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A B S T R A C T

It is uncertain whether thymic neuroendocrine tumors (NET) associated with Cushing's syndrome (CS) produce
corticotropin-releasing hormone (CRH) and adrenocorticotropin hormone (ACTH) and whether the thymus
contains ACTH and/or CRH cells that could originate NET.

The clinicopathologic features of 5 typical (TC) and 6 atypical carcinoids (ATC), 10 additional non-neoplastic
thymi, 6 adrenal glands with bilateral nodular hyperplasia and 8 adrenal cortical adenomas were reviewed.
Representative slides were immunostained for ACTH and CRH. Four (36.4%) of the 11 patients had CS. The
incidence of Masaoka stage IV was higher (p < 0.0001) in patients with ATC than TC. Only 2 (18.1%) of the 11
patients were alive at follow-up. Ten NET were CRH immunoreactive and 6 were ACTH immunoreactive. Thymic
NET with CS exhibited stronger immunoreactivity for ACTH and CRH than those without CS. Non-neoplastic
thymi exhibited scattered ACTH and CRH immunoreactive cells. Normal adrenal cortex and glands with bilateral
nodular hyperplasia showed diffuse CRH immunoreactivity while adrenal adenomas showed no or only focal
CRH immunoreactivity. Literature review showed no association between thymic NET and adrenal adenomas.

The thymus contains CRH and ACTH immunoreactive cells that are probably the origin of thymic NET.
Neoplasms associated with CS exhibit strong immunoreactivity for both hormones, suggesting that CRH prob-
ably plays a role in the pathogenesis of CS. As adrenals with bilateral nodular hyperplasia exhibit diffuse CRH
immunoreactivity and adrenal cortical adenomas either lack this finding or show few immunoreactive cells, this
marker may be useful to distinguish these lesions.

1. Introduction

Neuroendocrine tumors (NETs) comprise 2–5% of primary thymic
neoplasms and are currently classified by the World Health
Organization (WHO) as typical (TC) and atypical (ATC) carcinoids and
high-grade neuroendocrine carcinomas (including large cell neu-
roendocrine carcinomas and small cell carcinomas) using histopatho-
logic criteria (mitoses and necrosis) similar to those applied to pul-
monary NETs [1]. The European Neuroendocrine Tumor Society
(ENETS) has implemented a three-tiered grading system for all NETs
regardless of site of origin that is based on mitotic and Ki67 indices
[2,3]. More recently, the International Agency for Research on Cancer
(IARC) and the WHO have proposed a common classification for NETs
that classifies lung and thymic carcinoids as grade I and II NETs [4].
However, this classification scheme does not fully take into account

that NETs arising in different organs present with different clin-
icopathologic features and often also follow very different clinical
courses. For example, most thymic carcinoid tumors manifest more
aggressive clinical behavior than G1 and G2 NETs that arise in the lung
and gastrointestinal tract while most carcinoids found as incidental
tumors in appendectomy specimens are cured by the procedure. Also,
40%–50% of thymic NETs present as ATCs and 20% as TCs, while
70%–90% of pulmonary NETs are TCs [5]. Thymic NETs are also often
associated with endocrinopathies such as Cushing's syndrome or the
multiple endocrine neoplasms (MEN) type I syndrome, each present in
approximately 25% of patients with thymic NETs [5]. In contrast,
Cushing's syndrome is present in fewer than 5% of patients with NETs
arising at extrathymic sites [6-10]. There is little information in the
literature about the pathogenesis of Cushing's syndrome in patients
with thymic NETs and no clear explanation as to why this
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paraneoplastic syndrome is more frequent in patients with thymic NETs
than in patients with NETs arising in other locations. It is also unknown
whether the normal human thymus gland contains non-neoplastic
neuroendocrine cells that express immunoreactivity for adrenocortico-
trophic hormone (ACTH) and/or corticotropin-releasing hormone
(CRH) which could then be considered as possible cells of origin for
thymic NETs.

A recent case of thymic TC associated with Cushing's syndrome

occurring in a 43-year old woman 18 years after resection of an al-
dosterone-producing adrenal cortical adenoma prompted us to review
the literature and our experience with thymic carcinoid tumors, fo-
cusing on the clinicopathologic features, prognosis, and im-
munoexpression of ACTH and CRH in these tumors and in non-neo-
plastic thymic tissue. Hyperplastic adrenal glands resected from our
patients with thymic NETs and associated Cushing's syndrome and a
small cohort of adrenal adenomas that served as a comparison group
were also reviewed and immunostained for CRH. A systematic litera-
ture review was performed to collect best evidence regarding the as-
sociation between thymic carcinoid tumors and Cushing's syndrome,
including information about cell of origin, clinicopathologic features

Fig. 1. Gross photo of thymic typical carcinoid in a patient with Cushing's syndrome.

Fig. 2. Thymic typical carcinoid lacks pleomorphism and necrosis and exhibits
only rare if any mitoses (same tumor as in Fig. 1); Hematoxylin & eosin x200.

Fig. 3. Thymic atypical carcinoid showing more pleomorphism than seen in
Fig. 2 and mitoses; Hematoxylin & eosin ×200.
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and prognosis.

2. Materials and methods

2.1. Patient/case selection

With institutional review board approval that includes a waiver of
patient consent, the database of the pathology department at our
medical center was searched for: thymic NETs (carcinoids, atypical
carcinoids, neuroendocrine carcinomas) between January 1, 1994 and
January 1, 2018. Ten randomly selected non-neoplastic thymectomy
specimens including 8 normal glands, 1 thymus with simple hyper-
plasia, and 1 with traumatic hematoma were also retrieved from our
files to evaluate whether the non-neoplastic thymus contains neu-
roendocrine cells that express ACTH and/or CRH immunoreactivity.
Clinical information from all cases, including the index case of a 43-
year old woman who developed a thymic carcinoid tumor 18 years after
resection of an aldosterone-producing adrenal cortical adenoma, was
obtained by review of the hospital's electronic medical records. The
following data were extracted: age, gender, diagnosis, treatment, and
presence of Cushing's syndrome, MEN syndrome and/or other en-
docrinopathies. Overall survival (OS) data for patients with thymic
NETs were obtained from our medical center's tumor registry.
Histologic slides and pathology reports from all neoplastic and non-
neoplastic cases were retrieved from the surgical pathology files and
reviewed by 2 of the authors (AEW and AMM). Thymic NETs were
classified according to the 2015 WHO classification and staged ac-
cording to the Masaoka-Koga staging system [11-13]. Representative
formalin fixed, paraffin embedded sections from each tumor and, where
present, from adjacent non-neoplastic thymic tissue as well as from all
10 non-neoplastic thymectomy specimens were immunostained for
CRH and ACTH.

Three of our patients with thymic NETs and associated Cushing's
syndrome had undergone adrenalectomy. Slides from these adrena-
lectomy specimens, from 8 randomly selected adrenal cortical ade-
nomas (5 aldosterone-producing adenomas from patients with Conn's
syndrome and 3 nonfunctioning adenomas) and from 2 normal adrenal
glands that had been resected in conjunction with radical ne-
phrectomies were reviewed and a representative formalin fixed paraffin
embedded section from each of these specimens was immunostained for
CRH.

2.2. Immunohistochemistry

Immunohistochemical detection of CRH and ACTH was performed
on 4-μm whole tissue sections using polyclonal CRH antibody (Sigma-
Aldrich, St. Louis MO) applied at 1:2500 dilution and prediluted
polyclonal ACTH antibody (Cell Marque, Rocklin CA). Staining was
performed on the Ventana Discovery Ultra (CRH) or the Ventana
Benchmark Ultra (ACTH) automated slide stainer using the on-board
retrieval method in citrate pH 6 buffer (CRH) or in high pH buffer
(ACTH) (Ventana Medical systems, Tucson AZ). Staining was visualized
using the Ventana Chromomap DAB (CRH) or the Ventana ultraview
DAB (ACTH) detection system. All slides were counterstained with
Mayer's hematoxylin. Placenta and pituitary served as positive controls
while placenta and tonsil with omission of primary antibody served as
negative controls for CRH and ACTH, respectively.

IHC stained slides were evaluated jointly by AMM and AEW using a
double-headed microscope. Diffuse cytoplasmic staining was inter-
preted as positive for ACTH and CRH; nuclear staining for CRH was
interpreted as non-specific. The percentages of tumor cells with positive
ACTH or CRH expression were semi-quantitated using the following
arbitrary scale: negative; 1%–25%=1+; 26%–50%=2+;
51%–75%=3+;>75%=4+. The intensity of staining for each an-
tibody was semi-quantitated using the following arbitrary scale:
0= absence of staining; 1+=mild; 2+=moderate; 3+=marked.Ta
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The same scoring was used to assess immunostaining in non-neoplastic
thymic and adrenal tissues.

2.3. Statistical analysis

Results were compared with t-test and chi-square tests using
Medcalc software (Medcalc, Ostend Belgium).

2.4. Systematic literature review

A systematic review of the English literature between 1988 and
2018 was performed using the following search terms and their com-
binations: “thymus”, “Cushing's syndrome”, “carcinoid”, “neuroendo-
crine tumor or neoplasm”, “well differentiated neuroendocrine carci-
noma”,“moderately differentiated neuroendocrine carcinoma”,
“corticotropin releasing hormone/CRH”, “ACTH”, and “ectopic” using
the PubMed database of the National Library of Medicine. The Google
search engine was also used to query the Internet for reports of im-
munohistochemical expression of ACTH and CRH in thymic carcinoids.

3. Results

3.1. Clinicopathologic features of patients with thymic NETs treated at our
medical center from 1994 to 2018

A total of 13 patients with NETs who underwent radical thy-
mectomy for the treatment of primary thymic NETs were found in our
surgical pathology database. They included 11 carcinoid tumors (Fig. 1)
and 2 high-grade neuroendocrine carcinomas (1 large cell neuroendo-
crine carcinoma and 1 small cell carcinoma). As none of the 2 patients
with high-grade neuroendocrine carcinoma presented with Cushing's
syndrome, these cases were excluded from the review. The 6 female and
5 male patients with thymic carcinoid tumors ranged in age from 22 to
72 years at diagnosis (median 43 yrs). Their NETs included 5 TCs
(Fig. 2) and 6 ATCs (Fig. 3) ranged in size from 2.0 to 15.3 cm (Table I).
Thymic TCs appeared to be smaller (6.5 ± 4.0 cm) than ATCs
(10.1 ± 5.5 cm) but the difference was not significant. When patients
with TC and ATC were compared, there was no significant difference in
gender or median age at diagnosis. Seven (63.6%) of the 11 tumors,
including all 6 ATC presented as Masaoka-Koga stage IV disease. The
incidence of Masaoka-Koga stage IV was significantly higher in the
ATCs than in the TCs (p < 0.001) at diagnosis. Four (36.4%) of the 11
patients with thymic carcinoid tumors had Cushing's syndrome and
none of them had evidence for personal or family history of MEN
syndrome in the clinical records. All patients underwent thymectomy;

Table II
Immunoreactivity in thymic carcinoid tumors and adjacent non-neoplastic thymus.

Case Diagnosis Cushing's syndrome Thymic carcinoid tumors Non-neoplastic thymus

CRH ACTH CRH ACTH

% of+ cells Intensity % of+ cells Intensity % of+ cells Intensity % of+ cells Intensity

1 TC Yes 4+ 3+ 4+ 3+ 1+a 1+a 1+a 1+a

2 TC Yes 3+ 3+ 2+ 2+ 1+a 1+a neg neg
3 ATC Yes 4+ 3+ 2+ 2+ 1+a 1+a 1+a 1+a

4 ATC Yes 4+ 4+ 4+ 3+ NA NA NA NA
5 ATC No 4+ 3+ neg neg 1+a 1+a neg neg
6 TC No neg neg 2+ 2+ neg neg 1+a 1+a

7 ATC No 1+ 1+ neg neg NA NA NA NA
8 ATC No 1+ 1+ neg neg NA NA NA NA
9 ATC No 2+ 2+ neg neg NA NA NA NA
10 TC No 4+ 1+ 1+ 1+ 1+a 1+a 1+a 1+a

11 TC No 4+ 2+ neg neg 2+ 2+ 1+a 1+a

TC= typical carcinoid; ATC=atypical carcinoid.
% of + cells: 1+=1%–25%, 2+=26%–50%, 3+=51%–75%, 4+= >75%.
Intensity= subjective estimate of the intensity of immunoreactivity ranging from 1+=barely visible to 4+= strong reactivity.
NA=not available.

a Only rare cells were positive.

Fig. 4. Thymic typical carcinoid tumor showing CRH (A) and ACTH (B) immunoreactivity in tumor cells; (A, B) ×200.
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in addition, 7 were treated with somatostatin analogs, 6 were treated
with chemotherapy, and 2 received post-operative radiation therapy to
the chest (Table I). Three of the 4 patients with thymic NET and
Cushing's syndrome had undergone unilateral or bilateral adrena-
lectomy. They included the index patient who had undergone right
adrenalectomy for a 2 cm aldosterone-producing cortical adenoma
18 years prior to the acute onset of Cushing's syndrome and thy-
mectomy and 2 patients who had undergone bilateral adrenalectomy
concurrent with their thymic NET/Cushing's syndrome diagnosis.

Only two (18.1%) of the 11 patients with thymic carcinoid were
alive at last follow-up, 24 and 103months post thymectomy (Table I).
Both are female with TCs. One of these patients, the index patient, had
Cushing's syndrome while the other did not. Both received che-
motherapy and radiation. The index patient received adjuvant radiation
to the chest for the tumor which was described as inseparable from the
left heart border and pericardium. The other patient received radiation
to bone metastases. Among the patients who died, the average OS was
significantly shorter in those with ATC than in individuals with TC
(32.6 ± 21months vs. 143.33 ± 22.3 mos.) (p < 0.001). Only 1 of
the 4 patients with Cushing's syndrome was alive at 24months; the

average OS among the others was 32.6 ± 24.76months. There was no
significant difference in average OS between thymic carcinoid patients
with and without Cushing's syndrome.

3.2. CRH and ACTH immunostaining in thymic carcinoid tumors at our
medical center

Table II shows the results of immunostaining for CRH and ACTH in
the thymic carcinoid tumors. Of the 11 thymic carcinoids, 5 were CRH
+/ACTH+ (Fig. 4), 5 were CRH+/ACTH-(Fig. 5), and 1 was CRH-/
ACTH+. All four (100%) thymic carcinoids in patients with associated
Cushing's syndrome stained diffusely and intensely positive for both
CRH and ACTH (Fig. 4). Although some staining for CRH was also
observed in 6 (66.7%) of the thymic carcinoids without Cushing's, the
staining was seen in a lower percentage of the tumor cells and/or was
less intense in 5 of these 6 cases. The remaining case was negative for
CRH. A similar trend was observed for ACTH. Among patients without
Cushing's syndrome, one of the 7 thymic carcinoids was negative for
CRH and 5 of the 7 cases were negative for ACTH. Thus, whereas
staining for CRH and ACTH was observed in all 4 (100%) of the thymic
carcinoids in patients with Cushing's, tumors in patients without the

Fig. 5. Thymic typical carcinoid showing cytoplasmic immunoreactivity for
CRH in tumor cells; ×200. Immunostain for ACTH was negative in tumor cells.

Table III
Immunoreactivity in non-neoplastic thymus from patients without Cushing's syndrome.

Case Age/gender Indication for surgery Thymus Dx CRH ACTH

1 30 M Papillary thyroid CA NPD neg 1+a

2 35 F Papillary thyroid CA NPD 1+a 1+a

3 32 F Completion thyroidect-omy for paillary thyroid CA NPD 1+a 1+a

4 49 F Papillary thyroid CA & parathyroid hyperplasia NPD 1+a 1+a

5 24 F Hyperparathyroidism NPD neg 1+a

6 57 F Hyperparathyroidism NPD, involuted neg 1+a

7 59 F Hyperparathyroidism NPD neg 1+a

8 60 M Cardiomyopathy NPD, involuted neg neg
9 2 M Trauma Hematoma 1+a 1+a

10 44 F Mediastinal mass Simple hyperplasia neg 1+a

% of + cells: 1+=1%–25%, 2+=26%–50%, 3+=51%–75%, 4+= >75%.
NPD=no pathologic diagnosis.

a Only rare cells were positive.

Fig. 6. Neuroendocrine cells in non-neoplastic thymus showing cytoplasmic
CRH immunoreactivity; ×400. Nuclear staining was interpreted as nonspecific.
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syndrome showed considerably less immunoreactivity for the two epi-
topes. Immunoreactivity for CRH and ACTH did not appear to correlate
with tumor size or histology (TC vs. ATC).

3.3. CRH/ACTH immunostaining in non-neoplastic thymus

Table II also shows the results of immunostaining for CRH and
ACTH in the non-neoplastic thymic tissue available in 7 (63.6%) of the
11 thymic carcinoid resection specimens. Three of these patients had
associated Cushing's syndrome and the other 4 did not. Table III shows
the results of immunostaining for CRH (Fig. 6) and ACTH (Fig. 7) in 10
non-neoplastic thymic tissues without Cushing's syndrome. Tables II

and III show that the non-neoplastic thymic tissue adjacent to thymic
carcinoid tumors, in simple thymic hyperplasia, and in thymic tissue
resected incidentally contain a small number of neuroendocrine cells
that exhibited cytoplasmic immunoreactivity for CRH and/or ACTH. In
specimens with preserved thymic architecture and absence of involu-
tional changes, these neuroendocrine cells were observed in the thymic
medulla. The non-neoplastic thymic tissue in specimens with carcinoid
tumors from patients with Cushing's syndrome did not show a sig-
nificantly greater number of immunoreactive cells than the other spe-
cimens.

3.4. CRH immunostaining in adrenal specimens

CRH was expressed in the non-lesional cortex of all adrenal glands
in our study. The adrenals from two patients with bilateral adrenal
hyperplasia associated with thymic ATC and Cushing's syndrome ex-
hibited strong CRH immunoreactivity (Fig. 8). The adrenal adenoma
from the index patient exhibited weak and focal CRH im-
munoreactivity. This adenoma had been resected 18 years prior to the
development of thymic TC and Cushing's syndrome. The patient had no
evidence of Cushing's syndrome at the time of adrenalectomy (Table
IV). In contrast, CRH was expressed in lesional adrenal tissue in only 2
(25%) of the 8 cortical adenomas from patients without Cushing's
syndrome who underwent adrenalectomy for symptoms associated with
Conn's syndrome or for diagnosis of an incidental mass seen on imaging
and subsequently diagnosed as a nonfunctional adenoma (Fig. 9).

3.5. Literature review of CRH expression and CRH/ACTH co-expression in
thymic NETs associated with Cushing's syndrome

Primary NETs of the thymus were first recognized by Rosai and Higa
in 1972 [14]. The largest reported series of thymic NETs (160 patients
reported to the Surveillance, Epidemiology and End Results (SEER)
database over a 33 year period) does not include CRH/ACTH expression
nor specify the incidence of Cushing's syndrome among the tumors
[15]. The 80 cases reported by Moran & Suster include 5 cases with
Cushing's syndrome but no information on CRH or ACTH im-
munoreactivity is provided [16]. In a more recent report on 12 patients
with Cushing's syndrome and thymic NETs, Neary et al. reported im-
munoreactivity for ACTH in 9 tumors but do not mention CRH [17].

Our literature search revealed only a few reports that include CRH
expression or CRH/ACTH co-expression in thymic carcinoid tumors
(Table V) [18-23]. The 7 patients (6 males and 1 female) ranged from
13.6 to 63 years of age (median 25 yrs.) at diagnosis. While the in-
formation provided is limited, the thymic carcinoid tumors ranged from
6mm to 13 cm, and at least 4 (50%) were ATCs. Co-expression of CRH
and ACTH is reported in 6 (75%) of the tumors although the antibodies
and/or the staining protocols utilized differ across the reports and/or
are not detailed. In two of the studies, the authors used alternate
methodologies (tissue extraction, radioimmunoassay) to document
CRH/ACTH production by the tumors [18,19]. Interestingly, 3 reports
describe a shift in immunoreactivity for CRH and ACTH when primary
and recurrence were compared [18,20,21]. There is no mention of CRH
or ACTH expression having been studied in the non-neoplastic thymic
tissue in any of these cases, and although at least 3 of these patients
underwent bilateral adrenalectomy for persistent Cushing's syndrome,
no information regarding CRH or ACTH immunoreactivity in the
adrenalectomy specimens is provided [20,22,23].

4. Discussion

Cushing's syndrome results from the presence of excess plasma le-
vels of glucocorticoids, irrespective of the cause, and is distinguished
from Cushing's disease in which a pituitary tumor produces excess
ACTH that stimulates the adrenal cortex (zona fasciculata) to produce
high levels of cortisol. Exogenous administration of glucocorticoids is

Fig. 7. Neuroendocrine cells in non-neoplastic thymus showing ACTH im-
munoreactivity; ×400.

Fig. 8. Adrenal hyperplasia showing diffuse cytoplasmic CRH im-
munoreactivity; ×200. Nuclear staining was interpreted as nonspecific.
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currently the most common cause of Cushing's syndrome. Among the
endogenous causes of Cushing's syndrome, 70% of cases are attribu-
table to pituitary adenomas that cause excess corticotropin production
(Cushing's disease), about 20% are attributable to an adrenal disorder
such as cortical adenoma or nodular/diffuse cortical hyperplasia or
adrenocortical carcinoma leading to excess cortisol production and
suppression of corticotropin in the pituitary, and about 10% are caused
by ectopic secretion of corticotropin by a non-pituitary tumor [24].
Ectopic secretion of corticotropin has been reported in up to 50% of
small cell carcinomas of the lung, 15% of thymic carcinoid tumors, 10%

of pulmonary carcinoids and 10% of islet cell tumors [25,26]. Smaller
percentages of medullary thyroid carcinomas, other carcinoid tumors,
pheochromocytomas, and a variety of other tumors have appeared in
case reports as sources of ectopic corticotropin and rare cases of
Cushing's syndrome secondary to CRH produced by non-pituitary tu-
mors have been described [25,26]. Ectopic CRH production accounts
for< 1% of all cases of Cushing's syndrome.

Our findings confirm that thymic NETs are malignant neoplasms
that are often large at diagnosis, present at high Masaoka stage and are
associated with poor prognosis despite aggressive therapy. It remains
controversial whether patients with thymic ATCs have a significantly
worse prognosis than those with thymic TCs. Moran and Suster reported
that thymic ATC patients have a worse prognosis than those with TC,
but other studies and our data showed no significant prognostic dif-
ferences between the 2 groups [16,27]. The 36.4% incidence of Cush-
ing's syndrome in our patients is higher than the 25% generally quoted
in the literature and is considerably higher than in patients with NETs
originating at other sites. For example, a recent review by Pedicelli
et al. described a 1%–5% incidence of the syndrome in patients with
bronchial carcinoids [6]. Bohnnenger et al. [5] noted a tendency for
thymic TCs associated with Cushing's syndrome to be smaller than
those without Cushing's, but in our small case cohort, there was no such
difference.

CRH is the product of a single gene located on the long arm of
chromosome 8 and is expressed in a wide variety of tissues including
normal hypothalamus, adrenal cortex, heart (myocytes), liver (hepa-
tocytes), lung (bronchial epithelium, alveolar macrophages), pancreas
(acini), ovary (stroma, oocyte), immune cells, endothelium, and pla-
centa (synctiotrophoblasts) [28,29]. There is very limited information
in the literature regarding the immunohistochemical subcellular loca-
lization of CRH. We based our interpretation that nuclear staining for
CRH is a nonspecific finding on the studies by Miceli et al. and Rosen
et al., although we recognize that this is not optimal as the investigators
used different antibodies and staining protocols from each other and
from those used in our study [30,31]. Miceli et al. reported diffuse

Table IV
CRH immunoreactivity in adrenal adenomas, adrenal cortical hyperplasia, and normal adrenal glands.

Case Age/gender Indication for adrenaleectomy Adrenal Dx Cushing's syndrome CRH in adrenal lesion
% of + cells (intensity)

CRH in normal adrenal cortex
% of + cells (intensity)

Thymic carcinoid cases
1 43 F Adrenal mass Cortical adenoma No in 1998 1+ (1+)

Yes in 2016
3 22 F ATC Bilat hyperplasia Yes 4+ (3+) NA
4 48 M ATC Bilat hyperplasia Yes 3+ (3+) NA

Control adrenal glands
1 55 M Renal CA NPD (incidental adrenalectomy) No No lesion 4+ (1+)
2 77 M Renal CA NPD (incidental adrenalectomy) No No lesion 2+ (2+)
3 66 F Adrenal mass Cortical adenoma No neg 2+ (2+)

Nonfunctional
4 57 M Adrenal mass Cortical adenoma No neg 2+ (2+)

Conn's
5 40 F Adrenal mass Cortical adenoma No 2+ (2+) 2+ (2+)

Conn's
6 36 M Adrenal mass Cortical adenoma No neg 2+ (1+)

Conn's
7 40 M Adrenal mass Cortical adenoma No neg 3+ (2+)

Conn's
8 28 M Adrenal mass Cortical adenoma No neg 3+ (2+)

Conn's
9 59 F Adrenal mass Cortical adenoma Yes 1+ (1+) 2+ (1+)

Nonfunctional
10 46 M Adrenal mass Cortical adenoma No neg 3+ (2+)

Nonfunctional

ATC=atypical carcinoid.
% of + cells: 1+=0–25%, 2+=25–50%, 3+=50–75%, 4+= >75%.
Intensity= subjective estimate of the intensity of immunoreactivity ranging from 1+=barely visible to 4+= strong reactivity.
NA=not applicable; NPD=no pathologic diagnosis.

Fig. 9. Adrenal adenoma showing negative immunoreactivity for CRH (upper
right) and adjacent compressed rim of normal adrenal showing cytoplasmic
immunoreactivity for CRH (lower left); ×200. Nuclear staining was interpreted
as nonspecific.
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cytoplasmic staining for CRH and its two receptor isoforms (CRH-R1
and CRH-R2) using a polyclonal goat anti-CRH antibody from Santa
Cruz (C-20; sc-1759) in 100%, 92%, and 60.7% of 51 endometrial
cancers, respectively; immunostaining was confined to the para-
nuclear/apical regions and nuclei (CRH-R2) in adjacent benign en-
dometrial glands [30]. Rosen et al. reported cytoplasmic staining for
CRH and nuclear staining for Re1B-NFĸB2 (a transcription factor) in the
placenta of humans and other primates using antibodies from Abnova
and Santa Cruz-Cell Signaling Technology, respectively [31]. Their
findings raise the possibility that the Sigma CRH antibody used in our
study might cross-react with Re1B-NFĸB2 or another transcription
factor. The Sigma antibody is not 100% specific and the datasheet for
their CRH antibody indicates that there is< 0.01% cross-reactivity of
the CRH antibody with human ACTH at 50% binding. More systematic
studies of protein and/or mRNA levels employing proteomics or RNA
sequencing will be important in elucidating molecular mechanisms of
pathogenesis of these tumors.

To our knowledge, the presence of neuroendocrine cells that are
immunoreactive for CRH and ACTH in non-neoplastic thymic tissue has
not been previously described in human thymus and suggests that these
cells could be the cells of origin of thymic NETs. The results of CRH and
ACTH immunostains support the suggestion that the association be-
tween an adrenal cortical adenoma being followed by the development
of a thymic carcinoid tumor and acute onset Cushing's syndrome
18 years later, as observed in our index case, is most likely coincidental.
The adenoma exhibited only focal and weak immunoreactivity for CRH
whereas the hyperplastic adrenal glands resected from the 2 other pa-
tients with thymic carcinoid tumors and Cushing's syndrome showed
diffuse strong immunoreactivity for CRH. In addition, out literature
review found no previous report of metachronous adrenal adenoma and
thymic NET associated with Cushing's syndrome.

An unexpected and somewhat surprising finding in our study was
the observation that the cells of adrenal cortical hyperplasia exhibit
cytoplasmic CRH immunoreactivity while most adrenal adenomas are
negative for this marker. As the histologic distinction between adrenal
cortical adenoma and nodular cortical hyperplasia can be difficult in
selected cases, this preliminary observation warrants further study. If
this difference in CRH immunoreactivity is confirmed with a larger
cohort of adrenal lesions, this marker may be helpful in this differential
diagnosis.
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