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Abstract 

The objective of our research was to identify any demographical or physiological differences 

between participants split into high and low groups based on median NK cell deployment that 

might leave them less likely to receive exercise-induced cancer benefits. We hypothesized that ß-

adrenergic receptor sensitivity would be positively correlated with the amount of epinephrine 

secreted during exercise, resulting in greater lymphocyte mobilization with greater 

catecholamine secretion. 18 participants performed steady-state exercise on a stationary leg 

cycling ergometer at workloads determined to be 10% above their individually determined 

lactate threshold (LT). Baseline demographic characteristics and physiological values collected 

during the experiment were compared across high and low NK cell mobilizers. The results show 

that out of all characteristics accounted for in this study, epinephrine release post-exercise was 

the only statistically significant variable (p<0.05). Low NK cell deployers released less amounts 

of epinephrine (mean=0.101 ng/mL) during exercise than high NK cell deployers (mean=0.188 

ng/mL). This difference in epinephrine release post-exercise may be explained by factors related 

to obesity, errors in calculating lactic threshold (LT), or perhaps even psychological perception 

of stress, but the reasons still remain unclear. 

 

Introduction 

Research has shown ameliorative effects on cancer outcomes from exercise, with its cancer 

progression control playing out through interacting with whole-body exercise effects1. Looking 

at whole-body exercise effects in research, altered immune cell trafficking is observed in 

response to exercise, with different levels of deployment associated with various intensities and 

durations of exercise. In particular, T cells (CD4+ and CD8+) and natural killer (NK) cell counts 
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have been shown to increase with exercise2. As a result of the increased immune cell trafficking, 

immunosurveillance also increases, and cytotoxic immune cells are more likely to encounter 

malignant cells and infiltrate solid tumors. 

 The increased release of catecholamines norepinephrine and epinephrine during exercise 

also plays roles in enhancing the immune response3. Studies point to epinephrine’s importance as 

a mediator of stress-induced immuno-enhancement4, such as in exercise, and norepinephrine’s 

contribution to immuno-enhancement by acting as a chemical messenger of the sympathetic 

nervous system (SNS), thereby stimulating immune cell readiness by binding to their ß-

adrenergic receptors during exercise5. These catecholamines’ mediation of an immune response 

is proven further with the introduction of ß-blockers into the system – while epinephrine was 

shown to mobilize NK cells to control tumor growth, introduction of ß-blockers into the system 

worked to blunt tumor suppression6. ß-adrenergic receptor sensitivity can be diminished in obese 

individuals7 and with aging8. Research in exercise physiology has found that greater fitness can 

predict greater ß-adrenergic receptor responsiveness7. Conversely, it is highly plausible that the 

desensitized or less responsive adrenergic receptors on immune cells in obese or aging 

individuals could leave a person less likely to receive the same cancer immunosurveillance 

benefits from exercise. Even so, re-sensitization of ß-adrenergic receptors could be achieved 

through regular exercise7, thus improving both immune cell trafficking and anti-tumor 

surveillance.  

 

Literature Review 

We know that exercise leads to mobilization of immune cells such as NK cells9, monocytes10, 

and B and T-lymphocytes11. The body responds to the shear stress from exercise in a number of 
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ways. Exercise has been found to increase the density of ß-adrenergic receptors expressed on 

these immune cells, so as to facilitate a greater stress response and an increase in receptor cell 

sensitivity to catecholamines12. In addition, as part of the response to exercise, the body releases 

catecholamines like norepinephrine and epinephrine. These hormones alter the activity of both 

active and resting immune cells, acting as mediators between the neuroendocrine and immune 

systems by acting on these cells’ ß-adrenergic receptors13. 

Exercise is widely known to reduce cancer risk and prevent cancer relapse. Magné et al.14 

found an inverse relationship between engaging in physical activity and breast cancer incidence 

at various physical activity levels. Further, breast cancer risk in women could be reduced with an 

increase in regular physical activity and a decrease in BMI. However, this was made ineffective 

if the woman’s BMI was greater than 30. In fact, cancer prognoses are made worse for patients 

who are obese, and postmenopausal women’s cancer risk are especially negatively impacted by 

lack of physical activity and a sedentary lifestyle. This reinforces the importance and 

effectiveness of recommending exercise to ameliorate cancer risk. By exercising, cancer patients 

not only improve their immune cell sensitivity, but also further reduce their risk of dying from 

cancer by decreasing their BMI. Holmes et al.15 also found data supporting that engaging in 

physical activity at various levels after a diagnosis of breast cancer reduces risk of death from the 

disease. Their research showed that engagement in walking or any vigorous activity for at least 

3-6 metabolic equivalent task (MET) hours per week actively contributed towards diminishing 

their risk of death by breast cancer at various rates exceeding 89%. 

Aging seems to be another indicator of decreased tumor suppression. Farrell and 

Howlett16 found a decrease in ß-adrenergic receptor sensitivity to the non-specific ß-adrenergic 

receptor agonist isoproterenol (ISO) with age in rat cardiac myocytes. ISO, a synthetic ß-
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adrenergic receptor agonist, is used to mimic the effects of exercise pharmacologically. Once 

infused, by binding to ß-adrenergic receptors, ISO activates the SNS, triggering the “fight-or-

flight” stress response and ultimately leads to deployment and activation of immune cells. The 

less sensitive ß-adrenergic receptor sensitivity in older rats compared to younger rats in Farrell 

and Howlett’s research translated to lower responsivity to catecholamines, and in turn, 

production of a less powerful immune response. 

One of the major mechanisms for curtailing cancer with exercise lies behind mobilization 

of NK cells17. As part of the innate immune system, NK cells act as part of our body’s 

surveillance system, constantly confirming that each cell it comes into contact with is a “self” 

cell and is functioning normally. A “self” cell is distinguished by expressing MHC Class I on its 

surface, and any cell that does not express enough of this receptor is automatically at-risk of 

being targeted and killed by an NK cell. In the case of tumor cells, they downregulate their MHC 

Class I expression, and thus are at high risk of activating NK cells and being eliminated by them. 

NK cells have shown to be particularly sensitive to epinephrine secreted in response to stress. 

Kappel et al.’s18 research showed that the increase in NK cell activity during exercise and after 

infusion of epinephrine was a result of increased NK cell concentration in the peripheral blood. 

Following the stress responses induced from exercise, cancer patients are able to increase their 

NK cell mobilization and, thus, increase their body’s natural tumor suppression abilities. 

Understanding the relationship between immune cell deployment, catecholamine release 

during exercise, and ß-adrenergic receptor expression on these immune cells leads back to our 

present study on the effects of reduction in ß-adrenergic receptor sensitivity. We naturally see 

this rate of response reduced in obese and elderly patients. Therefore, these people with 

diminished sensitivity do not receive the same ameliorative cancer effects from exercise.  
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Problem Statement/Knowledge Gap  

 Currently, we are unaware of any demographical or physiological differences between 

individuals with high ß-adrenergic receptor sensitivity and low ß-adrenergic receptor sensitivity, 

beyond obesity, which is defined by the Center for Disease Control and Prevention as a body 

mass index (BMI) above 30.0, or being elderly (age 70 ± 5 years)8. 

Aim 

 The aim of our research is to identify any demographical or physiological differences 

between individuals identified as high NK cell deployers and low NK cell deployers. In this 

study, we hope to explore the characteristics of individuals that may leave them less likely to 

receive exercise-induced cancer benefits. 

Hypothesis 

 We hypothesize that ß-adrenergic receptor sensitivity will be positively correlated with 

the amount of epinephrine secreted during exercise, and thus, a greater number of lymphocytes 

will be deployed with greater catecholamine secretion. 

 

Methods 

Participants 

 Eighteen (15 males, 3 females) healthy, non-smoking, physically active adults aged 22-43 

years were recruited to participate in this study. Participants approved for inclusion in the study 

were required to provide a score of 5-7 (corresponding to regular “vigorous” activity) on a 0-7 

point scale when asked to describe their physical activity routine in the past month prior to the 

study. They were excluded if they were current users of prescription medications, pregnant or 

breastfeeding, were allergic to ß-blocker medication, or presented with symptoms of asthma. All 



 7 

participants avoided participating in any intense physical exercise 48 hours prior to each visit to 

the laboratory and were asked to arrive at each trial having fasted overnight, consuming only 

water. 

Experimental Design 

 Similarly to Graff et al.19, participants came to the laboratory in 3 separate visits. Visit 1 

required participants to go through a screening procedure to confirm that they met the study’s 

criteria for inclusion/exclusion. Participants who were deemed eligible returned for Visit 2 to 

complete a blood lactate threshold (LT) test on a stationary leg cycling ergometer (Velotron, 

Racermate Inc., Seattle, WA, USA). To test for LT, as lineated in Bigley et al.9, an incremental 

discontinuous exercise test on the leg cycling ergometer was performed, entailing 3-minute 

incremental stages that each were no more than 10 minutes and no less than 5 minutes. Initial 

workloads for each participant were determined from a cycling history survey (range: 75-100W), 

with resistance at each subsequent stage increasing by 20-25W. Participants were instructed to 

maintain a consistent cycling cadence throughout the entire exercise protocol. Blood lactate was 

measured using an ear lobe capillary blood sample at the end of each 3-minute stage, and blood 

was analyzed in duplicate using a P-GM7 analyzer (Analox instruments Ltd., London, UK). 

Heart rate and oxygen uptake (QUARK CPET, COSMED, Pavona di Abano Laziale, Italy) were 

continuously collected during the test, and the rating of perceived exertion (RPE; BORG 6-20 

scale) was collected at the end of each 3-minute stage. The test ended at one incremental stage 

above the power output that elicited a blood lactate concentration of >4 mM. LT was determined 

by plotting a graph of power in watts vs. blood lactate. The Weltman (1995) definition of the 

blood LT was applied, which defines it as the breakpoint where a curvilinear rise in lactate 

concentrations is observed when plotted against power. During Visit 3, the experimental trial 
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was performed, which consisted of the participant performing a 30-minute fixed intensity leg 

cycling trial at a power output (watts) based on a value 10% above their previously determined 

individual blood LT. Intravenous blood samples were collected into lithium heparin, EDTA, and 

serum separator gel vacutainers from an antecubital vein at baseline, immediately before exercise 

(PRE), immediately after exercise (POST), and 1 hour following exercise cessation. Oxygen 

uptake, heart rate (Quark CPET, COSMED, Pavona di Alban Laziale, Italy), and exercise ECG 

(Quark c12x, COSMED, Pavona di Albano Laziale, Italy) were monitored continually 

throughout each trial, and blood pressure (determined manually with a stethoscope and 

sphygmomanometer), blood lactate (P-GM7 Micro-Stat analyzer, Analox Instruments Ltd., 

London, UK), and RPE was recorded every 10 minutes. Serum samples were aliquoted and 

stored at -80°C until analysis in duplicate for catecholamines using commercially available 

ELISA kits (2-CAT ELISA, LDN, Nordhorn Germany). 

Statistical analyses 

Data were examined in GraphPad Prism 8 using independent t-tests (GraphPad Software, La 

Jolla, CA, USA) to identify any significant differences (p<0.05) in variables between the groups 

in the experiment. All variables compared with a p<0.05 were accepted as statistically 

significant.  
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Results 

Participants were split into two groups based on a median split of absolute NK cell deployment 

(Δ cells), as shown in Figure 1. Values were calculated by subtracting the quantity of NK cells 

deployed at baseline from the quantity deployed post-exercise for each participant. Between high 

NK cell (n=9) and low NK cell (n=9) deployers, the results show no statistically significant 

differences in baseline demographic characteristics (Figure 2) or exercise measures (Figure 3), 

except in serum epinephrine post-exercise, shown in Figure 4. 

 

Figure 1. NK Cell Deployment – High and Low Split 

 

Out of 18 total participants in this study, Low NK cell deployers were defined as the 9 

participants with the lowest NK cell deployment values. High NK cell deployers were 

defined as the 9 participants with the highest NK cell deployment values. 

 

0

500

1000

1500

NK CELL SPLIT

D
 c

e
ll
s



 10 

Figure 2. Differences in Baseline Demographic Characteristics 

A)     B) 

 

A) Age of Low (mean=30.89) vs. High (mean=28.67) NK cell deployers (p=0.406), 

B) Height of Low (174.6) vs. High (mean=174.8) NK cell deployers (p=0.961) 

 

C)     D) 

 

C) Weight of Low (mean=81.23) vs High (mean=77.49) NK cell deployers (p=0.506) 

D) Resting Heart Rate (HR) of Low (mean=69.44) vs. High (mean=66.11) NK cell deployers  

(p=0.525) 
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E)     F) 

 

E) Resting Systolic Blood Pressure (BP) of Low (mean=115.4) vs. High (mean=122.1) NK cell 

deployers (p=0.072) 

F) Resting Diastolic BP of Low (mean=73.67) vs. High (mean=78.56) NK cell deployers 

(p=0.074) 

 

G)     H) 

 

G) Resting Glucose of Low (mean=86.0) vs. High (mean=92.5) NK cell deployers (p=0.121) 

H) Resting Cholesterol Low-density Lipoprotein (LDL) and High-density Lipoprotein (HDL) of 

Low (mean=143.7) vs. High (mean=133.3) NK cell deployers (p=0.449) 
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Figure 3. Differences in Exercise Physiological Characteristics 

A)     B) 

 

A) Workload at +10% LT of Low (mean=136.1) vs. High (mean=160.3) NK cell deployers 

(p=0.175) 

B) Workload at Break Point LT of Low (mean=122.2) vs. High (mean=144.4) NK cell deployers 

(p=0.168) 

 

C)     D) 

 

C) Average Exercise HR of Low (mean=158.7) vs. High (mean=156.0) NK cell deployers 

(p=0.634) 

D) Average Exercise Systolic BP of Low (mean=165.5) vs. High (mean=158.6) NK cell 

deployers (p=0.290) 
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E)     F) 

 

E) Average Diastolic BP of Low (mean=75.43) vs. High (mean=79.11) NK cell deployers 

(p=0.136) 

F) RPE at End of Exercise of Low (mean=13.94) vs. High (mean=14.67) NK cell deployers 

(p=0.380) 

 

G)     H) 

 

G) Blood Lactate at End of Exercise of Low (mean=2.633) vs. High (mean=2.856) NK cell 

deployers (p=0.644) 

H) Average Ventilatory Threshold (VT) of Low (mean=1.923) vs. High (mean=2.033) NK cell 

deployers (p=0.557) 
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I)     J) 

 

I) Average Exercise Ventilation (VE) of Low (mean=69.13) vs. High (mean=74.26) NK cell 

deployers (p=0.557) 

J) Average Oxygen Uptake (VO2) of Low (mean=2389) vs. High (mean=2634) NK cell 

deployers (p=0.397) 

 

K)     L) 

 

K) Average Carbon Dioxide Output (VCO2) of Low (mean=2178) vs. High (mean=2393) NK 

cell deployers (p=0.380) 

L) Average Oxygen Expired (O2exp) of Low (mean=321.9) vs. High (mean=337.8) NK cell 

deployers (p=0.608) 
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M)     N) 

 

M) Average CO2 Expired (CO2exp) of Low (mean=76.92) vs High (mean=83.24) NK cell 

deployers (p=0.476) 

N) Average VE/VO2 of Low (mean=29.1) vs. High (mean=28.6) NK cell deployers (p=0.797) 

 

O)     P) 

 

O) Average VE/VCO2 of Low (mean=31.7) vs. High (mean=31.3) NK Cell Deployers (p=0.821) 

P) Average VO2/kg of Low (mean=29.9) vs. High (mean=34.1) NK Cell Deployers (p=0.231) 
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Q)       

 

Q) Average Exercise Respiratory Exchange Ratio (RER) of Low (mean=0.917) vs. High 

(mean=0.912) NK cell deployers (p=0.765) 

 

Figure 4. 

   A) 

 

Plasma epinephrine pre-exercise in Low (mean=0.072) vs. High (mean=0.067) NK cell 

deployers (p=0.779). 

Plasma epinephrine immediately post-exercise in Low (mean=0.101) NK cell deployers 

vs. High (mean=0.188) NK cell deployers (p=0.043).  
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B) 

 
Plasma norepinephrine pre-exercise in Low (mean=2.230) vs. High (mean=1.086) NK 

cell deployers (p=0.279). 

Plasma norepinephrine immediately post-exercise in Low (mean=2.733) NK cell 

deployers vs. High (mean=2.452) NK cell deployers (p=0.818).  
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deployment group. Supporting the hypothesis, it was found that those who showed higher NK 
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epinephrine during exercise. The results of these experiments showed no further demographical 
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under the same relative intensities. The significant difference in epinephrine release post-exercise 
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further supports a connection between responsivity of NK cells to epinephrine by means of ß-

adrenergic receptors. This study highlights the importance of catecholamine release in NK cell 

mobilization, as well as the body’s ability to create as full of an immune response as 

physiologically possible. We are now left with the question of why the low NK cell deployment 

group released less epinephrine than the high NK cell deployment group. 

One known explanation for attenuated NK cell mobilization is aging. Although age was 

not determined to be statistically significant in our particular study, Farrell and Howlett’s16 

research observed decreased ß-adrenergic receptor sensitivity in aged rats. Despite the fact that 

our participant pool’s age averaged around 29 years across both groups, and effects from 

immunosenescence are widely observed in elderly populations, their ability to release 

epinephrine may have been influenced by other age-related factors that we did not observe. More 

research into effects of aging on ß-adrenergic receptor sensitivity in the context of epinephrine 

release need to be done in human models as the explanation behind this remains unclear. 

Another explanation may lie behind obesity. Hong et al.’s7 research showed an increase 

in inflammatory cytokines in obese participants. Knowing that catecholamines typically have an 

inhibitory effect on production of inflammatory cytokines, in Hong’s research, elevated 

inflammatory cytokine levels may correlate to an overall desensitization of ß-adrenergic 

receptors, meaning decreased ability to release catecholamines and overall immune sensitivity. 

Our limitation in this study with regards to this is that we did not look at levels of plasma 

inflammatory cytokines, nor the BMI of our participant pool and factor in effects related to 

obesity such as this. 

Perhaps these differences in epinephrine release could be explained simply by the lower 

amount of NK cells deployed. Logically speaking, less cells deployed into the peripheral blood 
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would mean that there are less ß-adrenergic receptors exposed to bind to catecholamines and 

facilitate a more sufficient immune response to stress. This reduced immune response would be 

decreased further with a decrease in catecholamine release. However, the reasons behind why 

certain people deploy less NK cells and release less epinephrine still remain unclear. We need to 

gain a better understanding of optimal exercise levels to explain the intricacies behind if 

epinephrine release during exercise influences magnitude of NK cell mobilization. 

Another potential explanation for this difference in epinephrine release is the effect of 

psychological stress on exercise. According to a literature search from Stults-Kolehmainen and 

Sinha20, different types of stress, including perceived stress and chronic stress, negatively impact 

physical activity. This effect on physical activity in the context of our research may have led our 

participants to perceive their exertion as more difficult, and therefore more stressful. Witek-

Janusek, Gabram, and Mathews21 found that in women undergoing diagnostic breast biopsies for 

cancer, perceived stress was high among participants, and a decrease in NK cell activity was 

observed. The possibility exists of the low NK cell deployers perceiving their exercise workloads 

as stressful, however the stress from exercise compared to a breast biopsy for cancer diagnosis 

are subjective and hardly comparable. Regardless, in the context of our experimentation, our 

closest attempts at recording perceived stress was recording RPE, which requires the participant 

to pay attention to their perception of their physical exertion. Between the high and low NK cell 

deployers, there was no significant difference in RPE. Our limitations with this, however, are 

that we did not directly look for psychological differences in our experiment, and that the RPE 

data that we did collect is inherently self-reported. 

Pedersen et al.’s6 research supports NK cell mobilization dependence on release of 

epinephrine. Data in their research show a decrease in NK cell count in the spleen after injecting 
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mice with epinephrine to mimic an exercise-induced response. Additionally, in running mice, 

tumor infiltration by NK cells was increased, and reduction of NK cells diminished the ability of 

these mice to receive benefits from exercise. In our study across well-exercised participants, it 

was unexpected to observe a difference in the ability to mobilize immune cells with epinephrine 

and is cause for concern when considering a person’s ability to receive cancer benefits from 

exercise. There needs to be better understanding of optimal exercise levels in humans to 

determine why our participants, who exercised at the same relative intensities, released 

significantly different amounts of epinephrine.  

Potential errors in experimentation may have come from calculation of each participant’s 

LT, which was done by taking a graph of blood lactate (y-axis) vs. exercise workload (x-axis) 

and extrapolating a point of significant increase in blood lactate. This curvilinear rise breakpoint 

is difficult to pinpoint accurately, which may have led to overestimation or underestimation of 

some or all participants’ LT, and affected these participants’ experimental exercise workloads at 

+10% of LT accordingly. 

 In conclusion, our research suggests that an association exists between plasma 

epinephrine and NK cell mobilization. Further research could separate the high and low 

deployment groups based on different immune cell subtypes that also respond to epinephrine by 

way of ß-adrenergic receptors, and look at the epinephrine release as they relate to these new 

splits. The same split in this study based on NK cell deployment could also be applied in relation 

to exercise responses while under the influence of Nadolol, a non-preferential ß1 + ß2-antagonist, 

or Bisoprolol, a ß1-preferential antagonist.  
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