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Exerkines: Molecular Messengers That Mediate Exercise
Effects 

How does exercise benefit health? Molecules called exerkines partly regulate its effects

and provide therapeutic targets to mimic the benefits of exercise. 
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ABOVE:

Exercise induces the secretion

of exerkines, which drive its

health benefits.

ISTOCK, NUTTHASETH

VANCHAICHANA

O
n a brisk afternoon in March 2009 in Ontario, as winter melted into

spring, Mark Tarnopolsky and his team at McMaster University sat around

a table for their weekly lab meeting. The topic was the focus of their group

research: exercise physiology. 

“I’ve been interested in exercise because I’m an athlete,” said Tarnopolsky, who has

competed internationally in sports such as adventure racing, ski-orienteering, and winter triathlon. “And as a

neurologist who treats children and adults who have muscular dystrophy or mitochondrial disease, I've always been

very interested in how exercise could provide benefit.”

In the lab meeting, as Tarnopolsky and his team discussed the diverse molecules secreted from different tissues—

myokines by muscles and adipokines by fat tissue—that partly help mediate exercise effects, Tarnopolsky had an

idea.

“I said, geez, you know, really, we don't know where they're coming from. Sometimes muscle, sometimes liver,

sometimes fat,” recalled Tarnopolsky. “Why don't we just call them ‘exerkines’ to sort of broadly describe the

proteins, the metabolites, and the microRNA that change in response to exercise, which confer the systemic

benefits?”

Today, researchers recognize exerkines as a broad variety of signaling molecules—including peptides and proteins,

hormones, metabolites, lipids, and nucleic acids—released upon exercising.
1
 These compounds exert their effects on

target cells and drive the whole-body effects of exercise. 

Continue reading below...

Physiology

What Happens to Muscles During Exercise?

Read More

Tarnopolsky and other experts believe that uncovering the global dynamics of exerkines can help them understand

the physiological effects of exercise, such as preventing or delaying diseases and improving clinical outcomes in

patients.
2
 Indeed, using both preclinical models and studies in a few human volunteers, Tarnopolsky and others

have shown that exerkines can help delay aging, manage metabolic diseases like diabetes and obesity, reduce the risk

of cardiovascular diseases, and improve cognition.

Although the team coined the term exerkine in 2009 and first published it in 2016, scientists had long recognized

that circulating humoral factors mediate the benefits of exercise, at least in part.
3
 

“The first exerkine has been thought to be lactate,” said Lisa Chow, an endocrinologist who studies the effect of

exercise on metabolic disorders at the University of Minnesota. 

Skeletal Muscle as an Exerkine-Secreting Tissue

Over a century ago, scientists found that the muscles of exhausted animals including mammals, birds, and

amphibians secreted lactate.
4,5 

 Although initially thought of as metabolic waste, researchers have shown that
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exercise-induced lactate can confer systemic benefits.
6
 

Since muscles play an important role in exercise, scientists hypothesized that factors secreted by muscles—myokines

—formed the molecular basis of exercise-induced changes. In 2000, researchers measured the plasma cytokine

levels in volunteers who exercised and discovered that contracting muscles secreted interleukin-6 (IL-6), identifying

it as the first myokine.
7  

“Since that time there's just been an explosion of exerkines,” noted Chow.

With increasing interest in the field, scientists sought to investigate the molecules underlying the effects of exercise.

They used both mouse models and a small number of human participants to identify exerkines, the tissues that

secrete them, and the cells they target. Using these approaches, several research groups independently showed that

exercise triggers molecular and cellular changes—such as altered calcium levels, change in pH, and hypoxia—in

tissues.
2
 This causes a cascade of events that eventually results in the tissues releasing exerkines, which act on

distinct target cells.

Exerkines Act on Cells of Their Origin, Nearby, and Distant Cells

Some exerkines act in an autocrine manner on the tissues that secrete them. For instance, when researchers probed

the role of some muscle-derived exerkines like IL-6 and apelin using mouse models, they discovered that these

molecules improve metabolism, promote mitochondrial biogenesis, or act on stem cells to enhance muscle

function.
8,9

Soon after establishing IL-6 as a myokine, the group that made this discovery injected it in humans to determine its

mode of action. Their studies revealed its paracrine effect—on cells surrounding the tissue of origin—as it increased

lipid breakdown in adipose tissue.
10 

 Around the same time, other research groups showed that several other

exerkines have a paracrine effect on nearby tissues. 

Continue reading below...

Physiology

An Exercise-induced Liver Enzyme Boosts

Metabolism

Read More

Aside from autocrine and paracrine functions, researchers have found that exerkines can also act on distant organs.

During their studies, Tarnopolsky and his team observed that people who exercised had better skin than those with

sedentary habits. They obtained biopsies from volunteers to investigate the molecular mechanism behind this.

“When you did the skin biopsy with the punch in the athletes, it was crunching [like] an apple, like it felt firm,”

recalled Tarnopolsky. “[While] in the sedentary people, the biopsy needle would twist and spin because the dermis

was not very intact.”

To investigate the molecular mechanism underlying skin health in athletes, the team extracted blood from the two

groups of people. They found that exercise induced the secretion of IL-15 from muscles.
11

 When they treated skin

fibroblasts with this exerkine, they observed an increase in mitochondrial biogenesis, which improved overall tissue

health. 
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Skin is not the only distant tissue that muscle-derived exerkines act on. Recent experiments with animal models

revealed that exerkines such as irisin drive the cognitive benefits of exercise by acting on cells in the nervous

system.
12

Liver, Bones, and Fat Tissues Also Secrete Exerkines

As interest in the field grew, studies from humans, mouse models and cultured cells provided an important insight

about these molecules: Tissues other than the muscle secreted exerkines. 

Independent studies revealed that tissues such as the liver, adipose tissue, bones, and the brain secrete molecules in

response to exercise. Diving deeper into the effects of these molecules, researchers discovered that exerkines act on a

variety of tissues including the liver, gut, heart, and organ systems such as nervous, endocrine, and immune

systems.
1
 

These discoveries highlight that multiple organ systems produce exerkines and are influenced by them, which may

contribute to the highly variable response to exercise. Exerkines, at least in part, mediate this immensely complex

inter-organ crosstalk, which ultimately lead to the systemic effects of exercise. 

Exerkines in the Clinic and Human Health

Understanding the role of exerkines can provide clarity about what drives the overall health benefits of exercise. In

addition to this, Chow believes that profiling exerkines in people can provide a personalized medicine approach to

exercise. “We do know that people have different responsiveness to exercise,” she said. While some people benefit

from a particular form of exercise, it may not have an effect on others.
13

 Understanding which exerkines people will

benefit from can help physicians tailor training programs accordingly, or predict the result of practicing a particular

exercise form, she said. 

As researchers increasingly highlight the role of exerkines and their biological effects, people have wondered

whether these molecules could be harnessed to mimic the benefits of exercise in individuals. However, Tarnopolsky

does not believe that this is feasible.

In contrast to pharmacological therapies, exercise effects are not restricted to a specific target, so pinpointing one

potentially helpful molecule is unrealistic, he noted. “To mimic exercise, I don't think a single molecule is going to

cut it. It's not IL-15, it's not IL-6, it's not apelin, it's not irisin, it's everything together in the context of exercise.”

Although this can be valuable for people who are limited in their exercise capacity or those with diseases,

Tarnopolsky believes that ‘exercise in a pill’ is a myth. Nature has selected for exercise to confer a biological

advantage and trying to capture the benefits of exercise in a single molecule would be going against millions of years

of evolution, he said. “I think you’re going to have a hard time beating it.”

Continue reading below...
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