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At present, the so-called interstitial cells of Cajal
(ICC) are quite well described ultrastructurally

and immunocytochemically [1–6]. Moreover,
these ICC are implicated in rhythmicity and neu-
ral control of gastrointestinal smooth muscle
[7, 8]. However, cells similar to ICC could be
present outside the musculature of the gastroin-
testinal tract [9] and we called them interstitial
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Abstract
We have previously described interstitial Cajal-like cells (ICLC) in human atrial myocardium. Several complemen-
tary approaches were used to verify the existence of ICLC in the interstitium of rat or human ventricular myocardi-
um: primary cell cultures, vital stainings (e.g.: methylene blue), traditional stainings (including silver impregnation),
phase contrast and non-conventional light microscopy (Epon-embedded semithin sections), transmission electron
microscopy (TEM) (serial ultrathin sections), stereology, immunohistochemistry (IHC) and immunofluorescence
(IF) with molecular probes. Cardiomyocytes occupy about 75% of rat ventricular myocardium volume. ICLC repre-
sent ~32% of the number of interstitial cells and the ratio cardiomyocytes/ICLC is about 70/1. In the interstitium,
ICLC establish close contacts with nerve fibers, myocytes, blood capillaries and with immunoreactive cells (stromal
synapses). ICLC show characteristic cytoplasmic processes, frequently two or three, which are very long (tens up to
hundreds of μm), very thin (0.1–0.5μm thick), with uneven caliber, having dilations, resulting in a moniliform aspect.
Gap junctions between such processes can be found. Usually, the dilations are occupied by mitochondria (as revealed
by Janus green B and MitoTracker Green FM) and elements of endoplasmic reticulum. Characteristically, some pro-
longations are flat, with a veil-like appearance, forming a labyrinthic system. ICLC display caveolae (about 1 cave-
ola/1μm cell membrane length, or 2–4% of the relative cytoplasmic volume). Mitochondria and endoplasmic reticu-
lum (rough and smooth) occupy 5–10%  and 1–2% of cytoplasmic volume, respectively. IHC revealed positive stain-
ing for CD34, EGFR and vimentin and, only in a few cases for CD117. IHC was negative for: desmin, CD57, tau,
chymase, tryptase and CD13. IF showed that ventricular ICLC expressed connexin 43. We may speculate that pos-
sible ICLC roles might be: intercellular signaling (neurons, myocytes, capillaries etc.) and/or chemomechanical sen-
sors. For pathology, it seems attractive to think that ICLC might participate in the process of cardiac repair/remod-
eling, arrhythmogenesis and, eventually, sudden death.
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Cajal-like cells (ICLC). Indeed, such ICLC have
been described recently in various extradigestive
organs, under different denominations [10–23].  

In myocardium, almost always attention was
focused on working cardiac myocytes, in spite of
a high connective tissue/muscular tissue ratio
[24]. Until recently, there were no attempts to
look for ICLC among muscular cells resident in
the myocardial interstitium. However, we
described in human atrial myocardial interstitium,
using TEM and immunohistochemistry, a cell
type similar to ICLC [25, 26]. We also reported
preliminary evidence about the presence of ICLC
in rat ventricular interstitium [25]. 

The major aim of this study was to provide
extensive direct evidence on  the morphological
features of ICLC in rat and human ventricular
myocardium and to quantitatively estimate the
relationships of ventricular ICLC with contract-
ing cells.

Material and methods

Animal tissue samples
Tissue samples were collected from male Wistar rats
weighing 200–250g after animals were euthanized
with an overdose of anesthetic. All rats were housed in
a local facility for laboratory animal care and held, fed
ad libitum on stock diet, according to the local ethical
guidelines. This study was approved by the Bioethics
Committee of the “Victor Babes” Institute of
Pathology, Bucharest, according to generally accepted
international standards.

Human tissue specimens
For immunohistochemistry, histologically normal por-
tions of paraffin-embedded archived tissue, from
either left or  right ventricular myocardium, derived
form 10 necropsy cases were used.

Thin-section microscopy (TSM)
Control semi-thin sections (less than 1 μm) were
stained with 0.25% toluidine blue and examined by

light microscopy (Nikon Eclipse E600). Represen-
tative photomicrographs were taken using Nikon Plan
40x and Nikon Plan Fluor 100x/1.30 oil.

Electron microscopy (TEM)
Tissue samples from both right and left ventricles were
obtained and processed, as previoulsy described, for
ultrastructural studies [25, 26].

In brief, tissue specimens (about 1 mm3) were fixed
in 4% glutaraldehyde (in 0.1 M cacodylate buffer), pH
7.3, for 4 h, at 4oC. After a brief wash in 0.1 M cacody-
late buffer (CB), tissue samples were post-fixed with
1% osmium tetroxide in 0.1 M CB, pH 7.3, at 4oC, fol-
lowed by dehydration in a graded series of ethanols.
An alternative method to fix the myocardial tissue by
perfusion was used too. After impregnation in propy-
lene oxide, the samples were immersed overnight in a
mixture of propylene oxide and Epon 812 resin, and
embedded in Epon 812, as usually. Ultrathin sections
were cut using a MT-7000 ultramicrotome (Research
Manufacturing Company Inc., Tucson, AZ, USA) or a
Leica ultracut UCT ultramicrotome (Leica
Microsyteme Gmbh, Austria). Sections (50 nm) were
collected on Formvar-coated copper grids, stained with
uranyl acetate and lead citrate, and observed, at an
acceleration voltage of 60 kV, in either a CM 12
Philips, a CM 301 Philips or a Leo 912 Omega electron
microscope.

Stereology and morphometry 
Random photomicrographs on one-micron thick sec-
tions were taken using Nikon Plan Fluor 100x/1.30 oil
and used for quantitative and morphometric analysis of
ICLC (e.g. total and relative number of cells, number
and length of processes etc.). The quantitative evalua-
tion of ICLC ultrastructural characteristics (relative
volumes) was performed using the point-counting test
[27]. Measurement of ICLC processes was performed
on electron micrographs using NIH ImageJ software
after proper calibration in Adobe Photoshop.   

Immunohistochemistry
IHC was performed on formalin-fixed, human paraf-
fin-embedded tissue sections by the avidin-biotin per-
oxidase complex method [28, 29]. The primary anti-
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Fig. 1 A, B Digitally-colored electron micrograph of rat ventricular myocardium. A. Interstitial Cajal-like cell (ICLC)
with a few cisternae of rough endoplasmic reticulum (rER - yellow), caveolae (arrows), intermediate filaments (*),
microtubules (arrowhead) and two, 0.1μ thick, cytoplasmic processes. Note that the prolongations starting from the cell
body are very thin (slender) from the very beginning ( ). This is a criterion to differentiate ICLC from fibroblasts.  Note
the gap junction between the ICLC and a cellular process of another ICLC (round mark). B. Fibroblast having indented
nucleus, rER with dilated cisternae (yellow) and Golgi complexes (G). Scale bar = 1 μ.  Inset: Light microscopy.
Possible ICLC stained with toluidine blue in human ventricular myocardium (archived necroptic material). 
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bodies used were as follows: CD117/c-kit, polyclonal,
1:100 (DAKO, Glostrup, Denmark), CD34, monoclon-
al, 1: 100, clone QBEND10 (Biogenex, San Ramon,
CA, USA), EGF-R, monoclonal, 1:1000, clone 29.1
(Sigma, St. Louis, MO, USA), vimentin, monoclonal,
1:100, clone V-9 (BioGenex, San Ramon, CA, USA),
smooth muscle α-actin (SMA), monoclonal, 1:1500,
clone 1A4 (Sigma Chemical, St. Louis, MO, USA),
tau protein, polyclonal, 1:100 (NeoMarker, Fremont,
CA, USA), nestin, monoclonal, 1:100, clone 5326
(Santa Cruz, CA, USA), desmin, monoclonal, 1:50,
clone D33 (Dako, Glostrup, Denmark), CD13, mono-
clonal, 1:40, clone 38C12 (Novocastra, Newcastle
upon Tyne, UK), S-100, polyclonal, 1:500 (DAKO,
Glostrup, Denmark), chymase, monoclonal, 1:100,
clone CC1 (NeoMarkers, Fremont CA) and tryptase
monoclonal, 1:100, clone AA1 (NeoMarkers, Fremont
CA) .

Immunofluorescence (IF)
Immunofluorescent staining was performed using a
protocol adapted after Mora et al. [30]. Cells grown
on coverslips were fixed using 2% paraformaldehyde

for 10 minutes at room temperature, then washed in
PBS and permeabilized in PBS containing 0.5%
bovine serum albumine (BSA) and 0.075% saponine
(PBSSA), for 15 min. Anti-connexin 43 primary anti-
bodies (1:50, clone H150, Santa Cruz CA, USA) were
applied for 1 h, at room temperature. Polyclonal
FITC-labeled goat anti-mouse antibodies (working
dilution 1:100, BD Pharmingen, San Jose, CA, USA)
were used to detect the primary immune reaction.
Finally, nuclei were counterstained with 1 μg/ml
Hoechst 33342 (Sigma Chemical, St. Louis, MO,
USA), and samples examined under a Nikon TE300
microscope equipped with a Nikon DX1 camera,
Nikon PlanApo 40x and 60x objectives, and the
appropriate fluorescence filters. Negative controls
were prepared following the same protocol, but omit-
ting the primary antibodies.

Ventricular interstitial-cell isolation protocol
Male Wistar rat (4 weeks) was killed by cervical dislo-
cation. Hearts were removed and immediately placed
in Dulbecco’s Modified Eagle’s Medium (DMEM),
then disected and repeatedly washed with DMEM sup-
plemented with 100 UI/ml penicillin, 0.1 mg/ml strep-
tomycin, and 0.25 μg/ml amphotericin (Sigma
Chemical, St.Louis, MO, USA). After mechanical
removal of pericardium and endocardium, the remain-
ing ventricular  tissue was minced in fragments of
about 1 mm3, rinsed and incubated on an orbital shak-
er for 30 min, at 37oC, with 1.5 mg/ml collagenase
type Ia (Sigma Chemical, St.Louis, MO, USA) in PBS.
Dispersed cells were separated from non-digested tis-
sue by filtration through a 40 μm diameter cell strain-
er (BD Labware, San Jose, CA, USA), collected by
centrifugation at 250g, and resuspended in a 1:1
DMEM:Ham’s Nutrient F-12 mixture, supplemented
with 10% fetal calf serum, 1.5 mM HEPES, 100 UI/ml
penicillin, 0.1 mg/ml streptomycin and 0.25 μg/ml
amphotericin. Cell density was counted in a haemocy-
tometer and viability was assessed using the Trypan
blue exclusion test. Cells were  distributed on glass
coverslips into 24-well plates (BD Labware, San
Jose,CA, USA) at a density of 1.5x104 cells/cm2, and
maintained at 37oC, in a humidified atmosphere (5%
CO2 in air) until becoming semi-confluent (usually 4
days after plating). 
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Fig. 2 Chart representing the relative volumes (%)
occupied by cell populations in rat ventricular
myocardium. 20 randomly taken photographs of semithin
sections stained with toluidine blue were analysed.

17.1% Extracellular matrix

3% Endothelial cells

0.25% Mast cells
1.5% Fibroblasts 

1.05% Other interstitial cells
1.1% ICLC

76% Ventricular myocytes
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Fig. 5 Several retracted veil-like cytoplasmic extensions belonging to ICLC, containing free ribosomes, a few
mitochondria, caveolae and enlarged sER. Note that the cytoplamic processes are slender at their emergence point
(arrowhead). The cells are placed in a collagen fibers meshwork. coll = collagen; N = nucleus. Scale bar = 1 μm.
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Fig. 4 ICLC extensions (ICLC) with a typical labyrinthine feature in apposition with the basal lamina of a ven-
tricular myocyte (VM). mito = mitochondria; VM = ventricular myocyte; MF = myofilaments; ss = subsarcolem-
mal vesicles. Scale bar = 1 μm. 
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Fig. 3 A–F Rat ventricular myocardium. Toluidine blue stained ICLC among working cardiomyocytes and cap-
illaries. Long, ICLC thin processes, delineated by red dotted lines, in close vicinity with capillaries. cap = capillary,
VM = ventricular myocyte. Scale bars = 10μm.
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Fig. 6 A,   B Longitudinal section through ventricular muscle fibers.  A.  A 20μm long ICLC process (blue) running parallel
with the basal lamina of a ventricular myocyte overlapping with a 3μm short ICLC process. B. Long thin, 28μm long, ICLC cyto-
plasmic extension  (blue) in the vicinity of a longitudinally sectioned ventricular muscle cell. Numerous caveolae are placed along
ICLC process (about 1 caveola / 1μm length). mito = mitochondria.  Scale bar = 1μm.
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Fig. 7 Cross section through ventricular muscle cells. A bipolar ICLC with cellular processes containing caveolae (arrowhead), microtubules (arrows) and few rER cis-
ternae. The long and μ thick citoplasmic process lies  on the basal lamina of the ventricular myocyte. VM - ventricular myocyte; End. - endothelial cell, L - capillary
lumen. Scale bar = 1 μm.
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Ventricular ICLC 
- length: 11.83 μm
- thickness: 0.16 ± 0.13 μm
- distance to myocyte: 0.65 ± 0.50 μm
- distance to capillary: 1.99 ± 0.69 μm

n

Ventricular ICLC
- length: 10.13 μm
- thickness: 0.14 ± 0.16 μm
- distance to myocyte: 0.34 ± 0.20 μm
- distance to capillary: 0.27 ± 0.12 μm

Ventricular ICLC: 
- length: 19.06 μm
- thickness: 0.20 ± 0.11 μm
- distance to myocyte: 0.20 ± 0.12 μm

Fig. 8 A and B - Two ICLC showing nuclei with few cytoplasmic organelles around, and thin, sin-
uous cytoplasmic veils with mitochondria (arrow). Both are placed in a  larger then usual intersti-
tial area, which provide them an intermediate profile between stretched and labyrinthine. 
VM - ventricular myocyte, End - endothelial cell, P - pericyte, n- nerve fibers. Scale bar = 1 μm.
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Ventricular ICLC: 
- distance to myocyte: 0.06 ± 0.03 μm
- distance to nerve fibers: 0.06 ± 0.04 μm
- distance to capillary: 0.10 ± 0.05 μm
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Fig. 9 Interstitial triangular cell
with short cytoplasmic extensions,
in close relations with amyelinic
nerves on one side, and an ICLC
extension on the other side. 
Inset - showing a small gap junc-
tions (round mark) that occurs
between ICLC processes.
VM - ventricular myocyte, End -
endothelial cells, P - pericyte,  S-
Schwann cell, a - axons.
Scale bar = 1 μm.
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Fig. 10 A,B Cross sections through rat ventricular
muscle cells and arterioles. A. Several cytoplasmic
ICLC veils in close apposition to each other, running
in the periarteriolar interstitial space. B. In the intersti-
tial area one can see three cytoplasmic ICLC exten-
sions  (ICLCp) converging to a contact point. 
VM - ventricular muscle cells, End - endothelial cell,
VSMC - vascular smooth muscle cells; RBC = red
blood cell; mito = mitochondria. Scale bar = 1 μm.
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VSMC

A B



439

J. Cell. Mol. Med. Vol 10, No 2, 2006

Fig. 11  A.B. - Close proximity of ventricular muscle cell (M), unmyelinated axons (a), ICLC processes (ICLC) and
fibroblast (F), S - Schwan cell. Scale bar = 1 μm.
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Fig.12 Digitally-colored electron micrograph. Large unmyelinated nerves (green - axons) placed in the interstitium
between muscle cells. The nerve fibers are surrounded by slender cytoplasmic extensions of the ICLC (blue). Note
the gap junctions (round mark) between ICLC processes. Scale bar = 1 μm. Inset - genuine photomicrograph.
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Silver impregnation on cell cultures was done as
follows: cells were fixed with paraformaldehyde 2%
for 10 min, at 4oC, washed 3 times in ethanol 80% and
then incubated with silver nitrate 20%, for 30 min.
Coverslips were then washed 3 times with water and
covered with paraformaldehyde 20% for 3 min and
then with amoniacal silver nitrate solution for 30 sec.
Slides were then washed in distilled water, fixed in
thiosulphate 5% and mounted in Entellan (Merck
KGaA, Darmstadt, Germany).

Vital stainings
Methylene blue vital staining. Cells were washed in
prewarmed phenol red-free DMEM (Sigma Chemical,
St. Louis, MO, USA), and incubated for 20 min, in a
0.02% methylene-blue solution, at 37oC. Methylene-
blue solutions with dilutions between 0.01–0.1% have

been tested and 0.02% was chosen as being optimal.
Cells were examined and photographed under a Nikon
inverted TE200 microscope equipped with a Nikon
DN-5 digital camera.

Janus green B vital staining. Cells in culture were
stained for 30 min in 0.02% Janus green B (Sigma
Chemical, St. Louis, MO, USA) in DMEM and main-
tained at 37°C, in a humidified atmosphere, 5% CO2 in
air. After repeated washes in DMEM, cells were exam-
ined under a heated object stage inverted Nikon TE200
microscope and photographed.

Giemsa staining. The 35 mm Petri culture-dishes
were emptied of the culture medium and cells were
stained with 0.4% Giemsa solution (Sigma Chemical, St.
Louis, MO, USA) in methanol and distilled water (pH
6.9), for 30 min, at room temperature.This method is not
a vital one, since the dye and the fixation agent

Ventricular ICLC: 
- distance to nerve fibers:  0.10 ± 0.03 μm
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ICLC

ICLC

Fig. 13 A. Relationship
between interstitial ele-
ments in ventricular
myocardium. A long
unmyelinated nerve
fiber (n) surrounds the
capillaries (cap) and
reaches in close prox-
imity with the ICLC. 

B. The ICLC thin
process emerges into
the space between ven-
tricular myocytes (VM).
Note that ICLC con-
tacts with axons (a)
and adjacent Schwann
cell (S) could take
place at the level of the
ICLC cellular body as
well (arrowhead).

Scale bar = 1 μm.
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ICLC

ICLC

Fig. 14 A-C.  Three serial, not consec-
utive sections showing an interstitial
pericapillary area with unmyelinated
axons  (a) and associated Schwann cell
(S) in apposition with an ICLC exten-
sion. It is obvious that the ICLC cyto-
plasmic veil interposes between nerves
and myocyte. Close apposition
between ICLC and Schwann cel is
round marked. While the ICLC profile
in A and B is continuous, in C it shows
some cytoplasmic discontinuities
meaning holes in the cytoplasmic veil.
VM - myocyte, End - endothelial cell. 
Scale bar = 1 μm.
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Inset from B showing a close apposi-
tion between ICLC cytoplasmic veil
and Schwann cell.
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Fig. 15 - Interstitial pericapillary area. Unmyelinated axons (a) and associated Schwann cell (S) in close apposition
(double arrow) with an ICLC process. The ICLC processes have gap junctions (arrows). Details in inset: a point
contact with a terminal axon filled with synaptic vesicles (arrowhead); the distance between ICLC and cardiomy-
ocyte (VM) is 30±5 nm (arrows). End - endothelial cell. Scale bar = 1 μm.
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Fig. 16 - Interstitial ventricular space containing two myocytes (VM), a blood capillary (End), axons (a)  and asso-
ciated Schwann cell (S), an ICLC process and a small junctional area in between (arrow). Scale bar = 1 μm
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Ventricular ICLC: 
- distance to myocyte:  0.11 ± 0.04 μm
- distance to nerve fibers: 0.10 ± 0.04 μm
- distance to capillary: 0.48 ± 0.22 μm
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Fig. 17 Lymphocyte-ICLC multicontact stromal synapse. The ICLC process is interposed between a myocyte
(VM) and a lymphocyte. Scale bar = 1 μm.  Inset- Details of the stromal synapse on two serial sections with 0.2 μ
in between showing several point contacts. 
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(methanol) are acting concomitantly on live cells. Cells
were washed three times in distilled water and examined.

Mitochondria labeling with MitoTracker Green FM
Cultures were labeled with MitoTracker Green FM
(Molecular Probes, Eugene, OR, USA), the lipophylic,
selective dye, which is concentrated by active mito-
chondria [31, 32]. Cells grown on coverslips were
removed from culture and incubated in phenol red-free

DMEM completed with 10% fetal calf serum and
antibiotic-antimycotic solution (Sigma Chemical, St.
Louis, MO, USA) in the presence of 80nM
MitoTracker Green FM. Cells were incubated for 30
min, at 37oC, in a humidified atmosphere (5% CO2 in
air), subsequently washed, and examined by fluores-
cence microscopy (450-490 nm excitation light, 520
nm barrier filter; Nikon TE200 microscope).

Synapse: - type: multicontact synapse (MS)
- length: 5.02μm
- cleft width: 0.11±0.09 μm
- contact points: 3 

0.11μm

0.05μm

0.157μm

0.03μm

0.239μm
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Fig. 18 A, B.  Two special approach zones between ICLC and ventricular muscle cells. A short ICLC cytoplasmic
protrusion, topped by a caveolae (in A), is directed to a sarcoplasmalemal depression. Scale bar = 1 μm.
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Ventricular ICLC: 
- minimal distance to myocyte:  0.106 μm

Ventricular ICLC: 
- minimal distance to myocyte:  0.155 μm
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Results 

Identification of ICLC in ventricular myocardial
interstitium was based on a set of complementary
morphological approaches. Each method was
exploited in order to provide data for either  the

positive or differential diagnosis for ICLC and
most of characteristic features were examined
comparatively (Fig. 1A, B). 

The distribution on cell types of cellular
population in ventricular myocardium is pre-
sented in Fig. 2 in terms of relative volume.

A B
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Methylene
blue vital
staining

MitoTracker 
Green FM

Living cells

Living cells

MitoTracker Green FM

Living cells

Living cells

Methylene blue
vital staining

ICLC

G

Fig. 19 A–G Rat ventricular myocardium. Interstitial
Cajal-like cells (ICLC) isolated in preconfluent prima-
ry culture (day 4) as seen in phase contrast microscopy
(A, C) and immunolabelled with a molecular probe for
mitochondria (MitoTracker Green FM) displaying a
strong staining at prolongation level (B, D). Janus
green B vital staining shows ‘beads on a string’ appear-
ance of ICLC processes (dilations housing mitochon-
dria) (E). Methylene blue vital staining of ICLC (F, G).
Note the selective darker staining of ICLC with very
long, moniliform processes. arrowheads = ICLC. Scale
bar = 10 μm.E

Janus green B 
vital staining
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Giemsa staining

ICLC

Giemsa staining
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Connexin 43

Connexin 43

silver 
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silver 
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B

Fig. 21 A–D Rat ventricular myocardium. Phase contrast microscopy of interstitial Cajal-like cells (ICLC) isolat-
ed in preconfluent primary culture (A, C). Micrographs of same optic fields illustrating immunofluorescence for
connexin 43 at ICLC level (cell body and cytoplasmic processes) (B, D). Scale bar = 10 μm.

Fig. 20 A–D Rat ventricular myocardium. Typical interstitial Cajal-like cells (ICLC) isolated in preconfluent pri-
mary cultureand stained in magenta with Giemsa method (A, B). Demonstration of ICLC by silver impregnation
(C, D) Scale bar = 10 μm.
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This chart is based on 20 random photomicro-
graphs on one-micron thick sections stained
with toluidine blue and used for quantitative
and morphometric analysis of ICLC (e.g. total
and relative number of cells, number and length
of processes etc.) (Fig 3 A-F). This technique
revealed the general morphology of ICLC: the
cell body and cytoplasmic processes. The close

vicinity with capillaries and working myocytes
is evident. 

Electron microscopy
In order to make ICLC more evident, some TEM
images obtained from rat ventricular ultrathin-
sections have been digitally colored (Figs. 1A,B;
6A, B; 7, 8A; 12; 13; 14B; 16; 18A). The ultra-

Fig. 22 A–E  Human ventricular myocardium.
Interstitial Cajal-like cells (ICLC) staining reactivities
using different antibodies; avidin-biotin detection
(A–E). 
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Subcellular component
Percentage of volume

ICLC 
(n = 9)

Fibroblasts 
(n = 9)

Nucleus 41.77% 45.36%

Heterochromatin * 29.99% 34.54%

Cytoplasm 58.23% 54.64%

Mitochondria 12.31% 11.48%

Rough endoplasmic reticulum 0.93% 7.89%

Smooth endoplasmic reticulum 1.38% 1.62%

Caveolae 0.93% 0

Table 1 Comparison of the relative volumes (% of cell volume) occupied by subcellular organelles of ICLC and of
fibroblasts in ventricular myocardium.

* % of nuclear volume

structural criteria for positive diagnosis, refined
as a ‘platinum standard’ [17] were examined for
each interstitial cell under study. All criteria were
fulfilled: 

1. numerous mithochondria (Figs. 6A, B; 8
A, B; 10 A; 11A,B; 12; 13; 14 A, B; 15;
16); 

2. presence of intermediate filaments (Fig.
1A); 

3. absence of thick filaments (Fig. 1; 3-18); 
4. presence of surface caveolae (Fig.  1A; 5;

6 A, B; 7, 18 A); 
5. variable basal lamina (Fig. 6A, B); 
6. contacts between ICLC and nerve bundles

(Fig.  9; 12); 
7. presence of smooth and rough endoplas-

mic reticulum (Fig. 5 ); 
8. close apposition with target cells (Fig. 9;

12; 14B, 17); 
9. specific target(s) in a given organ, e.g. for

myocardium: working myocytes (Fig. 4;
8A; 9, 11 A, B; 13; 16 ), nerve fibres (Fig.
9; 11A; 12; 16, 23 A, B), Schwann cells
(14 B; 16); capillaries (Fig. 8B; 9, 13; 14

A-C; 15) or larger arteriolar vessels (Fig.
10 A, B), other connective cells, e.g.
fibroblasts (Fig. 11B); Fig. 17 presents a
multicontact stromal synapse (‘kiss and
run’) with multiple contact points with a
cleft width of ~0.11um, and wider inter-
membrane distances (0.157-0.239um), as
reported previously in atrial myocardium
[26].

10. characteristic cell processes (Fig. 4; 5;
7A; 8AB; 10 A, B; 11 A,B); the character-
istic labyrinthic system of cell prolonga-
tion is evident in Fig. 4, 5, 8A, 10A.

The differential diagnosis with cardiac work-
ing myocytes is easiest, since the histological
appearance of the two cell types is very different.
The differential diagnosis between ICLC and
other interstitial cells may be sometimes be diffi-
cult. However, the following criteria allow the
distinction: a) cell shape: stellate (fig. 5); spindle-
shaped (Fig. 7) pyriform (Fig. 8 B), or triangular
(Fig. 9, 24 A, B); b) distinctive ultrastructure of
cell processes (particularly long thin processes,
sometimes moniliform, (Fig. 4; 5; 7A; 8AB; 10 A,
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Fig. 23, A and B - A little distant two serial sections through a pericapillary space containing an ICLC having close
interrelations with nerves. Comparing the two levels of the ICLC profile one can see differences in thickness and
foldings, thus helping to get a general idea on the cellular shape.

Fig. 24, A and B - Two serial, but not consecutive sections showing the close interrelation between an ICLC cyto-
plasmic veil and another interstitial cell. There are no sites of continuities or junctions between the two cells.
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B; 11 A,B), c) positioning in the interstitium
(close vicinity of intrinsic nerve fibers, capillar-
ies, myocytes or other connective cells) (Fig. 4,
8A, B; 9, 10A, B; 11A,B; 12; 13; 14A-C; 15-17.

ICLC profile around single or multiple
myocardial bundles, nerve fibers or capillaries
appears evident in Figs. 6A, B. However, less
such enclosing ICLC were observed in ventricu-
lum by comparison with atrial myocardium [25,
26]. Sometimes, a peculiar aspect of cell process-
es was observed, with a ‘wing of a bird’ appear-
ance (Fig. 18 A, B). Cardiomyocyte ultrastructure
was normal (Fig. 4;  8A; 9, 11 A, B; 13; 16 ).
ICLC show  characteristic 1–3 cell processes
(Fig. 4; 5; 7A; 8AB; 10 A, B; 11 A,B), with a
length of ten of micrometers (Fig. 4, 5, 6A, B), a
thickness of ICLC cell processes between ~ 0.12
μm (Fig. 5, 8A, B, 10 A) and 0.27 μm (Fig. 4).
Average distances from ICLC processes to
myocytes were similar with those observed in atri-
al myocardium {25, 26]: ~0.06 μm (Fig. 9),
~0.11-0.15 μm (Fig. 15, 18 A, B), ~ 0.20 μm (Fig.
6), ~0.27-0.29 μm (Fig. 4, 10B),  ~0.34 μm (Fig.
8B), 0.65 μm (Fig. 7) . Measured distances to
endothelial cells were: ~ 0.10 μm (Fig. 9, 10A)
1.99 μm (Fig. 8A); 0.34 μm (Fig. 8B); 0.48 μm
(Fig. 15). Similarly, distances toward nerve cells
were ~0.10 μm (Fig. 12). Typical labyrinthic sys-
tems of long cellular processes are presented in
Fig. 4, 5, 8A, 10A. Fig. 9 and 12 illustrate the
close relationships of ICLC and nerve fibres in
normal ventricular interstitium.

Quantitatively, preliminary estimations
revealed that, apparently, there are no significant
differences between the left and right ventricle in
ICLC distribution. However, ventricular ICLC are
clearly less numerous than similar cells in atrial
myocardium. Table 1 (p. 449) comparatively pre-
sents ultrastructural quantitative details for ICLC
and fibroblasts.

Immunohistochemistry
Under our experimental conditions, ICLC were
slightly and inconsistently positive for CD117/c-
kit. However, this should be not taken a a definite
truth for CD117/c-kit, at this level. Sometimes the

results were in the category which are usually
shown in IHC tables as +/- [14,16]. ICLC various-
ly co-expressed EGF receptor and CD34 (Fig.
22A,B), but appeared strongly positive for
vimentin, along their prolongations (Fig. 22D).
Some ICLC seemed positive for α-smooth muscle
actin (Fig. 22C), or S-100 (Fig. 22E) but were
negative for nestin, desmin, CD57, tau, chymase,
tryptase and CD13. One may observe that there is
a lack of a specific marker for fibroblasts [33]
and, on the other hand, most specific immuno-
markers for mast cells (chymase or tryptase) for
nerve cells (tau, S-100), myofibroblasts, or mark-
ers for transdifferentiations (α-smooth muscle
actin [34]) were not clearly positive in ICLC.
Moreover, it is also noteworthy that IHC alone
cannot provide an accurate discrimination among
cells in interstitium. 

Immunofluorescence 
In order to further characterize the long cell pro-
longations of the interstitial ventricular cells in
culture, a molecular probe specific for mitochon-
dria (MitoTracker Green FM) revealed an intense
immunopositivity (Fig. 19 B,D). These results
correlate well with phase contrast microscopy
(Fig. 19 A,C) and TEM data (Fig. 4; 5; 7A; 8AB;
10 A,B; 11 A,B). 

We used a two-step procedure whereby unla-
beled antibodies against connexin-43 were first
bound to their targets, in cultured rat ventricular
interstitial cells, and subsequently were detected
with fluorochrome-conjugated antibodies (Fig. 21
B,D). By these means the presence of gap junc-
tions demonstrated by TEM was confirmed by an
alternative method (connexin-43 presence). It is
noteworthy that in our study connexin 43 expres-
sion was positive in an ICLC-enriched cell cul-
ture, devoid of endothelial cells [35] and in the
absence of working myocytes, excluding the gap
junctions between working cells [36] or electro-
coupling of myocytes and fibroblasts [37]. 

Stainings in cell cultures
ICLC were successfully maintained in primary
culture and can easily be identified before reach-
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Fig. 25  A. Myocardial background (muscle working cells, capillaries, nerves and fibroblasts).  B. ICLC ‘clouds’,
in the interstitial space, floating over the myocardial background. Two possible ways to imagine the ICLC in 3D: ‘stra-
tus’-like thin, broad, perforated veil-like processes and ‘cirrus’-like very long, thin processes.   O Note the close appo-
sition (gap junctions) between processes of vicinal ICLCs. C. Superimposed B over A images: real landscape (!?).
Close proximity of ICLC processes and ventricular muscle cell, unmielinated nerves, capillaries, collagen fibers and
immunoreactive cells.   O Stromal synapse. Scale bar - aproximately 7 μm (erytrocyte's diameter).

ing confluence. Starting with the 3rd day in cul-
ture, ICLC appear with long, moniliform process-
es (Fig 19). We used Giemsa stain to recognize
cultured ICLC, since this stain is a mixture con-
taining methylene-blue eosinate and methylene-
blue chloride, dissolved in methyl alcohol, with
glycerol as a stabiliser (Fig. 20, A, B). We
searched for the characteristic moniliform aspect
of ICLC processes using vital stains: methylene
blue (Fig. 19F, G), and Janus green B (Fig. 19E).
Vital staining with methylene blue revealed that
in living cells, ICLC processes are very long (sev-
eral tens of μm), have an uneven caliber, with
dilated portions, resembling ‘beads on a string’.

TEM studies showed that the dilated portions of
the long processes, frequently accomodate mito-
chondria (Fig. 4; 5; 7A; 8AB; 10 A, B; 11 A,B).
Janus green B is a well-known vital stain, with
high affinity for mitochondria [38] and was used
to assess  viability and localize mitochondria. The
initial dark green-blue color, due to mitochondria
stained with Janus green B, became a brownish
gray one, and finally decolorized (leucocom-
pound) (Fig. 19E) illustrates the staining of ICLC
body and dilations of the processes. 

Silver impregnation in cell culture evidenti-
ates the thin, long cell prolongations with a beads
on a string appearance (Fig. 20 C,D). 

C
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Year Author(s) Illustration Positioning Comment 
on 'putative' 
ICLC 

Reference

1964 Karnovsky MJ Fig. 1 (+/-), 
Fig. 8

Rat ventriculum No [39]

1970 Sperelakis N Fig. 12b Cat ventriculum No [40]

1972 Rumyantsev PP Fig. 9 Rat ventriculum No [41]

1973 Tomanek RJ & Karlsson UL Fig. 11 (+/-) Rat ventriculum No [42]

1974 Arluk DJ & Rhodin JA Fig. 4 Calf interventricular septum Fibroblast [43]

1975 Maron BJ et al. Fig. 8 Human myocardium from 
patients with aortic valve disease

No [44]

1976 Smith HE & E Page Fig. 5, 6 Rat ventriculum No [45]

1977 Jones M & Ferrans VJ Fig. 9, 10, 13 Crista supraventricularis in
patients with tetralogy of Fallot

No [46]

1977 Schaper W & Schaper J Fig. 3 Not precised No [47]

1979 Spotnitz WD et al. Fig. 6A, B Immature and adult dog 
ventriculum

No [48]

1982 Frank JS et al. Fig. 4 Rabbit interventricular septum No [49]

1996 Hayashi T et al. Fig. 4 Human right (ventriculum
endomyocardial biopsy)

No [50

1997 Thornell LE et al. Fig. 4 A,C, 5A,
7B,C, 9A, 10C

Desmin knock-out mouse 
ventriculum

Interstitial 
cells

[51]

1998 Schwarz ER et al. Fig. 2A Human ventriculum 
(transmural biopsy specimens)

No [52]

1999 Becker LC et al. Fig. 2A Dog ventricular myocardium No [53]

1999 Hegstad C et al. Fig. 6 Rat ventricular myocardium No [54]

2000 Chen C Fig. 5 Pig ventricular myocardium No [55]

2003 Hayashi T et al. Fig. 2B Diabetic rat ventriculum No [56]

2004 Milei J et al. Fig. 2A Human ventriculum No [57]

2006 Wang GY et al. Fig. 2A Mouse right ventricular 
trabeculae

No [58]

Table 2 Examples of ventricular myocardium electron micrographs published during the last 40 years: such images
contain cellular ‘fragments’ or prolongations suggestive for ICLC. The information in this table is based on a routine
search of the scientific literature and it should not be considered as exhaustive. 
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Fig. 25 shows an artist’s view of the interstitial
landscape with and without ICLC in place.
Diversity of cell apppearance on TEM micro-
graphs is easier to understand when one looks at
the quasi-tridimensional drawing of ICLC alone
in Fig. 25B. 

Discussion

This study provides extensive morphological
proof for the presence of ICLC in human and rat
ventricular myocardium. Table 2 presents [based
on refs. 39–58] a search of the literature suggest-
ing (but overlooking) the occurence of ICLC or
ICLC cell-processes, in ventricular myocardium.
According to actual criteria for ultrastructural
diagnosis [1, 2, 18], such cells or cell fragments
can now be classified as ICLC.  Similarily, cells
described in this study meet these criteria. As pre-
viously discussed for atrial ICLC, perhaps the
most controversial area in differential diagnosis of
interstitial cells is to make a distinction between
ICLC and fibroblasts (or myofibroblasts). 

It was documented that ‘fibroblasts are princi-
pally motile cells and contain actin (mainly α-
smooth muscle actin) and myosin’ [59]. The
absence of thick filaments might signify another
piece of evidence supporting the diagnosis of
ICLC. In situ ICLC have caveolae (while fibrob-
lasts have caveolae only in cell culture), the rough
endoplasmic reticulum is much less abundant
than in fibroblasts, and additional arguments are
the presence of basal lamina, and distinctive cell
processes for ICLC. Myofibroblasts are ‘not a
typical component of normal untraumatised tis-
sues’ [60]. However, structural remodeling of the
myocardium may be accompanied by the appear-
ance of myofibroblasts [60]. In our opinion, the
ultrastructural requisite criteria for myofibrob-
lasts [60–62] are not accomplished in the case of
ventricular ICLC: (a) stress fibers; (b) cell-to-
stroma attachment sites (fibronexuses); (c) inter-
cellular intermediate (adherens) and gap junc-
tions. However, a gradual increase of fibrob-

lasts/myocyte ratio has been reported in heart dis-
ease conditions and myofibroblasts showed abun-
dant expression of α-SMA, vimentin and connex-
in 43 [63]. 

The close plasmalemmal appositions that bring
ICLC and lymphocyte together in a multicontact
type stromal synapse, presented in Fig. 17, pro-
vides further support for the ‘stromal synapse’
concept. We coined and illustrated the term ‘stro-
mal synapses’ in various organs (between ICLC
and immunoreactive cells), supporting the hypoth-
esis that stromal immunoreactive cells are includ-
ed among the ICLC targets in interstitial intercel-
lular communication [64]. Diagnostic details pro-
vided by TEM were, as for atrial ICLC, not avail-
able by other approaches. In search for ICLC, IHC
anf IF may add value to TEM analysis. 

It should be emphasized that the results pre-
sented in this article were obtained, in concor-
dance, in three different laboratories, in three dif-
ferent Institutions. 

Conclusion

This paper continues a series documenting the
occurence of ICLC in human and rat (atrial and
ventricular) myocardial interstitium [25, 26]. 

As concerns possible function, it seems attrac-
tive to think that ICLC might participate in the
process of cardiac repair/remodeling, arrhythmo-
genesis and, eventually, sudden death.
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