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The redeployment of NK-cells in response to an acute bout of exercise is thought to be an integral component of the “fight-or-
flight” response, preparing the body for potential injury or infection. We showed previously that CMV seropositivity impairs the
redeployment of NK-cells with exercise in the young. In the current study, we examined the effect of aging on the redeployment of
NK-cells with exercise in the context of CMV. We show here that CMV blunts the exercise-induced redeployment of NK-cells in
both younger (23-39 yrs) and older (50-64 yrs) subjects with older CM V" subjects showing the largest postexercise mobilization
and 1h postexercise egress of NK-cells. The blunted exercise response in CMVP® individuals was associated with a decreased
relative redeployment of the CD158a+ and CD57+ NK-cell subsets in younger and older individuals. In addition, we show that
aging is associated with a CMV-independent increase in the proportion of NK-cells expressing the terminal differentiation marker
CD57, while CMYV is associated with an age-dependent decrease in the proportion of NK-cells expressing the inhibitory receptors
KLRGI (in the younger group) and CD158a (in the older group). Collectively, these data suggest that CMV may decrease NK-cell

mediated immunosurveillance after exercise in both younger and older individuals.

1. Introduction

The rapid redeployment of NK-cells between the tissues and
the peripheral circulation is an archetypal feature of the acute
stress response. The response can be evoked using acute bouts
of dynamic exercise [1, 2], laboratory-based psychological
stress tasks [3], or beta-agonist (i.e., epinephrine) infusion
[4] and is often considered to be an accurate representation
of an organism’s ability to mount an effective immune
response during fight-or-flight scenarios when tissue injury
and infection are likely to occur. Acute exercise is associated
with increased plasma levels of stress hormones including the
catecholamines epinephrine and norepinephrine [5], which
interact with f-adrenergic receptors (3-AR) on the surface
of lymphocytes. NK-cells express more -AR than other
lymphocytes [6] and, as a result, they are the most responsive
lymphocyte subset to exercise [7, 8] and catecholamines [4,
9].

Cytomegalovirus (CMV) is a prevalent beta herpesvirus
infecting 50-80% of the US population [10, 11]. We have
shown that prior exposure to CMV profoundly impacts the
redistribution of lymphocytes to an acute exercise bout.
While those with CMV have an augmented redeployment of
CD8+ T-cells [12,13] and y8 T-cells [14], NK-cell mobilization
is dramatically impaired [15]. This blunted NK-cell response
appears to be attributable to a CMV-induced accumulation of
specific NK-cell subsets that have a lower expression of 32-AR
and an impaired ability to produce cyclic AMP in response
to in vitro stimulation with the -agonist isoproterenol [16].
Moreover, those with CMV fail to exhibit exercise-induced
enhancements in NK-cell function, indicating that CMV may
compromise NK-cell mediated immunosurveillance after an
acute bout of strenuous exercise [16].

In addition to infection history, aging is known to have
a profound impact on the cellular response to acute stress
and exercise [17]; however, studies investigating the effects
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of aging on NK-cell exercise responsiveness are lacking
[18]. While aging has been reported to have no effect on
NK-cell mobilization with exercise [19, 20], it is known
to increase the proportion of CD56dim/KIR+/CD57+ NK-
cells [19, 21, 22], a subset we have previously shown to be
preferentially mobilized by exercise [23]. In addition, several
of the phenotypic hallmarks of aging overlap with those
associated with latent CMV infection in the young including
upregulation of CD57 [19, 24, 25] and downregulation of
KLRGI [15, 26]. Despite CMV prevalence increasing with
age [11], previous studies have compared NK-cell responses
between young and old exercisers without accounting for
this confounding variable [19, 20]. We showed recently that
CMV was associated with enhanced redeployment of CD8+
T-cells regardless of age [13], while, conversely, aging impairs
the redeployment of yd T-cells independently of CMV [14].
However, no study to our knowledge has compared NK-
cell responses to a single bout of exercise between different
age groups while controlling for CMV serostatus. Given that
CMV prevalence increases with age and many of the effects
of CMV mirror those attributable to aging, it is important to
resolve the effects of age and CMV infection on the frequency
and exercise responsiveness of distinct NK-cell subsets.

The aim of this study was to determine if latent CMV
infection blunts the redeployment of NK-cells to a single
exercise bout in older individuals as it does in the young
[15] and to delineate the effects of age and CMV on the
redeployment of discrete NK-cell subsets. We show here that
CMV has a potent blunting effect on exercise-induced NK-
cell mobilization in both younger (23-39 yrs) and older (50-
64 yrs) subjects with the greatest mobilization being seen in
the CMV"% older group. This blunting effect of CMV was
most pronounced with the CD158a+ and CD57+ NK-cell
subsets regardless of age.

2. Materials and Methods

2.1. Participants. 40 healthy adult males (age: 23-64 years)
participated in this study. The exclusion criteria of this
study required that participants avoid smoking, medica-
tion/supplements, or infection within 6 weeks of the experi-
ment. Oral and written information regarding the risks and
requirements of the study were provided, after which each
participant signed an informed consent affidavit. Protocol
approval was granted by CPHS at the University of Houston.
Participant attributes and exercise data are provided in
Table 1.

2.2. Exercise Protocols and Blood Sampling. Maximal oxygen
uptake (VO, max) was estimated using the Astrand [30]
submaximal cycling exercise protocol as previously described
[15]. The Adams and Beam equations [29] were used to esti-
mate the VO, max and maximum power of each participant.

Participants reported to the lab following an overnight
fast within 2 weeks (minimum: 2 days) of the submaximal
VO, max test to complete a 30 min cycling protocol. A resting
intravenous blood sample was collected in 6 mL Vacutainers
containing either EDTA or serum gel (BD, Franklin Lakes,
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NJ, USA) prior to exercise. Participants then cycled for
30 min at 80% of max power and peripheral blood samples
were collected again immediately after and 1h after exercise.
Serum was frozen at —80°C until analysis (in duplicate) for
CMV IgG antibodies using commercially available ELISA kits
(BioCheck, Foster City, CA, USA) and a 96-well microplate
reader (Molecular Devices, Sunnyvale, CA, USA).

2.3. Flow Cytometry. PBMCs were separated from whole
blood using Histopaque per the manufacturer’s instructions
(Sigma-Aldrich, St. Louis, MO, USA). Aliquots of 1 x 10°
isolated cells were incubated for 30 minutes with 50 uL of
prediluted APC-conjugated anti-CD3, Alexa488-conjugated
anti-KLRG1 [31] or FITC-conjugated anti-CD56, PerCP-
Cyb5.5-conjugated anti-CD8 or PerCP-eFluor710-conjugated
anti-CD56, and PE-conjugated anti-CD57 or anti-CD158a
monoclonal antibodies. All of the antibodies were purchased
from eBioscience (San Diego, CA, USA) except for the
anti-KLRGI antibody that was generously provided by Dr.
Hanspeter Pircher. Lymphocyte phenotype and cell count
were assessed by 4-color flow cytometry using an Accuri C6
flow cytometer (Accuri, Ann Arbor, MI, USA) as previously
described [15].

2.4. Statistical Analysis. SPSS version 22 (Chicago, IL, USA)
was used for all statistical analyses. The effects of CMV and
age on NK-cell phenotype, participant attributes, and exercise
data were determined using a separate restricted maximum
likelihood linear mixed model (LMM) including main effects
for CMV serostatus and age, as well as an interaction term for
CMYV serostatus * age. To determine the effects of CMV and
age on the acute exercise response of NK-cell subsets, a LMM
was built that included main effects for CMV serostatus, age,
and exercise (before, after, and 1 h after), as well as interaction
terms for CMV serostatus * exercise and age * exercise. The
precise location of significant main effects was determined
using Bonferroni post-hoc analysis. Independent sample ¢-
tests were used to compare delta values (i.e., cells mobilized
and egressed by exercise) relative to CMV serostatus and age.
Statistical significance was assessed at p < 0.05.

3. Results

3.1. Age and CMV Have Distinct Effects on NK-Cell Phenotype.
To determine the effects of age and CMV on NK-cell
subsets, we evaluated NK-cell phenotype in the context of
age and latent CMV infection (Figurel). Aging increases
the proportion of CD57+ NK-cells [F(1,180) = 6.551, p <
0.01] and decreases the proportion of CD56-bright NK-cells
[F(1,180) =5.363, p < 0.05]. The effects of age on CD57+ and
CD56-bright NK-cells were CMV independent [F(1,180) =
0.37, p = 0.554 and F(1,180) = 0.022, p = 0.882, resp.].
While there was no overall effect of age on NK-cell CD158a
expression [F(1,180) = 2.581, p = 0.111], there was an
interaction effect between CMV and age [F(1,180) = 3.91,
p < 0.05]. The proportion of CD158a+ NK-cells was lower
in the CMVP® older (50-64yrs) group (p < 0.05). While
there was no main effect of age on NK-cell KLRGI1 [F(1, 180)
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TaBLE 1: Physical characteristics of the participants (N¢yy, = 20; Ngyy- = 20). Data are mean + SD. CMV seronegative and CMV seropositive
participants indicated by — and +, respectively. Statistical differences between younger (23-39 yrs) and older (50-64 yrs) subjects are indicated
by *p < 0.05. CMV serostatus did not affect any of the physical characteristics (p > 0.05).

One-way ANOVA

Characteristics Yo[lll\l;g:eiz(]_) Y()[L]l\l;g:eiz(fr) O[llc\ilei (8_]) O[l;\i]ei (8+]) F statistic (p value)

CMV Age
Age (years) 30.8 + 6.4 30.0 + 6.0 55.6 + 3.6" 571+ 4.1° <0.1(0.88) 163.1 (<0.001)
Height (cm) 179.4 + 71 1779 + 5.4 178.2+ 8.6 1772+ 6.3 1.3 (0.26) 01(0.72)
Mass (kg) 81.2+12.8 82.8 +12.1 79.6 + 8.1 79.8 +10.2 <0.1(0.98) <0.1(0.84)
BMI (kg'm™) 251+32 257 +47 24.8+21 258+27 0.5 (0.45) <0.1(0.90)
Maximum power (W) 2413 +76.5 2262 +57.0 235.7 + 65.6 225.8 +38.8 0.4 (0.53) <0.1(0.88)
VO,,... (mLkg'-min™") 39.6 +13.0 36.7 £ 6.3 40.7 +174 403+ 75 0.4 (0.49) <0.1(0.90)
?ﬁ;’r‘;‘;mm heart rate® 1877 + 6.1 1878 + 5.8 164.4 + 3.6 164.9 +3.7 <0.1(0.87) 163.4 (<0.001)
fgl_y;)ical activity rating” 5.0 +2.2 54421 6.3+10 5.6+19 <0.1(0.90) 3.2(0.09)
ii;idgf_sgd fitness 3.6+18 31+11 41+12 37410 <0.1(0.83) 22(0.14)
Exercise measures
Mean power (W) 183.6 + 63.5 175.8 + 61.1 181.3 + 38.5 172.4 +29.7 0.2 (0.62) <0.1(0.87)
Mean power (% max) 76.3 £11.9 775 +13.8 779 £ 6.2 76.7 + 7.0 <0.1(0.99) <0.1(0.92)
Mean Heart rate (bpm) 158.7 + 10.3 159.6 + 75 151.0 + 7.8° 1475 + 8.1° 0.2 (0.64) 13.1 (0.001)
Mean heart rate (% max)* 85.4 +5.4 84.5+27 91.7 + 4.9° 89.1+3.7" 1.8 (0.20) 14.6 (<0.001)

*Maximum heart rate estimated by the equation: 191.5 — (0.007 x agez) [27].
*Physical Activity Rating (PA-R) calculated from Jackson Questionnaire [28].
bAge—adjusted Fitness Score calculated from Adams and Beam equations [29].

= 0.154, p = 0.695] or CD8 expression [F(1,180) = 1.904,
p = 0.169], the proportion of KLRGI1+ NK-cells was greater
in the CMV" younger (23-39 yrs) group (p < 0.05) and
the proportion of CD8+ NK-cells was greater in the CMV"8
older group (p < 0.05).

3.2. Latent CMV Infection Impairs the Exercise-Induced Mobi-
lization of NK-Cells in Both Younger and Older Adults. The
effects of age and CMYV serostatus on the exercise response
of total NK-cells and NK-cell subsets are shown in Table 2.
The number of total NK-cells and all NK-cell subsets was
increased immediately after exercise compared to baseline
and 1h after exercise (p < 0.001). There was a main effect of
CMYV serostatus on total NK-cell number [F(1, 168) = 5.652,
p < 0.05] that was independent of age [F(1,168) = 1.323,
p = 0.252]. The main effect of CMV serostatus was the result
of fewer NK-cells immediately after exercise (p < 0.05). There
was no main effect of age on total NK-cell number [F(1, 168)
= 2.617, p = 0.108]; however, the postexercise NK-cell count
was greater in older relative to younger CM V™8 subjects (p <
0.05).

The exercise responsiveness of NK-cells based on CMV
serostatus and age is described in Figure 2(a). CMV seropos-
itivity was associated with a lower exercise-induced rede-
ployment of NK-cells [F(2,168) = 4.664, p < 0.05] that
was independent of age [F(2,168) = 1.037, p = 0.357].
Specifically, the mobilization and egress of NK-cells were
greater in CMV"® individuals regardless of age (p < 0.05)

as seen in Figure 2(b). Age did not affect the redeployment of
NK-cells with exercise [F(2, 168) = 0.587, p = 0.557].

Aging was associated with an increased percentage of
NK-cells within the lymphocyte pool [F(1,168) = 5.123, p =
0.025] that was dependent on CMV serostatus [F(1,168) =
12.777, p < 0.001]. Specifically, the proportion of NK-cells
was elevated in older subjects that were CMV™ (p < 0.05)
but not in those that were infected with CMV (p > 0.05).
As with cell number, CMV seropositivity was associated
with a lower proportional increase in NK-cells after exercise
[F(2,168) = 3.221, p < 0.05] that was independent of age
[F(2,168) =1.258, p = 0.287]. Representative flow cytometry
dot-plots illustrating the age-independent blunting of NK-
cell exercise responsiveness in those infected with CMV are
shown in Figure 2(c).

3.3. Latent CMV Infection Decreases the Exercise Responsive-
ness of CD57+ and CDI158a+ NK-Cells Independently of Age.
To assess the effects of age and CMV on the redeployment of
NK-cell subsets with exercise, we evaluated exercise-induced
changes in the proportion of NK-cell subsets in relation to age
and latent CMV infection (Figure 3(a)). The proportion of
CD57+ and CDI158a+ NK-cells is increased immediately after
exercise (p < 0.05). The exercise effects on NK-cell CD57 and
CD158a expression were independent of CMV [F(2,180) =
0.016, p = 0.984 and F(2,180) = 0.075, p = 0.927, resp.]
and age [F(2,180) = 0.213, p = 0.808 and F(2, 180) = 0.312,
p = 0.732, resp.]. The mobilization and egress of CD57+



Oxidative Medicine and Cellular Longevity

T 6 SLF00T SPFT9 + (s1£%9-05)
1TF79 6SIF90F  9€ F¥6 - 19p[0
8T F ¥ V6 FOIT  LEFI9 + (s1£ 6€-€7)
9F F ¢¥ 9TIFF8I  SEFIS - 198unog
(250°0) 0°€ (1€00) ,8F%  (€6I'0) LT  (690°0) LT (6920)TT (¥00°0) ,¥'8 (100°0>) ,¥'6L Vi# (11/s119) +8AD
SIF /I L6F6II 9IFSC + (s14%9-06)
8T F T€ 16 F LLT LEFIS - el (0]
61 F 8T [8F 61 0TFOF + (s1£ 6€-€7)
vEFIE 161 F¥87C  STFOF - 198unog
(086°0) T0> (8690)T0  (¥8T0)¢T  (£1£0)€0 (€010) LT (6¥€0) 60 (100°0>) ,L0S Vi# (T1/81192) +e8SIAD
67 F 08 60l FESY 9% F 011 + (s14%9-05)
67 F /8 9V ¥ 85 6T FSTI - I9p[0
TEF0S PRIF OIS SV F¥L + (s1£ 6€-€7)
67 F €S 061 FSE€  6£F€9 - 198unog
(09€0) 01 (soro)zc  (¥800)sT  (961'0) L1 (¥20°0) ,TS (€20°0) €S (1000>) 586 Vi (TM/s1192) +£5AD
¥F ¥ 69 861 F86€ F9FS6 + (s14%9-05)
€IF8L 6VIFI8Y  SPFIII - I9p[0
¥9 ¥ 96 PRTFFEE  0LF¥8 + (s14 6£-€7)
€LF08 0V FE6F  9LF86 - 198unog
(8%6°0) T'0 (88270)T0  (S¢€0)TT  (626'0)T0  (€ST0)TT  (€££0)TO (100°0>) ,9°TL Vi (T1/s1192) +194 T
SIFSI € ¥ ¢¢ 0T F €I + (s14%9-05)
9F /I €TFSF 6 F 81 - I9p[0
LF91 GI ¥ 6€ 6 F 61 + (s14 6£-€7)
WFIT LTFLF aFel - 198unog
(9€9°0) S0 (F€8°0) T0> (£89°0) %0 (666°0)T0> (¥IT0)ST (1620)TT (100°0>) ,T'ST Vi (11/81192) W4S11q 9saD
$S F Sel LITFIEY  6LF 9L + (s14%9-05)
LS FST1 PRIF V6 8S F SOT - I9p[0
8 F I LSEF 9SS ¥6 F 791 + (s1h 6£-€7)
00T ¥ 901 GTEF8EL 16 F LFI - 198unog
(€€€0) T'T (L610) L1 (810°0) L%  (8150) L0 (020°0) ,9°S (S80°0)8C (100°0>) ,T£LST # Vi (T1/s1192) WIp9SaD
69 F €SI THTF 999 S8 F 681 + (s14%9-05)
LS FTHT T8I F /86 9SF €T - I9p[0
¥8 ¥ 871 09€ ¥ S65 L6 F 181 + (s14 6£-€7)
LT1 ¥ 0€1 LEEFS8L 96 F 991 - 198unog
(£5€0) 01 (zsz0) €1 (610°0) L%  (£55°0)9'0 (6100) ,£'S (8010) 9T (100°0>) ,LLST # Vi T1/S[[92-YIN [®10L,
AWD X 98Y X dWL], AND X33y AND X 2w, 23y X WL,  AND By sy,
(onyea d) onysness . (onrea d) onsnels 1 sonfea-3sod [T son[ea-1soJ sanjea-aid snieIs AJND $39sqns [[9D-MN
mﬁoﬁu.m.uwuﬁﬂ wuuu'tu Qﬂmz

‘s F ueaws are ele(] "(S0°0 > d) A[oanoadsar °y pue # £q paquIdsap ore sanfea-jsod
Yy 1 pue -a1d woij saduaropIp resnsnels (so'0 > d), £q pajouuod soueoyrudis yym parrodar axe swm) pue 9fe AJND 10J S199d UOIORINUI pue Urely ‘A[9A1)00dsal — pue + £q pajouap are
syuedonred o AIND pue (JAIND "95e pue snyejsoras AJND £q paisenuod (g = ~MON oz = FANON) sorewr Jnpe Aj[eay UT s1oquInu 3osqns [[a0-N UT saSULYD paonpul-asDISXY g A14V],



Oxidative Medicine and Cellular Longevity

21 -
#
18 - 1
—~ 151
g .
o 124
3 I [
T 91
»
Z 6
3
0
CMV- CMV+ CMV- CMV+
23-39yrs 23-39yrs 50-64yrs 50-64yrs
65 4
#
60 f T
554
X
~ 50 4
+
R 45 4
5 [
40 | T
35
30
CMV- CMV+ CMV- CMV+
23-39yrs 23-39yrs 50-64yrs 50-64yrs
28 -
25 4 [ I
8 22 I
I
§ 19 4
8 16 - #
13 ’J_‘
10 T T T
CMV- CMV+ CMV- CMV+
23-39yrs 23-39yrs 50-64yrs 50-64yrs

5
65 -
#
60 - ]
=
~ 55 4
s
g | |
< 50 A I
4
45 -
40
CMV- CMV+ CMV- CMV+
23-39yrs 23-39yrs 50-64yrs 50-64yrs
50
#
45 I
~ 40
§
% 351 I |
a 1
O 30 {
25
20
CMV- CMV+ CMV- CMV+
23-39yrs 23-39yrs 50-64yrs 50-64yrs
15 4
#
12 I 4
5 [
= 9
2
—
S
£ 0
5 [ I
3
0
CMV- CMV+ CMV- CMV+
23-39yrs 23-39yrs 50-64yrs 50-64yrs

FIGURE 1: The effects of latent CMV infection and age on the proportion of total NK-cells (% of lymphocytes) and NK-cell subsets (% of

NK-cells). Values are mean + SE. Significance is connoted by *p < 0.05.

and CD158a+ NK-cells were greater in CMV-seronegative
subjects relative to those infected with CMV (p < 0.05).
In addition, the proportion of CD56-bright NK-cells was
increased 1h after exercise (p < 0.05) independently of CMV
[F(2,180) = 0.059, p = 0.942] and age [F(2,180) = 0.016,
p = 0.984]. Exercise had no effect on NK-cell KLRGI or
CDS8 expression [F(2, 180) = 0.404, p = 0.668 and F(2, 180) =
0.018, p = 0.982, resp.]. In addition, CMV serostatus did not
affect the mobilization or egress of CD56-bright, KLRGI+, or
CD8+ NK-cells (p > 0.05). Representative flow cytometry
dot-plots for the coexpression of KLRG1 and CD57 in relation
to exercise are shown in Figure 3(b).

4. Conclusions

This is the first study to examine the effects of aging and latent
CMV infection on NK-cell redeployment in response to a sin-
gle bout of intensity-controlled exercise. We report that latent

CMV infection is associated with a blunted exercise-induced
redeployment of NK-cells in both younger (23-39 yrs) and
older (50-64 yrs) subjects with older CM V"8 subjects show-
ing the greatest postexercise mobilization and 1 h postexercise
egress of NK-cells. This blunted exercise response in CMVP*®
individuals was associated with a decreased relative redeploy-
ment of the CD158a+ and CD57+ NK-cell subsets in both
younger and older individuals. In addition, we show for the
first time that the previously reported age-associated increase
in the proportion of CD57+ NK-cells is independent of CMV,
while the proportion of CD8+ NK-cells and the percentage
of NK-cells in the lymphocyte pool are increased in older
CMV"™%® individuals only. Further, CMV is associated with
an age-dependent decrease in the proportion of NK-cells
expressing the inhibitory receptors KLRGI (lower in younger
CMVP) and CD158a (lower in older CMV?*).

The redeployment of cytotoxic lymphocytes (including
NK-cells) in response to an acute bout of exercise is thought
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of exercise at 80% of estimated maximum power on NK-cell count based on latent CMV infection and age. (b) shows the effect of latent CMV
infection and age on the mobilization and egress of NK-cells in response to an acute bout of exercise at 80% of estimated maximum power.
Values are mean = SE. Differences based on CMV serostatus and age are indicated by *p < 0.05 and "p < 0.05, respectively. (c) displays
representative flow cytometry dot-plots for the redeployment of NK-cells with exercise relative to CMV serostatus and age.

to be an integral part of the “fight-or-flight” response,
preparing the body for potential injury or infection [3].
We show here that CMV seropositivity is associated with
a blunted redeployment of NK-cells in older subjects and
that increased age is associated with a greater redeployment
of NK-cells in CMV"® individuals. This builds on our
previous finding that latent CMV infection is associated
with a blunted exercise-induced redeployment of NK-cells in

the young [15]. Alternatively, it has been reported that the
mobilization of CD8+ cytotoxic T-cells is greater in CMVP*®
individuals [12] and we have shown that this CMV effect
is particularly pronounced in the old [13]. Considering that
there is no difference in lymphocyte mobilization between
CMVP* and CMV"® individuals [12, 13], it appears that
the effects of CMV on redeployment of cytotoxic CD8+ T-
cells and NK-cells largely offset each other. Thus, it could
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be that postexercise immunosurveillance is tilted towards T-
cell-mediated immunity in CMVF® individuals and NK-cell
mediated immunity in CMV"® individuals with this contrast
being most evident in older individuals. Given the decline
in T-cell function with age [32] and the accumulation of
senescent T-cells in those with CMV [33], this suggests a
general decline in postexercise immunosurveillance in older
CMVP® individuals.

The redeployment of individual NK-cell subsets with
exercise is nonuniform. We have previously reported that
NK-cells expressing inhibitory KIR (such as CDI158a) and
the terminal differentiation marker CD57 are preferentially
mobilized by exercise [23]. In the current study, we report
that the mobilization of CDI58a+ and CD57+ NK-cells
with exercise is reduced in CMV?® individuals regardless
of age. We have shown earlier that CMV impairs NK-cell
mobilization in response to high intensity exercise through
downregulation of 32-AR expression on CD57+ NK-cells
and impaired f3-AR signaling in younger CMV?** individuals
[16]. This mechanism likely applies to older subjects as well
given the similar impairment in CD57+ NK-cell exercise
responsiveness between younger and older CMVP® subjects.
The decreased exercise-induced redeployment of CD57+ NK-
cells in CMVP® individuals is likely to have functional impli-
cations as CD57+ NK-cells have high cytotoxic functions,
but greatly reduced proliferative capacity [34, 35]. Due to
their high expression of differentiation markers [36] and
their poor cytokine-driven proliferation, CD57+ NK-cells are
considered to be terminally differentiated [34].

We show here that CMV and age combine to influence
NK-cell phenotype in many interesting ways that have often
been overlooked in the literature due to failure to recruit
older CMV"* individuals. For example, it has been reported
in multiple studies that the proportion of CD57+ NK-cells
is increased in the elderly [19, 37, 38]; however, it has been
reported by Campos et al. that this aging effect is actually a
CMV effect with CM VP subjects having a higher proportion
of CD57+ NK-cells regardless of age [24]. The conclusions of
Campos et al. are limited, however, by the lack of CMV"
elderly in their cohort [24]. Our study includes older CM V"8
individuals and contradicts the findings of Campos et al. [24]
as we show a CMV-independent increase in the proportion
of CD57+ NK-cells with aging. These findings are consistent
with the CMV-independent increase in the CD56dim : CD56
bright ratio with age shown here and elsewhere [21], which
suggests that the accumulation of highly differentiated NK-
cells is attributable to aging independently of latent CMV
infection. The increased proportion of CD56dim CD57+ NK-
cells in the older group likely contributes to the increased
exercise-induced redeployment of NK-cells in older relative
to younger CMV"* individuals. One of the limitations of
this study is that we did not measure CD16 expression on
NK-cells. CD16 is a marker of NK-cell differentiation and
it is functionally important as it plays a critical role in NK-
cell mediated antibody-dependent cytotoxicity [39]. We were
unable to include CD16 as a marker of differentiation because
we were limited by the constraints of 4-color flow cytometry.

We report a CMV-dependent decrease in the propor-
tion of CD158a+ NK-cells with age. There was no overall
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difference in the proportion of CD158a+ NK-cells between
younger and older subjects; however, the proportion of
CD158a+ NK-cells was decreased in CMVP® older subjects.
Multiple studies have reported no effect of aging on inhibitory
KIR expression [38, 40, 41]; however, one study reported an
increase in inhibitory KIR expression with age [22]. None
of these earlier studies investigated the relationship between
these aging effects and CMV infection. We also show that
the proportion of KLRG1+ NK-cells is decreased in younger
CMVP* individuals, but there is no CMV effect in the older
group and no overall aging effect either. Our current data
contradict a previous report by Hayhoe et al. that aging
is associated with a marked decrease in the proportion of
KLRGI+ NK-cells [26]. The discrepancy between our find-
ings and those of Hayhoe et al. [26] are likely due to different
definitions of young and old between the two studies. Hayhoe
et al. compared individuals older and younger than 60 years
[26], while we compared individuals aged 23-39 years to
individuals aged 50-64 years. In our study, we investigated
aging in preelderly (less than 65 years old), otherwise healthy
individuals (presymptomatic for any age-related diseases).
Future studies should determine if our results regarding the
effects of aging and CMV on NK-cell phenotype and exercise
responsiveness apply to females and individuals over the age
of 65 as well.

In addition, we show for the first time that the previously
reported increase in NK-cell proportion with age [22, 24] is
CMV-dependent. Specifically, the proportion of NK-cells in
the peripheral lymphocyte pool is elevated in CMV" older
subjects, but not older subjects with CMV. The proportion of
CD8+ NK-cellsis also elevated in CMV"® older subjects only,
which suggests a possible increase in NK-cell cytotoxicity as
CD8 expression has been mechanistically linked to increased
NK-cell activity [42]. On the other hand, we have reported
increased baseline NK-cell activity and impaired functional
responses to exercise in younger CMVP® individuals [16].
Thus, future studies are needed to determine the combined
effects of CMV and aging on NK-cell function before and
after exercise.

In summary, latent CMV infection was associated with
a marked reduction in the mobilization of NK-cells in
response to exercise in both younger and older adult males
with the greatest mobilization being seen in CMV"™% older
subjects. We also show that age was associated with a
CMV-independent increase in the proportion of terminally
differentiated CD57+ NK-cells and that CMV was associated
with an age-dependent decrease in the proportion of NK-cells
expressing the inhibitory receptors KLRGI (lower in younger
group) and CD158a (lower in older group). We conclude that
latent CMV infection may compromise NK-cell mediated
immunosurveillance following an acute stress response in
both younger and older males.
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