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ABBREVIATIONS

7-AAD = 7-amino-actinomycin D

CTL = cytotoxic T lymphocyte

GXT = graded exercise test

HbA1C = glycated hemoglobin

MAIT cells = mucosal associated invariant T cell
PBMC = peripheral blood mononuclear cell
TCR =T cell receptor

VO2max = maximal oxygen uptake

W = watts



ABSTRACT

Mucosal associated invariant T (MAIT) cells have properties of both the innate and acquired
immune systems. While the response to vigorous exercise has been established for most
leukocytes, MAIT cells have yet to be investigated. PURPOSE: To determine if MAIT cell
lymphocytosis occurs with acute maximal aerobic exercise and if this response is influenced by
exercise duration, cardiovascular fitness, or body composition. METHODS: Twenty healthy
young males with moderate fitness levels performed an extended graded exercise test until
volitional fatigue. Peripheral blood mononuclear cells were isolated from venous blood obtained
prior and immediately after exercise and were labelled to identify specific T cell populations
using flow cytometry. RESULTS: The percentage of MAIT cells relative to total T cells
significantly increased from 3.0 to 3.8% and absolute MAIT cell counts increased by 2.2 fold
following maximal exercise. MAIT cell subpopulation proportions were unchanged with
exercise. Within cytotoxic T lymphocytes (CTL), MAIT cells consisted of 8% of these cells and
this remained constant after exercise. MAIT cell counts and changes with exercise were not
affected by body composition, VOzpeak, or exercise duration. CONCLUSIONS: Maximal
exercise doubled MAIT cell numbers and showed preferential mobilization within total T cells
but the response was not influenced by fitness levels, exercise duration, or body composition.
These results suggest that acute exercise could be used to offset MAIT cell deficiencies observed
with certain pathologies. MAIT cells also make up a substantial proportion of CTLs, which may

have implications for cytotoxicity assays using these cells.



INTRODUCTION

Mucosal associated invariant T (MAIT) cells are pro-inflammatory cells that occupy a
unique niche within human immunity by displaying characteristics of both the innate and
acquired immune systems (Godfrey et al. 2015). Identified by expression of the semi-invariant T
cell receptor (TCR) Va.7.2 (or via MR1 loaded tetramers), these innate-like T cells develop in
the thymus after major histocompatibility complex class I-related protein (MR1)-expressing
hematopoietic cells are selected. These hematopioetic cells in turn select for the MAIT cells, and
while these cells have been identified as MR1" double positive thymocytes in mice, there is some
ambiguity as to whether these cells are also responsible for selecting human MAIT cells (Gold et
al. 2014; Gold et al. 2015; Koay et al. 2016; Tilloy et al. 1999). MAIT cell residing in the thymus
and in cord blood display naive phenotypes, with CD45RO expression being acquired later
(Dusseaux et al. 2011; Gold et al. 2013). Final development occurs extrathymically and is
dependent on microbial colonization (Koay et al. 2016) and high levels of CD161 expression
(Billerbeck et al. 2010; Martin et al. 2009a; Takahashi et al. 2006), with MAIT cells largely
being either CD8" or CD4°CD8" (Godfrey et al. 2015).

Upon thymic egress, the range of circulating MAIT cells in healthy individuals varies
between 2-5% of CD3" cells (Godfrey et al. 2015; Magalhaes et al. 2015; Serriari et al. 2014)
and are directed toward mucosal tissue including the liver, gastrointestinal tract, spleen, and
lungs (Dusseaux et al. 2011). At these sites, MAIT cells interact with commensal flora and B-
cells, initiating MAIT TCR adaptations, proliferation, maturation/activation (Gold et al. 2015)
and ultimately accumulation within mucosal tissues (Martin et al. 2009a; Treiner et al. 2003).
However, it remains unknown if MAIT cells after migrating to mucosal tissue re-enter

circulation. In the absence of rigorous experimental data (such as intrathymic injections), it is not



possible to be certain that all circulating MAIT cells are antigen-naive and this may account for
both the heterogeneity in MAIT cell phenotype and isolating frequencies (Gherardin et al. 2016).

MAIT cells were previously associated exclusively with antibacterial responses
(Dusseaux et al. 2011; Gold et al. 2010) following exposure to riboflavin metabolites (Chen et al.
2017), leading to expression of the pro-inflammatory cytokines IFN-y, TNFa, and 1L-17 (Chen
et al. 2017; Ussher et al. 2014). However, recent evidence suggests a possible role for MAIT
cells in response to viral infection. MAIT cell numbers are reduced during HIV (Cosgrove et al.
2013; Fernandez et al. 2015) and fatal influenza A infections (Loh et al. 2016) and show
increased activation markers and intracellular IFNy and granzyme B levels following co-culture
with influenza infected cells (Loh et al. 2016). This activation potentially primes MAIT cells for
enhanced effector function against secondary bacterial infections that accompany lung viruses as
a means of enhanced immunity.

Several pathological conditions are associated with altered MAIT cell number and
function. Irritable bowel syndrome and Crohn’s disease present with reduced frequency of
systemic MAIT cells and higher IL-17 secretion whereas MAIT cell numbers within the
intenstinal mucosa show conflicting results (Hiejima et al. 2015; Serriari et al. 2014). Obesity
and diabetes were also shown to reduce peripheral MAIT cell numbers with a subsequent
increase within adipose tissue and higher IL-17 production (Carolan et al. 2015; Magalhaes et al.
2015). Individuals with severe asthma have been reported to have reduced MAIT cell counts in
both the blood and lung tissue (Hinks et al. 2015) with the magnitude of the decrement being
correlated with clinical severity, indicating a potential relationship between MAIT cells and

respiratory health.



Therapies that mobilize MAIT cells or cause tissue accumulation may reduce symptoms
from disorders associated with reduced mucosal immunity. Acute aerobic exercise induces
robust increases in circulating immune cell numbers and to a lesser extent, cell function. Multi-
fold transient increases in natural Killer cells, cytotoxic T lymphocytes, naive T-helper cells,
eosinophils, granulocytes and monocytes are routinely observed following acute exercise, with
the magnitude of response dependent on the duration and intensity of the bout (Bishop et al.
2014; Gabriel et al. 1992; Nieman et al. 1992). Specifically, CD3* T cells along with the CD4*
and CD8" subpopulations exhibit a classical transient biphasic response, where lymphocytosis is
observed immediately after exercise and subsequent lymphocyte egress develops during recovery
(Gleeson and Bishop 2005; Hansen et al. 1991; Simpson et al. 2008). However, the effect of
acute exercise on circulating MAIT cells frequency has yet to be assessed. While moderate levels
of exercise training have been associated with lower rates of respiratory tract infection (Martin et
al. 2009b; Nieman 1994), it is also unknown if MAIT cells contribute to the improvements in
immunity seen with other cell types during and after exercise training (Walsh et al. 2011). A
robust increase in MAIT cell with acute exercise in healthy individuals would provide a rationale
to explore the use of exercise-induced lymphocytosis to enhance circulating MAIT cell counts
during deficiencies. As obesity (Carolan et al. 2015; Magalhaes et al. 2015), fitness levels (Hong
et al. 2005), and exercise intensity and duration (Gleeson and Bishop 2005) influence circulating
lymphocyte numbers, these factors need to be considered as possible mediators of the MAIT cell
response to exercise.

CD8* T lymphocytes have traditionally been defined by both CD3 and CD8. Previous
exercise studies that failed to include both markers may inadvertently include natural killer cells

(Campbell et al. 2008), leading to inaccurate proportions within the CD8" cells. Moreover, there



are at least two distinct populations of CD8" T lymphocytes: cytoxic T lymphocytes (CTL) that
respond to viral peptide presentation (Zhang and Bevan 2011) and MAIT cells that respond
predominately to bacteria (Chen et al. 2017; Dusseaux et al. 2011; Gold et al. 2010). It has been
shown that ~10% of CD8"* lymphocytes have now been identified as MAIT cells by virtue of
Va7.2 and CD161" expression (Cosgrove et al. 2013; Dusseaux et al. 2011; Fergusson et al.
2016; Walker et al. 2012). This calls into question previous work that has failed to exclude
Vo7.2*CD161" cells from their CTL analysis.

As such, the purpose of this study is to determine if MAIT cell lymphocytosis occurs
with acute maximal aerobic exercise and if this response is influenced by exercise duration,
cardiovascular fitness, or body composition (% body fat). A secondary purpose of the study is to
investigate the percentage of CTLs that are MAIT cells and to ascertain if these proportions
change following acute exercise. We hypothesized that MAIT cell counts will significantly
increase following maximal aerobic exercise and the proportion of MAIT cells (relative to CD3"*
T cells and CD8" T cell population) will both increase with exercise. Moreover, we anticipate
that lower fitness levels (and shorter exercise time) and higher body fat will be associated with

reduced MAIT cells counts.



METHODOLOGY
Participants

20 healthy young males [mean age 28 (5 y), height 180.6 (6.4 cm), mass 81.1 (14.1 kg);
Table 1] volunteered to participate in this study. Participants were recreationally active in that
they engaged in physical acitivty at least twice per week for >30 min and were free from
cardiorespiratory abnormalities and lower extremity injuries. Written informed consent was
obtained from participants prior to starting the trial and all procedures were approved by Victoria
University Human Research Ethic Committee.
Diet and Exercise Control and Body Composition

For 24 h prior to all testing, participants refrained from structured exercise and recorded a
detailed food diary. Participants reported to the laboratory after an overnightfast and body
composition was determined using dual-energy x-ray absorptiometry (Discovery W, Hologic
Inc., Bedford, MA, USA). Fat free mass was determined as Total mass — Fat mass — Bone
mineral content, as recommended by the manufacturer. The scanner was calibrated daily and the
same certified densiometry technician completed and analyzed all scans.
Graded Exercise Test (GXT) and Blood Sampling

Prior to the GXT, a venous catheter was inserted into an antecubital forearm vein for
repeat blood sampling and a resting blood sample was obtained. The GXT was comprised of 4
min stages with 30 sec passive recover at the end of each stage. Participants were required to
maintain a peddling cadence of ~70 rpm during each 4 min stage. Initial resistance on the
electromagnetically-braked cycle ergometer (Lode, Groningen, The Netherlands) was set at 60,
90, or 120 Watts (W) as determined during familiarization (see below) to ensure a maximum of

10 stages. Each subsequent stage increased by 30 W until volitional exhaustion, defined as an



inability to maintain a cadence greater than 60 rpm. Immediately following the GXT, a second
blood sample was obtained.

Following the blood sampling, a 5 min active recovery was initiated at 20 W, after which
participants again cycled to exhaustion at a workload corresponding to 105% of Wpeak achieved
during the GXT, as described previously (Rossiter et al. 2006). Expired gases were sampled
every 15 sec using automated gas analysers (Moxus Modular VO, System, AEI Technologies,
Pittsburgh, PA, USA) and peak oxygen uptake (VOpeak) was determined based on the two
highest consecutive 15 s values achieved during the test (Fyfe et al. 2016). Gas analyzers were
calibrated prior to each test using known gas concentrations (21.0% Oz and 0.03% CO2, 16.0%
0Oz and 4.0% COy).

Familiarization

Subjects completed a familiarization session 2 to 6 days prior to the GXT to determine
initial workload for the GXT. The familiarization trial involved completion of the GXT protocol
at an initial workload of 60 W. Participants completed as many 4 min stages with 30 sec passive
recovery as possible until volitional exhaustion (defined as inability to maintain a cadence
greater than 60 rpm). The number of stages completed was noted, and the starting resistance for
the GXT was selected to ensure completion of between 6 and 10 stages.

Hematology Analysis

Complete blood counts were determined using whole blood samples obtained before and
after the GXT (Sysmex KX-21N, Kobe, Japan). All samples were analyzed in duplicate with a
maximal white blood cell difference of 0.1 cells/uL and the values were averaged. Plasma

volume shifts with exercise were determined as described previously (Dill and Costill 1974).



Peripheral Blood Mononuclear Cells (PBMC) Isolation and Immunofluorescence Labeling

Whole blood was diluted in a 1:1 ratio with phosphate buffered saline and PBMCs were
isolated using density gradient centrifugation and SepMate tubes following manufacturer
instructions (StemCell Technologies Vancouver, British Columbia, Canada). PBMCs were
washed, counted via hemocytometer, and 2x10" cells were aliquoted for immunofluorescence
labeling.

Cell phenotyping was determined by direct immunofluorescence labeling of cell surface
proteins with mouse anti-human monoclonal antibodies [PE TCR Va7.2; PE/Cy7 CDS,;
APC/Cy7 CD3; PerCp/Cy5.5 CD45; Brilliant Violet CD161 (Biolegend, San Diego, CA, USA);
V500 CD4 (BD Biosciences, San Jose, CA, USA)] in 100 uL of cell staining buffer (Biolegend,
San Diego, CA, USA) for 15 min at 4°C in the dark. Excess antibody was washed and the cells
were resuspended in 200 uL of cell staining buffer prior to flow cytometry.

Flow Cytometry

Cells were analyzed via flow cytometry on a BD FACSCanto Il (BD Bioscience, CA,
USA) running on FACSDIVA v6.1 (BD Bioscience, CA, USA) software. Single cells were
determine using forward light-scattering properties for width and height. CD45" was used to
distinguish white blood cells and lymphocytes were identified and gated using the forward and
side light-scattering properties. To determine total MAIT cell number and subpopulations,
Va7.2"CD161" cells were identified as MAIT cells from the CD3" population with gating on
CD8" and CD4" to identify specific subpopulations. To determine the proportion of MAIT cells
within the traditional CTL (CD8") populations, CD3" was used to identify T cells, which were
then analyzed for CD4" and CD8" and both populations were then gated on Va7.2"CD161" and

the proportion and number of MAIT cells was calculated (Online Resource 1). To ensure optical
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validity for this study, Cytometer Setup & Tracking (CST: BD Biosciences, San Jose, CA, USA)
beads were run prior to every experiment to ensure the median fluorescent intensity (MFI) of
antigen positive low, intermediate, and high populations were comparable across multiple
experiments over the course of the study. To minimize spectral overlap and the panel
compensation, the panel was designed such that ubiquitous antigens with high MFI were placed
in potentially problematic channels (i.e. CD45 was detected with antibodies conjugated to
PerCPCy5.5). Full panel details and antibody concentrations can be found in Online Resource 2.
Unlabeled and single color compensation controls were used for every experiment in addition to
fluorescence minus one (FMO) controls for all antigens initially to test our ability to resolve
populations; after which subsequent experiments employed a PE FMO for every experiment
given that this channel was used to detect the major T cell subpopulation that was the subject of
this investigation (i.e. invariant MAIT cells expressing the invariant T cell receptor variable
alpha chain (Va7.2). Cell viability was assessed using 7-AAD (7-amino-actinomycin D,
Biolegend, San Diego, CA, USA) at time of analysis. All gating analysis was performed using
FlowJo version 10.1r7 (Ashland, OR, USA). Circulating cell number was determined by
multiplying the percentage of lymphocytes expressing the markers of interest with the
hematology total lymphocyte count for each population.
Statistical Analysis

Changes in MAIT cell frequency were determined using a two-tailed paired samples T-
test. Pearson product-moment correlations were determined between baseline MAIT cell
numbers and the change with acute exercise for body composition and VOopeak, and GXT
duration. Statistical significance was set at P<0.05. Data was reported as mean and standard

deviation (SD). All analyses were performed using SPSS version 22 (SPSS, Inc., Chicago, IL,
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USA). All figures were made using GraphPad Prism version 7 (GraphPad Software, Inc., La

Jolla, CA, USA).
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RESULTS

Men in this study were lean and had moderate levels of aerobic fitness with an average
exercise exposure of approximately 31 minutes (Table 1). All leukocyte populations significantly
increased after maximal exercise (range 60.7 — 137%; all P<0.001; Table 2) with the change in
lymphocyte numbers being the most dramatic. Plasma volume changes with exercise were
estimated at -20.5 (-5.1%, P<0.001).

Insert Table 1 and 2 here.

The percentage of conventional T cells was altered following acute exercise. The
percentage of CD3" cells significantly decreased (P<0.001), CD4" T cell percentage also
decreased but the change did not reach significance, while CD8" T cells increased significantly
(P<0.001; Fig. 1e). Absolute T cell counts significantly increased by 73 (33%), 48 (46%), and
102 (58%) for CD3*, CD4", and CD8", respectively (all P<0.001; Fig. 1f) following the GXT.
The CD4" to CD8" ratio at baseline was 1.7 (0.8) and significantly decreased to 1.2 (0.6,
P<0.001) after exercise.

Insert Figure 1 here.

Slightly more than 3% of CD3" T cells were classified as Vo7.2"CD161" MAIT cells at
baseline and this increased significantly following exercise (P=0.013, Fig. 2c). Absolute MAIT
cell counts were significant elevated by 116 (90%) after exercise (P<0.001, Fig. 2d).

Insert Figure 2 here.

Within MAIT cells, CD8" cells were the major subpopulation. The proportion of cells

remained constant with exercise (Fig. 3c) while there was a 117 (114%) increase in absolute cell

number (P=0.001, Fig. 3d). MAIT cells that were CD4'CD8 were the other significant
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subpopulation and they followed the same pattern, with a 111 (107%) increase in cell number
being the only change with exercise (P=0.002, Figure 3F).
Insert Figure 3 here.

As the majority (~87%) of MAIT cells were CD8" and to address our secondary purpose,
MAIT cells as a percentage of CTLs were examined before and after exercise. MAIT cells
comprised slightly less than 10% of all CTLs and the proportion was unaltered with exercise
(Fig. 4c).

Insert Figure 4 here.

To determine if aerobic fitness levels, exercise duration or body composition influenced
the MAIT cells response to exercise, a correlation analysis was performed. No significant
correlations were observed between MAIT cell counts and body composition, VOzpeak, or GXT
duration at baseline or in the change with exercise (Table 3).

Insert Table 3 here.
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DISCUSSION
The primary aim of this study was to assess changes in the Va7.2*CD161" MAIT cells

and the respective CD8" and CD4'CD8 MAIT cell subpopulation response to acute, maximal
aerobic exercise. Supporting our initial hypothesis, we observed for the first time that
immediately following maximal exercise in healthy young men, there was a significant increase
in absolute circulating MAIT cell counts. Additionally, MAIT cell proportions when expressed
relative to total T cells significantly increased with exercise, suggesting a preferential
mobilization into the blood (Figure 2). Neither the CD4" (data not shown), CD8" or CD4 CD8"
MAIT cell subpopulations accounted for the significant increase, suggesting small contributions
from each population (Figure 3). Baseline and the change in MAIT cell populations with
exercise were unaffected by GXT duration, fitness levels, or body composition (Table 3). Our
secondary object was to assess MAIT cells within CTLs. We observed that Va7.2°CD161"
MAIT cells comprised ~8% of CTLs and remained constant with acute exercise (Figure 4).
Overall, these findings indicate that while exercise-induced lymphocytosis was the principal
driving force behind the increased cell numbers, CD3*Va7.2°CD161" MAIT cells are
preferentially mobilized within the T cell populations. While it remains unclear if increases in
MAIT cell number result in improved function or tissue accumulation, it raises the possibility
that exercise has the potential to boost mucosal immunity in patient populations presenting with
low MAIT cell counts.

We report that resting MAIT cells make up ~3% of all T cells with the majority (87%) of
MAIT cells also being CD8*, which is in agreement with ranges shown previously (Godfrey et
al. 2015; Hinks et al. 2015; Magalhaes et al. 2015; Serriari et al. 2014) and appear to exceed

numbers seen with asthma (~1%) (Hinks et al. 2015), type 2 diabetes (0.27%) or obesity (0.10%)
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(Magalhaes et al. 2015). Following vigorous exercise lasting, on average, 31 minutes, circulating
MAIT cell counts (Va7.2°CD161%, Va7.2°CD161"CD8*, Va7.2"CD161"CD4°CD8) increased
more than 2-fold. As we are unaware of any studies examining MAIT cells and exercise, these
innate-like T cells were compared to changes seen within classic T cell populations. In general,
the percent change in MAIT cell counts (range: 111-116%) appear to exceed the increases within
the CD3" (73%) and CD3"CD4" (48%) cells and were similar to changes in CD3"CD8" cell
count (102%). Moreover, the improvement seen in the current study’s classic T cell numbers
strongly supports previous studies performing maximal exercise (Simpson et al. 2008) and
exercise to exhaustion (Campbell et al. 2008).

The small but significant increase in MAIT cell percentage, expressed relative to total T
cells, is an intriguing finding. Intense acute exercise induces greater CD8" cell proportion
increases relative to total T cells, shown here (Figure 1E and F) and by others (Campbell et al.
2008; Gannon et al. 2001; Simpson et al. 2008). This greater rate of CD8" cell mobilization is
readily identified by the change in the CD4/CD8 ratio. Most MAIT cells are also CD8", just
under 90% in the current study (Figure 2F and G), but this percentage does not change after
exercise. By gating for MAIT cells simultaneously along with the CD8" and CD4" T cell
subpopulations, we are able to demonstrate the relative contribution of three distinct T cell
populations with exercise-induced lymphocytosis. However, it is important to note that despite
shifts towards greater MAIT cell proportion, the increased absolute counts in circulation are
primarily due to the 137% increase in lymphocyte number, which is consistent with previous
work using intense exercise (Campbell et al. 2008; Gannon et al. 2001; Nieman et al. 1992;

Simpson et al. 2008).
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Circulating MAIT cell deficiencies have been reported across multiple clinical
populations including asthma (Hinks et al. 2015), irritable bowel syndrome, Crohn’s Disease
(Serriari et al. 2014), and with type 2 diabetes and obesity (Magalhaes et al. 2015). Interestingly,
reductions in body mass and glycated hemoglobin (HbA1C) following bariatric surgery partially
rescued MAIT cell abnormalities and attenuated inflammatory cytokine production (Magalhaes
et al. 2015). Aerobic exercise training can also reduce total body and fat mass and HbA1C and
improve insulin sensitivity (Maillard et al. 2016; Willis et al. 2012), which may partially
alleviate the decrease in MAIT cell numbers. However, body mass and fat changes with exercise
training are modest (2-3%), even in overweight and obese adults (Ohkawara et al. 2007; Willis et
al. 2012). Alternatively, moderate intensity exercise training has been hypothesized to favor the
anti-inflammatory Tn2 response but without complete suppression of Thl (Martin et al. 2009a).
Downregulation of chronic inflammation may be another way that exercise affects cellular
immunity (Martin et al. 2009b; Nieman 1994; Simpson et al. 2012; Walsh et al. 2011), While
pro-inflammatory MAIT cells and their response to exercise training has not been studied, we
hypothesize that regular exercise will alleviate chronic inflammation and reduce obesity and
presents as a potential therapeutic option in individuals with low MAIT cell counts.

Although obesity reduces circulating MAIT cell numbers at rest and high intensity and
long duration exercise enhance lymphocytosis (Gleeson and Bishop 2005), we failed to observe
any relationship with baseline MAIT cells or the change with acute exercise. Previously, severe
obesity (BMI >45) was associated with low MAIT cells (Carolan et al. 2015; Magalhaes et al.
2015) whereas the current study had participants of normal body mass and % fat. Total GXT
duration was relatively constant, which likely precluded our ability to observe a relationship.

VOgpeak not being associated with MAIT cell responses supports older work where T cells
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responses occurred independent of fitness level (Kendall et al. 1990), although higher fitness
levels attenuate T cell responses to submaximal exercise (Hong et al. 2005). Under the current
conditions, GXT duration, cardiovascular fitness, and body composition did not influence the
MAIT cell exercise response and may require values to be outside normal ranges before effects
are seen.

Not accounting for MAIT cells within the CD8" T cell population is a potential limitation
within exercise immunology. As 10% of CD8" T cell express MAIT cell markers (Cosgrove et
al. 2013; Dusseaux et al. 2011; Fergusson et al. 2016; Walker et al. 2012), similar to
observations from the current study, this indicates that CD8"Va7.2"CD161" MAIT cells are a
substantial population with particular relevance given the preferential mobilization of CD8" cells
following exercise (Campbell et al. 2008; Gannon et al. 2001; Simpson et al. 2008). While CTLs
and MAIT cells share similar cytotoxicity mechanisms (Kurioka et al. 2015), the traditional
targets of these respective cells are viral and bacterial infections (Dusseaux et al. 2011; Gold et
al. 2010), although recent evidence argues otherwise (Loh et al. 2016). However, failing to
exclude MAIT cells when assessing classic CTL function likely underestimates normalized
cytotoxic function. If viral infections activate and mobilize CTLs but also help prime MAIT cells
for concurrent bacterial infections (Loh et al. 2016), this potentially enhanced immunity may
benefit at risk populations during critical times. Boosting CD8" (both CTLs and MAIT) cells
with acute exercise to help maintain low viral and bacterial load during early infection is one
possibility. However, the intensity of exercise required to illicit sufficient lymphocytosis must be
carefully weighed (and tested in future studies) against the consequences of and guidelines for

exercising during illness (Walsh et al. 2011).
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This study was limited in that the MAIT cell response was determined in young males
before and immediately after maximal exercise at two time points. Although these data are
promising and are a necessary first step to determing the role of MAIT cells during exercise,
several important questions remain unanswered. It remains unknown whether MAIT cells follow
the biphasic response seen in other lymphocyte populations following exercise of sufficient
intensity and duration (Gleeson and Bishop 2005). While cell number increases, does exercise
alter MAIT cell function (i.e. cytokine production) or chemokine expression which aids in
cellular trafficking to the mucosa? Is this response consistent across age, sex, and disease?
Moreover, changes in circulating MAIT cell number and frequency may not reflect what is
happening at the specific tissues. Previous studies have demonstrated decreased MAIT cells in
the blood but conflicting findings in specific tissues (Hiejima et al. 2015; Serriari et al. 2014).
Future studies may consider evaluating these parameters to allow for a more complete
understanding of MAIT cell alterations within the context of exercise.

In conclusion, MAIT cell numbers are increased following maximal exercise and appear
to be preferentially mobilized within the total T cell population. This mobilization occurs
independent of exercise duration, fitness levels and body composition. The doubling of
circulating MAIT cells with vigorous exercise suggests that this may be a means of offsetting
MAIT cell deficiencies observed with some pathologies but this needs to be tested in future
investigations. MAIT cells also make up a substantial proportion of CTLs, which may impact the

interpretation of cytotoxicity assays within these cells.
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TABLES

Table 1. Participant characteristics.

Age (y) 28 (5)
Height (cm) 180.6 (6.4)
Mass (kg) 81.1(14.1)
Fat mass (kg) 15.0 (7.0)
Fat free mass (kg) 61.7 (7.7)
Body fat (%) 17.8 (6.0)
VOzpeak (ml/kg/min) 44.4 (10.2)
GXT duration (min) 31.3(6.1)
Mean (SD)

GXT = graded exercise test

VOgpeak = peak oxygen uptake

Fat free mass = Total mass — Fat mass —
Bone mineral content

Table 2. Whole blood parameters before and after maximal exericse.

Baseline Post exercise % Change P value

Red blood cells (x108 cells/ul) 4.6 (0.3) 5.2(0.3) 13.2 <0.001
White blood cells (x10% cells/ul) 5.3 (1.4) 9.9 (2.3) 86.8 <0.001
Lymphocytes (x10° cells/ul) 1.9 (0.6) 4.5 (1.5) 136.8 <0.001
Mixed cells (x10° cells/ul) 0.5(0.2) 1.0 (0.3) 100.0 <0.001
Neutrophils (x10° cells/ul) 2.8 (0.9) 45 (1.1) 60.7 <0.001
Hemoglobin (g/dL) 14.4 (0.8) 16.2 (0.9) 12.5 <0.001
Hematocrit (%) 41.2 (2.4) 47.3 (2.6) 14.8 <0.001
Mean (SD)

Table 3. Pearsons correlation coefficients for MAIT cell numbers at baseline and the
change with exercise with body composition, VOpeak, and exercise duration.

Fatmass Body Leanmass VOopeak  GXT duration
(kg) fat (%) (kg) (ml/kg/min) (min)

Baseline
Vo7.2*CD161" -0.02 -0.01 -0.02 0.06 -0.12
Va7.2*CD161"CD8* -0.04 -0.03 -0.05 0.07 -0.15
Change
Va7.2*CD161°* 0.29 0.31 0.07 0.01 -0.00
Va7.2*CD161°CD8* 0.31 0.32 0.09 -0.01 -0.13

GXT = graded exercise test; VOzpeak = peak oxygen uptake




Online Material 2. Flow Cytometer Optical Layout and Antibody Quantities.

Laser Detector/PMT Antigen Fluorochrome Amount Clone
Blue (488nm) B585/42 Va7.2 PE 0.1 ng 3C10
B670 CD45 PerCP Cy5.5 0.05 ng HI130
B780/60 CDs8 PE-Cy7 0.2 ug HIT8a
Red (633nm) R780/60 CD3 APC-Cy7 0.2 ug UCHT1
Violet (405nm) V450/50 CD161 Brilliant Violet421  0.2nug  HP-3G10
V525/50 CD4 Brilliant Violet 500 - RPA-T4
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FIGURE CAPTIONS

Fig. 1 The changes in classical T cells and T cell subpopulations with maximal aerobic exercise.
Reprentative FACS plots of CD3" T cells gated on lymphocytes A) before and B) after exercise
and the CD4" and CD8" subpopulations gated on CD3 C) before and D) after exercise. The plot
closest to the mean value at baseline was used for both timepoints. E) The changes in T cell
populations expressed as a percentage of their parent population and F) the increased in absolute
number of T cell after exercise. Absolute cell number was determined by multiplying the cell
proportions as a percentage of lymphocytes and multiplying by the total lymphocyte count. Data

expressed as mean (SD)

Fig. 2 Va7.2°CD161" MAIT increase in frequency and number with maximal aerobic exercise.
Reprentative FACS plots of MAIT cells gated on CD3" T cells A) before and B) after exercise.
The plot closest to the mean value at baseline was used for both timepoints. C) Va7.2"CD161*
MAIT cell as a percentage of total T cells and D) absolute MAIT cell counts both increased

following exercise. Data expressed as mean (SD)

Fig. 3 MAIT cell subpopulations (CD8" and double negative) do not change following maximal
aerobic exercise. Representative FACS plots of the proportion of MAIT (Va7.2°CD161") cell
subpopulations expressing CD4 and CD8 A) at baseline and B) after exercise. The plot closest to
the mean value at baseline was used for both timepoints. C) The percentage of MAIT cells that
express only CD8 and D) the absolute cell number and the E) the percentage of MAIT cells that
did not express CD4 or CD8 and F) the absolute cell number remained constant following

exercise. Data are expressed as mean (SD)
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Fig. 4 Representative FACS plots of the proportion of CTLs that express Va7.2*CD161" MAIT
cell markers A) at baseline and B) after exercise. The plot closest to the mean value at baseline
was used for both timepoints. C) CTLs were identified as CD3"CD8" and then gated on
Vo7.2'CD161". The percentage of CTLs that appear as MAIT cells was unchanged with

exercise. Data expressed as mean (SD)
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SUPPLEMENTAL FIGURE CAPTION

Supplemental Fig. 1 Immunofluorescence gating strategy for the identification of the proportion
of (relative to the parent population) and the absolute numbers of MAIT cells with acute
exercise. A) Gating of single PBMCs, B) the inclusion of CD45" cells, C) identifying
lymphocytes, and D) gating for T (CD3") and the E) CD4" and CD8" T cell subpopulations.
Subsequently, cells that express Va7.2 and CD161 were determined from F) cytotoxic T
lymphocytes CDLs (CD8") and G) CD4. H) From the total T cell population (panel D),
Vo7.2°CD161" MAIT cells were identified and the G) MAIT cell subpopulations of CD4" and

CcD8".
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