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Abstract The vasculature of the adrenal gland has beisngeneral agreement that the arteries in the capsule di-
studied by microinjection techniques in a variety of speide to give rise to capsular capillaries, which are then in
cies. While there is general agreement about the ovecalhtinuity with the sinusoids of the zonae glomerulosa,
patterns, some uncertainty still exists over the structdasciculata and reticularis. The capsular arteries are also
of medullary arteries and the connections between thereported to branch into medullary arteries, which tra-
nusoids of the cortex and medulla. We have taken a newse the cortex before opening into capillaries in the
approach to these problems by applying immunohistoedulla [8, 12]. The structure of medullary arteries has
chemical techniques to the human adrenal gland, ideb&en poorly documented, and they have been described
fying overall vascular patterns by endothelial expressias both thick- [2] and thin-walled [15, 18, 24] vessels.
of CD34 and muscular channels by smooth muscle acfihere has also been some debate as to whether direct
We have also examined adrenal nodules, adenomas @mmunications exist between the capillary plexuses of
carcinomas to see whether these can be differentiatedren cortex and medulla or whether the two circulations
the basis of their vascular patterns. The general patterari@ separate [3, 8, 10, 12, 13]. Most of these studies have
the normal gland was similar to that found in injectidmeen performed using microinjection techniques, which
studies, but there appeared to be more connections Haere the potential disadvantage of inducing artefacts be-
tween sinusoids of the zona fasciculata than previousbuse of the pressures required to achieve perfusion.
reported. There was direct continuity between cortical It is now possible to visualize individual cell types in
and medullary sinusoids. Medullary arteries were detissue sections using immunohistochemical staining of
onstrated as thin-walled vessels. Immunopositivity fepecific proteins. We have therefore revisited the human
smooth muscle actin was present in sinusoids, appareatlyenal vasculature, attempting to elucidate some of
in endothelial cells, suggesting that they may exprahgse areas of debate by applying immunohistochemical
this protein and thus have a contractile function. Macrechniques to outline vascular channels. We have identi-
nodules and adenomas could not be reliably distiied endothelial cells by the expression of CD34 using
guished, both showing a rich network of sinusoidal vasonoclonal antibody QB-END/10 [19] to give an overall
sels. Carcinomas showed marked disorganization, wiithipression of all vascular channels. We have also used
large-calibre vessels interspersed with irregular networstibodies to smooth muscle actin [21] in an attempt to

of vessels of very small calibre. delineate capsular and medullary arteries, and venous
channels. We applied these to standard thin sections, and
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Immunohistochemistry - Adrenal neoplasms 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.
Introduction We have also applied the techniques to adrenocortical

~ nodules, adenomas and carcinomas, to assess whether
The vasculature of the adrenal gland has been studieghifse might be differentiated on the basis of their vascu-
a number of species including man [3, 5, 7-9, 17]. Thesg patterns. Nodule formation is not uncommon in the
human adrenal cortex, being reported in up to 50% of
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hyperplasia adjacent to an area of ischaemia [4, 20].
histological differentiation of macronodules from non
functioning adenomas may be difficult, as may that of 4
adenoma from a small carcinoma with no obvious e
dence of local spread or metastases at the time of pres
tation. Diagnosis is based at present on multifactor
histological analysis [11, 23, 24], but these systems
not always give absolute prediction. The need to esta
lish alternative ways of distinguishing these lesions is i
creasing, because more nodules are being identified
vivo as a result of scanning for other intra-abdominal p
thology, and an appropriate therapeutic approach
pends on an accurate diagnosis.

Materials and methods

Normal adrenal glands€8) were obtained at autopsy from pa
tients who had no clinical adrenal dysfunction and in whom hist
logical examination showed no evidence of nodularity. Sectio
were examined from head and body where medulla is present,
from tail, where it is absent. Autopsy casesH) were also used g
for the assessment of micronodules. Macronodules were exami
from two glands with nodular hyperplasia associated with Cusi
ing’s syndrome and a further autopsy case. Adenom=8) (@nd '
carcinomas{=6) were removed at surgery. These were classifie
both on the basis of clinical behaviour and by the histological ¢
teria of Weiss et al. [25].
Immunostaining was performed on both thick (300) and =
thin (4 um) sections. Thick sections were stained using a fress
floating method in glass Universal containers, with an indirect i
munoperoxidase technique, using QB-END/10 (Novocastra Lah
ratories) or asm-1 (anti-smooth muscle actin, Bradshaw Biolog
cals) as primary antibody. Sections were pretreated with 0.
trypsin for 15 min and incubated with primary antibody for 48 h g
4°C. Peroxidase conjugated goat anti-mouse immunoglobu
(Dako) was used as secondary antibody, again incubated for 48 h
at 4°C, and sites of binding visualized with Vectorstain chromoggfy. 1 Cross section, 10@m thick, of the head of the normal ad-
(Vector Laboratories). Sections were dehydrated and were moyghal gland immunostained for CD34 to demonstrate endothelial
ed on glass slides using HSR. _ cells. Branching sinusoids are seen in the zona glomerulosa (*),
Thin (4 um) sections were mounted on glass slides coated withna fasciculataZF), zona reticularisZR), medulla M), and in
aminopropyltriethoxysilane. These were immunostained dor the cortical cuff CC) surrounding the central vei€¥). A medul-
smooth muscle actin using asm-1. Sections with primary antibagyy artery arrow) and venulegrrowhead in the cortical cuff are
omitted were examined as negative controls and immunostainilgo demonstrate:d
of thin sections of tonsil was performed as a positive control for
QB-END/10 and of small intestine, for smooth muscle actin.

of the cortex. In the alae and tail the cortical pattern was
similar to that in the head, but vessels ran along the
Results raphe to join venous channels. In thick sections, immu-
nostaining for smooth muscle actin was positive not only
In the normal gland, the general vascular pattern corire-capsular and medullary (Fig. 4) arteries and in central
sponded to that already described for the adult glandin, but also extended through the zona fasciculata in
Branching arteries were seen on the capsule. In the hisdpattern of the sinusoids (Fig. 4). Staining of thin sec-
and body, a sinusoidal plexus branched around the ztines showed immunopositivity related to sinusoidal out-
glomerulosa (Fig. 1). Centripetal sinusoids, which afres within the cortex (Fig. 5a) demonstrated at higher
peared to branch and interconnect, ran through the zpower in Fig. 5b.
fasciculata (Fig. 2). A more complex plexus was presentThe overall pattern in micronodules was similar to
in the zona reticularis. Medullary arteries traversed thieat in normal cortex, but the sinusoids were subjectively
cortex and in some cases showed a spiral pattern withirther apart (Fig. 6). Between nodules, there appeared
the medulla (Fig. 1). A sinusoidal network was presetat be compression of vascular sinusoids, with an impres-
in the medulla. Direct continuity was seen between sirgien of loss of cells, although the number of vessels did
soids of the zona reticularis and those of the medutlat appear to be reduced
(Fig. 3). Smaller venous branches were seen entering thdlacronodules showed marked vascularity, with thin-
central vein. The pattern in the cortical cuff mirrored thatalled vascular channels appearing to surround small




Fig. 2 Normal adrenal cortex (CD34) showing complex branch- Carcinomas showed extremely variable patterns.

ing of the sinusoids of the zona fascicu:ata Some showed mainly large-calibre vessels, while others
Fig. 3 Sinusoids are seen crossing the zona reticulzR$ to the also showed networks of disorganized, very-small-cali-
medulla #1) (arrows). CD34 immunostainir bre vessels (Fig. 9). Few vessels were seen in relation to

Fig. 4 Normal adrenal (10@m thick) immunostained for smoothareas of necrosis.
muscle actin. Positivity is seen in a thin-walled medium-calibre

vessel traversing the cortearfow), consistent with a medullary
artery. There is other, less distinct, immunopositivitytérisk3 Discussion

Fig. 5 a Normal adrenal (4um thick) showing positivity for .
smooth muscle actin in capsular arteriolesrqws) and wide- The expression of CD34 has proved to be a useful mark-

spread positivity related to sinusoidal endothelial cddlddigh- er for endothelial cells [19] and superior to factor VIII-
power view showing variable positivity for smooth muscle actin is|ated antigen, which may not identify small-calibre
relation to sinusoidal wal:s ’ . -

vessels [16]. We confirmed this in the present study,

where little staining of sinusoids was seen with factor
groups or individual cells (Fig. 7). In places there was #&ffll-related antigen (data not shown). We were able to
appearance of multiple nodule formation. In some aredsmonstrate all types and calibres of vessel with CD34
appearances similar to micronodules were seen, withmunostaining, in both thin and thick sections. Exami-
compression of adjacent vessels (Fig. 8). Immunoposéation of the latter gave some appreciation of the three-
tivity for smooth muscle actin was present in vessgilmensional arrangement of these vessels.
walls Our results were generally in agreement with previous

The patterns in adenomas were similar to those studies on the overall organization of the vasculature of

macronodules (Fig. 8). Focally, branching larger calibtke human adult adrenal. However, the degree of branch-
vessels could be seen. In some areas there seemed togoand interconnection of sinusoids within the zona fas-
continuity with vessels of the adjacent cortex, whereasciculata was more marked than previously reported [5,
others the two seemed to run parallel to each otf2®]. This could reflect alterations produced by the injec-
around the junction. Immunostaining for smooth musdien techniques in those studies, which may have dam-
actin was also seen in relation to sinusoidal walls. aged interconnecting branches. Staining with smooth
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Fig. 6 Adrenal micronodule (CD34) showing vascular patterwith the smooth muscle actin antibody, which appeared
similar to normal, but with increased distance between the Sify-he related to endothelial cells. There have been no re-
soids. There is compression of adjacent sinusoids, with appatglis o hericytes or other perisinusoidal cells that might
loss of cortical cells p Yy p ; L g

i ] express smooth muscle actin within the adrenal gland.
Fig. 7 Adrenal macronodule (CD34) showing complex vasculgfyis rajses the possibility that sinusoidal endothelial

arrangement in which most cells appear to be in contact with sinu- . - .
soids. cells might have some contractile role and exercise local

Fig. 8 The vascular appearances in adenomas were similarre ulation of tone, although it is unlikely that major reg-
thgse in macronodulestSome larger calibre vessels are also §H0n of b!OOd f'o"‘( could be ac_h|eved_|n_ this way. Fea-
running through the tumour (CDZ 4) ures consistent with myoid differentiation have also
een demonstrated in endothelial cells lining high endo-
helium 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-
muscle actin demonstrated the branching of capsular ger RNA.
teries and arterioles. We did not demonstrate arteriefOur findings support the idea of a dual blood supply
looping back to the capsule, but this may be a problemfaf the medulla, in that in addition to the supply from
sampling. We confirmed the presence of medullary arteedullary arteries, direct connections were also demon-
ries, and also the spiral twisting within the medulla retrated between cortical and medullary sinusoids. This
ported by some [20]. The pattern of staining suggestaermits direct exposure of phaeochromocytes to steroids.
that these are fairly thin-walled vessels, more in keepimgkeeping with the majority of reports [3, 12, 24], we
with the findings of Pauly [18] and Merklin [15] thardid not see evidence of a portal system.
those of Bennet [1] and Bennet and Kilham [2], who re- Changes in vascular patterns were demonstrated in
ported vessels with a pronounced muscular wall. Thesirenal nodules and tumours. In micronodules (i.e. nod-
findings concur with those of Vinson et al. [24] in the raifles visible only on microscopic examination) there was
adrenal, indicating that the structure of the wall of tle®me evidence of increased distance between sinusoids,
medullary arteries is not consistent with these vesskig the overall arrangement of these appeared similar to
having significant control of blood flow. An unexpectethat in normal cortex. In agreement with Dobbie [4] and
finding was the immunopositivity of sinusoidal wallSasano et al. [20], we demonstrated crowding of sinu-

Fig. 9 Adrenal carcinoma (CD34) showing a mixture of large ¢
ibre vessels and a disorganised network of small-calibre v=ssel



73

soids adjacent to nodules consistent with atrophy of co- Coupland RE, Selby JE (1976) The blood supply of the adre-
tical cells. The numbers of sinusoids did not, however, nal medulla : a comparative study. J Anat 122:539-551

appear to be reduced. We were unable to examine the ‘t}eéDgoekzﬁg a‘é\z\én%?gggafﬁgfaoocﬁé;'%%':l”_01d8“|ar hyperplasia - the

|ati_0n5hip be_tween these_ atmp_hic areas and capsular &rpobbie JW, Symington T (1966) The human adrenal gland
teriopathy with the material available. with special reference to the vasculature. J Endocrinol 34:479—
Macronodules (visible to the naked eye) and adeng-489

e ; At Ekstrom T, Iremack B, Lagergren C (1968) The vasculature of
mas showed Slm”.ar dlsorganlzatlon of VE!SCUIar Patter.ng’the adrenal gland in neoplasia and hyperplasia. Virchows Arch
with a dense, mainly sinusoidal, pattern in keeping with [a] 343:189-196

the abundant blood supply proposed by Sasano et alFlint JM (1900) The blood vessels, angiogenesis, organogene-
[20]. In places, this pattern suggested that these lesionsis, reticulum and histology of the adrenal. Johns Hopkins

i i i _ Hosp Rep 9:153-229
e_xpansd by %ontlnued nOchjanL prollferatlor& ?nd expa . Gersh I, Grollman A (1941) The vascular pattern of the adre-
sion. Some have suggested that macronodules arise as g gland of the mouse and rat and its physiological response

result of coalescence of micronodules. An alternative is to changes in glandular activity. Contrib Embryol Carnegie
the expansion of clones within the nodule. The larger Inst 29:112-125 . _
branching vessels we identified may correspond to tho8eHarrison RG (1951) A comparative study of the vascularisat-

seen on angiography by Ekstrém et al. [6]. In contrast to g)g:l%f_;ge adrenal gland in the rabbit, rat and cat. J Anat
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lack of exposure to adrenocorticotrophic hormone gﬁ Lazorthes G, Gaubert J, Poulhes J, Roulleau J, Martinez-Cobo
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