could be activated by cytokines such as IL-12
and IL-18 in a TCR-independent fashion which is important in
the immune response against non-riboflavin-synthesizing bacteria
and viruses (11). Upon activation, MAIT cells rapidly produce
inflammatory cytokines (TNF-a, IFN-g, and IL-17) and cytolytic
molecules (granzyme B and perforin) (12). Studies from mouse
studies suggest that MAIT cells play a protective role in both
bacterial and viral pulmonary infection, such as Legionella
longbeachae and influenza A (9, 13). In patients with chronic
HBV infection and children with active pulmonary tuberculosis,
MAIT frequency in the blood has been shown to decrease (14, 15).
In addition, MAIT abundance was higher in the sputum of CAP
patients compared to healthy controls determined by quantitative
polymerase chain reaction and associated with disease severity
(16). Moreover, tissue-resident MAIT cells producing IL-17 are
increased in the bronchoalveolar lavage fluid (BALF) which has
been suggested to contribute to IL-17-mediated inflammation in
children with CAP (17). However, the role of MAIT cells in
immunopathogenesis of adult CAP is largely unclear and yet to be
unraveled. In this study, we aim to define the frequency,
phenotype, function, and clinical relevance of MAIT cells in
peripheral blood as well as BALF of adult CAP patients.
MATERIALS AND METHODS

Patients and Ethical Statement
Eighteen adult CAP patients from Tongji Hospital (Wuhan,
China) were enrolled in this study. The diagnosis of CAP was
Frontiers in Immunology | www.frontiersin.org 2
based on clinical presentation and chest radiograph. Patients
with pulmonary tuberculosis, pulmonary cancer, asthma, and
chronic obstructive pulmonary disease were excluded. Two
groups of controls were included in this study, one of which
consisted of 15 patients diagnosed with connective tissue diseases
associated interstitial lung disease (CTD-ILD) and the other
group consisted of 18 healthy donors. The diagnosis of CTD
was based on clinical and serologic criteria according to the most
recent European League Against Rheumatism (EULAR)
recommendations. The diagnosis of ILD was made on the
basis of high-resolution CT (HRCT) findings (18). To detect
cytokines and define MAIT cells in BALF obtained from healthy
respiratory mucosa, 6 patients with pulmonary small nodules
(PSN) less than 5 mm in diameter who underwent electronic
bronchoscopy for investigation were recruited. Patients with
malignant lung nodules were excluded. The clinical parameters
in blood which consisted of leukocyte number, percentage of the
relative numbers of neutrophils in total leukocytes (neutrophil
count percentage), percentage of the relative numbers of
lymphocytes in leukocytes (lymphocyte count percentage),
hypersensitive-CRP (hs-CRP), and erythrocyte sedimentation
rate (ESR) were obtained from patients of CAP and CTD-ILD.
Patient characteristics are shown in Table 1. The studies were
reviewed and approved by the ethics committee of Tongji
Medical College, Huazhong University of Science and
Technology, and informed consents were obtained from
all subjects.

Sample Collection
Bronchoscopy was performed with an electronic bronchoscope
under topical lidocaine. For CAP or CTD-ILD patients, BALF
(bronchoalveolar lavage fluid) was performed by instilling 50–70
ml of sterile 0.9% NaCl to the affected area identified
radiologically and/or endoscopically. To obtain healthy BAL
fluid, BALF was performed on the opposite side of the lung
nodules in patients with pulmonary small nodules less than
5 mm in diameter. The BAL recovered was filtered through a
70-mm cell strainer and centrifuged for 10 min at 300g at 4°C.
The supernatant was collected and stored at -80°C for
subsequent cytokine detection. The cell pellets were
resuspended in 1 ml of RPMI 1640 supplemented with 10%
fetal bovine serum at 4°C for subsequent surface staining.

Peripheral venous blood samples were collected in
heparinized tubes on the same day of bronchoscopy.
Peripheral blood mononuclear cells (PBMC) were isolated by
Ficoll density gradient centrifugation. PBMC were washed with
phosphate-buffered solution (PBS) once and resuspended in
RPMI 1640 supplemented with 10% fetal bovine serum. A
portion of the cell pellets was used for subsequent surface
staining at 4°C. The remaining cells were used for intracellular
cytokine staining.

Flow Cytometry
PBMC and BALF samples were incubated with Fc-receptor
blocking reagent (BD Biosciences) at room temperature for
15 min and surface stained with the following fluorochrome-
conjugated antibodies at 4°C for 40 min: CD45-APC (HI30,
December 2021 | Volume 12 | Article 788406
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BioLegend), CD3-APC-cy7 (UCHT1, BioLegend), CD8-BV510
(SK1, BioLegend), CD4-BV421 (RPA-T4, BD Biosciences),
CD161-PE (HP-3G10, BioLegend), CD161-BV421 (HP-3G10,
BioLegend), Va7.2-PE-cy7 (3C10, BioLegend), CD69-FITC
(FN50, BioLegend), CD69-PE (FN50, BioLegend), and PD-1-
BV421 (EH12.1, BD Biosciences). MAIT cells were identified as
CD3+CD161high Va7.2+ cells.

For intracellular cytokine staining, PBMCs were cultured in
RPMI 1640 supplemented with 10% FBS in the presence of
phorbol 12-myristate 13-acetate (PMA) (25 ng/ml) and
ionomycin (500 ng/ml) for 40 min followed by a 3.5-h
incubation with brefeldin A in a 5% CO2 incubator at 37°C.
IL-17A- and/or IFN-g-producing cells were identified by
intracellular staining with anti-IL-17A-FITC (BL168,
BioLegend) and anti-IFN-g-FITC (4S.B3, BioLegend) for
45 min after surface staining and fixation/permeabilization.
Fluorescence Minus One (FMO) was used as negative control;
the gating strategy for surface markers and intracellular
cytokines is shown in Supplemental Figure 1. Cells were
acquired by flow cytometry using a FACSVerse (BD
Biosciences) and analyzed with FlowJo software (TreeStar).

Cytokine Detection
Cytokines in BALF supernatant were determined by
“LEGENDplex™ Human Inflammation Panel 1 (13 plex)”
(BioLegend) with bead-based multiplex immunoassay
according to the manufacturer’s instructions. The lower limit
of detection for each cytokine is as follows: IL-1b: 1.5 pg/ml;
IFN-a2: 2.1 pg/ml; IFN-g: 1.3 pg/ml; TNF-a: 0.9 pg/ml; MCP-1:
1.1 pg/ml; IL-6: 1.5 pg/ml; IL-8: 2.0 pg/ml; IL-10: 2.0 pg/ml;
IL-12p70: 2.0 pg/ml; IL-17A: 0.5 pg/ml; IL-18: 1.3 pg/ml; IL-23:
1.8 pg/ml; IL-33: 4.4 pg/ml. Data were collected using
FACSVerse (BD Biosciences) and analyzed with FlowJo
software (TreeStar).

Statistics
Statistical analysis was performed using GraphPad Prism version
7 (GraphPad Software). Normally distributed data were analyzed
by Student’s t test or ANOVA to assess differences between
groups. For non-normally distributed data, the Mann–Whitney
U, Kruskal–Wallis, andWilcoxon signed-rank tests were utilized.
p values for multiple comparisons were adjusted by the
Benjamini–Hochberg method. Correlation analysis was
evaluated with Spearman rank correlation. A p value of less
Frontiers in Immunology | www.frontiersin.org 3
than 0.05 was considered statistically significant. * for p< 0.05,
** for p<0.01, *** for p<0.001, **** for p<0.0001.
RESULTS

MAIT Cells in the Peripheral Blood of CAP
Patients Exhibited Increased Expression of
Activation and Exhaustion Markers,
Accompanied by a Decrease of
Their Frequency
Flow cytometry was applied to evaluate the frequency and
phenotype of MAIT cells in CAP patients in comparison to
healthy individuals. In parallel, we also defined MAIT frequency
and phenotype in CTD-ILD patients which served as another
control group. MAIT cells were identified as CD3+Va7.2+

CD161high T cells. Compared to healthy individuals, MAIT-cell
frequencies among CD3+ T cells were significantly reduced in
peripheral blood of CAP patients (p < 0.01, Figure 1A).
Interestingly, we also found a profound decline of MAIT cells in
the blood of CTD-ILD in comparison to healthy individuals
(p < 0.01, Figure 1A). No significant difference in the proportion
of the CD8+ subset within MAIT cells was found among the
three groups.

Next, we investigated the expression of T-cell activation
marker CD69 and exhaustion marker PD-1 on MAIT cells of
three groups. In CAP patients, the percentages of CD69+ and
PD-1+MAIT cells were significantly higher than those in healthy
individuals (p < 0.05 and p < 0.05, respectively. Figures 1B, C).
In contrast, there was no significant difference in the percentages
of CD69+ and PD-1+ MAIT cells between healthy individuals
and CTD-ILD patients. Remarkably, the percentage of CD69+
MAIT cells was negatively correlated with MAIT-cell frequency
in peripheral blood (r = -0.6458, p = 0.0004, Figure 1D). Taken
together, these results indicate that MAIT cells are reduced in
frequency and activated in the peripheral blood of CAP patients.

MAIT Cells Expressed Higher Levels of
Activation and Exhaustion Markers in
BALF Compared to Their Peripheral
Counterparts in CAP Patients
To determine whether MAIT cells are differently represented
in the airway compared to the peripheral blood, we collected
TABLE 1 | Patient Characteristics.

HD CAP CTD-ILD PSN p value

Total, N 18 18 15 6
Age (year), mean ± SD 39.2 ± 9.6 49.7 ± 17.6 56 ± 11.2 47.5 ± 12.4 0.0082
Male/female, N 10/8 11/7 5/10 3/3 0.43
Leukocytes (×109/liter), mean ± SD 8.5 ± 4 7 ± 2.7 5.9 ± 1.8 0.29
Percentage of neutrophils in leukocytes (%) 71.3 ± 8.9 60.3 ± 11.1 56.5 ± 7 0.0019
Percentage of lymphocytes in leukocytes, (%) 20.1 ± 7.7 28.7 ± 9.1 32.6 ± 7.2 0.0047
ESR (mm/h), mean ± SD 43.5 ± 23.5 24.9 ± 19.8 0.017
hs-CRP (mg/L), mean ± SD 84.8 ± 87.6 8.3 ± 13.3 0.0054
December 20
21 | Volume 12 | Article
HD, healthy donors; CAP, community-acquired pneumonia; CTD-ILD, connective tissue diseases associated interstitial lung disease; PSN, pulmonary small nodules; ESR, erythrocyte
sedimentation rate; hs-CRP, high-sensitive C-reactive protein.
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BALF samples in patients of CAP and CTD-ILD and detected
the frequency as well as the phenotype of MAIT cells. Due to
ethical reasons, the bronchoalveolar lavages could not be
accessible in healthy individuals. Therefore, we obtained
healthy BALF from the opposite side of the lung nodules in
patients with pulmonary small nodules (PSN) less than 5 mm in
diameter. We observed that MAIT-cell frequency in BALF
was similar to that in the peripheral blood albeit with a
slightly increasing trend (Figure 2A). In line with previous
reports (17, 19) on MAIT-cell activation and exhaustion
status in BALF and the peripheral blood, we also found
that MAIT cells in BALF expressed higher levels of activation
and exhaustion markers in comparison to those in the
Frontiers in Immunology | www.frontiersin.org 4
peripheral blood (p < 0.0001 and p < 0.0001, respectively,
Figures 2B, C).

Next, we further compared the frequency and phenotype of
MAIT cells between BALF and their peripheral counterparts in
CAP patients. MAIT cells were more abundant in BALF than in
the peripheral blood from CAP patients (p < 0.05, Figure 2D).
Moreover, CD69 and PD-1 expressions on MAIT cells were
significantly higher in BALF than in the matched peripheral
blood of CAP patients (p < 0.05 and p < 0.05, respectively,
Figures 2E, F). Altogether, we observed that MAIT cells were
more enriched and exhibited a higher expression of activation
and exhaustion markers in BALF compared to matched
peripheral blood MAIT cells in CAP patients.
A

B C D

FIGURE 1 | Frequency and phenotype of MAIT cells in peripheral blood of CAP patients. (A) Analysis of MAIT cells in the peripheral blood of HD (n = 18), CAP (n =
15), and CTD-ILD (n = 11) patients by flow cytometry. Representative plots of MAIT-cell frequency among CD3+ T cells and the proportion of CD8+ subset in MAIT
cells of the three groups are shown in the left panel. Individuals and mean ± SEM are shown in the right panel. (B) Analysis of CD69 expression on MAIT cells in the
peripheral blood of HD (n = 9), CAP (n = 11), and CTD-ILD (n = 6) patients by flow cytometry. Representative staining of CD69 and statistical dot plots of percentage
of CD69+ MAIT of three groups are shown. (C) Analysis of PD-1 expression on MAIT cells in the peripheral blood of HD (n = 12), CAP (n = 10), and CTD-ILD (n = 8)
patients by flow cytometry. Representative staining of PD-1 and statistical dot plots of percentage of PD-1+ MAIT of three groups are shown. (D) Spearman
correlation of percentage of CD69+ MAIT cells with blood MAIT-cell frequency in HD (n = 9), CAP (n = 11), and CTD-ILD (n = 6) patients. HD, healthy donors; CAP,
community-associated pneumonia; CTD-ILD, connective tissue diseases associated interstitial lung disease *P < 0.05, **P < 0.01, n.s., not significant.
December 2021 | Volume 12 | Article 788406
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Altered Function of MAIT Cells in
Peripheral Blood of CAP Patients
MAIT cell function in peripheral blood was assessed by
intracellular flow cytometry staining after stimulation with
PMA and ionomycin. The proportion of IFN-g+ cells was
lower in MAIT cells of CAP patients compared to healthy
individuals (p < 0.05, Figure 3A). In contrast, there was no
significant difference in the proportion of IFN-g+ cells in MAIT
cells between CTD-ILD patients and healthy individuals
(Figure 3A). There was no significant difference in the
proportion of IL-17A+ MAIT cells in CAP patients and CTD-
ILD patients compared to healthy individuals (Figure 3A).

Due to the insufficient cell number from bronchoscopy
samples, it was not possible to directly evaluate cytokine
produced by MAIT cells in BALF by intracellular flow
cytometry staining. Then, we detected cytokines in the
supernatants of BALF. Compared to healthy mucosa in
patients of PSN, we found that the IL-17A and IFN-g levels
were significantly higher in BALF of CAP patients (p < 0.01 and
p < 0.05, respectively, Figure 3B). IL-23, an IL-17-related
cytokine, was also elevated in BALF of CAP patients (p < 0.05,
Figure 3B). A significant positive correlation was found between
the IL-17A/IFN-g ratio and MAIT-cell frequency in BALF of
CAP patients (r = 0.75, p = 0.02553, Figure 3C). Besides
cytokines related to adaptive immunity, several innate
inflammatory cytokines (IL-1, IL-6, IL-8, MCP-1, IFN-a2, and
IL-12p70) were also found elevated in BALF of CAP patients,
mirroring the local hyper-inflammatory environment.
Frontiers in Immunology | www.frontiersin.org 5
Collectively, these results indicate a reduced capacity of blood
MAIT-cells to produce IFN-g and a more pronounced hyper-
inflammatory environment in BALF of CAP patients.

MAIT-Cell Frequency in Blood Is
Correlated With Clinical Parameters
in CAP Patients
To gain insight into the potential association of MAIT cells and
pneumonia disease severity, we investigated correlations between
MAIT-cell frequency and clinical variables. Results revealed that
high-sensitivity C-reactive protein (hs-CRP) level and neutrophil
count percentage strongly negatively correlated with circulating
MAIT-cell frequency (r = -0.8182, p = 0.0019, and r = -0.6649,
p = 0.0083, respectively, Figures 4A, B). Unsurprisingly, high-
sensitivity C-reactive protein (hs-CRP) level positively correlated
with neutrophil count percentage in peripheral blood (r = 0.7417,
p = 0.0022, Figure 4C). However, we did not find a significant
correlation between MAIT-cell frequency in BALF and the above
clinical variables (data not shown). Then, we further interrogated
potential links among cytokine levels in BALF, MAIT-cell
frequency, and clinical variables. Of note, only IL-6 and IL-18
levels in BALF positively correlated with neutrophil count
percentage (r = 0.8091, p = 0.0039 and r = 0.6455, p = 0.0368,
respectively, Figures 4D, E). As expected, the IL-6 level in BALF
positively correlated with the high-sensitivity C-reactive protein
(hs-CRP) level (r = 0.6606, p = 0.0438, Figure 4F) and negatively
correlated with circulating MAIT-cell frequency (r = -0.6667,
p = 0.0589, Figure 4G).
A B C

D E F

FIGURE 2 | Comparison analysis of MAIT-cell frequency and phenotype between BALF and PBMC. (A–C) MAIT cells in BALF expressed higher levels of CD69 and
PD-1 in comparison to those in peripheral blood. (A) Proportion of MAIT cells among CD3+ T cells in BALF of PSN (n = 5), CAP (n = 12), and CTD-ILD (n = 7)
patients. (B) MFI of CD69 expression on MAIT cells in BALF of PSN (n = 2), CAP (n = 4), and CTD-ILD (n = 2) patients. (C) MFI of PD-1 expression on MAIT cells in
BALF of PSN (n = 5), CAP (n = 10), and CTD-ILD (n = 5) patients. (D–F) MAIT cells were more enriched and exhibited a more activated and exhaustion phenotype in
BALF compared to matched peripheral blood MAIT cells in CAP patients. (D) Paired analysis of MAIT-cell frequency in PBMC and BALF of CAP (n = 10) and CTD-
ILD patients (n = 4). (E) Paired analysis of CD69 MFI on MAIT cells in PBMC and BALF of CAP (n = 4, respectively). (F) Paired analysis of PD-1 MFI on MAIT cells in
PBMC and BALF of CAP (n = 6, respectively). *P < 0.05, ****P < 0.0001, n.s., not significant.
December 2021 | Volume 12 | Article 788406
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DISCUSSION

Our study reveals profound MAIT-cell alterations in frequency,
phenotype, and function in patients with CAP. The frequency of
MAIT-cells was lower in the blood compared to healthy donors,
while MAIT frequency in BALF was higher compared to their
PBMC counterparts in CAP patients. The decline in blood
MAIT-cell frequency was associated with high activation. Of
Frontiers in Immunology | www.frontiersin.org 6
note, the function of blood MAIT cells was impaired as revealed
by decreased IFN-g production. Finally, blood MAIT-cell
frequency negatively correlated with the hs-CRP level and
neutrophil count percentage in blood and IL-6 levels in BALF.

The reduction in blood MAIT-cell frequency in patients of
CAP in the current study is consistent with previous studies in
patients with active tuberculosis and sepsis as well as recent
studies in patients with COVID-19 (15, 20, 21). The dramatic
A

B

C

FIGURE 3 | Functional evaluation of MAIT cells in PBMC and BALF. (A) Intracellular staining for IFN-g and IL-17A of PBMC stimulated by PMA and ionomycin in HD
(n = 9), CAP (n = 9), and CTD-ILD patients (n = 6). (B) Levels of cytokines in BALF of PSN (n = 6), CAP (n = 11), and CTD-ILD patients (n = 9) as determined by
bead-based multiplex immunoassay are shown. (C) Spearman correlation of MAIT-cell frequency in BALF with a ratio of IL-17A/IFN-g level in BALF in CAP (n = 9)
patients. PSN, pulmonary small nodules. *P < 0.05, **P < 0.01, ****P < 0.0001, n.s., not significant.
December 2021 | Volume 12 | Article 788406
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drop in blood MAIT-cell frequency may have several reasons.
Firstly, in line with other studies (22, 23), our results showed that
MAIT cells were enriched in the BALF compared to matched
blood MAIT cells in CAP patients. MAIT cells constitutively
express high levels of chemokine receptors CCR5, CCR6, and
CXCR6 which have a propensity to promote migration to the
inflamed tissues (24). Thus, it is reasonable to speculate that
decreased circulating MAIT cells in CAP patients result from
their migration into the inflamed lung. Secondly, expressions of
activation marker CD69 and exhaustion marker PD-1 on blood
MAIT cells of CAP patients were significantly higher compared
to those of healthy controls. Furthermore, MAIT-cell frequency
was inversely correlated with CD69 expression, implying that
activation-induced cell death may also contribute to MAIT-cell
reduction. Another possible explanation which could not be
excluded is TCR downregulation on MAIT cells in the face of
Frontiers in Immunology | www.frontiersin.org 7
chronic antigen or cytokine stimulation. In our study, blood
MAIT-cell frequency in patients of CTD-ILD also declined
which is consistent with studies in patients of autoimmune
diseases including SLE and RA (25). The reduction of MAIT
cells in peripheral blood may result from chronic inflammatory
activity or the application of steroids or immunosuppressive
drugs (19).

In this study, the activation and exhaustion marker of MAIT
cells in CAP patients were significantly higher in BALF than in
the matched peripheral blood. Similar results have been revealed
in patients of sarcoidosis and COVID-19 and children with CAP
(17, 22, 26). In these studies, the local intense inflammatory
environment is supposed to contribute to activation and
exhaustion of MAIT cells. Our results demonstrated
that innate inflammatory cytokines (IL-1, IL-6, IL-8, MCP-1,
IFN-a2, and IL-12p70) were significantly increased in BALF of
A B C

D E F

G

FIGURE 4 | Correlation of MAIT-cell frequency and cytokine levels in BALF with clinical parameters in CAP patients. (A) Spearman correlation of blood MAIT-cell
frequency with hs-CRP in blood (n = 12). (B) Spearman correlation of blood MAIT-cell frequency with neutrophil count percentage in blood (n = 15). (C) Spearman
correlation of hs-CRP level with neutrophil count percentage in blood (n = 15). (D, E) Spearman correlation of IL-6 and IL-18 levels in BALF with neutrophil count
percentage in blood (n = 11). (F) Spearman correlation of hs-CRP level with IL-6 level in BALF (n = 10). (G) Spearman correlation of blood MAIT-cell frequency with
IL-6 level in BALF (n = 9).
December 2021 | Volume 12 | Article 788406
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CAP patients, suggesting that the local hyper-inflammatory
environment may be partly responsible for the MAIT cell
activation in CAP patients.

MAIT cells rapidly produce cytokines and cytotoxic molecules
upon TCR or cytokine-mediated activation (12). Majority of
circulating MAIT cells secrete IFN-g and TNF-a after
stimulation with PMA and ionomycin, while only a minority of
them produce IL-17 (14). Functional impairment of blood MAIT
cells with decreased IFN-g and increased IL-17 has been reported
in patients with COPD and COVID-19 (26, 27). In our study, the
proportion of IFN-g+ cells was lower in blood MAIT cells of CAP
patients compared to healthy controls. This decrease in IFN-g
could be partly due to activation-induced MAIT cell hypo-
responsiveness which is previously reported on NKT cells (28).
Given that PD-1 expression on T cells is associated with low
responsiveness of these cells (29), we speculate that the enhanced
expression of PD-1 on blood MAIT cells of CAP patients may
also contribute to the decrease of IFN-g.

Mucosal MAIT cells are functionally distinct from their
peripheral blood counterparts. Compared to blood MAIT cells,
MAIT cells in mucosal tissues exhibit an IL-17-biased
proinflammatory phenotype with less IFN-g secretion (23). In
children with CAP, the production of IL-17 by MAIT cells in
BALF is significantly increased and MAIT-17 cells are the main
contributor of elevated IL-17 levels in BALF (17). Inflammatory
cytokines from CD14+ monocytes are supposed to lead to
MAIT-17 differentiation which are responsible for IL-17-
mediated inflammation (17). In our study, we did not perform
intracellular cytokine staining due to the lack of sufficient cell
counts; thus, we detected cytokines in BALF instead to imply the
functional alteration of MAIT cells. Our results showed that
IL-17 and its related cytokine IL-23 were significantly elevated in
BALF of CAP patients compared to controls. A significant
positive correlation was found between IL-17A/IFN-g ratio and
MAIT-cell frequency in BALF of CAP patients. Considering the
elevated MAIT-cell frequency and the main contribution of
IL-17 by MAIT cells in BALF, we speculate that MAIT cells in
BALF of CAP patients in our study might display a MAIT-17-
biased phenotype which plays a pivotal role in the pathogenesis
of CAP.

Our study has several limitations. Firstly, the sample size is
limited. Although our patients had a homogenous phenotype,
larger studies are warranted to confirm our present results.
Secondly, due to the insufficient cell number from
bronchoscopy samples, it was not possible to directly evaluate
cytokines produced by MAIT cells in BALF. Further studies
using resected lung tissues are required to solve this issue. Lastly,
bronchoalveolar lavages were not accessible in healthy
individuals for ethical reasons, although our study included
two control groups.
Frontiers in Immunology | www.frontiersin.org 8
In summary, we describe a profound decline of blood MAIT
cells and an enrichment of MAIT cells in the airways of CAP
patients. Blood MAIT cells with functional impairment exhibited
an increased expression of activation and exhaustion markers.
Altogether, these findings provide new insights into the potential
role of MAIT cells in the pathogenesis of CAP, which may serve
as a potential biomarker and target for the evaluation and
treatment of severe CAP.
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 authors.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Tongji Medical College, Huazhong University of
Science and Technology. The patients/participants provided
their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

LO, MW, XFW, XWW, and MY conceived and designed the
experiments. LO, MW, ZS, XC, LJ, JZ, WW, and YG performed
the experiments. LO, MW, and MY collected the clinical
samples. LO, MW, ZS, XC, WW, YG, ZL, XFW, XWW and
MY analyzed the data. LO, XW, MY, and XWW prepared the
manuscript. All authors critically reviewed the manuscript. All
authors contributed to the article and approved the
submitted version.
FUNDING

This work was supported by the National Natural Science
Foundation of China (81871235, 81871226) and the Scientific
Research Foundation of Jianghan University.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
788406/full#supplementary-material
REFERENCES
1. Rider AC, Frazee BW. Community-Acquired Pneumonia. Emerg Med Clin

North Am (2018) 36(4):665–83. doi: 10.1016/j.emc.2018.07.001
2. Ticona JH, Zaccone VM, McFarlane IM. Community-Acquired Pneumonia: A

Focused Review.Am JMed Case Rep (2021) 9(1):45–52. doi: 10.12691/ajmcr-9-1-12
3. Grudzinska FS, Brodlie M, Scholefield BR, Jackson T, Scott A, Thickett DR,
et al. Neutrophils in Community-Acquired Pneumonia: Parallels in
Dysfunction at the Extremes of Age. Thorax (2020) 75(2):164–71. doi: 10.1136/
thoraxjnl-2018-212826

4. Paats MS, Bergen IM, Hanselaar WE, van Zoelen EC, Verbrugh HA,
Hoogsteden HC, et al. T Helper 17 Cells are Involved in the Local and
December 2021 | Volume 12 | Article 788406

https://www.frontiersin.org/articles/10.3389/fimmu.2021.788406/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.788406/full#supplementary-material
https://doi.org/10.1016/j.emc.2018.07.001
https://doi.org/10.12691/ajmcr-9-1-12
https://doi.org/10.1136/thoraxjnl-2018-212826
https://doi.org/10.1136/thoraxjnl-2018-212826
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Ouyang et al. MAIT in Adult CAP
Systemic Inflammatory Response in Community-Acquired Pneumonia.
Thorax (2013) 68(5):468–74. doi: 10.1136/thoraxjnl-2012-202168

5. Ivanov S, Paget C, Trottein F. Role of non-Conventional T Lymphocytes in
Respiratory Infections: The Case of the Pneumococcus. PloS Pathog (2014) 10
(10):e1004300. doi: 10.1371/journal.ppat.1004300

6. Leeansyah E, Boulouis C, Kwa ALH, Sandberg JK. Emerging Role for MAIT
Cells in Control of Antimicrobial Resistance. Trends Microbiol (2021) 29
(6):504–16. doi: 10.1016/j.tim.2020.11.008

7. Paget C, Trottein F. Mechanisms of Bacterial Superinfection Post-Influenza:
A Role for Unconventional T Cells. Front Immunol (2019) 10:336. doi: 10.3389/
fimmu.2019.00336

8. Nel I, Bertrand L, Toubal A, Lehuen A. MAIT Cells, Guardians of Skin and
Mucosa? Mucosal Immunol (2021) 14(4):803-14. doi: 10.1038/s41385-021-
00391-w

9. vanWilgenburg B, Loh L, Chen Z, Pediongco TJ, Wang H, Shi M, et al. MAIT
Cells Contribute to Protection Against Lethal Influenza Infection In Vivo. Nat
Commun (2018) 9(1):4706. doi: 10.1038/s41467-018-07207-9

10. Eckle SB, Birkinshaw RW, Kostenko L, Corbett AJ, McWilliam HE,
Reantragoon R, et al. A Molecular Basis Underpinning the T Cell Receptor
Heterogeneity of Mucosal-Associated Invariant T Cells. J Exp Med (2014) 211
(8):1585–600. doi: 10.1084/jem.20140484

11. Lamichhane R, Schneider M, de la Harpe SM, Harrop TWR, Hannaway RF,
Dearden PK, et al. TCR- or Cytokine-Activated CD8(+) Mucosal-Associated
Invariant T Cells Are Rapid Polyfunctional Effectors That Can Coordinate
Immune Responses. Cell Rep (2019) 28(12):3061–76 e5. doi: 10.1016/
j.celrep.2019.08.054

12. Godfrey DI, Koay HF, McCluskey J, Gherardin NA. The Biology and
Functional Importance of MAIT Cells. Nat Immunol (2019) 20(9):1110–28.
doi: 10.1038/s41590-019-0444-8

13. Wang H, D'Souza C, Lim XY, Kostenko L, Pediongco TJ, Eckle SBG, et al.
MAIT Cells Protect Against Pulmonary Legionella Longbeachae Infection.
Nat Commun (2018) 9(1):3350. doi: 10.1038/s41467-018-05202-8

14. Liu Y, Zhu P, Wang W, Tan X, Liu C, Chen Y, et al. Mucosal-Associated
Invariant T Cell Dysregulation Correlates With Conjugated Bilirubin Level in
Chronic HBV Infection. Hepatology (2021) 73(5):1671–87. doi: 10.1002/
hep.31602

15. Malka-Ruimy C, Ben Youssef G, Lambert M, Tourret M, Ghazarian L, Faye A,
et al. Mucosal-Associated Invariant T Cell Levels Are Reduced in the
Peripheral Blood and Lungs of Children With Active Pulmonary
Tuberculosis. Front Immunol (2019) 10:206. doi: 10.3389/fimmu.2019.00206

16. Hannaway RF, Wang X, Schneider M, Slow S, Cowan J, Brockway B, et al.
Mucosal-Associated Invariant T Cells and Vdelta2(+) Gammadelta T Cells in
Community Acquired Pneumonia: Association of Abundance in Sputum
With Clinical Severity and Outcome. Clin Exp Immunol (2020) 199(2):201–
15. doi: 10.1111/cei.13377

17. Lu B, Liu M, Wang J, Fan H, Yang D, Zhang L, et al. IL-17 Production by
Tissue-Resident MAIT Cells is Locally Induced in Children With Pneumonia.
Mucosal Immunol (2020) 13(5):824–35. doi: 10.1038/s41385-020-0273-y

18. Vij R, Strek ME. Diagnosis and Treatment of Connective Tissue Disease-
Associated Interstitial Lung Disease. Chest (2013) 143(3):814–24. doi: 10.1378/
chest.12-0741

19. Chiba A, Tamura N, Yoshikiyo K, Murayama G, Kitagaichi M, Yamaji K, et al.
Activation Status of Mucosal-Associated Invariant T Cells Reflects Disease
Activity and Pathology of Systemic Lupus Erythematosus. Arthritis Res Ther
(2017) 19(1):58. doi: 10.1186/s13075-017-1257-5
Frontiers in Immunology | www.frontiersin.org 9
20. Flament H, Rouland M, Beaudoin L, Toubal A, Bertrand L, Lebourgeois S,
et al. Outcome of SARS-CoV-2 Infection is Linked to MAIT Cell Activation
and Cytotoxicity. Nat Immunol (2021) 22(3):322–35. doi: 10.1038/s41590-
021-00870-z

21. Trivedi S, Labuz D, Anderson CP, Araujo CV, Blair A, Middleton EA, et al.
Mucosal-Associated Invariant T (MAIT) Cells Mediate Protective Host
Responses in Sepsis. Elife (2020) 9:e55615. doi: 10.7554/eLife.55615

22. Matsuyama H, Isshiki T, Chiba A, Yamaguchi T, Murayama G, Akasaka Y,
et al. Activation of Mucosal-Associated Invariant T Cells in the Lungs of
Sarcoidosis Patients. Sci Rep (2019) 9(1):13181. doi: 10.1038/s41598-019-
49903-6

23. Parrot T, Gorin JB, Ponzetta A, Maleki KT, Kammann T, Emgard J, et al.
MAIT Cell Activation and Dynamics Associated With COVID-19 Disease
Severity. Sci Immunol (2020) 5(51):eabe1670. doi: 10.1126/sciimmunol.
abe1670

24. Chiba A, Murayama G, Miyake S. Mucosal-Associated Invariant T Cells in
Autoimmune Diseases. Front Immunol (2018) 9:1333. doi: 10.3389/
fimmu.2018.01333

25. Cho YN, Kee SJ, Kim TJ, Jin HM, Kim MJ, Jung HJ, et al. Mucosal-Associated
Invariant T Cell Deficiency in Systemic Lupus Erythematosus. J Immunol
(2014) 193(8):3891–901. doi: 10.4049/jimmunol.1302701

26. Jouan Y, Guillon A, Gonzalez L, Perez Y, Boisseau C, Ehrmann S, et al.
Phenotypical and Functional Alteration of Unconventional T Cells in Severe
COVID-19 Patients. J Exp Med (2020) 217(12):e20200872. doi: 10.1084/
jem.20200872

27. Qiu W, Kang N, Wu Y, Cai Y, Xiao L, Ge H, et al. Mucosal Associated
Invariant T Cells Were Activated and Polarized Toward Th17 in Chronic
Obstructive Pulmonary Disease. Front Immunol (2021) 12:640455.
doi: 10.3389/fimmu.2021.640455

28. Uldrich AP, Crowe NY, Kyparissoudis K, Pellicci DG, Zhan Y, Lew AM, et al.
NKT Cell Stimulation With Glycolipid Antigen In Vivo: Costimulation-
Dep end en t Exp an s i on , B im-Dep end en t Con t r a c t i on , a nd
Hyporesponsiveness to Further Antigenic Challenge. J Immunol (2005) 175
(5):3092–101. doi: 10.4049/jimmunol.175.5.3092

29. Jubel JM, Barbati ZR, Burger C, Wirtz DC, Schildberg FA. The Role of PD-1 in
Acute and Chronic Infection. Front Immunol (2020) 11:487. doi: 10.3389/
fimmu.2020.00487

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.

Copyright © 2021 Ouyang,Wu, Shen, Cheng,Wang, Jiang, Zhao, Gong, Liang, Weng,
Yu and Wu. 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.
December 2021 | Volume 12 | Article 788406

https://doi.org/10.1136/thoraxjnl-2012-202168
https://doi.org/10.1371/journal.ppat.1004300
https://doi.org/10.1016/j.tim.2020.11.008
https://doi.org/10.3389/fimmu.2019.00336
https://doi.org/10.3389/fimmu.2019.00336
https://doi.org/10.1038/s41385-021-00391-w
https://doi.org/10.1038/s41385-021-00391-w
https://doi.org/10.1038/s41467-018-07207-9
https://doi.org/10.1084/jem.20140484
https://doi.org/10.1016/j.celrep.2019.08.054
https://doi.org/10.1016/j.celrep.2019.08.054
https://doi.org/10.1038/s41590-019-0444-8
https://doi.org/10.1038/s41467-018-05202-8
https://doi.org/10.1002/hep.31602
https://doi.org/10.1002/hep.31602
https://doi.org/10.3389/fimmu.2019.00206
https://doi.org/10.1111/cei.13377
https://doi.org/10.1038/s41385-020-0273-y
https://doi.org/10.1378/chest.12-0741
https://doi.org/10.1378/chest.12-0741
https://doi.org/10.1186/s13075-017-1257-5
https://doi.org/10.1038/s41590-021-00870-z
https://doi.org/10.1038/s41590-021-00870-z
https://doi.org/10.7554/eLife.55615
https://doi.org/10.1038/s41598-019-49903-6
https://doi.org/10.1038/s41598-019-49903-6
https://doi.org/10.1126/sciimmunol.abe1670
https://doi.org/10.1126/sciimmunol.abe1670
https://doi.org/10.3389/fimmu.2018.01333
https://doi.org/10.3389/fimmu.2018.01333
https://doi.org/10.4049/jimmunol.1302701
https://doi.org/10.1084/jem.20200872
https://doi.org/10.1084/jem.20200872
https://doi.org/10.3389/fimmu.2021.640455
https://doi.org/10.4049/jimmunol.175.5.3092
https://doi.org/10.3389/fimmu.2020.00487
https://doi.org/10.3389/fimmu.2020.00487
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

	Activation and Functional Alteration of Mucosal-Associated Invariant T Cells in Adult Patients With Community-Acquired Pneumonia
	Introduction
	Materials and Methods
	Patients and Ethical Statement
	Sample Collection
	Flow Cytometry
	Cytokine Detection
	Statistics

	Results
	MAIT Cells in the Peripheral Blood of CAP Patients Exhibited Increased Expression of Activation and Exhaustion Markers, Accompanied by a Decrease of Their Frequency
	MAIT Cells Expressed Higher Levels of Activation and Exhaustion Markers in BALF Compared to Their Peripheral Counterparts in CAP Patients
	Altered Function of MAIT Cells in Peripheral Blood of CAP Patients
	MAIT-Cell Frequency in Blood Is Correlated With Clinical Parameters in CAP Patients

	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 true
  /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 true
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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


