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M. V, S. V, E. L, K. R. C  L. G. Neurofilament M mRNA is expressed in conduction
system myocytes of the developing and adult rabbit heart. Journal of Molecular and Cellular Cardiology (1996) 28,
1833–1844. We previously demonstrated that conduction-system myocytes of the rabbit heart express cytoskeletal
proteins immunologically related to neurofilaments. In order to determine more precisely the nature of these
proteins, we screened an expression cDNA library, prepared from the sino-atrial node region of the rabbit heart,
using a monoclonal antibody which reacts with the M subunit of neurofilaments. Sequence analysis of the
isolated cDNA clones shows high homology with rat and human neurofilament M mRNAs. Northern blot analysis
demonstrates hybridization with a transcript expressed in brain, with the size expected for neurofilament M
mRNA. An mRNA species of the same size is also detectable in the Northern blot of the sino-atrial node region
RNA. In situ hybridization documents that in the adult rabbit the transcript accumulates in neurons and is
localized in myocytes of the sino-atrial and atrio-ventricular nodes and of the atrio-ventricular bundle and bundle
branches, but not in working atrial and ventricular myocytes. Developmental analysis was undertaken in order
to determine the distribution of the neurofilament M mRNA in the rabbit embryonic heart. In situ hybridization
shows that neurofilament M mRNA is detectable in a few ventricular myocytes in proximity to the atrio-
ventricular groove after 9.5 days of embryonic development and it is accompanied by the presence of the protein.
At subsequent stages of development neurofilament M mRNA is detectable in a number of cardiac myocytes,
which are mainly localized at the atrio-ventricular junction and in the ventricular subendocardium and presumably
correspond to myocytes of the heart conduction system.  1996 Academic Press Limited

K W: cDNA library; Heart conduction system; Neurofilament M mRNA; In situ hybridization; Heart
development.

or accelerating the diffusion of stimuli (CarmelietIntroduction
and Veerecke, 1979).

Although specialized myocytes of the conductionThe precise sequential contraction of atria and
ventricles in the heart is determined by a system system cannot be distinguished morphologically

from working myocytes in many mammalian spe-of specialized myocytes. Pacemaker cells localized at
the sino-atrial (SA) node activate at first; conducting cies, they are characterized by unique features that

are adopted as cellular markers, among whichmyocytes of the atrio-ventricular (AV) node, AV
bundle and peripheral Purkinje system regulate the are some embryonic cardiac proteins and unique

isoforms of muscle proteins, as well as markersactivation of ordinary cardiomyocytes by slowing
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expressed by neural cells (see Gorza et al., 1994, 6.5 with 5% sucrose for 2 min at room temperature,
then in 2% paraformaldehyde in 0.1  sodiumfor a review). Our laboratory demonstrated that the

conduction system myocytes of the rabbit heart can borate pH 9.5 with 5% sucrose for 12 min at room
temperature and washed in PBS pH 6.5 with 18%be identified by antibodies reacting with the light

(L) and middle (M) molecular weight subunits of sucrose overnight at 4°C (Gorza and Vitadello,
1989). For in situ hybridization, embryos were fixedneurofilaments (NF) (Gorza et al., 1988; Vitadello

et al., 1990). NFs belong to class IV intermediate with 4% paraformaldehyde in PBS. Some embryos
from the same litter were embedded in OCT (Milesfilaments, together with a-internexin (Fliegner et

al., 1990). Until recently, NFs have been thought Lab.) and frozen in liquid nitrogen, other embryos
were dehydrated and embedded with paraffin (Gorzato be expressed only in post-mitotic neurons where

they would play a structural role in determining et al., 1993).
Samples from central (brain, cerebellum and me-the axonal diameter (Hoffman et al., 1987). Non-

neuronal expression of NF-M has been described in dulla) and peripheral nervous system (superior cer-
vical ganglion), liver, hindlimb muscles, and heart,rat myelin-forming Schwann cells by means of

specific antibodies and through the isolation of NF- i.e. the atrial and the ventricular myocardium, the
SA node region, the AV node and AV bundle regions,M cDNA from a Schwann cell cDNA library (Kelly

et al., 1992). were obtained from adult rabbits. All specimens
were immediately frozen without fixation.Our previous studies showed that anti-NF-M anti-

bodies react in Western blot analysis of SA node
and AV bundle regions of the rabbit heart with a
polypeptide which displays electrophoretic mobility Antibodies used
in SDS gel identical to neuronal NF-M. Im-
munocytochemical studies revealed co-localization Monoclonal antibody iC8 reacted with rabbit ne-

urofilament M subunit in brain and with a relatedof NF-immunoreactivity with desmin, the muscle-
specific class III protein of intermediate filaments polypeptide in the heart (Vitadello et al., 1986;

Gorza et al., 1988). Secondary antibodies werein conduction system myocytes (Gorza et al., 1988).
In these myocytes, anti-NF-M antibodies also dec- rabbit anti-mouse Ig conjugated with peroxidase

(Dakopatts) and goat anti-mouse Ig conjugated withorate 10-nm filaments at the ultrastructural level
(Vitadello et al., 1990). In order to identify un- rhodamine (Cappel).
ambiguously the nature of the immunoreactive
protein expressed in heart conduction myocytes,
we prepared an expression cDNA library from the Library preparation and screening
SA node region of the adult rabbit heart and
screened it with the anti-NF-M monoclonal anti- PolyA+ RNA was obtained from the SA region

isolated from 120 adult rabbit hearts, as describedbody iC8 (Gorza et al., 1988). Sequence analysis of
the isolated clones indicates that they encode for (Ausubel et al., 1987). Methylated cDNA was re-

verse transcribed from 5 lg of polyA+RNA using anthe rabbit homolog of NF-M mRNA. In situ hy-
bridization studies show that NF-M mRNA is de- oligodT primer containing a Xho I site in presence of

5-methyl dCTP (Zap-cDNA synthesis kit, Strata-tectable in myocytes of the heart conduction system,
namely in the SA and AV nodes and AV bundle gene). Double strand cDNAs were blunted, ligated

with EcoRI adapters and digested with XhoI andand bundle branches. The expression of NF-M
mRNA and protein in the heart has been then EcoRI. cDNAs longer than 500 bp were isolated by

a Sephacryl S-400 spin column, directionally ligatedinvestigated at early stages of embryonic de-
velopment. with EcoRI-XhoI prepared arms of UniZapII XR

and packaged with Gigapack packaging extracts
(Stratagene). 1×106 pfu of the primary library
were amplified once.Materials and Methods

Screening was performed after induction of the
synthesis of the recombinant protein using IPTG-Tissue source
soaked nitrocellulose filters (Schleicher and
Schuell), as described by Mierendorf et al. (1987).Rabbit embryos were obtained after 9, 9.5, 10, 11

and 12 days of gestation; time of mating was Filters were first saturated with 3% bovine serum
albumin in TBS (Tris-HCl 10 m pH 8.0, NaClconsidered as time 0. For immunocytochemistry,

embryos were fixed in freshly prepared 2% para- 150 m, Tween 20 0.05%) for 1 h at room tem-
perature and subsequently incubated with adequateformaldehyde in phosphate buffer saline (PBS) pH
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Figure 1 (a) Deduced aminoacid sequence of the longest rabbit pNF cDNA (clone 9.2) and comparison with sequences
of rat and human NF-M. The first aminoacid in rabbit sequence corresponds to the aminoacid residue 216 in rat
sequence (Napolitano et al., 1987). Aminoacid differences are underlined. Dotted lines are used to obtain the best
alignment. ∗ and ˆ indicate the R domain, which is present six times in human NF-M. Note that the R domain is
present once in the tail region of rabbit NF-M, similarly to rat, whereas the domain is repeated eight times in chicken
NF-M (Zopf et al., 1990); (b) nucleotide sequence of the 9.2 cDNA clone, dots indicate stop codon and potential
polyadenylation sites are underlined.

dilution of iC8 ascite fluid (1:1000). Unbound anti- pBluescript phagemid using coinfection of SolR E.
coli strain with ExAssist helper phage (Stratagene).body was removed after extensive rinses with TBS

and filters were incubated with secondary anti- Sequence analysis of cDNA inserts was performed
with the dideoxychain termination method (Sangermouse Ig conjugated with peroxidase. Peroxidase

activity was revealed using diaminobenzidine, as et al., 1987) using modified T7 DNA polymerase
(Pharmacia) on the isolated clones and on subclonespreviously described (Gorza et al., 1993). Phages

from reactive plaques were isolated to purity after obtained either after restriction endonuclease or Ex-
oIII-Mung bean digestion (Pharmacia) and with thea further plating and screening. The cDNA insert

was rescued from lambda phage together with the aid of sequence-specific oligonucleotides as primers.
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T3 or T7 RNA polymerase (Promega) and 35S UTP,
as previously described (Gorza et al., 1993). The
antisense probe was about 1800 nt long; the sense
probe was 2200 nt long; both probes were digested
to 50–100 nt by mild alkaline hydrolysis. Cryosec-
tions were fixed with formaldehyde and digested
with 20 lg/ml of proteinase K, except for sections
of early embryos which were not treated with
proteinase K. Sections were hybridized overnight at
52°C with 10 ll of probe at a concentration of
1×105 cpm/ll, and washed at 65°C with 50%
formamide, 2×SSC and 0.1  DTT. Sections were
dehydrated, dipped in autoradiographic emulsion
(Kodak NTB-2) diluted 1:1 with water, and exposed
for 5–7 days at 4°C. Slides were developed with D
19 (Kodak) for 3.5 min, fixed and examined with
a Zeiss Axioplan microscope equipped with dark
field optics. Serial sections of the embryos were
processed for routine hematoxylin-eosin staining.

Figure 2 Northern blot analysis. Radiolabeled pNF 9.2
ImmunohistochemistrycDNA was hybridized with total RNA prepared from

rabbit skeletal muscle (S), brain (B), SA node region (N),
ventricular myocardium (V) and liver (L). The probe Cryosections (10 lm thick) from adult and em-
hybridized with a single mRNA species of about 3.0 kb bryonic specimens were used. Sections were in-abundant in brain and detectable in SA node region. The

cubated with iC8 antibody diluted with 0.5% bovinesize was determined using k Hind III-digested DNA and
serum albumin in PBS. Incubation was carried out28S and 18S RNA as markers.
in a humidified chamber at 37°C for 30 min. After
30 min rinsing in PBS, sections were incubated
with appropriate dilutions of secondary antibodiesNorthern blot
coupled with FITC or peroxidase.

Total RNA was isolated from rabbit brain, SA node
region, ventricular myocardium, skeletal muscle
and liver following the procedure described by Ch- Results
omczynski and Sacchi (1987). Equal amounts
(about 10 lg) of each sample, as determined by

Conduction system myocytes of the rabbit heart express
ethidium bromide staining of formaldehyde agarose

NF-M mRNA
gels, were transferred to nylon filters (Hybond N+,
Amersham) by capillary elution with 20× SSPE.

An expression cDNA library enriched in SA node
Blotted RNA was fixed following manufacturer’s

myocyte transcripts was screened with the anti-
instructions and hybridized overnight at 42°C in

NF-M monoclonal antibody iC8, an antibody that
presence of 50% formamide, 5× SSPE, 5× De-

has been demonstrated to be reactive with con-
nhardt’s, 0.5% SDS and 5×105 cpm/ml of pNF-9.2

duction system myocytes of the rabbit heart (Vi-
insert, labeled by random priming with 32P-dCTP.

tadello et al., 1990). Three clones, pNF-9.2, pNF-
High stringency washes were performed at 65°C

6 and pNF-9.1 (2.4, 2.2 and 1.9 kb in length,
with 0.1×SSPE. Filter were exposed to X-ray film

respectively) were isolated from 2×105 re-
from 6 h to 2 days.

combinants examined. cDNA sequence analysis
shows that the three clones overlap from the 3′
region and reveal a close similarity to NF-M cDNA
sequence of man, rat, mouse and chicken (MyersIn situ hybridization
et al., 1987; Napolitano et al., 1987; Levy et al.,
1987; Zopf et al., 1990) both in the coding and inRadiolabeled antisense and sense cRNA probes were

transcribed from clone pNF-6 after linearization the 3′ untranslated flanking region (not shown).
Alignment of deduced aminoacid sequence (Fig. 1)with PstI and KpnI (Promega), respectively, using
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shows that the longest pNF cDNA spans from the In the heart, the probe hybridizes with myocytes
of the SA node [Fig. 3(b) and (j)], the AV node (notrod coding region of the NF-M molecule, namely

to aminoacid residue 216 of rat NF-M sequence shown) and AV bundle [Fig. 3(c)], whereas no
hybridization signal is detectable with working(Napolitano et al., 1987), to the end of the tail

region. The deduced aminoacid sequence shows atrial and ventricular myocytes [Fig. 3(b) and (c)],
confirming at the nucleic acid level the localization97% identity with rat and human NF-M in the rod

region, while the tail domain shows 80% identity. of the immunoreactivity observed at these same
regions with anti-NF-M antibodies [Fig. 3(h)–(i) andTotal RNAs from adult rabbits were used in

Northern blot analysis with pNF 9.2 cDNA. A single (k)].
No hybridization signal is detected when themRNA species of about 3 kb, a dimension similar

to that calculated for NF-M mRNA in man and rat sense probe is used [Fig. 3(d)–(f )].
(Myers et al., 1987; Napolitano et al., 1987) is
detectable in brain RNA (Fig. 2). Hybridization to
a mRNA species of the same size is also observed NF-M mRNA and protein expression in the developing

heartwith total RNA prepared from the SA node region
of the rabbit heart, whereas no signal is detectable

In order to determine whether NF-M mRNA iswith RNAs prepared from the free wall of the left
ventricular myocardium, from skeletal muscle and detectable in embryonic cardiac myocytes we ex-

tended our in situ hybridization studies to hearts offrom liver (Fig. 2).
rabbit embryos obtained from embryonic day (E) 9
to 11 of development. To this purpose, cryosections
had to be used instead of paraffin sections, becauseNF-M mRNA expression and protein localization in adult

rabbit tissues of the low intensity of the hybridization signal for
the NF-M transcript observed after embedding of

In situ hybridization experiments were undertaken the embryos in paraffin.
No hybridization signal with NF-M antisenseto identify which cell type expresses the transcript.

In the cerebellum, hybridization with the antisense cRNA is apparently detectable in the heart of E9
embryos (not shown). At E9.5 of rabbit de-probe shows strong signals in the somata of Purkinje

cells, in a number of small cells of the inner third velopment, the heart tube displays the S-shaped
conformation (Sissman, 1970): at this stage, hy-of the molecular layer, probably corresponding to

basket cells, and in the granule cell layer [Fig. 3(a)]. bridization signals for NF-M mRNA are present in
the neural tube and are detectable in the heart onlyThis distribution of the transcript corresponds to

that described for NF-M protein [Fig. 3(g) and Vi- in rare myocytes [Fig. 4(b), (d) and (e)]. Serial
section examination reveals that the myocytes pos-tadello and Denis-Donini, 1990]. Positive labeling

is also observed in spinal cord motor neurons and itive for NF-M mRNA are localized in the ventricular
myocardium in proximity to the right side of thein superior cervical ganglion neurons whereas no

signal is detected in non-neuronal structures of the AV junction [Fig. 4(e)]. Immunofluorescence ana-
lysis for cardiac NF-M expression, performed inbrain or in other tissues, such as liver, skeletal

muscle and kidney (not shown). embryos from the same litter, displays a detectable

Figure 3 (opposite) Parallel in situ hybridization analysis with antisense and sense pNF-6 cRNA probes (a–f and j) and
immunolabeling with anti NF-M iC8 antibody (g–i and k) of adult rabbit tissues. Panels (a), (d) and (g) show cryostat
sections of rabbit cerebellum; panels (b)–(c), (e)–(f ) and (h)–(k) illustrate different regions of the rabbit heart: the SA
node region (b, e, h, j–k), as it appears after sectioning the crista terminalis (CT) at its origin along a perpendicular
plane to its major axis, and the AV bundle region (c, f and i). Darkfield micrograph of rabbit cerebellum shows
hybridization signals with antisense NF-M cRNA in the somata of Purkinje (P) and in the granule cells (G) and in the
inner third of molecular (M) layers (a), whereas no hybridization signal is apparently detectable with the sense probe
(d). Darkfield micrographs of antisense NF-M cRNA show hybridization with myocytes of the SA node (SAN) and AV
bundle (B), but not with working myocytes of either the crista terminalis, atrial (A) and ventricular (V) myocardium
(b–c). No hybridization signal is apparently detectable in serial sections with the sense probe (e and f). The correspondence
between NF-M mRNA and protein localization is confirmed by immunocytochemical analysis. (g) illustrates NF-M
immunofluorescence in rabbit cerebellum; (h) and (i) correspond to serial sections of the SA node region (b, e) and AV
bundle region (c, f) processed for immunoperoxidase: NF-M positive myocytes of the SA node and AV bundle appear
dark, whereas working atrial and ventricular myocytes are unstained. Brightfield, phase contrast analysis of SA node
region in consecutive sections confirms that silver grains corresponding to NF-M mRNA (j) and dark staining due to
NF-M immunoreactivity (k) are localized in nodal myocytes (N). Bar: 270 lm (a, d); 400 lm (b,c,e,f,h,i); 190 lm (g);
35 lm (j–k).
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Figure 4 NF-M mRNA expression in E9.5 rabbit heart. Serial cryostat sections cut maintaining the heart in a frontal
plane were stained with hematoxylin and eosin (a) and hybridized with antisense and sense pNF-6 cRNAs (b–e). Dark
field micrographs show hybridization for NF-M mRNA at the level of the neural tube and in the heart (b, arrowhead).
Arrows indicate regions showing strong hybridization signals which may correspond to migrating neural crest precursors
(Sechrist et al., 1993). Higher magnification of the cardiac region boxed in (b) is shown in dark (d) and bright fields
(e). Only rare myocytes (arrowhead) localized in the ventricular myocardium (V) in proximity to the AV groove
hybridized with the probe. A: atrium; OT: outflow tract. No hybridization signal is apparently detected with the sense
probe (c). Panel (f ) shows a diagram of E9.5 rabbit heart. Roman numbers indicate definitive aortic arches; star
indicates the localization of myocytes expressing NF-M mRNA, deduced after serial section examination. Bar: a–c
300 lm; d–e: 75 lm.

signal only in rare ventricular myocytes: these AV junction [Fig. 6(b) and (c)]. At E11, strong
signal for NF-M mRNA is detectable in a largermyocytes are near to the AV junction and appear

to be localized in the outer layer of the two-cell number of myocytes which are mainly localized all
around the AV junction, in the subendocardial layerthick myocardial wall (Fig. 5).

At E10 of rabbit embryonic development, the of the ventricle and bulbus that corresponds to the
growing interventricular septum, whereas weakheart looping is completed and hybridization signals

with NF-M antisense probe are detected in the heart signal is present in the SA region. Conversely, the
outer layer of the ventricular and bulbar walls andonly in a small population of ventricular myocytes

which are localized in proximity to and around the a large portion of the atrial myocardium do not
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Figure 5 NF-M expression in E9.5 rabbit heart. Phase contrast (a) and NF-M immunofluorescence (b) of a sagittal
cryostat sections from a E9.5 rabbit heart. Note NF-M positive myocytes at the ventricular side of the AV groove
(arrowheads). Arrow indicates very weakly labeled myocytes localized at the opposite side of the AV junction. a: atrium;
ot: outflow tract; sv: sinus venosus; v: ventricle. Bar: 50 lm.

show apparently any hybridization [Fig. 6(e)–(f )]. Northern blot analysis identifies a single mRNA
Also the myocytes of the outflow tract do not display species that is expressed in both the brain and
accumulation of NF-M transcript, except for rare the SA node region, but not in the ventricular
myocytes which appear to be localized very near myocardium and other tissues such as skeletal
to the embryonic pharyngeal arches [Fig. 6(e) and muscle and liver. The size of rabbit NF-M mRNA
(f), arrows]. (about 3.0 kb) is consistent with those reported for

rat and human NF-M mRNAs (Myers et al., 1987;
Napolitano et al., 1987). In situ hybridization ex-
periments confirmed that in the adult brain the

Discussion

expression of NF-M mRNA was restricted to neuronsThis study shows that the intermediate filament
and showed that NF-M transcript is detectable innetwork of the myocytes of the rabbit heart con-
conduction system myocytes, i.e. in myocytes ofduction system is composed of true neurofilament
the SA and AV nodes and of the AV bundle andM protein, in addition to desmin. In fact, from a
bundle branches, but not in working atrial andrabbit heart cDNA library enriched in SA node
ventricular myocytes of the adult heart. These find-mRNAs we isolated three overlapping incomplete
ings validate our previous observations concerningcDNA clones, which encode for the rabbit ho-
NF-M immunoreactivity of conduction system myo-mologous of NF-M mRNA. Although the longest
cytes of the rabbit heart (Gorza et al., 1988; VitadellopNF cDNA lacks the 5′ untranslated region and a
et al., 1990) and indicate that the immunolabelingsmall portion of the coding region, its deduced
was not due to spurious cross-reactions.aminoacid sequence shows high homology with

Other major findings about NF-M mRNA ex-NF-M of man and rat (Myers et al., 1987; Napolitano
pression in the heart concern the distribution inet al., 1987). Nucleic acid sequence analysis shows
myocytes during embryonic development. Our in-that the highest degree of identity (97%) is con-
vestigation shows that NF-M mRNA accumulationcentrated in the region coding for the rod domain,
(i) is detectable in cardiac myocyte since the S-which is highly conserved in many species (Geisler
shape stage of heart development (ii) appears to beet al., 1984) presumably because the formation
restricted to a subset of cardiac myocytes and (iii)of filaments requires multiple interactions in this

region (Steinert and Roop, 1988). In adult animals, is accompanied by the presence of the protein.
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Figure 6 NF-M mRNA expression in E10 and E11 rabbit hearts. Diagrams illustrating ventral views of rabbit heart
at E10 and E11 are shown in panels (a) and (d), respectively. Vertical bars in diagrams indicate the levels at which
sagittal sections illustrated in (b–c), (e) and (f ) were cut. Roman numbers indicate definitive aortic arches; stars indicate
the localization of myocytes expressing NF-M mRNA, deduced from serial section examination. (b): E10 rabbit heart
stained for hematoxylin-eosin. (c): darkfield view of a serial section hybridized with antisense pNF-6 cRNA; in addition
to the neural tube, which remains on the upper part of the micrograph, NF-M mRNA is detected in the heart in the
myocytes at the level of the AV junction (arrowheads). A: atrium; V: ventricle; OT: outflow tract. (e) and (f ): darkfield
views of E11 rabbit embryo heart hybridized with antisense pNF-6 cRNA; NF-M mRNA is detected in the heart in a
large subset of subendocardial myocytes, localized at the AV junction, in the bulbus (B) and in the ventricle (V). In (e)
arrowhead indicates a weak hybridization signal at the level of the SA junction. In (f ) a dotted line was drawn to
indicate the outer ventricular wall which does not hybridize with the probe. Note that the truncus (T) does not display
hybridization signals, except for few myocytes (arrows in e and f) near to the pharyngeal arch. Bar: 150 lm (b,c);
300 lm (e, f ).

Several genes, such as slow skeletal troponin I evidence represents the first example of a gene
which in the adult is expressed in all the com-(Gorza et al., 1993; Zhu et al., 1995) and smooth

a-actin in the rat and connexin isoform Cx 42 in partments of the heart conduction system, i.e. the
SA and AV nodes and the AV bundle and bundlethe chicken (reviewed in Gorza et al., 1994), are

expressed in every embryonic cardiomyocyte during branches, and in the embryo is restricted to a
subpopulation of cardiac myocytes. Moreover, theheart development and are down-regulated in the

adult heart in working atrial and ventricular myo- embryonic myocytes displaying NF-M mRNA are
not randomly distributed; they are localized in prox-cytes, but not in the myocytes of the conduction

system. Here we report that NF-M transcript is imity of the right-ventral side of the AV groove
already at E9.5 of development. At E10 and E11detectable in a subpopulation of cardiac myocytes

since early stages of embryonic development. Such stages of development, myocytes expressing NF-M
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transcript surround the AV junction and et al., 1992) and the b cells of the islets of Lan-
gerhans in the embryonic rat, which express NF-Lare localized in the subendocardial layer of the

ventricular and bulbar myocardium, namely in (Escurat et al., 1991).
The co-expression of neural and muscle genes incorrespondence of the growing interventricular

septum, but not in the truncal myocardium. NF-M heart conduction system myocytes raises questions
about the myogenic or neurogenic origin of thesemRNA expression is accompanied by the presence

of the protein, which can be detected since E9.5 myocytes. Recently, Gourdie and co-workers
(1995), using retroviral marking, demonstratedstage of development by immunohistochemistry

and whose distribution follows the regional dis- that in the chick heart the peripheral component
of the conduction system (i.e., the ventricular in-tribution of the transcript (this study and Gorza and

Vitadello, 1989). Previous immunohistochemical tramural Purkinje myocyte network) shares a com-
mon myogenic precursor with ventricular workingobservations showed that the population of myo-

cytes reactive for NF-M in E15 rabbit embryonic myocytes. Unfortunately, viral tagging of myogenic
precursors in E3 embryonic chicken heart did nothearts could be unequivocally identified as myo-

cytes of the heart conduction system on the basis of succeed in tracking the origin of the central com-
ponent of the heart conduction system (i.e., the SAtheir anatomical distribution (Gorza and Vitadello,

1989). We thus speculate that the myocytes ex- and AV nodes and AV bundle), leaving open the
question about the origin of this important com-pressing NF-M mRNA and protein before E15 of

development correspond to heart conduction sys- ponent of the heart conduction system. We in-
terpreted the NF expression in heart conductiontem myocytes. A study performed on embryonic

human hearts, at a developmental stage ap- system as suggestive for the neuroectodermal origin
of this myocyte population (Gorza et al., 1988). Inproximately corresponding to E10 in the rabbit

embryo (Sissman, 1970), showed that myocytes the present study we show that NF-M expression,
even at the mRNA level, remains circumscribed toof the heart conduction system, identified by the

monoclonal antibody GlN2, were localized near a subset of cardiac myocytes since early stages of
heart development. While this evidence does notto both the right side of the AV groove and the

bulboventricular groove (Wessels et al., 1992). NF- add further arguments to unveil the origin of these
myocytes, the apparently restricted up-regulationM positive ventricular myocytes are indeed detected

at the same sites where GlN2 immunoreactivity of the NF-M gene underlines the precocious di-
versification of this myocyte population duringwas reported; however, NF-M is expressed by a

larger population of myocytes which surrounds the heart development.
AV junction, and is detectable in myocytes of the
SA node region (this study and Gorza and Vitadello,
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