Normotensive incidentally discovered
pheochromocytomas display specific biochemical,
cellular and molecular characteristics
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Context: A number of incidentally discovered pheochromocytomas are not associated with hy-pertension. The characteristics
of normotensive incidentally discovered pheochromocytomas (NIP) are poorly known.

Objective: To assess the clinical, hormonal, histological and molecular features of NIP
Design: Retrospective cohort recruited from 2001 to 2011 in 2 tertiary-care medical departments.

Patients and Methods: Clinical, biological and radiological investigations performed in 96 con-secutive patients with sporadic
unilateral pheochromocytomas were examined. 47 patients had overt pheochromocytomas responsible for hypertension.
Among incidental pheochromocytomas, 28 patients had hypertension and 21 were normotensive (NIP). 62 tumors were
examined for the PASS score, and 29 studied for the expression of 16 genes involved in chromaffin cell function.

Results: Tumor size and MIBG scintigraphy results were similar between hypertensive pheochro-mocytomas (HP) and NIP. NIP
patients displayed reduced summed levels of urinary catecholamines and metanephrines and, more specifically, reduced levels
of adrenaline and metadrenaline com-pared to HP patients (P < 0.001). Urinary metanephrines had 98% diagnostic
sensitivity in HP patients and only 75% in NIP patients (P < 0.01). Tumor diameter positively correlated with total amount of
urinary concentrations of metanephrines in HP patients, (P < 0.001) but not in NIP patients. NIP displayed a global decreased
chromaffin genes expression, reaching significance for 5 of them and 2 corresponding proteins: Phenylethanolamine N-
methyltransferase, secretogranin Il, and a significant increase in the cellularity, mitotic activity, and presence of atypical mitosis (P <
0.05).

Conclusions: Normotensive incidentally discovered pheochromocytomas differ from pheochro-mocytomas responsible for
hypertension and display features of altered chromaffin differentia-tion. Usual biological diagnostic tools may misdiagnose
these tumors.

Pheochromocytomas are rare neuroendocrine tumors  that produce and release catecholamines and their metab-
arising from chromaffin cells of the adrenal medulla  olites. Despite major advances in the biological tools to



diagnose these tumors (1), a significant number of pheo-
chromocytomas are undiagnosed and found incidentally
during radiological abdominal investigations (2, 3). Pheo-
chromocytomas account for up to 5% of adrenal inciden-
talomas in nononcologic series (4) and incidental discov-
ery may represent up to 25% of cases in recent
pheochromocytomas series (5-9). The rarity of pheochro-
mocytomas, the nonspecificity of clinical symptoms and
the widespread availability of imaging procedures may
account for the increasing prevalence of incidental discov-
ery. Lack of hemodynamic features including hyperten-
sion has been reported in 13.5% (7) to 55% (9) of inci-
dental pheochromocytomas series and may also account
for misdiagnosis. No comprehensive study examining the
clinical manifestations of normotensive incidental pheo-
chromocytomas (NIP), their relationship with in vivo hor-
monal evaluation and tumor biology is currently avail-
able. The aim of this study was to elucidate the nature of
NIP by comparing their clinical, hormonal, radiological,
pathological and molecular features to that of pheochro-
mocytomas responsible for hypertension.

Materials and Methods

Patients

This retrospective study included 96 patients recruited during
the 2001 to 2011 period. Seventy-six consecutive patients were
recruited at the University Hospital of Bordeaux, France and 20
cases were recruited at the University Hospital of Toulouse,
France. Patients enrolled in the study had apparently sporadic
pheochromocytomas. Patients with bilateral pheochromocyto-
mas, with a personal or familial history of paraganglioma or
disease associated with chromaffin tumor were excluded. Ge-
netic testing for MEN2, VHL and SDHB and D mutations was
performed routinely in all patients below 50 y (10) and only
patients without genetic alterations were included.

Written consent was obtained in all patients in whom mo-
lecular analysis of the pheochromocytoma was performed and in
most other patients. When informed consent was not obtained,
the data were collected under conditions of regular clinical care
with local ethics committee approval obtained for the use of
those data.

Clinical evaluation of patients included detailed inventory of
clinical symptoms, at least 3 daily measurements of systolic and
diastolic blood pressure (BP) for 2 d in the recumbent position for
30 min and at least 2 evaluations of BP in the upright position.
Hypertension was defined as increased systolic or diastolic BP
above 140 or 90 mmHg respectively or use of antihypertensive
medication. The classic triad was defined by the simultaneous
occurrence of headache, palpitations and sweating. Orthostatic
hypotension was defined as a fall in BP one min after standing =
20 mmHg for SBP and = 10 mmHg for DBP. Resistant hyper-
tension was defined by persistence of hypertension despite at

least 3 antihypertensive treatments or the need for at least 4
treatments to control BP.

Forty-seven patients (49 %) had an overt pheochromocytoma
diagnosed during the work-up of hypertension. Discovery of
pheochromocytoma was incidental in 49 patients (51%). Inci-
dental discovery was defined as unexpected detection with an
imaging procedure performed for reasons a priori unrelated to
adrenal dysfunction. Among patients with incidental pheochro-
mocytomas, 28 had hypertension and 21 were strictly normo-
tensive (NIP group). Extensive interview of NIP patients and
their general practitioner failed to identify episodes of hyperten-
sion or clinically related symptoms. Compared to patients with
overt pheochromocytomas, patients with incidental pheochro-
mocytomas associated with hypertension were older (59.0 + 2.3
yr vs 52.7 = 2.1 yr respectively; P < .05) and had a reduced
prevalence of the classical clinical triad (11% vs 45% respec-
tively; P < .01). However, from a clinical perspective, patients
with overt pheochromocytomas and patients with incidental
pheochromocytomas associated with hypertension shared many
features including duration of hypertension (78 =21 movs 55 =
14 mo respectively; P = .14), prevalence of resistant hyperten-
sion (21% vs 18% respectively), number of antihypertensive
treatments (1.5 = 0.2 vs 1.7 = 0.2 respectively), systolic BP levels
(138 = 2 mm Hg vs 143 = 3 mm Hg respectively) and diastolic
BP levels (80 = 2 mm Hg vs 81 = 2 mm Hg). Given the clinical
similarities, these patients were considered as a single group (hy-
pertensive pheochromocytomas or HP) and compared to NIP.

All patients had at least one measurement of 24 h urinary
fractionated metanephrines. Additionally, 80 and 45 of them
had atleast one measurement of 24 h urinary free catecholamines
and plasma metanephrines, respectively. All patients underwent
thin-slice adrenal CT imaging. MIBG scintigraphy was per-
formed in 49 patients with HP and 10 patients with NIP using
123[- or '*'I-metaiodobenzylguanidine in 61% and 39% of cases
respectively.

Tumors were excised by different surgical groups in and
out-of our center using open or more frequently laparoscopic
surgery. No death occurred. All patients were at least re-exam-
ined within 3 mo postoperatively but no specific long-term fol-
low-up was organized. Sixty three percent of patients became
normotensive following surgery and their antihypertensive med-
ication was withdrawn while 33% of patients were improved
and required a smaller dose of antihypertensive treatment to
adequately control BP. Sixty-two formalin-fixed and paraffin-
embedded samples of excised pheochromocytomas were retro-
spectively reviewed in an independent blind way by two experts
to determine the Pheochromocytoma of the Adrenal gland Scale
Score (PASS) (11). In case of disagreement, the samples were
mutually examined to reach a consensus agreement.

Metanephrines and catecholamines measurement

Fractionated urinary metanephrines, free urinary cat-
echolamines and free plasma metanephrines were assayed by
electrochemical detection (12). Intra-assay and interassay coef-
ficients of variations were lower than 9.5%. Analyte concentra-
tions were expressed in their fold increase above their respective
upper limits of reference interval.



RNA extraction and quantitative PCR analysis

Total RNA was extracted from frozen excised pheochromo-
cytomas samples using the TRI Reagent® (Sigma-Aldrich) and
further purified with the miRNeasy Mini Kit (Qiagen) following
the manufacturer’s instructions. Total RNA (0.5 ug) was reverse
transcribed in triplicates with 0.5 wg random primers using the
ImProm II Reverse Transcription System for RT-PCR (Pro-
mega). Q-PCR was performed using the SYBR Green I Master
Mix buffer (Applied Biosystems) in 96-wells plates ona 7900 HT
Fast Real-Time PCR System. Information on the primers used,
including sequences, concentration, amplicon sizes, and PCR
efficiencies, is given in the supplementary Table. All Q-PCRs
were done in duplicates. A series of 6 housekeeping genes and the
multiple stable genes comparison program geNorm (13) were
used for normalization. Presented are the resulting normalized
expression levels of the genes of interest.

Protein extraction and Western blot analysis

Protein recovery from TRI Reagent® was performed with the
following modifications: 2.5 volumes of isopropanol were added
to the phenol-ethanol supernatant, protein pellet was washed
twice in 0.3 M guanidine hydrochloride-95% ethanol, and re-
suspended in 200-400 L of 10 mM DTT and 8 M Urea solu-
tion. Total protein extracts (40 pg) were resolved by SDS-PAGE
on 8% polyacrylamide gels and transferred onto nitrocellulose
membranes (LI-COR Biosciences). After 30 min incubation in
the Odyssey® blocking buffer, membranes were incubated over-
night at 4 C with rabbit polyclonal anti-PNMT (1:1000) (14) or
anti-EM66 (1:1500) (15) primary antibodies in 50% Odyssey®
blocking buffer plus 0.01% Tween 20 in PBS. The secondary
antibody used was the IRDye® 800CW donkey antirabbit IgG
(1:10000; LI-COR Biosciences). A second gel loaded in parallel
with similar protein amounts was stained with Coomassie blue
according to the manufacturer’s instructions (Simply Blue Saf-
estain, Invitrogen) for normalization of PNMT and EM66 ex-
pression. Immunoreactive and Coomassie blue-stained bands
were visualized on the Odyssey® Infrared imaging system and
protein expression evaluated by densitometry using the Image]
software (16).

Statistical analysis

Data are presented as mean = SEM. One way ANOVA with
nonparametric Kruskal-Wallis, Mann-Whitney-Wilcoxon and
X2 tests were used to compare results among groups. Relation-
ships between variables were evaluated by Spearman’s rank cor-
relation coefficients. Data were explored using Prism 5 (Graph-
Pad, San Diego, CA). Statistical significance was considered
when P < .05.

Results

Clinical features (Table 1)

Age and sex ratio of NIP and HP patients were similar.
Aside from marked differences in hemodynamic features,
the prevalence of diabetes was increased in HP patients
compared to NIP patients. Tumor size and prevalence of
positive uptake at MIBG scintigraphy were similar be-

Table 1. Clinical and radiological characteristics of
patients with pheochromocytomas
Level of
HP NIP significance

Patients (number) 75 21
Age at diagnosis (yr) 55+ 1.6 51 +3.1 P=0.16
Sex ratio (H/F) 34/41 5/16 P =0.09
Systolic blood pressure (mmHg) 139 £2 126 + 3 P=0.01
Diastolic blood pressure (mmHg) 81 +1 72 =1 P < 0.001
Nb of anti-hypertensive treatments 1.6 0.1 0+0 P < 0.001
Hypotension (%) 7 (9%) 1(5%) P=0.681
Resistant hypertension (%) 15 (20%) 0(0%) P <0.04
Classic triad (%) 24 (32%) 0(0%) P < 0.001
Diabetes (%) 33 (44%) 3(14%) P=0.02
Tumor size (mm) 50 +2.8 52 +6.7 P=0.781
Tumor side (left/right) 31/39 9/11 P = 1,000
Positive MIBG scintigraphy 49/54 10/10 P = 1,000

tween groups. No uptake outside the adrenal tumor was
found.

In vivo biological features (Table 2 and 3)

The 24h total output of urinary metanephrines (sum of
methyldopamine, methylnoradrenaline (urMNAD) and
methyladrenaline (urMAD)) and urinary free cat-
echolamines (sum of free dopamine, noradrenaline and
adrenaline) were significantly lower in NIP compared to
HP. Dopamine and methyldopamine excretion was sim-
ilar between groups. urMNAD was decreased in NIP
while a similar but nonsignificant trends was found for
plasma MNAD. All parameters reflecting adrenaline se-
cretion were dramatically decreased in NIP compared to
HP with a 5 to 6 fold decrease in the levels of urMAD,
plasma MAD and urinary free adrenaline.

Tumor diameter of HP was correlated with urMNAD
(r=0.71,P <.0001),urMAD (r = 0.37; P <.03), plasma
MNAD (r =0.71; P <.0001), plasma MAD (r =0.31; P =
.08) and total amount of urinary metanephrines (r = 0.62;
P < .0001). No correlation was found between size and
any biochemical parameter in the NIP group.

Thus, NIP exhibited a different biochemical phenotype
from HP that was characterized by a global reduction of
catecholamine and metanephrine secretion and, more spe-
cifically, a reduced secretion of adrenaline and metadrena-
line. A detailed description of the characteristics of NIP
patients is provided in Table 2. From a diagnostic per-

Table 2. Biochemical investigations in patients with
pheochromocytomas
Level of
HP NIP significance
ur MAD+MNAD+MDA 258 +3.9 85+19 P < 0.001
ur MAD 20.2 + 36 35+08 P < 0.001
ur MNAD 72*1.0 36*08 P < 0.040
ur MDA 0.8 +0.1 0.6 =0.1 P=0.431
pl MAD 11.3+£23 22*+06 P < 0.001
pl MNAD 10.1 £2.2 50+0.9 P=0.328
ur AD+NAD+DA 128 £23 4406 P < 0,003
ur AD 102 +2.4 1.7+03 P < 0.001
ur NAD 3.6 *0.6 21+04 P =0.309
ur DA 0.7 £01 09*03 P =0.688




Table 3. Characteristics of patients with normotensive incidentally discovered pheochromocytomas (NIP)

Indication
Age for imaging Tumor

Patient (y) study Size/Side MIBG pNMAD pMAD uNMAD uMAD uMDA uNAD uAD uDA

1 43 Abdominal 160/R NP 0.6 NP 0.3 0.3 NP 0.3 0.7 NP
pain

2 25 Post-partum 52/R NP NP NP 0.8 1.5 NP 0.3 0.4 0.6
imaging

3 39  Workup for 66/R NP 1.1 0.7 0.8 0.5 0.3 1.1 05 07
diabetes

4 61 Abdominal 46/R + 3.9 12.7 2.4 22.2 1.9 0.9 9.3 0.4
pain

5 43 Diarrhea 84/R NP 0.8 0.7 0.4 0.2 NP 0.4 0.3 NP

6 55 Followup 39/liter + NP NP 1.4 2.1 0.6 5.9 26 06
breast cancer

7 57 Workup for 36/R + 9.9 9.7 6.7 17.2 1.1 2.4 7.4 0.9
diabetes

8 64 Abdominal 37/liter NP NP NP 1.4 1.1 NP 0.7 0.6 8.7
Pain

9 84 Diarrhea 44/liter NP 15 0.9 4.6 0.7 0.3 2.6 0.2 0.3

10 34 Chest Pain 38/R + NP NP 24 8.9 0.4 0.8 28 038

11 57 Diarrhea 59/liter NP NP NP 0.6 6.1 0.2 0.9 1.4 0.5

12 37 Rib fracture 60/R NP NP NP 2.2 9.2 NP 0.4 2.4 0.5

13 45 Chronic 32/R + 1.6 1.2 0.7 1.1 NP 0.2 0.5 NP
hyperthermia

14 58 Abdominal 76/R NP NP NP 2 53 NP 1.2 3.9 0.3
pain

15 38  Abdominal 25/liter + NP NP 0.87 1.8 NP 0.7 1.2 NP
pain

16 56 Workup for 35/liter + 9.6 0.7 4.1 0.4 0.6 8.2 0.5 0.9
diabetes

17 50  Asthenia 36/R NP 35 3.3 1.9 53 0.4 1 29 06

18 55 Asthenia 28l/liter + 1 6 1 5.2 0.3 0.2 1.7 0.4

19 50 Chronic 65/liter NP 55 0.7 6 0.4 1 3.8 0.3 1.1
hyperthermia

20 79  Abdominal 53/R + NP 0.7 19.9 0.6 0.6 0.9 03 03
pain

21 44 Appendicitis 30/liter + 6 0.7 NP NP NP 2.7 NP NP

spective, the combined determination of urinary meta-
nephrines displayed 98 % sensitivity in the HP group and
only 75% in the NIP group (P < .001). The combined
determination of plasma metanephrines exhibited 100%
sensitivity in the HP and 81% in the NIP group (P = .08).
The sensitivity of the combined determination of urinary
free catecholamines was 88 % in the HP group and 62 % in
the NIP group (P < .02).

Histopathological features

Analysis of surgical reports and examination of the
gross anatomy identified one malignant case among HP
presenting with local invasion of surrounding tissues,
which was excluded from in vitro studies. All other pa-
tients had normal biochemistry and CT scan at the short-
term postoperative evaluation.

48 HP and 14 NIP were histologically analyzed using
the PASS score. Despite low absolute PASS, the mean score
was increased in NIP compared to HP (5.6 = 0.5 vs 3.9 =

0.3, P < .01). Among the score’s items, NIP exhibited
increased cellularity (P < .01) and number of mitosis (P =

.07),and displayed atypical mitosis (P < .02) compared to
HP (Figure 1).

Chromaffin cell gene and protein expression
(Table 4)

29 frozen pheochromocytoma samples were available
for molecular analysis (17 HP and 12 NIP). Among the 16
relevant genes analyzed, the transcript levels of 5 genes
were significantly lower in NIP compared to HP i.e., phe-
nylethanolamine N-methyltransferase (PNMT), secre-
togranin II (SGII), vesicular monoamine transporter type
1 (VMAT1), norepinephrine transporter (NET) and neu-
ropeptide Y (NPY). There was also a strong but nonsig-
nificant trend towards lower expression of tyrosine hy-
droxylase (TH). In fact, several transcripts appeared to be
down-regulated in NIP with ~80% of the analyzed genes



7 NIP (Figure 2A). The protein was undetectable in 71%
of NIP (5 over 7) but in only 30% of HP (3 over 10).
Quantification of signals confirmed the substantial ex-

(13 over 16) having lowest expression within the NIP

group.
PNMT protein expression was quantified in 10 HP and
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Figure 1. Analysis of PNMT and Secretogranin Il protein expression in pheochromocytoma tissue samples. (2A and 2C) Western blot analysis of
total protein extracts from frozen tissue samples of 10 hypertensive pheochromocytomas (HP) and 7 normotensive incidental pheochromocytomas
(NIP), using an anti-PNMT antibody (2A) or an anti-EM66 antibody that recognizes all EM66 epitope-containing proteolytic processing products of
Sgll (2€). Coomassie blue (C. blue) staining served as a loading control. The normalized quantification of PNMT or Sgll signal is displayed as an
inverted histogram. (2B and 2D) PNMT protein (n = 17, 2B), Sgll protein (n = 17, 2D, left panel) and mRNA (n = 28, 2D, right panel) levels
were plotted as scattergramms for statistical analyses.



Table 4. Catecholamines metabolism genes
expression in pheochromocytomas tissues samples

HP NIP Level of
Symbol (n = 16) (n=12) Significance
Catecholamines synthesis
DBH 22.9 22.2 P=0.32
PNMT * 87.3 11.5 P=10.05
TH * 10.2 6.3 P =0.08
Granins
CGA * 13.0 8.1 P=0.51
CGB * 11.2 5.4 P=10.64
SGIl * 15.6 9.2 P =10.01
Catecholamines catabolism
COMT * 21.3 18.9 P .26
MAOA 6.8 8.9 P=1.00
Catecholamines transport
VMATT * 28.2 14.7 P=10.04
VMAT2 * 85.2 78.0 P=0.21
NET * 20.6 8.9 P=0.04
Peptides/imaturation/secretion
NPY * 87.7 33.1 P =0.02
PAM * 18.6 15.0 P=0.35
PCT * 115.6 90.0 P=0.34
PC2 * 12.4 6.0 P =10.09
SNAP25 15.9 15.6 P=0.63

pression deficiency of PNMT protein in NIP compared to
HP (P < .04) (Figure 2B). Moreover, the positive corre-
lation between PNMT transcript and protein levels (r =
0.8, P <.001) suggested that PNMT protein deficiency in
NIP results from a decrease in its gene transcription.
PNMT gene expression in the 28 tumor samples analyzed
also correlated with the uMAD/(uMAD + uNMAD) ratio
(r = 0.6, P <.001; figure 3B) suggesting that the reduced
expression of the enzyme is responsible for a decreased
conversion of noradrenaline to adrenaline that ultimately
results in relatively low in vivo levels of adrenaline me-
tabolites in NIP patients. In line with the decrease of SGII
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transcripts in NIP, western blot quantification revealed a
decrease in the SGII protein in NIP compared to HP (P =
.02) (Figure 2C and D).

Discussion

The increasing occurrence of incidental pheochromocy-
tomas is well acknowledged and represents more than
25% of pheochromocytomas recruited in medical or sur-
gical centers during recent decades (5-9, 17). Although an
accurate evaluation of BP using 24 h ambulatory record-
ing in incidental pheochromocytomas remains to be re-
ported, absence of hypertension has been reported in
13.5%(7),37.5% (8),45% (18) and 55% (9) of incidental
pheochromocytoma series. Despite the frequency of this
hemodynamically silent presentation, only scarce infor-
mation on the characteristics of NIP is currently available.

Our retrospective study was conducted mainly in a sin-
gle institution, which, by design, has inherent limitations.
Since most of patients were recruited in a department of
endocrinology considered locally as a tertiary care struc-
ture for the evaluation of adrenal incidentalomas, it is
likely that selection bias enriched the cohort in incidental
pheochromocytomas and NIP. Since germinal genetic al-
terations responsible for the development of pheochro-
mocytoma may result in specific biochemical in vivo phe-
notypes (19-21), patients with indirect or direct evidence
of a genetic disease were excluded from the study. How-
ever we cannot rule out the possibility that other rare ge-
netic predisposition for pheochromocytomas may influ-
ence our findings (22). Patients were operated in different
centers and no systematic long-term follow-up strategy
was organized hampering any comparison in recurrence
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Figure 2. Correlations between PNMT gene and protein expression and catecholamine metabolism. Scatter plot and statistical analysis of the
relationship between PNMT protein and mRNA levels (3A), or between PNMT mRNA levels and the uMAD/(UMAD + uNMAD) ratio (3B).



between patient groups. Despite these limitations, our
study is the first to examine thoroughly the clinical, bio-
chemical and pathological characteristics of a large series
of NIP, and to link them to differences in cellular and
molecular features of the tumors.

What are the reasons for the silent presentation of NIP
? Molecular investigations revealed a significant down-
regulation of 5 genes and 2 of the corresponding proteins
involved in key processes of catecholamine metabolism in
NIP compared to HP. These findings suggest that specific
molecular defects in the chromaffin cellular machinery
account for the peculiar biochemical and clinical pheno-
type of NIP. The amount and pattern of the cat-
echolamines secreted usually account for hemodynamic
features of patients with pheochromocytomas, low
amounts of circulating catecholamines and intermittent
release being associated with a weak clinical expression (2,
23). The reversal of hemodynamic features following tu-
mor removal in most of HP patients of our series is also
consistent with a pathophysiological relationship between
tumor secretion and clinical manifestations. Thus, the re-
duced global output of catecholamines in NIP is likely to
account, at least partly, for their clinical silence. Similar
but incomplete observations have been reported in inci-
dental pheochromocytomas for lower circulating cat-
echolamines (5), urinary catecholamines and VMA (9) or
an heterogeneous “hormone ratio” (6) without any at-
tempt to correlate molecular data, biochemistry and clin-
ical manifestations. The enzyme TH is rate-limiting in cat-
echolamine synthesis and the trend towards its down-
regulation in NIP may account for the lower global output
of catecholamines. We did not assess differences in cose-
cretion of peptides that may have a reinforcing or atten-
uating hemodynamic impact (3). However, the relatively
low expression of NPY mRNA in NIP may also be in part
responsible for their silent phenotype, since NPY is a po-
tent hypertensive peptide (2, 24). Besides, the lower prev-
alence of diabetes in NIP patients is consistent with a re-
duced hypersecretion of catecholamines (25).

Apart from the magnitude of secretion, the nature of
circulating catecholamines may also explain differences in
clinical symptoms. Dopamine-induced vasodilatation is
unlikely to account for differences in clinical presentation
since urinary excretion of dopamine was equivalent be-
tween groups. Due to the different potencies of adrenaline
and noradrenaline on a- and B-adrenoceptors, patients
with adrenaline-secreting pheochromocytomas present
with more severe hypertension and paroxysmal hemody-
namic symptoms compared to noradrenaline-secreting
pheochromocytomas (19,23, 26). NIP were characterized
by plasma and urinary levels of adrenaline and metadrena-
line that were 5 to 6 fold lower than those of HP. This

feature, associated to a relatively low output of noradren-
aline is likely to account for the lack of hypertension in NIP
patients. Urinary and plasma metanephrines have been
shown to accurately reflect tumor catecholamines content
(27). We found positive correlations between PNMT
mRNA levels and PNMT protein on the one hand and
between PNMT mRNA levels and the in vivo uMAD/
(uMAD + uNMAD) ratio on the other hand. These find-
ings suggest that the 7 fold reduction in PNMT mRNA
levels that results in reduced PNMT protein in NIP com-
pared to HP leads to a reduced synthesis of adrenaline and
MAD. Of note, the reduced NPY gene expression found in
NIP is consistent with its specific expression in adreno-
medullary PNMT-expressing cells and its decrease in nor-
adrenergic as compared to adrenergic pheochromocyto-
mas (28). Low production of adrenaline, together with a
relatively low output of noradrenaline is likely to account
for the lack of hypertension in NIP patients.

The amount of catecholamines and metanephrines re-
leased by HP were positively correlated with their size, as
reported previously (27). Such correlation was absent in
NIP that were equivalent in size to HP. This observation
suggests that NIP do not represent an early stage of de-
velopment of pheochromocytomas but rather correspond
toa distinct entity characterized by cellular defects in chro-
maffin machinery. We also found in NIP a lower expres-
sion of genes coding for NET and VMAT1 responsible for
storage of catecholamines via cellular uptake and vesicular
translocation, and a lower mRNA and protein expression
of SGII, a component of dense-core secretory granules.
These additional alterations of key determinants of chro-
maffin cell function suggests that, apart from impaired
synthesis, catecholamine storage and release may also be
altered in NIP and participate to the reduced output of
metanephrines. Further studies including direct measure-
ment of intra-tumoral catecholamines are needed to elu-
cidate this point (19, 29)

Interestingly, detailed histological examination of NIP
revealed a significant increase in the cellularity (i.e., small
cytoplasm of tumoral cells), a finding that is consistent
with a reduction of the cellular machinery, and also a rise
in the mitotic activity as well as the presence of atypical
mitosis, e.g., features that are usually associated with ma-
lignancy. Moreover, the molecular signature of NIP cor-
responds to a global down-regulation (~80%) of the ex-
pression of genes that represent essential features of
neuroendocrine differentiation and chromaffin cell phe-
notype. Altogether, these observations suggest that NIP
represent a distinct entity from HP corresponding to a
specific molecular determinism or cellular origin (20, 30),
in which the neuroendocrine attributes of adrenal pheo-
chromocytomas are altered, resulting in lower efficiency



to produce or release catecholamines. Such altered phe-
notype of chromaffin cells has been reported in studies
comparing subtypes of pheochromocytomas, based upon
their benign or malignant status (31) and also in patients
with SDHB mutations that have a propensity to become
malignant (32). Examination of surgical reports and
short-term postoperative evaluation did not identify any
case of malignancy among NIP but in the absence of a
standardized follow-up procedure, a number of our pa-
tients of this series were lost of sight after a few years. In
a recent study incidental discovery was not found to be
associated with an increased rate of recurrence but dis-
tinction between NIP and incidentally discovered pheo-
chromocymas with hypertension was not performed (35).
Further studies should be undertaken to clarify this issue.
An integrative genomic analysis assessing the critical ge-
netic and molecular features of NIP would provide unique
insights in the differentiation processes of chromaffin tu-
mors (30).

The peculiar molecular and biochemical phenotype of
NIP had an obvious deleterious influence on the diagnostic
power of fractionated urinary or plasma free metaneph-
rine measurement (1, 33). In contrast to the excellent per-
formance found in hypertensive patients of our series re-
gardless of the mode of discovery of the tumor, the
sensitivity of these markers were reduced to 75% in NIP.
Systematic measurement of metanephrines in each patient
affected by an adrenal incidentaloma has been recom-
mended (34-36). However, clinicians should be aware
that these tools can erroneously ignore a NIP in approx-
imately 25% of cases and it is of crucial importance to
consider that pheochromocytomas may harbor the pre-
sentation of an incidentaloma with normal BP and normal
values of metanephrines, a situation that has been rarely
emphasized. In such instance, the CT scan characteristics
of the incidentaloma should alert the clinician (37) and
complementary investigations such as plasma chromo-
granin A measurement, MIBG scintigraphy, 18FGD-PET
or alternative functional imaging procedures (1, 33, 38)
should be performed to rule out a pheochromocytoma.
This work-up is of paramount importance in patients
scheduled for surgery of the incidentaloma in order to
prevent and manage intra-operative hemodynamic insta-
bility (3, 33, 39).

In conclusion, NIP display a peculiar phenotype from
clinical, biochemical, histological and molecular perspec-
tives. Clinicians should also be aware of the peculiar pre-
sentation of NIP that is associated with a decreased diag-
nostic performance of metanephrine measurement.
Increased medical alertness is therefore recommended
during the evaluation of atypical adrenal incidentalomes
despite normal BP and a negative history of paroxysms.

Further studies are needed to evaluate the long-term prog-
nosis of operated NIP and the etiopathogeny of these pe-
culiar pheochromocytomas.
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