
&p.1:Abstract The vasculature of the adrenal gland has been
studied by microinjection techniques in a variety of spe-
cies. While there is general agreement about the overall
patterns, some uncertainty still exists over the structure
of medullary arteries and the connections between the si-
nusoids of the cortex and medulla. We have taken a new
approach to these problems by applying immunohisto-
chemical techniques to the human adrenal gland, identi-
fying overall vascular patterns by endothelial expression
of CD34 and muscular channels by smooth muscle actin.
We have also examined adrenal nodules, adenomas and
carcinomas to see whether these can be differentiated on
the basis of their vascular patterns. The general pattern in
the normal gland was similar to that found in injection
studies, but there appeared to be more connections be-
tween sinusoids of the zona fasciculata than previously
reported. There was direct continuity between cortical
and medullary sinusoids. Medullary arteries were dem-
onstrated as thin-walled vessels. Immunopositivity for
smooth muscle actin was present in sinusoids, apparently
in endothelial cells, suggesting that they may express
this protein and thus have a contractile function. Macro-
nodules and adenomas could not be reliably distin-
guished, both showing a rich network of sinusoidal ves-
sels. Carcinomas showed marked disorganization, with
large-calibre vessels interspersed with irregular networks
of vessels of very small calibre.
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Introduction

The vasculature of the adrenal gland has been studied in
a number of species including man [3, 5, 7–9, 17]. There

is general agreement that the arteries in the capsule di-
vide to give rise to capsular capillaries, which are then in
continuity with the sinusoids of the zonae glomerulosa,
fasciculata and reticularis. The capsular arteries are also
reported to branch into medullary arteries, which tra-
verse the cortex before opening into capillaries in the
medulla [8, 12]. The structure of medullary arteries has
been poorly documented, and they have been described
as both thick- [2] and thin-walled [15, 18, 24] vessels.
There has also been some debate as to whether direct
communications exist between the capillary plexuses of
the cortex and medulla or whether the two circulations
are separate [3, 8, 10, 12, 13]. Most of these studies have
been performed using microinjection techniques, which
have the potential disadvantage of inducing artefacts be-
cause of the pressures required to achieve perfusion.

It is now possible to visualize individual cell types in
tissue sections using immunohistochemical staining of
specific proteins. We have therefore revisited the human
adrenal vasculature, attempting to elucidate some of
these areas of debate by applying immunohistochemical
techniques to outline vascular channels. We have identi-
fied endothelial cells by the expression of CD34 using
monoclonal antibody QB-END/10 [19] to give an overall
impression of all vascular channels. We have also used
antibodies to smooth muscle actin [21] in an attempt to
delineate capsular and medullary arteries, and venous
channels. We applied these to standard thin sections, and
also to thick sections in a technique we have previously
used to study adrenal innervation [14]. This gives the op-
portunity of examining features of the vascular tree with-
out the potential problems of injection techniques.

We have also applied the techniques to adrenocortical
nodules, adenomas and carcinomas, to assess whether
these might be differentiated on the basis of their vascu-
lar patterns. Nodule formation is not uncommon in the
human adrenal cortex, being reported in up to 50% of
unselected autopsy glands. They are more common with
increasing age and in patients with evidence of vascular
disease [4]. Their pathogenesis remains unclear, but
there is evidence that they may be due to compensatory
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hyperplasia adjacent to an area of ischaemia [4, 20]. The
histological differentiation of macronodules from non-
functioning adenomas may be difficult, as may that of an
adenoma from a small carcinoma with no obvious evi-
dence of local spread or metastases at the time of presen-
tation. Diagnosis is based at present on multifactorial
histological analysis [11, 23, 24], but these systems do
not always give absolute prediction. The need to estab-
lish alternative ways of distinguishing these lesions is in-
creasing, because more nodules are being identified in
vivo as a result of scanning for other intra-abdominal pa-
thology, and an appropriate therapeutic approach de-
pends on an accurate diagnosis.

Materials and methods

Normal adrenal glands (n=8) were obtained at autopsy from pa-
tients who had no clinical adrenal dysfunction and in whom histo-
logical examination showed no evidence of nodularity. Sections
were examined from head and body where medulla is present, and
from tail, where it is absent. Autopsy cases (n=5) were also used
for the assessment of micronodules. Macronodules were examined
from two glands with nodular hyperplasia associated with Cush-
ing’s syndrome and a further autopsy case. Adenomas (n=6) and
carcinomas (n=6) were removed at surgery. These were classified
both on the basis of clinical behaviour and by the histological cri-
teria of Weiss et al. [25].

Immunostaining was performed on both thick (100µm) and
thin (4 µm) sections. Thick sections were stained using a free
floating method in glass Universal containers, with an indirect im-
munoperoxidase technique, using QB-END/10 (Novocastra Labo-
ratories) or asm-1 (anti-smooth muscle actin, Bradshaw Biologi-
cals) as primary antibody. Sections were pretreated with 0.1%
trypsin for 15 min and incubated with primary antibody for 48 h at
4°C. Peroxidase conjugated goat anti-mouse immunoglobulin
(Dako) was used as secondary antibody, again incubated for 48 h
at 4°C, and sites of binding visualized with Vectorstain chromogen
(Vector Laboratories). Sections were dehydrated and were mount-
ed on glass slides using HSR.

Thin (4 µm) sections were mounted on glass slides coated with
aminopropyltriethoxysilane. These were immunostained for α
smooth muscle actin using asm-1. Sections with primary antibody
omitted were examined as negative controls and immunostaining
of thin sections of tonsil was performed as a positive control for
QB-END/10 and of small intestine, for smooth muscle actin.

Results

In the normal gland, the general vascular pattern corre-
sponded to that already described for the adult gland.
Branching arteries were seen on the capsule. In the head
and body, a sinusoidal plexus branched around the zona
glomerulosa (Fig. 1). Centripetal sinusoids, which ap-
peared to branch and interconnect, ran through the zona
fasciculata (Fig. 2). A more complex plexus was present
in the zona reticularis. Medullary arteries traversed the
cortex and in some cases showed a spiral pattern within
the medulla (Fig. 1). A sinusoidal network was present
in the medulla. Direct continuity was seen between sinu-
soids of the zona reticularis and those of the medulla
(Fig. 3). Smaller venous branches were seen entering the
central vein. The pattern in the cortical cuff mirrored that

of the cortex. In the alae and tail the cortical pattern was
similar to that in the head, but vessels ran along the
raphe to join venous channels. In thick sections, immu-
nostaining for smooth muscle actin was positive not only
in capsular and medullary (Fig. 4) arteries and in central
vein, but also extended through the zona fasciculata in
the pattern of the sinusoids (Fig. 4). Staining of thin sec-
tions showed immunopositivity related to sinusoidal out-
lines within the cortex (Fig. 5a) demonstrated at higher
power in Fig. 5b.

The overall pattern in micronodules was similar to
that in normal cortex, but the sinusoids were subjectively
further apart (Fig. 6). Between nodules, there appeared
to be compression of vascular sinusoids, with an impres-
sion of loss of cells, although the number of vessels did
not appear to be reduced

Macronodules showed marked vascularity, with thin-
walled vascular channels appearing to surround small
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Fig. 1 Cross section, 100µm thick, of the head of the normal ad-
renal gland immunostained for CD34 to demonstrate endothelial
cells. Branching sinusoids are seen in the zona glomerulosa (*),
zona fasciculata (ZF), zona reticularis (ZR), medulla (M), and in
the cortical cuff (CC) surrounding the central vein (CV). A medul-
lary artery (arrow) and venule (arrowhead) in the cortical cuff are
also demonstrated&/fig.c:



groups or individual cells (Fig. 7). In places there was an
appearance of multiple nodule formation. In some areas
appearances similar to micronodules were seen, with
compression of adjacent vessels (Fig. 8). Immunoposi-
tivity for smooth muscle actin was present in vessel
walls

The patterns in adenomas were similar to those in
macronodules (Fig. 8). Focally, branching larger calibre
vessels could be seen. In some areas there seemed to be
continuity with vessels of the adjacent cortex, whereas in
others the two seemed to run parallel to each other
around the junction. Immunostaining for smooth muscle
actin was also seen in relation to sinusoidal walls.

Carcinomas showed extremely variable patterns.
Some showed mainly large-calibre vessels, while others
also showed networks of disorganized, very-small-cali-
bre vessels (Fig. 9). Few vessels were seen in relation to
areas of necrosis.

Discussion

The expression of CD34 has proved to be a useful mark-
er for endothelial cells [19] and superior to factor VIII-
related antigen, which may not identify small-calibre
vessels [16]. We confirmed this in the present study,
where little staining of sinusoids was seen with factor
VIII-related antigen (data not shown). We were able to
demonstrate all types and calibres of vessel with CD34
immunostaining, in both thin and thick sections. Exami-
nation of the latter gave some appreciation of the three-
dimensional arrangement of these vessels.

Our results were generally in agreement with previous
studies on the overall organization of the vasculature of
the human adult adrenal. However, the degree of branch-
ing and interconnection of sinusoids within the zona fas-
ciculata was more marked than previously reported [5,
20]. This could reflect alterations produced by the injec-
tion techniques in those studies, which may have dam-
aged interconnecting branches. Staining with smooth
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b5a
Fig. 2 Normal adrenal cortex (CD34) showing complex branch-
ing of the sinusoids of the zona fasciculata&/fig.c:

Fig. 3 Sinusoids are seen crossing the zona reticularis (ZR) to the
medulla (M) (arrows). CD34 immunostaining&/fig.c:

Fig. 4 Normal adrenal (100µm thick) immunostained for smooth
muscle actin. Positivity is seen in a thin-walled medium-calibre
vessel traversing the cortex (arrow), consistent with a medullary
artery. There is other, less distinct, immunopositivity (asterisks) &/fig.c:

Fig. 5 a Normal adrenal (4µm thick) showing positivity for
smooth muscle actin in capsular arterioles (arrows) and wide-
spread positivity related to sinusoidal endothelial cells. b High-
power view showing variable positivity for smooth muscle actin in
relation to sinusoidal walls&/fig.c:



Fig. 6 Adrenal micronodule (CD34) showing vascular pattern
similar to normal, but with increased distance between the sinu-
soids. There is compression of adjacent sinusoids, with apparent
loss of cortical cells&/fig.c:

Fig. 7 Adrenal macronodule (CD34) showing complex vascular
arrangement in which most cells appear to be in contact with sinu-
soids&/fig.c:

Fig. 8 The vascular appearances in adenomas were similar to
those in macronodules. Some larger calibre vessels are also seen
running through the tumour (CD34)&/fig.c:

Fig. 9 Adrenal carcinoma (CD34) showing a mixture of large cal-
ibre vessels and a disorganised network of small-calibre vessels&/fig.c:

muscle actin demonstrated the branching of capsular ar-
teries and arterioles. We did not demonstrate arteries
looping back to the capsule, but this may be a problem of
sampling. We confirmed the presence of medullary arte-
ries, and also the spiral twisting within the medulla re-
ported by some [20]. The pattern of staining suggested
that these are fairly thin-walled vessels, more in keeping
with the findings of Pauly [18] and Merklin [15] than
those of Bennet [1] and Bennet and Kilham [2], who re-
ported vessels with a pronounced muscular wall. These
findings concur with those of Vinson et al. [24] in the rat
adrenal, indicating that the structure of the wall of the
medullary arteries is not consistent with these vessels
having significant control of blood flow. An unexpected
finding was the immunopositivity of sinusoidal walls
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with the smooth muscle actin antibody, which appeared
to be related to endothelial cells. There have been no re-
ports of pericytes or other perisinusoidal cells that might
express smooth muscle actin within the adrenal gland.
This raises the possibility that sinusoidal endothelial
cells might have some contractile role and exercise local
regulation of tone, although it is unlikely that major reg-
ulation of blood flow could be achieved in this way. Fea-
tures consistent with myoid differentiation have also
been demonstrated in endothelial cells lining high endo-
thelium venules in the spleen [22]. It would be of interest
to investigate this further when other antibodies reactive
with smooth muscle actin in paraffin sections become
available, or by in situ hybridization for specific messen-
ger RNA.

Our findings support the idea of a dual blood supply
for the medulla, in that in addition to the supply from
medullary arteries, direct connections were also demon-
strated between cortical and medullary sinusoids. This
permits direct exposure of phaeochromocytes to steroids.
In keeping with the majority of reports [3, 12, 24], we
did not see evidence of a portal system.

Changes in vascular patterns were demonstrated in
adrenal nodules and tumours. In micronodules (i.e. nod-
ules visible only on microscopic examination) there was
some evidence of increased distance between sinusoids,
but the overall arrangement of these appeared similar to
that in normal cortex. In agreement with Dobbie [4] and
Sasano et al. [20], we demonstrated crowding of sinu-



soids adjacent to nodules consistent with atrophy of cor-
tical cells. The numbers of sinusoids did not, however,
appear to be reduced. We were unable to examine the re-
lationship between these atrophic areas and capsular ar-
teriopathy with the material available.

Macronodules (visible to the naked eye) and adeno-
mas showed similar disorganization of vascular patterns,
with a dense, mainly sinusoidal, pattern in keeping with
the abundant blood supply proposed by Sasano et al.
[20]. In places, this pattern suggested that these lesions
expand by continued nodular proliferation and expan-
sion. Some have suggested that macronodules arise as a
result of coalescence of micronodules. An alternative is
the expansion of clones within the nodule. The larger
branching vessels we identified may correspond to those
seen on angiography by Ekström et al. [6]. In contrast to
Dobbie [4], we found connections between the sinusoi-
dal vessels of the adjacent cortex and those of the nod-
ule/adenoma, albeit only in limited areas. The high de-
gree of vascularity of these lesions and the continuity of
vascular supply with that of the normal gland suggest
that their failure to respond to normal stimuli is related
to defects in cellular signalling pathways rather than to
lack of exposure to adrenocorticotrophic hormone or
other humoral factors. Again, the expression of smooth
muscle actin in sinusoidal endothelial cells may play
some part in regulating blood supply, but this requires
further investigation. On the basis of our observations, it
appears that adrenal macronodules and adenomas cannot
be distinguished by their vascular patterns.

The distinction of carcinoma from other nodular le-
sions is of the greatest importance from a therapeutic
viewpoint. In a study based on angiography, Ekström et
al. [6] reported that in carcinoma the vessels varied in
density throughout the tumour. Our findings of a mixture
of large-calibre vessels and foci of very dense small-cali-
bre vessels are similar to those illustrated in the angio-
grams of that study. Such changes were seen even in a
small (28 g) tumour defined as potentially malignant by
the histological criteria of Weiss et al. [25] and proven so
on clinical follow-up. These changes in vascular patterns
most probably reflect the secretion, by malignant tu-
mours, of angiogenic factors that differ from those regu-
lating the normal gland. The presence of abnormal vas-
cular patterns might therefore provide additional infor-
mation that would be useful in the distinction between
benign and malignant adrenocortical tumours.
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