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Context: Testicular adrenal rest tumors (TART) are one of the major long term complications in
patients with congenital adrenal hyperplasia. Although several adrenal-like properties have been
assigned to these benign lesions, the etiology has not been confirmed yet.

Objective: The aim of this study was to describe TART in more detail by analyzing several (steroid-
ogenic) characteristics that may be classified as adrenal cortex or Leydig cell specific.

Methods: Gene expression analysis by gPCR was performed for 14 genes in TART tissue (n = 12) and
compared with the expression in healthy control fibroblasts (nonsteroidogenic control). In addi-
tion, a comparison was made with the expression levels in testis tissue (n = 9) and adrenal tissue
(n = 13).

Results: Nearly all genes were highly expressed in TART tissue, including all genes that encode the
key steroidogenic enzymes. TART expression levels are in the majority almost identical to those
found in adrenal tissue. The expression of adrenal cortex specific genes (CYP11B1, CYP11B2, and
MC2R) in both TART and adrenal tissue is approximately 1000-10 000 times higher compared to
that in testes samples. In addition, the Leydig cell markers INSL3 and HSD17B3 were not only found
in testes, but also in TART, both at significantly higher levels than in the adrenal (p < 0.01).

Conclusion: Our study shows for the first time that TART have multiple steroidogenic properties,
which include not only the expression of adrenal cortex but also of Leydig cell markers. Therefore,
the origin of these tumors might be a more totipotent embryonic cell type. (J Clin Endocrinol Metab
100: E524-E530, 2015)

ongenital adrenal hyperplasia (CAH) is a group of
C inheritable diseases that are characterized by a dis-
turbed adrenocortical steroid synthesis. In most cases
(95%) this is caused by a defect of the CYP21A2 gene,
resulting in 21-hydroxylase deficiency (1, 2). The direct
effect of the 21-hydroxylase deficiency is the inadequate
production of cortisol by the adrenal cortex and, in some
cases, also decreased aldosterone production, which can
be life threatening at birth. The lack of negative feedback
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of cortisol to the hypothalamus and pituitary gland results
in increased corticotropin-releasing hormone and adreno-
corticotropic hormone (ACTH) levels in blood. Conse-
quently, chronic stimulation of high ACTH levels induces
the adrenal cortex to become hyperplastic and to produce
high amounts of steroids and steroid precursors that do
not require 21-hydroxylase for their synthesis.

Patients are currently diagnosed at an early age and
treatment strategies are significantly improved, leading to

Abbreviations: ALC, adult Leydig cell; CAH, congenital adrenal hyperplasia; FLC, fetal
Leydig cell; hCG, human chorionic gonadotropin; TART, testicular adrenal rest tumor.

doi: 10.1210/jc.2014-2036

Neurocrine EX1078
Page 1 of 7

GZ0Z 1qWIBAON 1 UO Jasn %saq sjuLdey Aq 6000+82/72S3/€/00 /3101 E/Wadl/woo dno-olwepese//:sdjy Woly papeojumoq



doi: 10.1210/jc.2014-2036

decreased morbidity and mortality (3). Most of these pa-
tients reach adulthood without serious life threatening
complications and therefore, long-term complications are
becoming more important. One of the major complica-
tions in male patients is the development of benign testic-
ular tumors (4). These lesions have been reported to be
predominantly bilateral and have been linked to infertility
because of the mechanical obstruction of the seminiferous
tubules (5). Because of functional and histological resem-
blance with adrenocortical cells, these tumors were named
testicular adrenal rest tumors (TART) (6).

Prevalence studies show considerable differences be-
tween the prevalence numbers of TART in CAH patients,
which can mainly be attributed to patient selection and
method of detection (7-9). Studies applying the classical
method of palpation report low TART percentages of
0-35% (10-12). However, lesions below 2 ¢m are gen-
erally not palpable because of their typical location within
the mediastinum testes. With the use of ultrasonographic
examination of the testes, the prevalence was found to be
considerably higher, ranking up to 94 % in adults (11-13).

The etiology of TART is not completely understood,
but it is thought that these tumors arise from aberrant
adrenocortical cells that are stimulated to grow under the
influence of high blood ACTH levels. The role of ACTH
in TART growth is supported by the fact that TART is
mainly described in poorly controlled patients and the
observation that a high dosage of glucocorticoids may
reduce tumor size in some cases (7, 14). However, tumors
are also present in well-controlled patients and intensify-
ing the doses of glucocorticoid treatment does not always
result in decreased TART volume, suggesting that there
are additional factors involved (15, 16).

Previous studies on TART characteristics report adre-
nal specific steroids and expression of adrenal specific
genes, which suggest the presence of adrenocortical-like
properties of TART (6, 17, 18). However, a complete
characterization of the TART tissue has not been de-
scribed and the origin of the tumor cells has never been
confirmed. The aim of this study was therefore to map the
characteristics of this tissue and compare these to adre-
nocortical and testis tissue to increase the knowledge on
the identity and origin of TART.

Materials and Methods

Sample collection

Twelve TART samples of 6 adult CAH patients (tumors of left
and right testis) were collected from surgery as described earlier
(6). Written informed consent was obtained from all patients.
Tumor tissue was obtained after careful blunt dissection and
observed macroscopically and microscopically to be sure no re-
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sidual testis tissue was included (5). TART biopsies were stored
in liquid nitrogen. Frozen tissue sections (5 um) were stained
with hematoxylin and eosin for morphological evaluation. Pa-
tient information on phenotype, mutation analysis, tumor
weight, and operation indication of the 6 patients is listed in
Supplemental Table 1. In addition to the TART samples, 9 sam-
ples of normal testis tissue and 13 normal adrenal samples (all
male patients) were obtained via the Radboudumc Biobank.

Immunofluorescence

Randomly selected 5-um tissue sections of TART and normal
testis samples were used for fluorescent staining. Sections were
fixed in acetone for 10 min at 4°C and rehydrated in 1X phos-
phate buffered saline. Staining for Insl3 was obtained with over-
night incubation at 4°C of an Insl3 antibody (H-035-27, Phoe-
nix Pharmaceuticals) diluted 1:1000 in primary antibody diluent
(AbD Serotec), followed by 30 min incubation of a Cy3-conju-
gated Goat Anti-Rabbit secondary antibody (Jackson Immuno
Research Laboratories) at 37°C. All sections were additionally
DNA-stained with Hoechst 33342 fluorescent stain and
mounted in Fluorostab (ICN Pharmaceuticals). Stained sections
were observed and analyzed using a fluorescence microscope
(Axioskop, Zeiss) and IPLab software (Scanalytics).

RNA isolation

Frozen tissue sections (10 X 20 um) were used for RNA iso-
lation, performed with the Total RNA Purification Kit (Norgen
Biotek Corporation). The tissue sections were homogenized by
addition of lysis buffer and pushing the homogenate througha 21
gauge needle using a 1 mL syringe. Further steps of the isolation
were performed according to the manufacturer’s protocol. In
addition, RNA of healthy control fibroblasts was included as a
nonsteroidogenic control. RNA concentrations and quality were
determined using a NanoDrop 2000 Spectrophotometer
(Thermo Fisher Scientific).

Primer design and optimization

For the characterization of the TART tissue, 14 genes were
selected, including the genes encoding 9 key steroidogenic en-
zymes involved in the adrenocortical and testicular steroid syn-
thesis. Based on the presence or absence of these 9 specific en-
zymes involved in steroid synthesis, the steroidogenic pathway
was divided in four parts: a common, an adrenocortical, a tes-
ticular, and a peripheral part (Figure 2A). Early steps in steroid-
ogenesis are common to the adrenal cortex and the Leydig cells
of the testis and therefore the enzymes involved in this part
(mainly encoded by STAR, CYP11A1, CYP17A1,and HSD3B2)
can be found both in the adrenal cortex and in the testes. Within the
adrenocortical section of the steroidogenic pathway, aldosterone
and cortisol and all intermediate products are produced, and there-
fore the responsible genes (eg, CYP11B1 and CYP11B2) are con-
sidered adrenocortical specific. The testis specific conversion of an-
drostenedione to testosterone is catalyzed by 178HSD type 3, the
product of the HSD17B3 gene (19). Final conversions of andro-
stenedione and testosterone to estrone and estradiol by aromatase
(CYP19A1) and of testosterone to the dihydroxytestosterone me-
tabolite by Sa-reductase (SRDS5AT) occur mostly in peripheral re-
gions. In addition to these steroidogenic enzymes, 5 more genes
were selected. The common group was expanded with the NRSA1
gene, encoding for Steroidogenic factor 1 (SF1). Genes encoding the
angiotensin II and ACTH receptors (AGTR2 and MC2R) were
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added as adrenocortical specific markers. LHCGR (encoding the
LH/human chorionic gonadotropin [hCG] receptor) and INSL3
(Insulin-like 3; protein produced by Leydig cells) were chosen for
their main functionality in the testes (20).

Gene specific primers were retrieved from the RT primer-
database (21) or, in the case of absent or unsuitable primers,
self-designed using online primer-designing tools (NCBI,
primer3plus). Genes for which no primers were available from
the RTprimerDB were searched in the NCBI database, and prim-
ers were devised based on an amplicon size of 70-200 base pairs
(bp), a length of 19-23 nucleotides, a GC-content of 35-65%
and an exon-exon junction spanning amplicon. The HPRT gene
was used as a normalizing gene (22). A set of forward and reverse
primers for each gene was ordered (Biolegio). Sequences and
specifications of all primers are listed in Supplemental Table 2.
Primers were tested on cDNA of eight different human tumor cell
lines using the SYBR Select Master Mix for CFX (Applied Bio-
systems, Life Technologies) on a CFX96 Touch Real-Time PCR
Detection System (Bio-Rad Laboratories GmbH). The PCR
products were checked for quality and product size by melting
curve analysis and agarose gel electrophoresis.

Reverse transcription and qPCR

0.5 ug of total RNA in a volume of 20 nL was used for cDNA
synthesis using the GoScript Reverse Transcription System (Pro-
mega). cDNA synthesis was performed according to the manu-
facturer’s protocol with a 2720 Thermal cycler (Applied
Biosystems).

For qPCR, the cDNA samples were diluted 10 times and 5 pL.
was added to 7.5 uL Sybr Select Master Mix for CFX (2X;
Applied Biosystems), in a total amount of 15 uL on a CFX96
Touch Real-Time PCR Detection System (Bio-Rad Laboratories
GmbH). All values were normalized to the corresponding HPRT
value and then to the nonsteroidogenic control.

Data analysis

The mRNA expression of all 14 genes was calculated using
the delta-delta C, method (272¢%). Data were converted to
GraphPad Prism 5 for further analysis. Expression levels of
TART, testes and adrenal samples were calculated relative to the
corresponding value of the nonsteroidogenic control. For each
gene, the distribution of the samples was tested for normality
(D’Agostino and Pearson omnibus normality test). Differences
between the different tissues (TART, adrenal, testis) were tested
for significance with the Kruskal-Wallis test for nonparametric
data, followed by a Dunn’s post hoc test. Normally distributed

A B

Figure 1. Immunofluorescent staining of Insl3 showed that this protein was specifically stained
in the Leydig cells of normal testis (A), whereas no staining was observed in TART tissue (B). Scale

bar = 100 um.
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data were analyzed using the One-way analysis of variance
(ANOVA) with an additional Tukey’s multiple comparison test.
Values of P <.05 (*) or P <.01 (**) were considered statistically
significant.

Results

Morphological evaluation and Insl3
immunofluorescent staining of TART samples

Macroscopically, the TART tissues were found to be
firm and multilobular nodules with a yellow to tan surface
color and narrow bands of fibrous tissue. These tumors
were sharply demarcated but unencapsulated and could
easily be removed from the surrounding testis tissue. Mi-
croscopically evaluated sections showed that no normal
testicular cells were present within the TART tissue, in-
cluding Leydig cells. Immunofluorescent staining with the
Leydig cell marker Insl3 in the testis samples showed a
specific expression located between the seminiferous tu-
bules, corresponding with the expected Leydig cell pattern
(Figure 1A). In the TART samples, no Insl3 staining was
observed, indicating that there are no normal Leydig cells
present (Figure 1B).

Characterization of TART steroidogenic properties
and a comparison with adrenal and testis mRNA
levels

Expression levels of steroidogenic tissue-specific en-
zymes (Figure 2A), were quantified by qPCR in the TART
samples (red dots, Figure 2B) as the ratio of expression in
the nonsteroidogenic fibroblast control (horizontal dotted
line); all delta CT values are listed in Supplemental Table
3. The five genes that are typically expressed in both ad-
renal and testis tissue, thus belonging to the common
group (gray section), are all highly expressed in TART
with a median of 8.1 X 10* (STAR), 3.6 X 10?
(CYP11A1),7.9 X 10°(CYP17A1),3.9 X 10* (HSD3B2),
and 1.4 X 10° (NRSA1) times higher, respectively, than
the nonsteroidogenic control. With a median expression
of 3.1 X 10* (CYP11B1),2.8 X 10"
(CYP11B2), 2.8 x 10° (AGTR2),
and 7.4 X 10> (MC2R), the expres-
sion levels of adrenocortical-specific
genes (pink section) are also higher in
TART than in the nonsteroidogenic
control. The Leydig cell genes LH-
CGR, INSL3, and HSD17B3 (blue
section) have an expression in TART
of 1.3 X 10°, 5.2 X 10%,and 1.5 X
10% times higher than the non-
steroidogenic control. Expression of
CYP19A1 and SRDSAT is relatively
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Figure 2. A. Overview of steroidogenesis with main products and corresponding enzyme-coding genes divided in a common part for both
adrenal cortex and Leydig cells of the testis (gray), a group of adrenocortical specific genes (pink), and a Leydig cell specific part (blue). B. Gene
expression profile of 14 markers measured in TART (red dots), adrenal (pink triangles), and testes tissue (blue squares). The genes were subdivided
in the same groups as in panel A. 9 out of 14 genes encode the corresponding enzymes of the steroidogenic pathway. The symbols and error bars
in the graph represent median and 25th and 75th percentile of all normalized relative expression values. Differences between TART and adrenal or
testis tissue were tested for significance with the Kruskall-Wallis test. a: significantly different from testis; *, P < .05; **, P < .01; b: significantly

different from adrenal; *, P < .05; **, P < .01.

low with a median of 3.3- and 2.5- fold increase compared
to the nonsteroidogenic control sample.

In addition to the TART samples, expression of the 14
genes in 4 groups was measured in 13 adrenal samples
(pink triangles) and 9 testes samples (blue squares) for
comparison (Figure 2B). For all genes, the difference in
expression between the adrenal and testes samples is sta-

tistically significant (P < .05 for LHCGR; P < .01 for
MC2R and SRDS5SAT; P <.001 for all other genes). For the
genes in the common group, the TART expression levels
arenearly equal to the levels found in adrenal cortex tissue.
For these five genes, the levels in the testes are approxi-
mately 10-100 times lower compared to the adrenal and
TART levels (P <.01). For the four adrenocortical specific
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genes, the expression in TART is also comparable to the
adrenal data. For these genes, the difference between the
TART samples and the testes samples is statistically sig-
nificant (TART-testes P < .05 for CYP11B1,AGTR2,and
MC2R; P < .01 for CYP11B2). The expression of these
“adrenocortical” genes in the testes samples is approxi-
mately the same as measured in the nonsteroidogenic con-
trol (or even less) and can therefore be considered as neg-
ative. For the Leydig cell markers, the relative expression
in the three tissues has a different pattern than the common
and adrenal cortex specific genes. Here, the adrenal ex-
pression levels are relatively low and for the testes these are
relatively high, except for LHCGR, which has expression
levels that are nearly equal in all samples. In this part, the
TART levels are in the same range or near the testes levels
and are significantly different (P < .01) from the adrenal
expression for INSL3 and HSD17B3. The expression of
CYP19A1 and SRDSA1 is equally low in all three tissues.
In summary, TART tissue shows gene expression levels
that are equal to adrenal tissue for genes that are classified
as common for the adrenal cortex and Leydig cell of the
testes and genes that are adrenocortical specific. In addi-
tion, expression levels of Leydig cell markers were com-
parably high in both TART and testes tissue.

Discussion

TART is a typical finding in male adult CAH patients with
a high prevalence in adulthood and can potentially lead to
infertility and irreversible damage of the testicular tissue
(5, 12). Knowledge about the etiology and the functional
features is important to develop strategies for treatment
and prevention of these tumors. Previous studies have
mainly revealed adrenocortical specific characteristics and
therefore an adrenal origin of TART was considered (17,
23). Our study shows for the first time that TART also
have typical Leydig cell features based on the expression of
HSD17B3, LHCGR, and INSL3. To our knowledge,
17BHSD and Insulin-like 3 expression has never been
measured before in TART tissue. The present study ex-
pands the knowledge about the steroidogenic character-
istics of TART tissues obtained in earlier studies (6,17, 18)
by additionally measuring common steroidogenic genes,
adrenocortical genes, and Leydig cell genes. The presence
of all common steroidogenic enzymes, measured by
mRNA, indicates a capability of “basal” steroidogenesis
of TART tissue. Notably, the expression of the common
genes was lower in the testes samples compared to the
adrenal samples, which may be explained by the small
fraction of Leydig cells in testes compared to the number
of steroidogenic adrenocortical cells in the adrenal gland (24,
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25). The presence of adrenocortical specific CYP11B1 and
CYP11B2 mRNA and mRNA measurements of ACTH and
AlI receptor corresponds well with previous results of our
group (6). In the current study, we found mRNA levels of the
LH/hCG receptor, as well as Leydig cell specific HSD17B3
and INSL3 levels highly expressed in TART tissue. The pres-
ence of LH/hCG receptors in TART tissue has been indicated
before (26). Although others failed to measure these recep-
tors (23), we found mRNA levels that are in the same range
as the ACTH receptor. Although the presence of LH/hCG
receptor mRNA indicates testis-like features of TART, it has
to be noted that these receptors were also found in normal
adrenocortical tissue, but its functionality is not clear (27).
This corresponds with our analysis of LH/hCG receptor
mRNA expression in adrenal tissue, which is very close to the
levels found in testis and TART tissue. The presence of re-
sidual viable Leydig cells contaminating TART tissue was
considered unlikely because the testis tissue surrounding the
tumors was irreversibly damaged (5). This possibility was
further excluded by careful macroscopic and microscopic
evaluation and the immunofluorescence staining of INSL3.
In normal testis tissue Leydig cells account for approximately
5-10% of total cells (25). In the case of a Leydig cell “con-
tamination” of TART, a maximum of 10% Leydig cells is
expected that would then account for the Leydig cell specific
features within the investigated tissue. In contrast to the Ley-
dig cell, specific immunofluorescent staining that was seen in
the testis tissue, and no INSL3 staining was observed in
TART tissue, indicating that the Leydig cell characteristics
that were measured by qPCR belong to the tumor cells rather
than contaminated Leydig cells. It is, however, interesting
that no functional INSL3 protein was measured, while there
has been mRNA measured in TART tissue. A possible ex-
planation for this might be the differences in phenotypes of
the TART and testis tissue. The testis consists of a low per-
centage of Leydig cells that account for the high INSL3 ex-
pression measured by gPCR. In contrast, TART tissue con-
sists of a uniform mass of TART cells that might have a low
INSL3 expression, but altogether show a high cumulative
INSL3 expression. In qPCR, the amount of total RNA is
used and is more sensitive than immunofluorescence. It is
therefore possible that a large part of the TART cells produce
INSL3 protein, but in such low amounts that it cannot be
detected by immunofluorescence. Another possibility is that
there might be differences in translation efficiency of the
INSL3 protein between TART and testis tissue. In TART, the
steroidogenic cells have a different phenotype than the Ley-
dig cells of the testis and this might include that in TART less
protein is made or more protein is degraded from the same
amount of RNA compared to the testis.

The etiology of TART is not yet understood. An earlier
hypothesis was that in the embryological period cells des-
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tined to become adrenocortical cells migrate together with
the descending testes. These adrenocortical cells may grow
in the presence of growth promoting factors, such as
ACTH and All, thus explaining the high incidence of
TART in classic CAH patients (28). Val et al suggest that
adrenal-like cells in the testis originate from a different cell
type that migrate from the mesonephros into the devel-
oping gonad (29). Other studies propose that TART may
derive from pluripotent cells within the testes (30). The
results of our TART gene expression analysis shows that
these tumors possess both adrenal cortex and Leydig cell
features, indicating a more totipotent embryological
origin.

In mice, it has been reported that the Leydig cell lineage
consists of several types that differ in time of presence,
functional features, and origin (31). The fetal Leydig cell
(FLC) population is present in the embryonic testis during
development and declines shortly after birth (32, 33).
These cells originate from the adrenogonadal primor-
dium, the common precursor for the steroid producing
adrenocortical and gonadal cells. It is thought that the
FLCs are replaced by the adult Leydig cells (ALCs), which
originate from a different cell type, that expand during
puberty and remain functional during adult life. In con-
trast to the ALC, the FLC has features of both Leydig cells
and adrenocortical cells (34, 35). O’Shaughnessy found
that the melanocortin type-2 receptor (MC2R or ACTH
receptor) is expressed in fetal mice testes and that ACTH
incubation resulted in a clear increase of androgen pro-
duction in fetal but not in adult testes (36). This indicates
that the FLC contains ACTH receptors beside LH/hCG
receptors, and that they can be stimulated by two pituitary
hormones, LH and ACTH. For the human testicular de-
velopment there is not much known about the role of the
FLC, so differences with the murine type have to be taken
into account. There are conflicting data about the
HSD17B3 expression in rodents (37, 38), so it still re-
mains uncertain whether the FLC is capable of testoster-
one production or solely androstenedione production.

Because of the functional similarity between FLCs and
TART we hypothesize that a totipotent embryological cell
type (such as the FLC) may be the main progenitor of
adrenal-like rests within the testes of CAH patients. Since
these FLCs contain ACTH receptors, chronic exposure to
ACTH as occurs during fetal life in patients with classic
forms of CAH may not only lead to adrenal hyperplasia,
but may also prevent regression of FLCs and cause pro-
liferation of these cells depending on the duration and
concentration of ACTH. In addition to the ACTH recep-
tor, we found AIl and LH/hCG receptor expression in
tumor samples of our patients suggesting that TART
might also be sensitive to AIl and LH (39). The presence
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of the LH/hCG receptor on tumor tissue may explain the
significant increase in prevalence of TART during pu-
berty, even in well-controlled patients (10, 40). During
puberty, the rise in LH may further stimulate the growth
of the persistent FLCs in the testes of CAH patients. Al-
though our results only focused on the mRNA level, it
seems that TARTSs have multiple steroidogenic features
and possess characteristics that are known as both adre-
nocortical or Leydig cell specific.

In summary, our study indicates that TART consists of
steroidogenic cells that have both Leydig cell and adreno-
cortical features and contain ACTH, AIl, and LH/hCG
receptors supporting the hypothesis of totipotent cells.
These tumor cells resemble features of embryological cells
(such as FLCs), which may be the main source of TART.
Further studies have to be performed to investigate the
functional features of TART on mRNA and protein level.
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