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Serum Chromogranin A and Neuron-Specific Enolase in diagnosis
of biologically inactive neuroendocrine tumours
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Background. Human Chromogranin A (CgA) is largely distributed in secretory granules of endocrine
and neuroendocrine cells. Serum levels of CgA are significantly elevated in neuroendocrine tumours
and reflect both secretory activity and tumour burden.

Because intense proteolyisis CgA is processed and degraded in tissues and sera: so, total CgA detec-
tion is crucial to improve diagnostic accuracy of the marker. Recently a two-site immunoradiometric
method has been developed by selecting two monoclonal antibodies against a median, relatively un-
processed, sequence of the molecule.

Methods. We selected 32 patients with histologically proved neuroendocrine tumours (NET) without
clinical and biological signs of hormonal secretion and evaluated the diagnostic performance of serum
CgA and NSE and the relationship between marker’s expression in tissues and in sera.
Results.Overall diagnostic accuracy of CgA was better than NSE one. CgA serum levels are related
with the extension of the tumour (p<0.01) and to its expression in tissues (p<0.001). On the contrary,
no relationship was found between serum NSE, extension of the tumour and immunostaining.
Conclusions.CgA was found to be more accurate than NSE in non-functioning NET evaluation. We
suggest that CgA ought to be a general neuroendocrine marker routinely screened in patients with su-
spected NET, independently by hormone secretion.

Introduction CgA serum measurement is a sensitive and specific
marker in NETs and correlates with the extension
Human Chromogranin-A (CgA) is a 48-kDa protein,and the secretory activity of the tumour [6,7].
encompassing 439 amino acids. It belong to the gr&ecently a positive relationship among CgA serum
nine family and it's largely distributed in secretoryexpression, immunohistochemical and ultrastructu-
granules of endocrine and neuroendocrine cells [1ial findings was found[8].
CgA is an important marker of neuroendocrine dif-Degradation and proteolysis of CgA may be respon-
ferentiation: its circulating levels are significantly sible for the wide variability of the fragments found
elevated in neuroendocrine tumours (NETSs) reflecin normal and pathological tissues, blood and urine
ting the secretory activity of the tumour [2]. [9]. Apart from its differential expression in normal
CgA assessment in NETs with eutopic secretory a@nd neoplastic tissues, many studies have demon-
tivity may be more convenient than urinary detecstrated the diagnostic value of circulating CgA de-
tion of 5-hydroxyindolacetic acid (5-HIAA), cate- tection [10, 11,12].
cholamines and metabolites [3]. Additionally, CgABecause of CgA molecule exposition to intensive
measurement may be useful also for the diagnosoteolytic activity, the specificity of the antibodies
and follow up of patients without demonstrated horused for CgA detection is crucial. Recently a two-si-
monal secretion [4]. te sandwich immunoradiometric assay (IRMA) has
Neurone-specific Enolase is an useful immunohistdseen developed by selecting two monoclonal anti-
chemical marker of NETs. Nevertheless, its serurbodies against the median, relatively unprocessed,
measurement_has natdefinitive position in NETs molecular domain [13].
diagnosis, except for patients with small cell lungThis IRMA method has been employed in our study
cancer and neuroblastoma, because of relatively loiw order to (1) evaluate the diagnostic performance
sensitivity and specificity of the marker [5]. of serum CgAin a group of patients affected by bio-
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logically inactive NET, (2) compare the sensitivity The relationship between two variables was asses-
of CgA and NSE, (3) investigate the relationshipsed by linear regression analysis.

between immunohistochemical expression of botl p value <0.05 was considered statistically signifi-
CgA and NSE and their serum concentration. cant.

Patients and methods Results

Thirty-two patients referred to our institution with Serum concentration of CgA was significantly hi-
documented neuroendocrine disease were enrollegher in patients affected by NETs compared to con-
Eleven had pancreatic neuroendocrine tumour artcols (Mann Whitney U test, p<0.001) while no diffe-
17 carcinoids (4 stomach, 1 duodenum, 2 bronchusgnce was found for NSE concentration [Figure 1].
3 jejunum, 4 ileum, 2 appendix and 1 rectum). Thre€erum CgA concentration was elevated in 18/32
patients had neuroendocrine breast carcinoma and36%) patients while NSE was positive in 7/32
had a paraganglioma. (21%). Both serum markers were elevated in 6/32
Diagnosis were histologically confirmed and clinical(18%) patients. High CgA concentration associated
evaluation of the disease extension was performeaslith normal NSE were found in 12/32 (37%) pa-
before any therapy. Conventional imaging methodgents. Raised NSE concentration associated with
(X-ray, ultrasonography and helical-CT) at#h- normal CgA concentration were found only in 1 pa-
pentetreotide somatostatin-receptors scintigraphtyent and 11/32 (34%) patients were negative for
were used to stage the disease. Tumour was consid®th markers [Table 1].
red to be limited when only primary lesion was deElevated serum CgA concentration was found to be
tected and to be extensive when any other localisatgnificantly related to disease extension: 7/15
tion was demonstrated. (46%) patients with limited disease and 11/17 (64%)
Immunohistochemical investigation using NSE andgatients with extensive disease showed raised CgA
CgA antibodies was performed in all patients. The&oncentration. Serum CgA concentration in limited
degree of immunohistochemical expression of thdisease group (median 82 ng/mL, range 5-315) was
markers was expressed as percentage of immunsignificantly lower than in extensive disease group
reactive cells [8]. The ultra structural evaluation offmedian 312 ng/mL, range 56-1300 ng/mL) [Mann-
large-core dense granules by electron microscopy/hitney U test, p<0.001].
was performed in 6 patients by a previously descriPatients with metastatic disease showed a significant
bed method[14]. relationship between serum concentration of CgA
No patients presented clinical signs neither symptonand the number o*ljin-pentetreotide uptake areas
of biologically functioning neuroendocrine tumours. (linear regression?0.773, p<0.01) [Figure 2].
24-h urinary 5-hydroxyndolacetic excretion was askElevated NSE serum concentration was found in
sessed by HPLC in patients affected by carcinoid t8/15 (20%) patients with limited disease and in 4/17
mours. Gastrin (Gask-PR IRMA, Cis Bio (23%) patients with extensive disease. No relations-
International, France) insulin (Insulin RIA, DPC, hip was found between extension of the disease and
US), glucagon (Glucagon RIA, DPC, US), calcito-serum NSE concentration.
nin (CT-RIA, Dia Sorin, Italy) and ACTH (ACTH- Immunohistochemical expression of CgA in tissue
IRMA Dia Sorin, Italy) were measured in patientsshowed a positive relationship with CgA serum le-
with insular pancreatic tumours. vels (linear regression? 0.855, p<0.001) [Figure
CgA and NSE were assayed in all patients and i8].NSE immunostaining was positive in all patients
100 healthy subjects as controls. Serum CgA was téut no relationship was demonstrated with serum
sted using a novel two-site immunoradiometric aseoncentration of this marker.
say (IRMA) based on monoclonal antibodies thaElectron microscopy evidence a poor granular ex-
bind two distinct epitopes within the 145-245 regiorpression in CgA-negative extensive NETs while 2
of CgA (CGA RIA CT. Cis Bio International, CgA-positive limited NETs showed intense granular
France). The cut off value was fixed at 100 ng/mL. expression.
NSE levels were detected by a two-site IRMA
(Prolifigen-NSE, Sangtec AB, Sweden) and a cut-
off level of 12.5ug/L (microg/L) was employed to Discussion
obtain a specificity of 95% in controls.

Immunohistochemical detection of NSE and CgA is
Statistics a very useful tool for diagnosis of NETs and both
Since tumour markers were not normally distribumolecules may be considered as general markers of
ted, results were expressed as median and distribmeuroendocrine derivation. NSE and CgA reflect
tion range and non-parametric analysis were emplanetabolic and secretory activity of the tumour re-
yed. Mann-Whitney U test was used to assess diffepectively and their elevated serum concentration
rences between two independent groups. may have different meanings.
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Figure 1: Cg-A and NSE distribution in patients with neuroendocrine tumours (NET) and controls.
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Figure 2. Relationship between serum chromogranin-A and Figure 3. Relationship between serum CgA and immunohi-
number of 111In-pentetreotide uptake areas in extensive dis- stochemical expression
ease (n=17)
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The present paper evaluated the diagnostic perfogase extension.

mance of both markers in a group of clinically andBaudin and co-workers obtained similar results in a
biologically non—functioning NETSs. group of patients with both functioning and non-

CgA showed a better diagnostic sensitivity tharfunctioning NET. In the Authors’ opinion the secre-

NSE and its serum concentration was related to digery activity more than tumour burden may be the

Table I: Positive-rate of CgA and Nse in limited and extensive NETs.

. Limited disease Extensive disease

Neuroendocrine tumours (n=15) (n=17)

Cg-A NSE Cg-A NSE
Pancreatic NET (n=11) 2/6 1/6 4/5 2/5
Carcinoids (n=17)
Stomach (n=4) 11 11 3/3 1/3
Duodenum (n=1) - - 0/1 11
Bronchus (n=2) 0/2 0/2 - -
Jejunum (n=3) 2/2 1/2 11 0/1
lleum (n=4) 11 01 2/3 0/3
Appendix (n=2) 0/2 0/2 - -
Rectum (n=1) - - 11 01
Breast NE carcinomas (n=3) - - 0/3 0/3
Paraganglioma (n=1) 11 0/1 - -

7/15 3/15 11/17 417
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“key-element” and CgA detection may have low va- al. Chromogranin A as serum marker for neuroendo-
lue in patients with limited disease or in patients wi- crine neoplasia: comparison with neuron-specific eno-
thout peptide hormone secretion. On the other hand, lase and the a-subunit of glycoprotein hormones. J
CgA serum concentration above the cut-off was Clin Endocrinol Metab 1997; 82: 2622-28.

found in 28% of the patients having no secretior- Cunningham RT, Johnston CF, Irvine GB, Buchanan
and mainly extensive disease and 89% of selected KD. Serum neuron-specific enolase levels in patients

. . with neuroendocrine and carcinoids tumours. Clin
patients ... undergone ... treatments ... potentially ~pom Acta 1992 212: 123-31

decreasing the sensitivity of the marker[15]. 6. Nobels FRE, Kwekkeboom DJ, Coopmans W,
Some Authors previously demonstrated a poor corre- Hoekstra R, Bouillon R, Lamberts SWJ. A comparison
lation between serum levels of CgA and specific se- petween the diagnostic value of the measurement of
cretory products of the tumours. In facts, NETs that gonadotropins alpha-subunit and chromogranin A and
are not able either to secrete hormone peptide or ami- their response to TRH in clinically non functioning, al-
nes and NETSs that release undetectable hormonal pro- pha-subunit secreting and gonadotroph pituitary adeno-
ducts, frequently retained the ability to secrete signifi- mas. J Clin Endocrinol Metab 1993; 77: 784-9.

cant amounts of CgA. These so-called chromograni- Efiksson B, Arnberg H, Oberg K, Hellman U,
nomas were first described by Sobol et al. [16]. Lundqvist G, Wemstedt C et al. Chromogranins: a
Our data confirmed that non-functioning NETs enhan- new sensitive markers for neuroendocrine tumours.
ce serum CgA expression related with tumour burde Acta Oncol 1989; 28: 325-9.

. . . . Giovanella L, La Rosa S, Ceriani L, Erba P, Uccella
Immunohistochemical stains demo_nstr_ate that_ Cg S, Garancini S Chromogranin A as serum marker for
levels are related to CgA expression in the tiSSue. neyroendocrine tumours: comparison with neuron-
Moreover electron microscopy showed that 4 CgA-  specific enolase and correlation with immunohisto-
negative extensive NET express a limited number of chemical findings. Int J Biol Markers 1999; 4: 160-6.
large-core dense granules and 2 CgA-positive small Corti A, Gasparri A, Chen FX, Palagi M, Brandazza
NET demonstrate a rich granular expression. A, Sidoli A et al. Characterisation of circulating chro-
Serum CgA levels can be considered as the result of mogranin A in human cancer patients. Br J Cancer
a complex function of large-core granules expres- 1996; 73: 924-32. ,
sion in neoplastic tissues and tumour burdent0-Hsiao RJ, Seeger RC, Yu A, O’Connor DT
Increased serum CgA levels in non-functioning NET Chromogranin A in children with neuroblastoma.
probably reflects undetectable hormonal secretion or S€UM concentration parallels disease stage and pre-

d . dicts survival. J Clin Invest 1990; 85: 1555-9.
al_ternatlve pathways of CgA secretion, uncoupleql Stridsberg M, Oberg K, Li Q, Engstrom U, Lundqvist
with hormone release. ' X ’ :

. . G. Measurements of chromogranin A, chromogranin
Diagnostic performance of serum NSE was poor but g (secretogranin 1), chromogranin C (secretogranin I1)

NSE immunostaining was positive in all patients. and pancreastatin in plasma and urine from patients
Previous studies claimed that NSE may reflect cell with carcinoids tumours and endocrine pancreatic tu-
necrosis rather than tumour burden: so, only in the mours. J Endocrinol 1995; 144: 49-59.

presence of cellular lysis the marker is released it2.Cussenot O, Villette JM, Valeri A, Cariou G,
the circulation [17]. Because large population of ne- Desgrandchamps F, Cortesse A et al. Plasma neuroendo-
crotic cell is frequently encountered in poorly diffe- ~ crine markers in patients with benign prostatic hyperlasia
rentiated neuroendocrine carcinoma, NSE should be and prostatic carcinoma. J Urol 1996; 155: 1340-3.
considered as marker of “aggressive” NETs [18]. 13-Degorce F, Goumon Y, Jacquemart L, Vidaud C,
In conclusion CgA was found to be more sensitive Bellanger L, Pons-Anicet D et al. A new human chro-

L . S mogranin A (CgA) immunoradiometric assay invol-
than NSE in diagnosis of non-functioning NETs. We ving monoclonal antibodies raised against the unpro-

suggest that CgA ought to be routinely measured in cesgeq central domain (145-245). Br J Cancer 1999:
patients with suspected NETSs, independently by hor- 7g. g5.71.
mone peptides secretion. 14.Hsu SM, Raine L, Fanger H. Use of avidin-biotin-pe-
roxidase complex (ABC) in immunoperoxidase tech-
nigue. J Histochem Cytochem 1981; 25: 577-89.
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