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Endocrinology, Hôpital Notre-Dame de Bon Secours, Metz, France

Abstract

Granins and their derived peptides are valuable circulating biological markers of neuroendocrine tumors. The aim of the
present study was to investigate the tumoral chromogranin A (CgA)-derived peptide WE-14 and the potential advantage to
combine plasma WE-14 detection with the EM66 assay and the existing current CgA assay for the diagnosis of
pheochromocytoma. Compared to healthy volunteers, plasma WE-14 levels were 5.4-fold higher in patients with
pheochromocytoma, but returned to normal values after surgical resection of the tumor. Determination of plasma CgA and
EM66 concentrations in the same group of patients revealed that the test assays for these markers had an overall 84%
diagnostic sensitivity, which is identical to that determined for WE-14. However, we found that WE-14 measurement
improved the diagnostic sensitivity when combined with the results of CgA or EM66 assays. By combining the results of the
three assays, the sensitivity for the diagnosis of pheochromocytoma was increased to 95%. In fact, the combination of WE-
14 with either CgA or EM66 test assays achieved 100% sensitivity for the diagnosis of paragangliomas and sporadic or
malignant pheochromocytomas if taken separately to account for the heterogeneity of the tumor. These data indicate that
WE-14 is produced in pheochromocytoma and secreted into the general circulation, and that elevated plasma WE-14 levels
are correlated with the occurrence of this chromaffin cell tumor. In addition, in association with other biological markers,
such as CgA and/or EM66, WE-14 measurement systematically improves the diagnostic sensitivity for pheochromocytoma.
These findings support the notion that granin-processing products may represent complementary tools for the diagnosis of
neuroendocrine tumors.
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Introduction

Chromogranins/secretogranins or granins (Cgs) represent a

family of secretory proteins that occur in large dense-core vesicles

of endocrine, neuroendocrine and neuronal cells [1,2]. Members

of the Cg family include chromogranin A (CgA), chromogranin B

(CgB), secretogranin II (SgII), SgIII (or 1B1075), SgIV (or HISL-

19), SgV (or 7B2), SgVI (or NESP55), SgVII (VGF) and Pro-SAAS

[3]. The primary amino acid sequence of Cgs is characterized by

the abundance of acidic residues and the existence of several pairs

of consecutive basic residues forming potential cleavage sites for

endopeptidases. As a result, granins serve as precursor proteins

that can be processed by proprotein convertases (PCs) generating a

variety of peptides [4,5]. Thus, post-translational processing of

CgA gives rise to vasostatin I and II, chromofungin, chromacin,

pancreastatin, catestatin, parastatin, WE-14 and EL35 peptides.

The proteolytic cleavage of SgII generates secretoneurin (SN),

EM66 and manserin. Their ubiquitous distribution in endocrine

and neuroendocrine tissues and their co-secretion with resident

peptide hormones and biogenic amines, make granins and their

derived peptides useful markers of secretion from neuroendocrine

cells and neoplasms [6]. Numerous studies have documented the

clinical value of detecting granins in tissues and measuring their

circulating levels [7]. In particular, measurement of CgA levels in

plasma can be used to diagnose or monitor the progression of

neuroendocrine tumors [8]. However, CgA levels may also be

elevated in patients with hyperplasia [9] and may therefore not be

reliable for distinguishing neuroendocrine hyperplasia from

adenoma or carcinoma. In addition, CgA measurement showed

a low sensitivity in certain neuroendocrine tumors such as

insulinomas, pituitary adenomas and medullary thyroid carcino-

mas [10,11]. Thus, measurement of other Cgs or Cg-derived
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peptides may be helpful for the diagnosis of different neuroendo-

crine tumors. Indeed, it has been reported that the CgA-derived

peptide vasostatin I may help to distinguish between metastatic

deposits originating from ileum or lung carcinoid primary tumors

[12], and that plasma levels of GAWK and CCB, two CgB-

derived peptides, are elevated in patients with pancreatic islet-cell

tumors [13,14] or with bronchial tumors [15]. Similarly, high

concentrations of SgII have been found in ganglioneuromas and

neuroblastomas [16], while high plasma SN concentrations are

associated with several neuroendocrine tumors [17] and with

progression of neuroendocrine prostatic carcinomas [18].

Pheochromocytomas are rare catecholamine-producing tumors

originating from chromaffin tissues at adrenal and extra-adrenal

locations (the latter referred to as paragangliomas). Most of these

neuroendocrine tumors occur sporadically, but the proportion of

sporadic pheochromocytomas presenting genetic mutations that

was initially estimated to about 24% [19] may actually reach 30%

or more [20]. The latest gene mutation discoveries brought to 11

the number of genes playing an important role in the pathogenesis

of pheochromocytomas. These genes include RET, VHL, NF1,

SDHA, SDHB, SDHC, SDHD, SDHAF2, TMEM127, MAX

and HIF2a [21,22]. The malignancy rate of pheochromocytomas

varies considerably from less than 10% to up to 40% depending on

the location of the primary tumor and the underlying germline

mutation [23]. The malignant behaviour of these tumors remains

poorly understood and there is a need for improved predictors of

malignancy [24]. Unlike benign tumors that can be diagnosed and

surgically treated, malignant pheochromocytoma, which is

currently uncurable, cannot be reliably identified on the basis of

biochemical or histological features. Currently, malignancy of

pheochromocytomas can be diagnosed only after metastasis

appearance.

CgA is currently the only granin whose measurement is

routinely used by clinicians for the diagnosis of neuroendocrine

tumors. Although several studies have shown that CgA is a reliable

sensitive marker for the diagnosis of pheochromocytoma, its

diagnostic specificity is quite poor. Previously we have reported the

presence of the 66 amino-acid peptide (SgII187-252) named EM66

[25], which is derived from SgII, in chromaffin cells of the rat,

bovine and human adrenals [26–28]. We additionally found that

EM66 levels are significantly increased in the plasma of patients

with pheochromocytomas [29]. We also demonstrated that low

tissue concentrations of the peptide are associated with malignant

differentiation of these neoplasms [30,31]. Our data suggested that

EM66 could potentially be a new diagnostic and prognostic

marker of pheochromocytomas, and that, besides CgA, other

granin-derived peptides, such as EM66, could represent valuable

supplementary markers for the management and follow-up of

these tumors.

In addition to EM66, we have also reported that WE-14, a 14

amino-acid peptide derived from the proteolytic processing of CgA

(CgA324-337) occurs in normal and tumoral (i.e. pheochromocyto-

ma) human adrenochromaffin tissues [32] and that this peptide is

secreted from pheochromocytes in primary culture [33]. WE-14

was first isolated from ileal carcinoid tumor and pheochromocy-

toma tissues [34,35] but was shown later to be widely distributed in

multiple neuroendocrine tissues and tumors [36–38]. In the

present study, we characterized WE-14 in pheochromocytoma

and showed that plasma WE-14 measurement, when used in

combination with CgA and EM66, represents a potential new tool

for the diagnosis of the different subtypes of this neuroendocrine

neoplasm.

Materials and Methods

Patients and plasma collection
Plasma samples of control subjects were obtained from a group

of 21 healthy volunteers including 9 women (mean age 39.7613.7

year, range 23–60 year) and 12 men (mean age 44.7614.2 year,

range 26–65 year), for WE-14 and EM66 measurements. Plasma

samples of patients were obtained from a group of 37 subjects with

histologically-proven pheochromocytoma (32 benign and 5

malignant) including 23 women (mean age 43.9614.6 year, range

21–68 year) and 14 men (mean age 42.75617.9 year, range 17–62

year). Among the tumors, 26 were pheochromocytomas and 11

were paragangliomas as specified above. Twenty-four tumors were

apparently sporadic, whereas 3 tumors had a RET mutation, 2 a

NF1 mutation, 3 a SDHB mutation, 4 a SDHD mutation and 1 a

VHL mutation. Of note, the seven patients with a SDH mutation

had a paraganglioma and the five malignant tumors are of

adrenomedullary origin (i.e. pheochromocytoma). Plasma samples

of healthy volunteers were provided by the Rouen University

Hospital Center and those of patients were provided by the

Rouen, Nancy and Lausanne University Hospital Centers. After

collection, plasma samples were kept frozen at –80uC. The

diagnosis of benign pheochromocytoma was based on the absence

of histological criteria of malignancy and tumor recurrence or

metastatic diffusion during a follow-up of at least 2 years.

Malignancy was established on the basis of the presence of at

least one metastasis. All samples were obtained according to the

requirements of french bioethic laws (2004–800/801 of August 6

2004, 2007–1220 of August 10 2007). The protocols for sample

collection and the experimental procedures were approved by the

Comité de Protection des Personnes Nord-Ouest I, the Nancy

Regional Bioethics Committee (approval number DC-2008-459,

10/10/2008) and the Commission d’Ethique of Lausanne [29].

Written informed consent was obtained from all the healthy

volunteers and patients with pheochromocytomas and from the

next of kin for the minor patients.

Peptide synthesis
Human EM66 (SgII187–252), human WE-14 (CgA324–337) and its

N-terminally tyrosylated variant, [Tyr0]WE-14, were synthesized

by the solid-phase methodology as previously described [39]. The

purified peptides were characterized by mass spectrometry.

Preparation of plasma samples
For reversed-phase HPLC analysis and WE-14 radioimmuno-

assay (RIA), plasma samples collected from healthy volunteers and

pheochromocytoma patients were either kept frozen before

prepurification for subsequent HPLC analysis, or dried by vacuum

centrifugation and kept at room temperature for further RIA

quantification of WE-14 concentrations.

Prepurification of plasma samples
Plasma samples were loaded onto a Sep-Pak C18 cartridge

(Water Corps, St-Quentin en Yvelines, France) equilibrated with a

solution of 0.1% trifluoroacetic acid (TFA) in water. Bound

materials were eluted from the cartridge with a solution of

acetonitrile/water/TFA (59.9:40:0.1, vol/vol/vol), dried by vac-

uum centrifugation and kept at room temperature until chro-

matographic analysis.

HPLC analysis
Plasma samples were reconstituted in 1 ml of 0.1% TFA in

water, centrifuged at 21,000 g (10 min; 4uC), and injected onto a

4.66250 mm Vydac 218TP54 C18 column equilibrated with a

WE-14, CgA and EM66 for Pheochromocytoma Diagnosis
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solution of acetonitrile/water/TFA (9.9:90:0.1, vol/vol/vol) at a

flow rate of 1 ml/min. The concentration of acetonitrile in the

eluting solvent was raised to 60% over 25 min using a linear

gradient. HPLC standard consisted of 1 mg synthetic human WE-

14. Fractions of 0.5 ml were collected, evaporated and kept dry

until WE-14 RIA.

Immunoassays
The concentrations of WE-14 and EM66 in plasma samples

were measured by RIA as previously described [26,32]. Synthetic

[Tyr0]WE-14 or EM66 peptides were iodinated by the chlora-

mine-T method and separated from free iodine on Sep-Pak C18

cartridges using a step gradient of acetonitrile (20–60% and

20–40%, respectively) in 0.1% TFA. The RIA were performed in

veronal buffer (pH 7.4) supplemented with 0.4% bovine serum

albumin (BSA, Roche Diagnostics, Mannheim, Germany) and

0.1% Triton X-100. Dried samples were reconstituted in the RIA

buffer. WE-14 or EM66 antisera (code number 333–1506 and

736–1806, respectively, see [26,32] for more details) used at a final

dilution of 1:100,000, were incubated with 7,000 cpm of tracer/

tube in the presence of graded concentrations of standard

(synthetic WE-14 or EM66), plasma samples, or HPLC fractions.

After 2-day incubation at 4uC, the antibody-bound fraction was

immunoprecipitated by the addition of 100 ml of 1% goat anti-

rabbit c-globulins and 1 ml of 20% polyethyleneglycol 8000. After

20 min of incubation at room temperature, the mixture was

centrifuged (5,000 g, 30 min, 4uC) and the pellet containing the

bound fraction was counted on a gamma-counter (LKB, Wallack,

Rockville, MD). The standard curves were set up with concen-

trations of peptides ranging from 5 to 10,000 pg/tube. The

accuracy of the assay of WE-14 was evaluated by adding the

peptide at 3 different concentrations (2, 5 and 10 ng/ml) to plasma

samples. The recovery for WE-14 was 92.8–109.3%. Interassay

coefficients of variation (CV) were 2.67–4.10% and intraassay CV

were 1.63–3.12%. The accuracy of the EM66 assay has been

previously reported [29].

Concentrations of CgA were determined using a commercial kit

based on an immunoenzymatic sandwich methodology. The

concentrations were measured in duplicate directly from 50 ml

plasma samples following the manufacturer recommendations

(DAKO CgA ELISA kit ; Dako A/S, Copenhagen, Denmark).

CgA concentrations were expressed as U/l.

Data analysis
Data are reported as median (min-max). Several nonparametric

statistical methods were used such as Mann–Whitney U test and

Kruskal–Wallis test. Probability values less than 0.05 were

considered significant. The Spearman’s test was performed to

analyze the correlations between plasma levels of WE-14 and

CgA, WE-14 and EM66 or EM66 and CgA and between tumor

size and CgA, WE-14 or EM66 plasma levels. Data were analyzed

with the Prism program (GraphPad Software, San Diego, CA).

Results

Characterization of WE-14-immunoreactivity in plasma of
healthy volunteers and patients with
pheochromocytoma

Serial dilutions of plasma samples from healthy volunteers and

preoperative and postoperative patients with benign pheochro-

mocytoma generated displacement curves that were parallel to

that obtained with synthetic WE-14 (Figure 1A). Biochemical

characterization of WE-14 immunoreactivity in plasma of healthy

volunteers (Figure 1B) and patients with benign pheochromocy-

toma (Figure 1C) showed the occurrence of two WE-14-

immunoreactive peaks (noted I and II), which co-eluted with

those obtained with the synthetic peptide. Consistent with our

Figure 1. Characterization of WE-14 in plasma. (A) Semilogarith-
mic plots comparing competitive inhibition of antibody-bound
125I-labeled Tyr0-WE-14 by synthetic human WE-14 (N) and serial
dilutions of plasma samples from healthy volunteer (m), post-operative
(&) and preoperative (¤) patients with benign pheochromocytoma.
(B, C) Reversed-phase HPLC analysis of WE-14 immunoreactivity in
plasma samples from a healthy volunteer (B) and a patient with benign
pheochromocytoma (C). The bars above the peaks indicate the elution
position of synthetic human WE-14 (peak I) and its oxidized form (peak
II) chromatographed the same day as the extracts. The dashed line
shows the concentration of acetonitrile in the eluting solvent.
doi:10.1371/journal.pone.0088698.g001
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previous report [32], peak I corresponded to the reduced form and

peak II corresponded to the oxidized form of WE-14.

Plasma levels of WE-14 in healthy volunteers and patients
with pheochromocytoma

In healthy volunteers (n = 21), plasma concentrations of WE-14

ranged from 0.525–2.106 ng/ml with a median value of 0.689 ng/

ml (Figure 2A, Table 1). The concentrations of WE-14 in

preoperative patients (n = 37), irrespective of the localization

(adrenal vs extra-adrenal), the status (benign vs malignant) or the

sporadic vs hereditary nature of the tumor, ranged from 0.494–

61.027 ng/ml with a median value of 3.695 ng/ml (Figure 2A,

Table 1). Statistical analysis revealed that the median value of WE-

14 concentrations was significantly higher in patients than in

healthy volunteers (p,0.001). WE-14 levels were also measured in

patients after surgical removal of the tumor (Figure 2C, n = 12).

Most of these patients had elevated preoperative WE-14 concen-

trations that post-operatively returned to levels comparable to

those of control subjects (Figure 2C, Table 1). In the cohort of 37

patients with chromaffin cell tumors, 26 had an adrenal

localization of the tumor and 11 had an extra-adrenal neoplasm.

Plasma concentrations of WE-14 were not significantly different

between these two groups [3.204 (0.896–61.027) vs 5.484 (0.494–

47.245) ng/ml, respectively] (Figure 2B, Table 1); while for both

groups the WE-14 median values were significantly higher

compared to healthy volunteers (p,0.001) (Figures 2A-B). The

concentrations of WE-14 were not significantly different between

patients with benign (n = 32) and malignant (n = 5) pheochromo-

cytomas [3.776 (0.494–47.245) vs 3.078 (1.345–61.027) ng/ml,

respectively] (Figure 2B, Table 1); however, median values for

both tumor subtypes were significantly higher than for that of

controls (p,0.001 for benign and p,0.05 for malignant tumors)

(Figures 2A-B). Similarly, WE-14 concentrations were not

significantly different in patients with sporadic pheochromocyto-

mas (n = 24) compared to patients with hereditary tumors (n = 13)

[4.224 (1.303–61.027) vs 2.542 (0.494–19.354) ng/ml, respective-

ly] (Figure 2B, Table 1), but median values for both tumor groups

were significantly higher than that in healthy volunteers (p,0.001,

p,0.05 respectively) (Figures 2A-B).

Table 1 summarizes the median, maximal and minimal values

of WE-14 concentrations for controls and each group of patients.

When an analysis was performed on a subgroup of 17 patients for

which pheochromocytoma was surgically resected, no correlation

could be found between tumor size and WE-14 levels (r = 0.249)

(data not shown).

Plasma levels of CgA in patients with
pheochromocytoma

Plasma concentrations of CgA in preoperative patients (n = 37)

ranged from 6-780 U/l with a median value of 41 U/l (Figure

3A). CgA concentrations were not significantly different between

patients with pheochromocytoma or paraganglioma [46.5 (7-770)

vs 38 (6-780) U/l, respectively] (Figure 3B). Similarly, CgA levels

were not significantly different between patients with benign or

malignant neoplasms [39.5 (6-780) vs 58 (10-770) U/l, respective-

ly] (Figure 3B). In contrast, CgA concentrations were significantly

higher in patients with sporadic compared to hereditary tumors

[55 (10-780) vs 23 (6-770) U/l, respectively] (p,0.05) (Figure 3B).

A positive correlation was found between CgA and WE-14

concentrations in the plasma of patients with pheochromocytoma

in which high plasma levels of CgA are associated with high levels

of WE-14 (r = 0.717, p,0.001, n = 37) (Figure 4). In addition,

except for malignant pheochromocytomas, WE-14 levels were

positively correlated to CgA levels in each group of patients (data

not shown). No correlation was found between tumor size and

CgA levels (r = 0.339) (data not shown).

Plasma levels of EM66 in healthy volunteers and patients
with pheochromocytoma

In the plasma of healthy volunteers (n = 21), EM66 concentra-

tions ranged from 0.615–4.953 ng/ml with a median value of

2.584 ng/ml (Figure 5A). The concentrations of EM66 in

preoperative patients (n = 37) ranged from 1.411–51.260 ng/ml

with a median value of 7.329 ng/ml (Figure 5A). Statistical

analysis revealed that the median value of EM66 concentrations

was significantly higher in patients than in healthy volunteers

(p,0.001) (Figure 5A). EM66 concentrations were not significantly

different between patients with pheochromocytomas or paragan-

glioma [7.323 (1.411–46.789) vs 7.329 (2.306–51.257) ng/ml,

respectively] (Figure 5B), while for these two groups, the EM66

median values were significantly higher compared to healthy

volunteers (p,0.001) (Figures 5A-B). Patients with benign

Table 1. WE-14 plasma concentrations in healthy volunteers and patients with pheochromocytoma.

WE-14 (ng/ml) Sensitivity (%)

Median
Minimal
value

Maximal
value WE-14 CgA EM66

WE-14
+CgA

WE-14
+EM66

CgA
+EM66 WE-14 +CgA+EM66

Controls (n = 21) 0.689 0.525 2.106 - - - - - - -

Patients (n = 37) 3.695*** 0.494 61.027 83.8 83.8 83.8 91.9 91.9 89,2 94,6

Postoperative (n = 12) 1.154 0.382 1.997 - - - - - - -

Pheochromocytoma (n = 26) 3.204*** 0.896 61.027 80,8 84,6 80,8 92,3 88,5 88,5 92,3

Paraganglioma (n = 11) 5.484*** 0.494 47.245 90,9 81,8 90,9 90,9 100 90,9 100

Benign (n = 32) 3.776*** 0.494 47.245 84,4 84,4 90,6 90,6 93,8 90,6 93,8

Malignant (n = 5) 3.078* 1.345 61.027 80 80 40 100 80 80 100

Sporadic (n = 24) 4.224*** 1.303 61.027 91,7 95,8 87,5 100 95,8 95,8 100

Hereditary (n = 13) 2.542* 0.494 19.354 69,2 61,5 76,9 76,9 84,6 76,9 84,6

Comparison of the diagnostic sensitivity of WE-14, CgA and EM66 assays.
*, median value of controls vs median value of patients, pheochromocytoma, paraganglioma, benign, malignant, sporadic or hereditary tumors. * p,0.05, *** p,0.001;
n, number of individuals.
doi:10.1371/journal.pone.0088698.t001
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pheochromocytomas did not show any significant difference in

plasma EM66 concentrations compared to patients with malignant

tumors [7.378 (2.306–51.257) vs 3.226 (1.411–26.611) ng/ml,

respectively] (Figure 5B). Finally, EM66 concentrations were not

significantly different between patients with sporadic or hereditary

pheochromocytoma [7.829 (1.411–46.789) vs 6.950 (2.306–

51.257) ng/ml, respectively] (Figure 5B), while for the two groups

the EM66 median values were significantly higher than that in

healthy volunteers (p,0.001, p,0.01, respectively) (Figures 5A-B).

A positive correlation was found between WE-14 and EM66 or

between CgA and EM66 concentrations in plasma of patients with

pheochromocytoma (r = 0.509 and r = 0.470, respectively;

p,0.01, n = 37) (data not shown). No correlation was found

between tumor size and EM66 levels (r = 0.286) (data not shown).

Figure 2. WE-14 levels in the plasma of patients with pheochromocytoma. (A) Scattergram of WE-14 concentrations in plasma samples of
healthy volunteers (controls, 6, n = 21), and patients with pheochromocytoma (+, n = 37). (B) Distribution of WE-14 preoperative concentrations in
patients reported in (A), depending on the adrenal (PHEO, m, n = 26) or extra-adrenal (PGL, ., n = 11) location of the tumor, the benign (N, n = 32) or
malignant (&, n = 5), and the sporadic (¤, n = 24) or hereditary (N, n = 13) nature of the neoplasms. (C) Distribution of WE-14 levels (n = 12) in
preoperative (N, preop) and postoperative patients for which the tumor was resected (#, postop). The bars represent the median value for each
group. The grey zone corresponds to the distribution of control values and indicates the cut-off level for WE-14 test assay. The * symbol refers to
statistical difference between median values of controls vs each group. PHEO, pheochromocytoma; PGL, paraganglioma; post-op, post-operative
patients; preop, preoperative patients. ns, not significant. ***, p,0.001; **, p,0.01. The numbers refer to the gene mutation as follow : 1, SDHD ; 2,
SDHB ; 3, NF1 ; 4, RET ; 5, VHL.
doi:10.1371/journal.pone.0088698.g002

Figure 3. CgA levels in the plasma of patients with pheochro-
mocytoma. (A) Scattergram of CgA concentrations in plasma samples
of patients with pheochromocytoma before surgical removal of the
tumor (preop, +, n = 37). (B) Distribution of CgA preoperative
concentrations of patients reported in (A), depending on the adrenal
(PHEO, m, n = 26) or extra-adrenal (PGL, ., n = 11) location of the
tumor, the benign (N, n = 32) or malignant (&, n = 5), and the sporadic
(¤, n = 24) or hereditary (N, n = 13) nature of the neoplasms. The grey
zone represents the cut-off level for the CgA test assay as indicated by
the manufacturer. See legends of Figure 2 for other designations.
doi:10.1371/journal.pone.0088698.g003

Figure 4. Correlation of plasma levels of WE-14 and CgA in
patients with pheochromocytoma. The occurrence of the tumor
leads to an elevation of plasma WE-14, which was significantly and
positively correlated with the elevation of CgA (r = 0.72, p,0.0001, n =
37). The grey zones indicate the upper limits (cut-off values for the test
assays) of WE-14 and CgA concentrations in healthy volunteers. Values
included in these zones correspond to false-negative test results. r,
Pearson correlation coefficient.
doi:10.1371/journal.pone.0088698.g004
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Sensitivity of WE-14, CgA and EM66 test assays for the
diagnosis of pheochromocytoma

The cut-off values for the WE-14 and EM66 test assays were

defined as the maximal peptide concentration measured in healthy

volunteers (2.106 ng/ml and 4.953 ng/ml, respectively). For CgA,

the cut-off value (18 U/L) was that indicated by the manufacturer

of the commercial kit. The sensitivity of WE-14 test assay was

83.8% in our total series of patients (n = 37), and ranged from

69.2% (hereditary tumors) to 91.7% (sporadic tumors), depending

on the tumor subtype (Table 1). CgA and EM66 test assays

showed identical diagnostic sensitivity to WE-14 (83.8%) in the

group of 37 patients. Nevertheless, the sensitivities for these two

markers varied between 61.5% (hereditary tumors) and 95.8%

(sporadic tumors), and between 40% (malignant tumors) and

90.9% (paragangliomas), respectively (Table 1). For all patients

(n = 37), whatever the test combination performed (WE-14 + CgA,

WE-14 + EM66, or CgA + EM66), the sensitivity for the diagnosis

of pheochromocytoma was increased (to approximately 90%)

compared to each test alone. Moreover, the combination of the

three test assays gave an even better sensitivity (about 95%) than

that of two test assays. Table 1 summarizes the diagnostic

sensitivity of the test assays for each group of patients. For

instance, whatever the characteristic of the tumor, WE-14

measurement always increased the diagnostic sensitivity. More-

over, 100% sensitivity was reached when WE-14 and CgA tests

were combined for the diagnosis of sporadic or malignant tumors,

and when WE-14 and EM66 tests were used for the diagnosis of

paragangliomas.

Discussion

Using a cohort of patients with pheochromocytoma, we

characterized the occurrence and evaluated the plasma levels of

the WE-14 peptide. We also examined the relevance of combining

the measurement of WE-14, CgA and EM66, in comparison to

CgA alone, for the potential improvement of the diagnostic

sensitivity for this tumor.

Previous studies have established that WE-14 is a distinct

neuropeptide produced by cell-specific proteolysis of CgA in

various neuronal and neuroendocrine tissues [40]. The early

detection of WE-14 during ontogeny and the elevated concentra-

tions detected in neuroendocrine neoplasms suggested that WE-14

could exert a physiological and/or pathophysiological role. WE-14

was initially isolated from a pheochromocytoma extract [34], and

we have previously demonstrated that the peptide is present in

chromaffin cells of the human fetal and adult adrenal medulla, and

in pheochromocytoma [32], and is secreted from cultured

pheochromocytes in primary cultures [33]. In the present study,

HPLC analysis revealed that in the plasma of healthy volunteers as

in normal adrenochromaffin cells, WE-14 immunoreactivity

mainly corresponded to the 14-amino acid form of the peptide,

suggesting that authentic WE-14 is released from neuroendocrine

tissues into the circulation. Because WE-14 is present in

pheochromocytes, this peptide could also be released into the

circulation of patients with pheochromocytoma. Therefore, we

characterized WE-14 in the plasma of such patients and compared

its concentrations with those of healthy volunteers. In the 37

patients bearing the tumor, WE-14 was readily detectable in the

plasma, and its preoperative levels were 5-fold higher than those of

control subjects, suggesting that tumoral cells produce and release

higher amounts of WE-14. In agreement with this hypothesis, we

observed that after surgical removal of pheochromocytoma,

plasma values of WE-14 concentrations were similar to those

measured in control subjects. Interestingly, although our group of

patients included adrenal or extra-adrenal tumors, familial or

sporadic tumors, and benign or malignant tumor subtypes, they all

showed significantly elevated levels of WE-14 compared to

controls. Together, our data indicate that the measurement of

WE-14 in plasma may represent a novel potential clinical tool for

the diagnosis and follow-up of chromaffin cell tumors. Since only

five malignant pheochromocytomas were included in the present

study, no conclusion can be drawn concerning the value of WE-14

as a plasma marker of malignancy. It should be noted that the

incidence of pheochromocytoma is only 2–8 cases per 1,000,000

Figure 5. EM66 levels in the plasma of patients with pheochromocytoma. (A) Scattergram of EM66 concentrations in plasma samples of
healthy volunteers (controls,6, n = 21), and patients with pheochromocytoma before surgical removal of the tumor (preop, +, n = 37). (B) Distribution
of EM66 preoperative concentrations of patients reported in (A), depending on the adrenal (PHEO, m, n = 26) or extra-adrenal (PGL, ., n = 11)
location of the tumor, the benign (N, n = 32) or malignant (&, n = 5), and the sporadic (¤, n = 24) or hereditary (N, n = 13) nature of the neoplasm.
The grey zone corresponds to the distribution of control values and indicates the cut-off level for EM66 test assay. See legends of Figure 2 for other
designations.
doi:10.1371/journal.pone.0088698.g005
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subjects, and that malignant pheochromocytomas only represent

about 10% of all pheochromocytomas. Further studies will be

required to compare the concentration of WE-14 in patients with

benign vs malignant tumors in larger cohorts, and to determine

whether, in addition to its potential diagnostic usefulness for

pheochromocytoma, WE-14 could also be used to evaluate the

outcome of the disease.

Based on the cut-off value, we determined an overall 84%

diagnostic sensitivity of the WE-14 test assay in our series of

patients. However, we found a higher sensitivity (.90%) for the

diagnosis of paraganglioma and sporadic tumors. Currently, CgA

is widely used as a marker for pheochromocytoma and several

CgA assays are commercially available [41]. Using samples from

our present tumor cohort, we found that the sensitivity of the CgA

test was identical to that of WE-14. Interestingly, the combination

of the tests for the granin and its derived-peptide systematically

offered a better sensitivity for all the tumor subtypes, since false-

negative results were not obtained for the same patients with the

two tests. A study by Stridsberg et al. [42] comparing three kits for

plasma CgA measurements in various neuroendocrine tumors has

revealed that the sensitivity of the different tests varied depending

on the kit used. This may partly explain why the WE-14 RIA test

could be used as a complementary tool. Moreover, plasma

measurement of CgA may generate false-negative and false-

positive test results for the diagnosis of neuroendocrine tumors

[43–46]. Although we found a positive correlation between CgA

and WE-14 concentrations in our cohort, there are patients who

are positive for one marker but negative for the other. In patients

with a negative CgA test but a positive WE-14 test, it is possible

that the granin undergo complete processing in tumoral chromaf-

fin cells leading to elevated WE-14 levels. For the patients with a

negative WE-14 test but a positive CgA test, tumorigenesis may

alter peptide processing or secretion resulting in WE-14 negative

test results. The observation of false-negative results emphasizes

the need to investigate the specificity of this peptide in order to

improve the accuracy of the test for the diagnosis of pheochro-

mocytoma and possibly other neuroendocrine tumors.

Whatever the test used and the characteristic of the tumor, at

least one false-negative result was observed. The reason for the

existence of these false-negative results remains unknown. Worthy

of note, the patient with a VHL mutation had false-negative results

for all three tests. Similarly, one patient with a RET mutation also

had negative results on CgA, WE-14 and EM66 assays, while the

two other patients with this gene mutation had at least one false-

negative result. Further studies should be performed on a larger

group of pheochromocytoma patients with a VHL or RET gene

mutation to confirm these observations. Another interesting

finding concerns the fact that CgA concentrations are significantly

lower in patients with hereditary than sporadic tumors contrasting

with the WE-14 and EM66 peptides which showed no variation,

an observation that also deserves further investigation.

We previously demonstrated that EM66 is a sensitive plasma

marker of pheochromocytoma [29]. Our present data indicate that

the diagnostic sensitivity of the EM66 test assay, like that of CgA,

is identical to that of WE-14. Furthermore, the EM66 test assay

was systematically complementary to that of the CgA-derived

peptide. For instance, the combination of the test assays of these

two granin-derived peptides offered 100% sensitivity for the

diagnosis of paragangliomas. This result is of particular interest

since it has been reported that CgA has a very low diagnostic

sensitivity for extra-adrenal chromaffin tumors [47]. Interestingly,

all the tumors with a SDHB or SDHD mutation in our series

corresponded to paragangliomas and, in this subgroup of patients,

combined measurement of CgA, WE-14 and EM66 also provided

100% sensitivity. Collectively, our data show that combined CgA

and granin-derived peptide test assays should possibly improve the

diagnosis of pheochromocytoma. Combinatorial test assays could

be achieved through development of multiplex immunoassays.

Indeed, numerous studies have already shown the relevance of

multiplex marker immunoassays [48]. Besides the benefit of this

technology to simultaneously detect and quantify different analytes

within one single small sample volume, it was shown that these

assays may have a broader range and lower detection limit than

the corresponding ELISA assays [49].

The current gold standard for diagnostic testing of pheochro-

mocytoma relies on plasma or urine metanephrine measurement,

which offers high sensitivity and specificity. However, these tests

also have limitations [50]. For instance, the methodologies used to

determine catecholamine metabolite measurement might differ

depending on the clinical centers where this analysis is performed.

In the present study, the 37 plasma samples were collected from

three different centers where metanephrines were measured either

from plasma or from urine. Therefore, we could not compare the

results from the combined measurements of CgA, WE-14 and

EM66 to the gold standard for the diagnosis of pheochromocy-

toma. However, we previously reported that, in a series of patients

with pheochromocytoma, some of the patients had true positive

plasma EM66 results and false-negative metanephrine results [29].

Besides false-negative results, false-positive results can also be

generated when one measures metanephrines produced as a result

of deficiency or pharmacological inhibition of monoamine oxidase

(which leads to increased urinary deconjugated and plasma free

metanephrines), or by medications such as tricyclic antidepressants

(which account for up to 45% of false-positive elevation of plasma

or urinary norepinephrine and normetanephrine). These obser-

vations indicate that while combined measurement of various

forms of metanephrines offers a high diagnostic sensitivity and

specificity, this biochemical test alone is obviously not sufficient for

screening all pheochromocytoma and additional markers such as

granins and their derived peptides are required to increase the

diagnosis accuracy for this tumor.

In conclusion, we have shown that the CgA-derived peptide

WE-14 represents a potential sensitive marker for the diagnosis

and follow-up of pheochromocytoma. Currently, biochemical tests

used for the diagnosis of pheochromocytoma include the

measurement of plasma or urinary catecholamine metabolites

(metanephrine, normetanephrine, methoxytyramine) and CgA

assay. However, false-negative and false-positive results using

biochemical tests remain a problem, leading to costly and time-

consuming additional testing and imaging examinations [51,52].

Therefore, while our study needs to be substantiated in a larger

group of patients and confirmed prospectively in an independent

series, our present results suggest that combined measurement of

granins and their derived peptides, such as CgA, WE-14 and

EM66, should accompany routine assays of metanephrine levels

for the diagnosis of pheochromocytoma.
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