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Abstract

We present here evidence for the existence of a new type of interstitial cell in human myocardial sleeves of pulmonary veins: interstitial
Cajal-like cell (ICLC). This cell fulfils the criteria for positive diagnosis of ICLC, including CD 117/c-kit positivity. Transmission electron
microscopy revealed typical ICLC with 2 or 3 very long processes (several tens of mm) suddenly emerging from the cellular body. Also,
these processes appear moniliform but extremely thin (0.1-0.4 mm) under the resolving power of the usual microscopy. Cell processes
establish close spatial relationships between each other, as well as with capillaries and nerve endings. ICLC appear located among the
myocardial cells and particularly at the border between the myocardial sleeve and pulmonary vein wall.
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A new type of interstitial cell, with ultrastructural features similar  interstitial cells of Cajal (ICC), has been depicted in a variety of
to the known pacemaker cells of the gastrointestinal tract, the other tissues and organs [1-3]. Although the ICC have been
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Fig. 1 Human pulmonary vein. Immunohistochemistry shows

'_3 i g = + s 4 CD117/c-kit positive interstitial cells that create a string between the
L = ‘Il@'n myocardial sleeve and pulmonary vein wall (arrows). Mayer’s haema-
el - ® o = o toxylin counterstain.
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Fig. 2 Human pulmonary vein. Specimen processed for transmission elec-
tron microscopy (glutaraldehyde/osmium fixation, Epon embedding, ultra-
microtomy, semithin sections ~1pm), but stained with toluidine blue and
examined under light microscope. Cross-sections of myocardial cells.
(A) Interstitial cell (arrowhead) with long and thin processes (dashed line)
located among the myocardial cells. (B) Interstitial cell (arrowhead) between
the myocardial sleeve and pulmonary vein wall. This cell with long and thin
processes (marked with dashed line) is close to the myocardial cells.

presumed to exist in the heart almost 100 years ago [1], the
presence of cells similar to them, the so-called interstitial Cajal-
like cells (ICLC), in the human myocardium was demonstrated by
transmission electron microscopy 2 years ago [4-7].

It is well accepted that bursts of spontaneous activity in the
myocardial sleeves (MS) of the pulmonary veins (PV) can initiate
atrial fibrillation [8-12]. Circumferential pulmonary vein ablation
provides better recurrence-free survival than antiarrhythmic drug
therapy [11] and this substantiates the existence of a structural
link between the atrium and PV responsible for atrial fibrillation
initiation. In this context, we presumed that the atrial network of
ICLC [4, 6] could extend into the MS of PV.

Small tissue specimens of pulmonary veins were obtained during
surgery from three patients without atrial fibrillation who were admitted
for cardiac surgery. This study was approved by the Institutional Ethics
Committee, and written informed consent was obtained from patients.
Three other specimens (larger sections) were obtained at autopsy.
Immunohistochemistry on human pulmonary veins was performed on
3-mm thick sections from 10% formalin fixed paraffin-embedded
specimens using polyclonal CD117 (1:100, DAKO, Glostrup, Denmark)
as previously described [6]. Small tissue samples were processed for
transmission electron microscopy (TEM) as previously described [4-7].
Digital electron micrographs were recorded with Morada CCD camera
and iTEM software (Olympus Soft Imaging Solutions GmbH) on Philips
CM12 electron microscope. Computer-based, digitally coloured images
were prepared using Adobe Photoshop.

Immunohistochemistry revealed relatively numerous CD117/c-kit
positive cells with ICLC morphology and preferentially positioned
between atrial myocardial sleeve and pulmonary vein wall (Fig. 1).
Isolated ICLC have been observed among myocardial bundles
(Fig. 1).

Light microscopy of semithin sections stained with toluidine
blue showed that interstitial cells with (very) long and thin processes
are located among myocardial cells (Fig. 2A) and in between the
MS and PV wall (Fig. 2B). We would like to emphasize that (as far

Fig. 3 Myocardial sleeve of human pulmonary vein. TEM image corresponding to that shown in Fig. 2A. An interstitial Cajal-like cell (ICLC), computer
coloured in blue, is located between myocardial cells. Atrial myocardial cells (M) are easily recognized due to their specific granules (arrows). Note
longitudinal (*) and cross-sectioned (**) collagen fibrils in the interstitial space.

1778

© 2008 The Authors

Journal compilation © 2008 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd



J. Cell. Mol. Med. Vol 12, No 5A, 2008

indBrsgial

space

Fig. 4 Human pulmonary vein. (A) Digitally coloured TEM micrograph of an area similar to that shown in Fig. 2B. Several interstitial Cajal-like cells
(ICLC), highlighted in blue, are located in the interstitium between the pulmonary vein wall and the myocardial sleeve. Insets: ICLC processes have inter-
mediate filaments (**) parallel with the long axis of the cell and caveolae (arrows) along the cell membrane. (B) Details of ICLC 2 from Fig. 4A (above)
showing the overlapping of processes in a ‘sheath’ on the pulmonary vein side.

as we know) cell processes with 30-50-70 mm length are to be  wm), thin and moniliform cell processes (Figs. 3-6); (iii) close
found only for nerve cells. However, ICLC are not neurons. vicinity to nerves (Fig. 6) and blood vessels (Figs. 5 and 6); (iv)

TEM analysis showed that these cells fulfil ultrastructural diag-  specialized cell-to-cell junctions; (v) caveolae (Fig. 4 inset); (vi)
nostic criteria for ICLC [2, 5, 6]: (/) location in the connective  organelles: mitochondria (about 5% on cytoplasmic volume),
interstitium (Figs. 3-6); (/i) characteristic long (several tens of  relatively well developed smooth and rough endoplasmic reticulum;
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Fig. 5 Myocardial sleeve of human pulmonary vein.
Transmission electron micrograph shows an inter-
stitial Cajal-like cell (ICLC) with three thin processes
that run close to myocardial cells (M) and vascular
smooth muscle cells (VSMC). The ICLC processes
are narrow at the emergence points (arrowheads)
from cellular body. Attachment plaques (arrows) link
ICLC with the extracellular matrix.
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(vif) intermediate (Fig. 4 inset) and thin filaments, microtubules
and undetectable thick filaments.

Ultrastructural analysis of the MS showed that, like in the atrium
[4, 6], ICLC connect with each other in an interstitial three-dimen-
sional network and run around blood vessels, nerves, and
myocardial cells with different orientations (Figs. 3 and 5). One of
the most intriguing aspects is that the ICLC were preferentially
located at the internal limit of the MS, parallel with the long axis of
the PV (Figs. 1 and 4). An incomplete cellular sheath formed by the
overlapping ICLC processes seems to border the internal surface of
MS and separate it from the PV wall (Fig. 4).

We observed that ICLC have a special relationship with nerve
fibres in the atrial sleeves of the PV (Fig. 6). The distance between
ICLC and nerves was often less than 100 nm (Fig. 6) and this falls
within the molecular interaction range. We also found contact
points between ICLC and myocardial cells (without specialized

Fig. 6 Myocardial sleeve of human pulmonary vein. Digitally coloured
electron micrograph emphasizes the relationships between the interstitial
Cajal-like cells (ICLC; blue), nerves (green) and blood capillary (brown-
ish). Note an ICLC process running close to myocardial cells (M), nerve
fibres and a blood capillary.
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junctional structures) and attachment plaques connecting ICLC to
the extracellular matrix (Fig. 5).

Ectopic beats appear to originate from the myocardial sleeves
of the pulmonary veins, which are source of arrhythmogenic activ-
ity involved in the initiation of atrial fibrillation [11, 12]. In this con-
text, it is essential to point out that interstitial cells identical with
ICLC described in atrium [4, 6] or ventriculum [5] are present in
the interstitium of the myocardial sleeves of the pulmonary veins.
The ICLC seem distinct type of interstitial cells with characteristic
long and thin cytoplasmic processes, which form an interstitial
cellular network connecting cardiomyocytes, nerves, blood ves-
sels and interstitial immune cells [2, 4-7]. These studies suggest
that the ICLC form a tissue-wide network at the level of the
myocardium and may have important and so far unsuspected inte-
grative functions at the level of the cardiac tissue. It may be spec-
ulated that ICLC may be involved in immune surveillance. Also,
they may be identified with the so-called ‘stromal mesenchymal
stem cells’ or could be precursors of several cell types (e.g. ICC,
smooth muscle cells and fibroblasts) [13].

J. Cell. Mol. Med. Vol 12, No 5A, 2008

This newly described type of cell, ICLC, could be a hidden
player in the mechanisms of atrial fibrillation. It is tempting to
presume that these ICLC act as mechanoreceptors. ICLC may
have a role in tensional integration of the tissue [14], consider-
ing their characteristic ultrastructure (extremely long and con-
torted processes with intermediate filaments and microtubules
parallel to the long axis of the cell, attachment plaques connect-
ing it to the extracellular matrix), and their particular distribution
in between the MS and PV wall. The pulmonary veins are sub-
jected to stretch from pulsatile blood flow and stretch-induced
anionic and cationic currents have been demonstrated that are
functionally present in the cardiomyocytes of the main pul-
monary veins of rabbits [15]. Therefore, these ICLC could be a
key factor in cardiac response to the mechanical stretch induced
by the blood flow in the pulmonary veins under normal and/or
pathological conditions.
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