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Abstract

Neural cell adhesion molecule (N-CAM) has been implicated
in cellular interactions involved in cardiac morphogenesis and
innervation. Immunohistochemical techniques and Western
blot analysis were used to determine the localization and iso-
forms of N-CAM in the developing and extrinsically dener-
vated human heart. Myocardial and conducting cells in the
fetal heart (7-24 wk gestation) exhibited sarcolemmal immu-
noreactivity, the major desialo N-CAM isoforms being 150,
145, 120, 115, and 110 kD. N-CAMexpression appeared to be
downregulated in the myocardium during adult life, with rela-
tively little sarcolemmal immunoreactivity being detected in
normal donor tissues. In contrast to the temporal changes ob-
served in the myocardium, both the developing and mature
cardiac innervation displayed N-CAM immunofluorescence
staining, localized to neuronal cell bodies, nerve fascicles and
fibres. Extrinsically denervated cardiac allografts, obtained 2 d
to 91 moafter transplantation, showed extensive sarcolemmal
and intercalated disc immunostaining and expression of 125-,
120-, and 115-kD isoforms. Tissues from explanted recipient
hearts and atrial appendage samples obtained during coronary
bypass graft operations were also examined and displayed
varying amounts of N-CAM immunoreactivity. Weconclude
that the expression of N-CAMimmunoreactivity and isoforms
in the human heart is developmentally regulated and may be
modulated by factors such as cardiac innervation and myocar-
dial hypertrophy. (J. Clin. Invest. 1990. 86: 1293-1300.) Key
words: cardiac * innervation * fetal * adhesion molecules

Introduction

Our knowledge of the factors modulating cardiac development
and innervation is far from complete, but molecules involved
in cell adhesion may be important. One of the molecules most
likely to be involved in these processes is neural cell adhesion
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molecule (N-CAM),' which is a cell surface sialoglycoprotein
that mediates adhesive interactions between cells in the ner-
vous system and skeletal muscle (1-3). N-CAMoccurs as sev-
eral, structurally distinct, isoforms that are encoded by a sin-
gle-copy gene and generated via alternative RNAsplicing and
polyadenylation, and by postranslational modifications of gly-
cosylation, sulfation, and phosphorylation (4-6). N-CAMiso-
forms exhibit tissue-specific regional and developmental
changes in expression (7-9), which are modulated by a variety
of factors, including innervation, thyroid hormones and nerve
growth factor (1 0- 12).

Attention has focused mainly on the neural and skeletal
muscle expression of N-CAM, but immunoreactivity has also
been identified in the embryonic chicken (13, 7) and mouse
heart (14). Wehave recently demonstrated that rat myocar-
dium displays N-CAM immunoreactivity and exhibits tem-
poral changes in both the localization and isoforms expressed
(15). These developmentally regulated changes in cardiac
N-CAMare comparable with those described during skeletal
muscle myogenesis and are consistent with the proposal that
N-CAMexpression may be important in cardiac morphogen-
esis and innervation (14).

In this study we have used immunohistochemical tech-
niques to investigate the localization and isoforms of N-CAM
present in the human heart during development and after ex-
trinsic denervation in cardiac allografts.

Methods

Tissue preparation. Fresh cardiac and skeletal muscle samples were
obtained from human fetuses at 7-24 wk gestation (n = 30) after legal
abortion by uterine evacuation for medical reasons other than sus-
pected cardiac abnormality. Cardiac samples were also obtained from
patients undergoing coronary artery bypass graft operations (n = 37,
aged 33-76 yr) and heart or heart-lung transplantation (n = 25, aged
1.4-59.0 yr). Recipient cardiac tissues were collected from 12 patients
at primary heart or heart-lung transplantation (Table I; mean
age±SEM; 25.6±5.5 yr). Allograft and recipient tissues were also ob-
tained from 13 patients undergoing a second transplant procedure
(27.3±4.5 yr), 8 having received a heart-lung allograft and 5 a heart
transplant 2 d to 91 moearlier (Table II). Further tissue samples were
obtained from transplant donor hearts and at postmortem from six
cases without cardiac complications (45.0±9.7 yr), after a 3-15-h delay
between death and sampling (Table I). The collection of all human
tissues followed the ethical standards of the institutions in which they
were obtained.

1. Abbreviation used in this paper: N-CAM, neural cell adhesion mole-
cule.
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Table I. Clinical Features of Patients

No. Sex Age Transplant Diagnosis or cause of death

yr

Postmortem cases

1 M 31 Road traffic accident
2 F 60 - Hodgkin's disease
3 F 75 Septicemia
4 F 24 Asphyxia (hanging)
5 F 65 - Glucagonoma
6 M 19 Road traffic accident

Cardiac transplantation recipients

1 F 2 H-L Tricuspid atresia
2 F 1.4 H-L Dilated cardiomyopathy
3 M 59 H Ischemic heart disease
4 M 59 H Dilated cardiomyopathy
5 M 28 H Adriamycin cardiomyopathy
6 M 6 H-L Eisenmenger's syndrome
7 F 28 H-L Idiopathic pulmonary hemosiderosis
8 M 29 H-L Sarcoidosis
9 F 21 H-L Cystic fibrosis

10 F 14 H-L Cystic fibrosis
11 F 25 H-L Cystic fibrosis
12 F 35 H-L Primary pulmonary hypertension

H, heart transplant; H-L, heart-lung transplant.

Fetal hearts were processed as intact organs whereas selected re-
gions were examined in the surgical, transplant, and postmortem cases,
full-thickness transmural samples being obtained from the lateral walls
of both ventricles, interventricular septum, papillary muscles, atria,
and atrial appendages. Adjacent areas of each sample were taken for
immunohistochemistry and Western blot analysis. Samples for im-
munohistochemistry were fixed by immersion in a modified Bouin's

solution, rinsed in PBScontaining 15%sucrose and 0.1 %sodium azide
and cryostat blocks were prepared as previously described (16).

Immunohistochemical studies. An indirect immunofluorescence
technique was used to localize N-CAM immunoreactivity in tissue
sections. Briefly, sections (15 um) thick were cut in a crysotat at
-25°C, collected on poly-L-lysine-coated slides and air dried for 1 h at
room temperature. The sections were then immersed in PBScontain-
ing 0.2% Triton X-100 for 30 min, rinsed in buffer, and stained with
Pontamine sky blue (British Drug Houses, Poole, UK) to reduce back-
ground autofluorescence and counterstain elastic tissue. After rinsing
in buffer, sections were incubated sequentially with diluted N-CAM
antisera overnight at 4°C and then with fluorescein isothiocyanate-la-
beled goat anti-rabbit IgG (Miles Scientific, Slough, UK) diluted
1:100, for 1 h at room temperature. After rinsing, the preparations
were mounted in glycerol mixed 2:1 with PBSand examined using a
microscope (Olympus AH-2) equipped for epi-illumination. Controls
included the omission of primary antiserum and replacing the primary
antiserum with preimmune serum.

Antisera. Four primary N-CAMantisera were used, including rab-
bit anti-human N-CAM, D2 (17, 18) generously provided by Dr. E.
Bock (University of Copenhagen, Copenhagen, Denmark); affinity-
purified rabbit anti-chick N-CAM (19, 20) generously provided by
Professor G. M. Edelman (The Rockefeller University, New York);
and two mouse monoclonal antisera to human N-CAM. One of the
monoclonal antisera was originally described as being directed against
a human muscle-specific antigen, 5. lHl 1, (21, 22) which is now
known to be human N-CAM(23). Antiserum to the general neuronal
marker protein gene product 9.5 (PGP 9.5; Ultraclone, Isle of Wight,
UK) was used to identify cardiac nerves (16) and the distribution
pattern of PGP9.5- and N-CAM-immunoreactive nerves were com-
pared in serial sections.

Immunoblot analysis. Protein extracts of cardiac tissues were pre-
pared by homogenization and sonication at 4°C in equivalent volumes
(0.1 mg/ml) of 1 MTris buffer (pH 7.4) containing 1%NP-40 (Sigma
Chemical Co., Poole, UK), 1 mMphenylmethylsulfonyl chloride and
2.5 mMEDTA. After standing for 1 h at 4°C, the extracts were centri-
fuged at 25,000 g for 10 min and the supernatant was removed. To
generate the desialo forms of N-CAM, neuraminidase (type X, final
concentration 0.5 U/ml; Sigma Chemical Co.) was added to extracts in
2.5 mMsodium acetate buffer (pH 5.0) for 1 h at 37°C. N-CAM
isoforms were separated from NP-40 extracts by SDS-PAGE(24). Ali-

Table II. Clinical Features of the Retransplant Patients

Primary transplant
Recipient

Ischemia Secondary transplant
No. Sex Age Diagnosis Type Donor sex Age time Duration indication

yr yr min mo

I F 10 PF H-L M 5 220 1.3 Rejection
2 F 25 CF H-L M 8 180 8 Recurrent infection
3 F 18 PPH H-L F 17 90 10 OB
4 F 18 PPH H-L F 20 175 11 OB
5 F 9 CONG+ PH H-L F 7 215 13 OB
6 F 33 PPH H-L F 13 100 16 OB
7 F 3 PPH H-L F 2.5 160 21 OB
8 M 43 IHD H (Het) M 15 102 46 Rejection
9 M 48 IHD H (Het) M 20 195 63 Rejection

10 M 54 IHD H (Orth) M 26 165 91 Rejection
11 M 34 CM H (Orth) F 14 145 67 Rejection
12 M 43 IHD H (Het) M 50 225 2 d Rejection
13 F 17 CF H-L (2nd) M 12 220 12 OB

CF, cystic fibrosis; CM, cardiomyopathy; CONG+ PH, congenital heart defect and pulmonary hypertension; H (Het), heterotopic heart trans-
plant; H (Orth), orthotopic heart transplant; H-L, heart-lung transplant; IHD, Ischemic heart disease; OB, obliterative bronchiolitis; PF, pul-
monary fibrosis; PPH, primary pulmonary hypertension.
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quots were then mixed with SDSsample buffer containing 80 mMTris
(pH 6.8), 2% SDS, and 1% glycerol, to which was added 1 mMDTT
and 0.02% bromophenol blue. The samples were heated to boiling
point for 2 min, loaded on a 5%SDSstacking gel according to equiva-
lent wet weights of tissue, and electrophoresed in 7.5% polyacrylamide
gels at 45 mVtogether with prestained molecular weight markers
(Sigma Chemical Co). Proteins were transferred to nitrocellulose paper
(Anderman & Co. Ltd., Kingston-upon-Thames, UK) overnight, at 30
V and 4VC, according to the procedure of Towbin et al. (25). The
nitrocellulose paper was subsequently incubated in PBScontaining 2%
casein (pH 7.2) for 1 h to inhibit nonspecific binding. N-CAMisoforms
were identified by incubating the blot with mouse anti-human
N-CAMantisera diluted 1:1000 in PBScontaining 1%casein, for I h at
room temperature. After washing in buffer, bound antibodies were
detected by incubating the blot with purified goat anti-mouse IgG
(heavy and light chain) peroxidase conjugate (Bio-Rad Laboratories
Ltd., Hemel Hempstead, UK) diluted 1:1,000 in 0.5% casein in PBS,
for 1 h at room temperature, and the immunoglobulin complexes were
visualized with 1 MTris-buffered saline containing methanol, 0.05%
wt/vol 4, chloro-l-napthol, and 0.05% vol/vol hydrogen peroxide.

Results

Immunocytochemistry
Fetal heart. N-CAM immunoreactivity was detected in the
fetal heart at all stages in the gestational period examined
(7-24 wk). Antisera to both human and chick N-CAMpro-
vided identical patterns of immunostaining. Myocardial cells
throughout the atria and ventricles exhibited prominent sar-
colemma immunoreactivity (Fig. 1, A and B). Vascular
smooth muscle in the aorta and coronary and pulmonary ar-
teries was devoid of immunoreactivity. Immunostaining was
concentrated in the sinus and atrioventricular nodes (Fig. 1 C),
whereas the ventricular conduction tissue displayed similar
amounts of immunoreactivity to the adjacent myocardium.
N-CAM immunoreactivity was also localized to the develop-
ing cardiac innervation where it was associated with the sur-
face of neuronal cell bodies, nerve trunks and fibers (Fig. 1 D).
During early fetal development (7-10 wk gestation) immuno-
stained nerves and ganglia were largely confined to the epicar-
dium and connective tissue around the aorta and pulmonary
artery and in the region of the sinus node. From 10-24 wk
gestation, N-CAM immunoreactive nerves occurred with in-
creasing frequency in the atria and surrounding coronary ar-
teries in the ventricular epicardium and myocardium. N-CAM
immunoreactivity was further localized to cells in the cusps of
cardiac valves (Fig. 1 E). Fetal skeletal muscle cells also exhib-
ited N-CAMimmunoreactivity.

Childhood and adult heart. In marked contrast to the fetal
heart, the myocardium examined during childhood to adult
life (1.4-75 yr) displayed relatively little sarcolemmal and in-
tercalated disc N-CAMimmunoreactivity (Fig. 2, A-C). Simi-
lar results were obtained from transplant donor tissues and
postmortem cases where death was due to noncardiac causes.
Myocardial N-CAM immunofluorescence staining was either
undetectable or of very low intensity in the normal heart,
whereas cardiac neuronal cell bodies, nerve trunks, and axons
displayed N-CAM immunoreactivity throughout childhood
and adult life (Fig. 2, A-C). The immunostaining of serial
sections revealed that nerve fibers and fascicles displaying
N-CAMor PGP9.5 immunoreactivity exhibited a similar dis-
tribution pattern (Fig. 2, Cand D). Myocardial immunoreac-
tivity was, however, detected in the atrial and ventricular
myocardium of explanted recipient hearts sampled at trans-

plantation (Table I, Fig. 3, A-C) and in right atrial appendage
obtained from patients undergoing coronary artery bypass
grafts. The extent of the myocardial immunoreactivity exhib-
ited considerable variation, from a few scattered myocytes to
large areas of myocardium showing sarcolemmal and interca-
lated disc immunostaining (Fig. 3, A-C). In the cases exam-
ined (Table I), the myocardial immunoreactivity appeared to
be less extensive in tissues from patients with cystic fibrosis,
sarcoidosis, and pulmonary hemosiderosis, where there was
generally low intensity immunofluorescence staining of inter-
calated discs, than in cases with congenital heart defects, car-
diomyopathy, and ischemic heart disease, in which large areas
of myocardium exhibited both sarcolemmal and intercalated
disc immunostaining.

Transplanted heart. Extensive myocardial N-CAMimmu-
noreactivity was demonstrated in all the cardiac allografts ex-
amined from 5 wk to 91 mo after transplantation (Table II).
The immunoreactivity was localized to both the intercalated
discs and sarcolemma of myocytes, with contiguous staining
throughout the atria and ventricles, in both heterotopic and
orthotopic allografts (Fig. 4, A-C). The myocardial immuno-
staining detected in a single heterotopic allograft obtained 2 d
after transplantation did, however, appear to be less intense,
with fewer myocytes exhibiting immunoreactivity. As in the
fetal and normal adult heart, N-CAM immunoreactivity was
not detected in vascular smooth muscle, but was still displayed
by nerves within the transplanted heart.

Immunoblotting. N-CAM immunoreactivity in the fetal
heart migrated mainly as 120-, 145-, and 150-kD desialo iso-
forms with lower molecular weight peptides also occurring as
110- and 11 5-kD bands (Fig. 5). These molecular forms dif-
fered from the main forms in skeletal muscle extracts (125-,
140-, and 155-kD). Extracts of normal adult heart contained
very little immunoreactivity, detected as 125- and 140-kD iso-
forms, whereas allograft tissues were consistently found to
contain substantial amounts of immunoreactivity, mainly as
120- and 1 25-kD isoforms (Fig. 5). Variable levels of N-CAM
isoforms were also demonstrated in the tissue extracts of pri-
mary explanted hearts and right atrial appendage samples.

Discussion
The present findings demonstrate that, as in the rat (15), myo-
cytes and nerves in the developing human heart both display
N-CAMimmunoreactivity. Myocardial N-CAMwas localized
to the sarcolemma and exhibited developmental modulation,
with extensive fetal expression and subsequent downregula-
tion in the adult, where myocardial immunostaining was ei-
ther weak or not detected. Similar temporal changes in
N-CAM immunoreactivity have been found to occur during
skeletal muscle morphogenesis, expression being suppressed
once innervation and maturation are established (10, 18). In-
tercalated discs were not detected in immunostained sections
of the fetal heart, presumably because there are few specialized
intercellular contacts in early cardiac morphogenesis (26).
Cells throughout the fetal myocardium and conduction system
displayed sarcolemmal N-CAM immunoreactivity. This coin-
cides with the early development of human cardiac innerva-
tion (27) and while it is uncertain whether any correlation
exists between the two, regions destined to receive a dense
innervation, such as the sinus and atrioventricular nodes, dis-
played prominent sarcolemmal N-CAM immunoreactivity.
N-CAM expression appears to be a general feature of auto
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Figure 1. Immunofluorescence micrographs of sections of human fetal heart at 13 wk (A, D, and E), 10 wk (B), and 15 wk gestation (C), show-
ing N-CAM immunoreactivity. Myocardial cells in the atria (A) and ventricles (B) and cells in the atrioventricular node (C, AVN) display sarco-
lemma immunoreactivity. Neuronal cells in cardiac ganglia (g), nerve trunks (n), and an associated paraganglion (p), between the aorta and
pulmonary artery, also display N-CAMimmunoreactivity (D), as do cells in aortic valve cusps (E, arrows). Vascular smooth muscle in the
aorta (E, Ao) and branches of coronary arteries (B, arrowhead) lack immunoreactivity. En, endocardium; Tr, trabeculae; E, epicardium; At,
atrial overlay cells; T, transitional cells; FB, fibrous body. Bar, 50 ,gm.

nomic and sensory nerves (28) and the cardiac nervous system
is no exception, N-CAM immunoreactivity being localized to
neuronal cell bodies, nerve fascicles and fibers in both the
developing and adult human cardiac innervation. The tem-
poral and spatial localization of N-CAM to the cardiac ner-
vous system, as well as to the myocardium, is consistent with

the proposal that N-CAMmay be involved in homophilic cel-
lular interactions in cardiac morphogenesis and innervation
(14). In skeletal muscle N-CAM has been implicated in the
processes of myoblast fusion (29) and nerve-muscle interac-
tion (3, 30). Little direct evidence is available to substantiate a
role for N-CAM in such processes in the heart, but N-CAM
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Figure 2. Immunofluorescence micrographs of sections from the left atrium (A and B) of a transplant donor aged 20 yr and right atrium (C and
D) of a postmortem case (No. 6, Table I) showing N-CAM(A-C) and PGP9.5 immunoreactivity (D). N-CAMimmunoreactivity is localized
predominantly to the cardiac innervation, with the surface of neuronal cell bodies (A and B, asterisks), nerve trunks and axons (single arrows)
exhibiting immunostaining. Serial sections of atrium contain nerve fibers and fascicles (C and D, double arrows) which display immunoreactiv-
ity for both N-CAM(C) and the general neuronal marker PGP9.5 (D). Bar, 50 Am.

antibodies have been shown to disrupt the adhesion of
N-CAMbearing vesicles to embryonic chicken cardiac muscle
cells in vitro (14).

N-CAMimmunoreactivity was also localized to cells in the
cusps of fetal heart valves. Valve cusps receive nerve fibers and
contain a mixed population of cells comprising myocardial,
smooth muscle, and interstitial cells, which possess contractile
properties (31). The cells displaying N-CAM immunoreactiv-
ity were not specifically identified, but it is apparent that car-
diac valves are not the passive structures they were once
thought to be (31, 32) and N-CAMmight have a role in me-
diating cellular interactions in valve cusps.

Cardiac development in both the mouse (14) and rat (15) is
accompanied by a transition of N-CAM isoforms from the
main embryonic (145-150-kD) to early postnatal (125-kD)
isoforms, and by a reduced level of N-CAMexpression in the
adult. Similar changes occur in skeletal muscle myogenesis,
with the 140-kD isoform present in myoblasts undergoing a
transition to 125- and 155-kD forms in myotubes. Develop-
mental changes in N-CAMisoforms were also observed in the
human heart, but due to the lack of normal tissue in the late
fetal and neonatal period, the time course of isoform transition

is less clear than in experimental animals. The major desialo
isoforms in the fetal heart were 150, 145 and 120 kD, with 115-
and 110-kD bands also present. In the normal adult only low
levels of the 120- and 125-kD isoforms were detected. The
isoforms isolated from the human heart vary from those found
in embryonic chicken (7, 33), mouse (14), and rat heart (1 5), as
well as those in age-matched human skeletal muscle tissues,
and may arise as a result of species- and/or tissue-specific pro-
cessing of N-CAMpolypeptides (6, 33).

Cardiac transplantation was accompanied by a marked
and relatively rapid increase in myocardial N-CAMimmuno-
reactivity, which was localized to the sarcolemma and interca-
lated discs and composed of 120-, 125-, and 11 5-kD isoforms.
This may represent a response to the extrinsic denervation of
the heart that occurs during transplantation since denervation
and paralysis of skeletal muscle also results in the reexpression
of N-CAM (34, 35). The 125-kD N-CAM isoform, which is
reexpressed in denervated skeletal muscle (10) and cardiac al-
lografts, has been found to support neurite outgrowth (36) and
may be involved in the process of innervation and nerve re-
generation (37, 38). In contrast to transplanted hearts in exper-
imental animals (39, 40) and denervated (38) or regenerating
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Figure 3. Immunofluorescence micrographs of sections from ex-
planted hearts showing varying amounts of myocardial N-CAMim-
munoreactivity. Section of left ventricle posterior wall (A) from a
case of idiopathic pulmonary haemosiderosis (case no. 7, Table I)
displaying relatively weak intercalated disc immunostaining. Sections
of left atrium (B) and right ventricle lateral wall (C) from a case of
Eisenmenger's syndrome (case no. 6, Table I) in which scattered
myocytes display punctate sarcolemmal immunostaining (B, arrow-
heads) and areas of myocardium exhibit both sarcolemmal and inter-
calated disc immunoreactivity (C). Bar, 50 gm.

Figure 4. Immunofluorescence micrographs of sections of left ventri-
cle papillary muscle (A; case no. 3, Table II), left atrium (B; case no.
3, Table II) and interventricular septum (C; case no. 9, Table II)
from cardiac allografts 10-63 moafter transplantation. The myocar-
dium exhibits extensive N-CAMimmunoreactivity, with contiguous
intense immunostaining of intercalated discs and sarcolemma. Vas-
cular smooth muscle (sm) lacks immunoreactivity, but nerves are
also immunostained (B, arrows). Islands of immunoreactive myocar-
dium, with a central artery, surrounded by scarred, infarcted myo-
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Figure 5. Western blot
analysis of desialo
N-CAMisoforms in
human fetal (12 wk gesta-
tion) skeletal muscle (SK,
lane 1) and heart (HT,
lane 2); transplant donor
(lane 3); explanted recipi-
ent heart from a case of
primary pulmonary hy-
pertension (lanes 4-7;

I I I 2 case no. 12, Table I) and
cardiac allografts 2 d,
(lanes 8-10; case no. 12,
Table II) and 63 moafter
transplantation (lanes 11
and 12; case no. 9, Table
II). All the samples were
loaded to an equivalent
wet weight of tissue, with
30 ,d of combined super-
natant and SDSbuffer
added to each lane. RA,

RA RV right atrium; LA, left
atrium; RV, right ventri-

GRAFT cle; LV, left ventricle;
IVS, interventricular sep-
tum.

skeletal muscle (37), human cardiac allografts do not usually
exhibit evidence of functional reinnervation (41) and this
would seem to be consistent with the continued expression of
myocardial N-CAM immunoreactivity in the transplanted
heart. A 11 5-kD N-CAMisoform was prominent in both the
developing and transplanted human heart and a secreted
N-CAM isoform of similar size has recently been identi-
fied (42), which may be involved in cellular-matrix interac-
tions (43).

Our findings indicate that human myocardial N-CAMex-
pression may be modulated by the innervation of the heart.
Other factors such as hypertrophy could also have a modulla-
tory influence, however, as indicated by the selective increase
in N-CAM immunoreactivity which we have found in the
hypertrophic myocardium of the rat heart following exposure
to chronic hypoxia (44). Unlike skeletal muscle, the myocar-
dium does not undergo regeneration and postnatal adaptation
is via hypertrophy and fibrosis rather than hyperplasia. Myo-
cardial hypertrophy is also a morphological feature of the
transplanted heart and may arise in response to prolonged
ischemia or the administration of immunosuppressive drugs
which cause hypertension (45). Variable amounts of N-CAM
immunoreactivity were detected in different forms of heart
disease and, whereas no specific correlation was demonstrated,
myocardial immunoreactivity did appear to be more extensive
in cases where the heart was subject to an increased pressure or
volume load. Note that the transplanted hearts were removed
because of graft failure and other factors, such as rejection,
could also influence N-CAMexpression.

In conclusion, human myocardial N-CAM immunoreac-

cardium (C, asterisks). The Pontamine sky blue counterstain pro-
vides a fluoresence staining of the elastic lamina in coronary arteries
(B, arrowheads). Bar, 50 ,m.

tivity is subject to both temporal and spatial regulation and
factors such as innervation and hypertrophy may well be in-
volved in modulating N-CAMexpression in the heart.
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