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Abstract

Progress in high throughput “-omic” techniques now allows the simultaneous measurement of
expression levels of thousands of genes and promises the improved understanding of the
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molecular biology of diseases such as cancer. Detection of the dysfunction of molecular pathways
in diseases requires healthy control tissue. This is difficult to obtain from pheochromocytomas
(PHEOSs), rare chromaffin tumors derived from adrenal medulla. The two options for obtaining
adrenal tissue are: (1) whole organ removal post-mortem or during radical nephrectomy; (2)
removal during PHEO surgery. Access to high quality normal adrenal tissue is limited. Removal
of whole adrenals during nephrectomy is rare, because of improved surgical techniques. For
adrenals removed post-mortem, the lag time to proper organ perfusion causes uncontrolled tissue
degradation. Adjacent normal adrenal tissue can almost never be obtained from resected PHEOs,
because they often replace the entire medulla or are well-encapsulated. If a margin of normal
adrenal is attached to a resected PHEOQ, it seldom contains any medulla. The clean separation of
medulla and cortex is further complicated, because their border is convoluted, and because adult
adrenal consists of ~90% cortex. Thus, the quality of separation has to be evaluated with specific
medullary and cortical markers. We describe the successful dissection of highly pure, medullary
tissue from adrenals snap-frozen upon resection during radical nephrectomy or after brain death.
Separation quality has been verified by quantitative reverse transcription with polymerase chain
reaction for the medullary enzymes, tyrosine hydroxylase, and chromogranin A, and for the
cortical enzyme, steroidogenic acute regulator.
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Introduction

Tumorigenesis and metastasising are complex mechanisms involving multiple interlinked
cellular pathways. Knowledge of these pathways can be increased with well-designed
microarray, proteomic, and metabolomic studies. The best results will be obtained if the
tissue of tumor origin (e.g., adjacent tissue) is procured and examined together with the
tumor tissue. Ideally, tumor tissue is compared with adjacent non-tumorous tissue from the
same patient. However, obtaining adjacent adrenal medulla from a surgical specimen is
almost impossible for pheochromocytomas (PHEO), catecholamine-producing tumors
arising from the adrenal medulla (Pacak et al. 2001). PHEOs often replace the entire
medulla. If a rim of normal adrenal tissue is present on a removed tumor, it is generally
identified as adrenal cortex. In the rare case that adrenal tissue containing medulla is
removed during surgery, the clean separation of adrenal medulla from cortical tissue is
extremely difficult, because the medulla accounts for just 10% of the volume of the adult
adrenal gland. Furthermore, the border between the cortex and medulla is convoluted,
increasingly so with age (Quinan and Berger 1933; Kreiner 1982; Schinner and Bornstein
2005). Because of the lack of healthy adrenal medulla control samples, the molecular
biology of PHEOs has commonly been studied by comparing different hereditary types of
PHEOSs or by comparing adrenal to extra-adrenal PHEOSs. Thus, in the present study, our
aim has been to obtain highly pure human adrenal medulla tissue that can be used as
comparative tissue in the study of PHEO. Moreover, well-separated adrenal medulla and
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cortical tissue will be valuable in establishing new model systems to study cross-talk
between these developmentally distinct tissues.

Here, we describe the dissection of highly pure adrenal medulla tissue, as verified by
quantitative reverse transcription with polymerase chain reaction (QRT-PCR) for the
medullary enzymes, tyrosine hydroxylase (TH) and chromogranin A (CgA), and for the
cortical enzyme, steroidogenic acute regulator (StAR). Adrenal expression of StAR has been
shown to be restricted to cortical cells (Pollack et al. 1997), whereas the expression of CgA
and TH is limited to medullary chromaffin cells. The presence of CgA is routinely used as a
marker of neuroendocrine cells.

Materials and methods

Tissue

Human normal adrenal glands (n=7), from six anonymous organ donors without any
indication of adrenal dysfunction or tumor, were collected during radical nephrectomy or
within 2-5 h after confirmed brain death at the Department of Urology, School of Medicine,
Comenius University, Bratislava, Slovakia. Patient age, gender, and cause of adrenalectomy
are summarized in Table 1. Whole adrenal glands were snap-frozen upon removal and
stored and shipped at -80°C.

Separation of cortex and medulla was performed as previously described (Tischler et al.
1980; Hansen et al. 1988). To prevent tissue from cracking during processing, the adrenals
were allowed to warm slightly in a Petri dish on wet ice. The adrenals were cut centrally,
perpendicular to the longest axis. The cut surface was visually inspected for the presence of
adrenal medulla. The border between the cortex and medulla was easily identified by the
red/brown color of the cortical zona reticularis. When sufficient gray/pink medulla for
separation was visible, several sections of 3-5 mm in width were taken. Otherwise, the
tissue was again cut perpendicular to the longest axis at a distance of 1 cm from the first cut,
until an area with a wider section of medulla was found. The tissue cuts were examined
under the dissection microscope, and the gray/pink medulla was carefully cut out of the
surrounding cortex with size 11 scalpel blades. Medulla, cortex, and inseparable mixtures of
medullary and cortical tissue were collected in separate containers for RNA extraction. The
tissue was kept frozen on dry ice at all times.

gRT-PCR protocol

For RNA extraction, the tissue was homogenized in Trizol (Invitrogen, Carlsbad, Calif.,
USA). After the addition of chloroform and separation of the chloroform and water phase by
centrifugation at 12,000g, the aqueous phase was brought to a concentration of 37% ethanol,
and the RNA was captured by using the RNeasy mini kit (Qiagen, Valencia, Calif., USA)
following the manufacturer’s instructions. The amount of RNA of each sample was assessed
spectrophotometrically with the NanoDrop ND 1000 (Thermo Scientific, Wilmington, Del.,
USA).

The SuperScript First Strand kit (Invitrogen) was used for RT of 0.5 pg total RNA into
cDNA, following the product manual. Quantitation of StAR, TH, and CgA was performed by
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using the 7500 RT PCR System and Tagman Gene expression assays (Hs00264912_m1,
Hs00165941 m1, Hs00154441 m1; Applied Biosystems, Foster City, Calif., USA). The
relative expression of CgA to StAR was calculated based on the delta-delta Ct method.

Estimation of cortical contamination

To estimate the expression levels of CgA and StAR in the human adrenal medulla and cortex,
expressed sequence tag (EST)-based transcript per million (TPM) values for CgA and StAR
were used from the NCBI-UniGene-EST Profile Viewer. On the assumption that the cDNA
for the EST analysis was generated from representative normal adrenal samples, i.e., those
consisting of 90% cortex and 10% medulla, the CgA to StAR ratio for a 1:1 mixture of
absolutely pure cortical and medullary tissue was calculated as follows: (TPMcga*90)/
(TPMsiar*10)=(450%90)/(11013*10)=0.36775. The percentage of cortical tissue for each
sample was calculated by using this estimator (Table 2).

Results and discussion

The medulla comprised a continuous area large enough for separation in five of the seven
adrenal glands examined. In the two remaining adrenals, convolution of the cortex and
medulla was so prominent that separation was not attempted. We successfully separated
medullary tissue from these five glands by using a dissection microscope and eye-surgical
instruments. Clean separation was difficult because of cortical islands within the medulla,
the convoluted border between cortical tissue and medulla, and the central vein, which is
mostly surrounded by a layer of cortical cells traversing the medulla (Fig. 1; Kreiner 1982).

The separation quality was validated by gRT-PCR as previously described for mouse tissue
(Powers et al. 2007). TH and CgA levels in all samples correlated well with each other. The
definitive estimation of separation quality was based on the expression of CgA, because its

medullary expression level turned out to be in the same range as that of StAR in the cortex.

The separation led to samples of medullary tissue showing ratios of CgA to StAR that were

202 to 5833 times higher than were ratios from cortical tissue (Fig. 2).

To estimate the amount of tissue cross-contamination, knowledge of the average CgA
expression level of medullary cells and the average StAR expression level in cortical cells is
necessary. We estimated the expression ratio of CgA to StAR for a virtual 1:1 mixture of
pure human adrenal medulla and cortex based on published EST analysis data. From this
approximation, we estimated that all medulla samples that we had collected contained less
than 5% cortical contamination (Table 2); thus, the separation of clean adrenal medulla was
highly efficient.

A technical consideration in this study is that StAR mMRNA may be differentially expressed
in different zones of the adrenal cortex. In the rat adrenal cortex, the highest expression of
StAR mRNA has been found in the zona reticularis and fasciculata (Peters et al. 1998).
Contrarily, StAR protein immunostaining in human adrenals shows the least intense signal in
the zona reticularis (Pollack et al. 1997). In any case, differences in StAR expression
between the cortical zones could hypothetically influence the calculated amount of cortical
contamination, because the contaminating tissue consists mostly of zona reticularis, which is
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in direct contact with the medulla. However, the impact on the estimation of cortical
contamination will be minimal because all cortical cells, independent of zone, express high
levels of StAR in comparison to medullary cells, which do not express StAR.

Highly pure, normal adrenal medulla tissue is required as healthy control tissue to study
PHEO tumor biology. In addition, highly pure medullary and cortical tissue may be of great
value in developing new in vitro models that will help in improving our understanding of the
hormonal cross—talk between cortical and medullary cells. However, the obtaining of
healthy medullary tissue provides a challenge, because: (1) the improvement of surgical
techniques means that the removal of healthy whole adrenal glands during nephrectomy has
become exceedingly rare; (2) normal adrenal tissue is seldom present in surgical specimens
of adrenal tumors; (3) the adrenal medulla composes only about 10% of the volume of an
adult adrenal gland, so that the presence of adrenal medulla in an adrenal tumor specimen
almost never occurs; and (4) the boundary between cortex and medullary cells is typically
convoluted, making separation difficult or impossible.

After the hurdle of tissue access is overcome, other criteria need to be met in order to obtain
high quality adrenal medulla specimens, viz., optimal tissue preservation (1) during sample
collection, (2) throughout the separation of cortex and medulla, and (3) during the process of
separation quality control.

Preservation of tissue protein and RNA through rapid freezing is mandatory. In the past,
adrenal glands have been collected from nephrectomies or post-mortem from kidney
donations and autopsies (Jozan et al. 2007; Crickard et al. 1982). However, the rapid
retrieval of post-mortem tissue is seldom achieved. Usually, a delay of several hours occurs.
To avoid bias caused by uncontrolled degradation processes in the control tissue, fresh-
frozen human tumor tissue should only be compared with equivalent fresh-frozen control
tissue. To address these critical problems and to ensure the optimal preservation of tissue
protein and RNA, we have used tissue from patients that were undergoing kidney surgery or
from a patient that had died in the hospital from causes unrelated to adrenal dysfunction.
The circulation of the deceased patient was supported after brain death until organ removal.
The adrenal glands were immediately snap-frozen after removal.

The quality of RNA and protein extracts depends on rapid preservation through snap-
freezing and on the maintenance of the frozen state during processing. Here, the tissue was
kept below 0°C at all times, in order to minimize tissue degradation.

Because of the presence of cortical islands within the medulla and the convoluted borders
between the cortex and medulla, the verification of the quality of separation is mandatory.
Over the past 30 years, adrenal medullary tissue has been used to obtain cultures of primary
human chromaffin cells for developmental and functional studies with and without digestion
before physical separation from the cortex (Tischler and Slayton 1983; Tischler et al. 1985;
Powers et al. 1998, 2009; Cavadas et al. 2001) and for therapeutic transplantation in multiple
sclerosis (Lopez-Lozano et al. 1989) and chronic pain patients (Lazorthes et al. 1995; Sagen
et al. 1993). In some older publications, the identity of the collected cells was not verified
(e.g., Saria et al. 1980; Corder and Lowry 1982; Gaspar et al. 1989). Other authors have
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verified chromaffin cell origin by testing the response to acetylcholine in vitro (Grazzini et
al. 1999), by measuring catecholamine levels (Evans et al. 1983), by testing for TH
immunoreactivity (Tischler and Slayton 1983; Tischler et al. 1985; Powers et al. 1998, 2009;
Cavadas et al. 2001; Lazorthes et al. 1995; Bés et al. 1998), or by labeling with neutral red
and/or the catecholamine fluorescence technique (Hansen et al. 1988; Crickard et al. 1982;
Lopez-Lozano et al. 1989). Most of these approaches are well suited for cultured cells but
are not practical for tissue extracts. In vivo measurements cannot be performed on frozen
tissue. Admittedly, a fragment of separated medulla can be used for TH immunoreactivity,
neutral red staining, or the catecholamine fluorescence technique before RNA or protein
extraction. However, the outcome will only represent the tested fragment. Alternatively,
catecholamine levels can be measured after tissue homogenization. However, because of
their membrane solubility, an additional measurement of cortical hormones will not allow an
estimate of the degree of cortical contamination. Furthermore, optimal protection from
degradation during the simultaneous extraction of catecholamines with RNA or protein will
provide a challenge. For our purposes, these validation techniques are impracticable,
because the degree of cortical contamination cannot be correctly estimated.

Highly pure, normal adrenal medulla tissue is crucial in “-omics” type studies of PHEO. In
addition, the separation of fresh adrenal medullary and cortical cells will be an important
first step in generating a human model system to study further the cross-talk between these
organs during stress and development (Schinner and Bornstein 2005; Bornstein et al. 2000;
Ehrhart-Bornstein and Bornstein 2008; Ehrhart-Bornstein et al. 1998, 2000). Here, we have
presented the separation and validation of the purity of adrenal medullary RNA extracts.
This RNA will be highly valuable in microarray studies. Comparable evaluations of the
protein levels can be performed by enzyme-linked immunosorbent assay or Western blot for
the use of tissue samples in proteomics studies.
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Fig. 1.
Convoluted character of adrenal medulla and cortex. a Central section of adrenal number 5.

The gray-pink area is medulla, whereas the yellow and brown tissue is of cortical origin. The
adrenal is tightly embedded in a capsule of connective tissue and fat. b Hematoxylin and
eosin staining of a section of adrenal number 1. Cortical zona fisciculata (zf) and zona
reticularis (zr) cells overlap with medullary (m) cells at the border. Bar 50 m (a), 100 pm (b)
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Fig. 2.
Relative mMRNA level of CGA to StAR in cortex (black), medulla (white), and inseparable

cortex and medulla tissue (gray) of five different adrenals (numbered 1-5, #)

Cell Tissue Res. Author manuscript; available in PMC 2016 January 15.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Fliedner et al.

Table 1

Patient information (M male, F female, NK not known)

Adrenal identification number Gender Age Cause of adrenalectomy

1

2
3
4
5

M 61 Renal cell carcinoma
NK NK  NK

F 53 Multiorgan harvest

F 72 Kidney transplantation
F 72 Kidney transplantation
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Table 2

Estimated percentage of cortical tissue in each sample

Adrenal identification number  Cortex Medulla

Insepar able cortex plus medulla

a A W N P

95.56 0.37
95.31 4.94
90.51 451
98.24 4.86
92.61 4.27

24.25
55.58
23.70
28.27
25.63
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