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The healthy heart is heavily populated with fibroblasts. The

mouse heart contains 56% cardiomyocytes, 27%

fibroblasts, 7% endothelial cells, and 10% vascular smooth

muscle cells, based on a study where hearts were enzymati-

cally digested and the cells immunolabeled and sorted

according to fluorescence, FACS (Banerjee et al. 2007).

Another study from rat heart reports only 30–35% car-

diomyocytes and 65–70% nonmuscle cells (Nag 1980).

Despite their high numbers, the fibroblasts constitute less

than 25% of the mass of the heart, and the majority of the

mass comprised cardiomyocytes (Vliegen et al. 1991). The

relative size of the fibroblasts is small; cell sizes measured as

electrical capacitance are approximately 15 pF for freshly

isolated fibroblasts (Poulet et al. 2016) compared to 90 pF

atrial cells and 190 pF of ventricular cells (Calloe et al.

2013). The cardiac fibroblasts secrete the majority of the

extracellular matrix proteins, like collagens, laminin, pro-

teoglycans, and fibronectin, and are pivotal for keeping the

three-dimensional structure of the heart.

Myofibroblasts are fibroblasts that are expressing actin

and myosin. Fibroblasts are continuously adapting to

their environment, and especially mechanical stimuli will

modulate the expression of these contractile proteins. Not

all agree on a sharp separation between the fibroblast and

the myofibroblast and take the view that the fibroblast is

a dynamic cell type that can express various amounts of

actin and myosin, suggesting that the transition into

myofibroblast is not a differentiation of the cell. Myofi-

broblasts are not found in the healthy heart, but they play

a key role in the reparative fibrosis and scarring after

myocardial infarction (Souders et al. 2009).

Fibroblasts secrete the extracellular matrix and can

thereby affect cardiac electrophysiology by separating

strands of cardiomyocytes with interstitial fibrosis. This

causes a regionally reduced conduction velocity.

Functional coupling between fibroblasts and cardiomy-

ocytes has not been shown in human tissue; however, in

animal models and cell cultures, it has been demonstrated

that fibroblasts and cardiomyocytes can couple electrically

to each other (Camelliti et al. 2004). This can affect the

electrical properties of the cardiomyocytes, both passively

and actively. The passive effects are due to the resistive

and capacitive load on the cardiomyocyte. Fibroblasts are

electrically nonexcitable (i.e., they do not make action

potentials), but they have a high membrane resistance,

and efficient coupling to a cardiomyocyte causes a dilu-

tion of the current density when membrane area increases

without an increase in the number of ion channels. More-

over, fibroblasts may actively affect the action potential

shape in cardiomyocytes (Camelliti et al. 2005; Kakkar

and Lee 2010). Compared to cardiomyocytes, the fibrob-

lasts have a less negative membrane potential (�50 to

�10 mV; Kohl and Gourdie 2014), so when the fibrob-

lasts are coupled to cardiomyocytes, depolarization of the

cardiomyocytes will generate a flow of gap junctional cur-

rent into the fibroblasts. This causes activation of voltage

gated outward K+ currents in the fibroblasts, which may

shorten the action potential in the cardiomyocyte. The

less negative potential of the fibroblasts can in turn depo-

larize the coupled cardiomyocyte during diastole. The

effect of this depolarization on cardiomyocyte excitability

is complex. A slight depolarization can bring the potential

closer to threshold for action potential firing, resulting in

triggered activity, but will more likely result in sodium

channel inactivation and thereby slow depolarization dur-

ing the action potential. The increased capacitive load

after coupling will also contribute to diluting the depolar-

ization force of the cardiomyocyte. Thus, the fibroblasts

may be an important component of the cardiac syncytium

in disease, where fibroblast–cardiomyocyte coupling will

reduce conduction velocity and potentially render the car-

diomyocytes unexcitable. The impact of fibroblasts on

cardiac electrophysiology depends on (1) how well the

cells are coupled; and (2) the electrical properties of the

fibroblast. Yet, all these parameters are not fully investi-

gated in vivo, and the functional importance of fibrob-

last–cardiomyocyte coupling still needs to be established

in both healthy and diseased human hearts.
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Dr. Poulet and colleagues have elegantly probed the

electrophysiological properties of human atrial fibroblasts

from patients in normal sinus rhythm and in chronic

atrial fibrillation (Poulet et al. 2016). Atrial fibrillation is

the most common cardiac arrhythmia and it significantly

affects morbidity and mortality. Just over half of the iso-

lated fibroblasts were characterized as myofibroblasts and

this fraction was comparable in sinus rhythm and atrial

fibrillation biopsies. However, significantly fewer cells were

obtained from atrial fibrillation samples, and during cul-

ture of the isolated cells, the fibroblasts from patients with

atrial fibrillation proliferated less and had lower migratory

activity. Next, the authors not only measured ion currents

in fresh fibroblasts, but also cultured the fibroblasts to

probe the degree of fibroblast remodeling ex vivo. The

membrane capacitance was not different in freshly isolated

sinus rhythm and atrial fibrillation fibroblasts. A large

time-dependent remodeling in both cell sizes as well as

electrophysiological properties was noted after culture. For

freshly isolated atrial fibroblasts, there were tendencies for

larger inward and outward currents in cells from patients

with atrial fibrillation; however, current amplitudes were

substantially variable in the freshly isolated cells and the

differences did not reach statistical significance. The

authors suggest that nonselective cation TRP channels

could be responsible for the currents observed in the

freshly isolated fibroblasts, and it has previously been

shown that TRP channels have a role in the activation of

fibroblasts and they are upregulated in fibroblasts from

fibrillating atria (Du et al. 2010; Harada et al. 2012).

Why were the fibroblast yield smaller and their prolif-

erative capacity poorer when the samples came from fib-

rillating atria? Poulet et al. report significant differences

in Na+ and K+ currents in sinus rhythm and atrial fibril-

lation fibroblasts after weeks in culture (Poulet et al.

2016), but how does this relate to fibroblast remodeling

in situ? These questions highlight the need for more stud-

ies of the electrophysiological properties of freshly isolated

atrial fibroblasts.

How can insights into fibroblast electrophysiology

help us understand the progression of atrial fibrillation

and suggest novel treatment modalities? Focal ectopy

and re-entry are the arrhythmogenic mechanisms under-

lying AF initiation and maintenance. The presence of

atrial fibrillation, even for a short time period, signifi-

cantly affects the atrial electrical properties, augmenting

the likelihood of both focal activity and re-entry. Thus,

atrial fibrillation promotes more atrial fibrillation, until

the brief bouts of arrhythmia becomes chronic atrial fib-

rillation (Wijffels et al. 1995). Both the presence of

fibroblasts and the presence of fibrosis in the atria have

impact on conduction velocity in the atria. Reduced

conduction velocity sets the stage for re-entrant circuits

making atrial fibrillation all the more likely. However, it

is clear that fibroblasts and fibrosis in the atria promotes

atrial fibrillation, it is much more unclear whether the

opposite takes place: Does atrial fibrillation promote the

proliferation of fibroblasts, coupling to myocytes and

deposition of fibrosis?

The physiological importance of the electrical coupling

between cardiomyocytes and fibroblasts still needs to be

established in patients. It is important to gain a better

quantitative and qualitative understanding of the electro-

physiology of freshly isolated fibroblasts as well as the

strength of coupling between fibroblasts and cardiomy-

ocytes in vivo. Weak coupling to a single fibroblast may

have a negligible effect, whereas strong coupling to multi-

ple fibroblasts could have a large effect on the electro-

physiology of the cardiomyocyte. Both electrophysiology

of fibroblasts as well as coupling strength could be

affected by disease and the fibroblast proliferation, activ-

ity, as well as the coupling between fibroblasts and car-

diomyocytes may offer potential new targets for

pharmaceutical intervention.

Conflict of Interest

None.

References

Banerjee, I., J. W. Fuseler, R. L. Price, T. K. Borg, and T. A.

Baudino. 2007. Determination of cell types and numbers

during cardiac development in the neonatal and adult rat

and mouse. Am. J. Physiol. Heart Circ. Physiol. 293:H1883–
H1891.

Calloe, K., R. Goodrow, S.-P. Olesen, C. Antzelevitch, and J.

M. Cordeiro. 2013. Tissue-specific effects of acetylcholine in

the canine heart. Am. J. Physiol. Heart Circ. Physiol. 305:

H66–H75.

Camelliti, P., C. R. Green, I. LeGrice, and P. Kohl. 2004.

Fibroblast network in rabbit sinoatrial node: structural and

functional identification of homogeneous and heterogeneous

cell coupling. Circ. Res. 94:828–835.

Camelliti, P., T. K. Borg, and P. Kohl. 2005. Structural and

functional characterisation of cardiac fibroblasts. Cardiovasc.

Res. 65:40–51.
Du, J., J. Xie, Z. Zhang, H. Tsujikawa, D. Fusco, D. Silverman,

et al. 2010. TRPM7-mediated Ca2 + signals confer

fibrogenesis in human atrial fibrillation. Circ. Res. 106:992–

1003.

Harada, M., X. Luo, X. Y. Qi, A. Tadevosyan, A. Maguy, B.

Ordog, et al. 2012. Transient receptor potential canonical-3

channel-dependent fibroblast regulation in atrial fibrillation.

Circulation 126:2051–2064.
Kakkar, R., and R. T. Lee. 2010. Intramyocardial fibroblast

myocyte communication. Circ. Res. 106:47–57.

2016 | Vol. 4 | Iss. 3 | e12711
Page 2

ª 2016 The Authors. Physiological Reports published by Wiley Periodicals, Inc. on behalf of

the American Physiological Society and The Physiological Society.

Editorial



Kohl, P., and R. G. Gourdie. 2014. Fibroblast-myocyte

electrotonic coupling: does it occur in native cardiac tissue?

J. Mol. Cell. Cardiol. 70:37–46.
Nag, A. C. 1980. Study of non-muscle cells of the adult

mammalian heart: a fine structural analysis and distribution.

Cytobios 28:41–61.
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