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Abstract
Background: To screen for potential diagnostic markers of insulinoma and to evaluate whether chromogranin A (Cga) 
concentration is diagnostic. Methods: Sera samples were obtained from 20 patients with insulinoma and 20 normal 
controls. Differentially expressed proteins were screened by isobaric tags for relative and absolute quantification (iTRAQ) 
proteomic analysis. In addition, serum and tissue samples were obtained from 22 and 18 insulinoma patients, respectively, 
and from 20 normal controls each. Serum concentrations of Cga and chromogranin B (Cgb) were assessed by enzyme-
linked immunosorbent assay and tissue expression by immunohistochemistry (IHC). Results: Protein mass spectrometry 
identified 243 differentially expressed proteins, including 181 up-regulated and 62 down-regulated in insulinoma samples. 
Cgb concentrations were significantly higher in insulinoma than in control sera (75.02±14.56 vs. 66.14±10.55 ng/ml, P<0.05), 
whereas Cga concentrations were not (90.26±13.24 vs. 86.99±7.58 ng/ml, P>0.05). A Cgb cut-off of 65.76 ng/ml was diagnostic 
of insulinoma, with an area under the receiver operating characteristic curve of 0.714, a sensitivity of 0.818, and a specificity 
of 0.6. IHC-determined Cga and Cgb levels were both significantly higher in insulinoma than in normal samples (P<0.05). 
Conclusion: Cgb is a suitable serological and IHC diagnostic marker of insulinoma, whereas Cga is suitable only for IHC.
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Introduction
Insulinoma, although rare, is the most common type of 

functional neuroendocrine tumor, with an annual incidence 
of about four patients per million in the general population 
[1]. About 90% of insulinomas are single, benign and < 2 
cm in diameter, with most of these lesions located in the 
pancreas and evenly distributed throughout the head, body 
and tail of the pancreas [2]. The etiology and pathogenesis 

of insulinoma remain unclear. Its clinical manifestations are 
related to the inappropriate secretion of insulin by tumor 
cells, with the primary manifestation being hypoglycemia 
[3]. In addition to being the most frequent cause of 
hypoglycemia in non-diabetic patients [3], insulinoma can 
cause other, serious metabolic disorders that may be life-
threatening, emphasizing the importance of early diagnosis 
and treatment.

Insulinomas can be diagnosed by both qualitative and 
localized methods. The most commonly used method of 
qualitative diagnosis is the 72-hour starvation test, which 
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induces hypoglycemia. Blood glucose < 40 mg/dL (<2.22 
mmol/L), insulin ≥ 6.0 U/ml (≥36 pmol/L), C-peptide ≥ 200 
pmol/L, and proinsulin ≥ 5.0 pmol/L at the end of this 72-
hour period are regarded as indicative of insulinoma [4]. 
However, negative findings on this starvation test cannot 
completely rule out insulinoma. Patients who experience 
repeated hypoglycemia can be assessed by repeating the 72-
hour starvation test by other methods to avoid misdiagnosis 
[5]. Diagnosis by localization mainly depends on imaging 
examination, although, in general, the accuracy of imaging 
in the detection of insulinoma is not satisfactory [6-10]. Thus, 
at present, there are no accurate methods for the diagnosis 
of insulinoma.

Chromogranin A (Cga), a diagnostic marker for 
neuroendocrine tumors [11-14], was also regarded a 
diagnostic marker for insulinoma. More recent studies, 
however, have found that serum Cga is not diagnostic 
for insulinoma, and that it may not be diagnostic for 
neuroendocrine tumors [15]. Chromogranin B (Cgb) is 
another member of the pheochromogranin family that may 
be a diagnostic marker for neuroendocrine tumors [16-18]. It 
is unclear, however, whether Cgb concentration is diagnostic 
for insulinoma. In this study, proteins differentially 
expressed by sera from patients with insulinoma and healthy 
controls were screened by protein mapping, and the roles of 
Cga and Cgb as potential diagnostic markers of insulinoma 
were further evaluated.

Materials and Methods 
Sample collection 

Serum samples were collected from 22 patients who 
had been diagnosed with insulinoma at the First Affiliated 
Hospital of Guangxi Medical University from January 2012 
to September 2020, and from 20 age- and sex- matched 
healthy controls. Involved tissue sections of patients with 
insulinoma were obtained from gross specimens after 
surgical resection, with normal control tissue sections 
obtained from normal tissues adjacent to pancreatic cancers. 
The characteristics of the tissue sections were confirmed 
by two or more experienced pathologists. All patients with 
insulinoma were diagnosed by pathological examination 
of tissue specimens, including those obtained by surgical 
resection and endoscopic ultrasound fine needle biopsy. 
Patients were included if they had hypoglycemia with 
Whipple’s triad symptoms and pathologically confirmed 
insulinoma. Patients were excluded if they had hypoglycemia 
due to causes other than insulinoma, or if clinical data 
were incomplete. The study protocol was approved by the 
Ethics Committee of the First Affiliated Hospital of Guangxi 
Medical University.

Materials and equipment 

Cga and Cgb enzyme-linked immunosorbent assay 

(ELISA) kits were from MEIMIAN, immunohistochemical 
(IHC) assay kits were from ZSGB-BIO; and isobaric tags 
for relative and absolute quantification (iTRAQ) labeling 
kits were from AB SCIEX (Cat. No. 4390812). Liquid phase 
separation was performed on a Shimadzu LC-20AB liquid 
phase system (Shimadzu), with a liquid phase UltiMate 
3000 UHPLC (Thermo Fisher Scientific). Mass spectrometry 
was performed using a Q-Exactive HF X mass spectrometer 
(Thermo Fisher Scientific).

Methods
Protein screening by iTRAQ proteomic analysis

Serum samples were obtained from 20 patients with 
insulinoma and 20 age- and sex-matched normal controls. 
The 20 samples in each group were randomly assorted 
into four sets of five samples each, and each set of five 
samples was pooled, yielding eight pooled samples. Highly 
abundant proteins were removed using a Proteominert 
kit, and proteins of low abundance were enzymatically 
hydrolyzed and desalinated, followed by separation by high 
performance liquid chromatography. These samples were 
collected and their concentrations were measured by the 
Bradford protein quantitative method. Peptide tags 113, 114, 
115, and 116 were attached to the peptides from the patients 
with insulinoma, and peptide tags 117, 118, 119, and 121 
were attached to the peptides from the normal control group, 
as described by the instructions provided by the iTRAQ 
labeling kit. A Shimadzu LC-20AD liquid phase system was 
used for liquid phase separation of the samples. The elution 
peak was monitored at 214 nm, with one component each 
collected every 3.15 min. twenty components were obtained 
by combining the chromatographic elution peak diagrams, 
which were then frozen and drained. The peptide samples 
were redissolved in mobile phase buffer and separated by 
UltiMate3000. These peptides were ionized using a nanoESI 
source and subjected to tandem mass spectrometry using 
the Q-Exactive HF X mass spectrometer (Thermo Fisher 
Scientific, San Jose, CA, USA) in data dependent acquisition 
(DDA) mode. The iTRAQ data were quantified using iquant 
software (MGI Tech), which integrates the Mascot Percolator 
algorithm [19]. First, a 1% false-discovery rate (FDR) 
was filtered out at the spectrum/peptide level (PSM level 
FDR ≤0.01) to obtain the 20 most for significant peptides 
differentially expressed in sera from insulinoma patients 
and controls [20].

Detection of Cga and Cgb by ELISA

Blood samples were stored in a refrigerator at 4 and 
centrifuged within 2 hours at 3000 rpm for 10 min, and the 
supernatants (sera) were carefully removed and stored in 
a cryogenic refrigerator at-80. The concentrations of Cga 
and Cgb in the serum samples were measured by ELISA 
(MEIMIAN), according to the manufacturer’s instructions. 
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IHC detection of Cga and Cgb

Paraffin sections were obtained from the Department of 
Pathology of the First Affiliated Hospital of Guangxi Medical 
University. The slices had been stored at 4 and baked for 
2-8 hours before use. The paraffin sections were treated with 
xylene and an ethanol series, followed by antigen retrieval 
in sodium citrate buffer. The sections were incubated with 
endogenous peroxidase blocker, washed with PBS, and 
incubated with primary antibody, diluted 1:400, at 37 for 
60 min. After washing with PBS, the tissue sections were 
incubated with appropriate dilutions of goat anti-mouse/
rabbit IgG polymer at room temperature for 20 min. The 
sections were incubated with fresh DAB chromogenic agent, 
followed by hematoxylin. Five high visual power fields 
(HE×100) on each tissue sample were randomly selected, 
observed and photographed. Integral optical density was 
measured using Image-Pro plus 6.0 image analysis software, 
and its average value was calculated.

Bioinformatics analysis

Proteins were defined as up- and down-regulated 
in insulinoma compared with control samples at relative 
protein abundances of ≥1.2 and ≤ 0.833, with P-values 
≤0.05 as determined by t-tests. The identified differential 
expressed proteins were annotated by GO based on the 
DAVID and QuickGO databases, and their biological 
functions were analyzed. The function of each protein was 
also determined by KEGG enrichment analysis based on the 

KEGG database. Protein interaction analysis was based on 
the analysis of interactions between differentially expressed 
proteins identified in the String database, with the lowest 
PPI interaction score being 0.4 and R version 4.0.4 used for 
analysis.

Statistical analysis

Normally distributed variables were expressed as 
mean ± standard deviation (SD) and compared in two groups 
by independent sample t-tests. Non-normally distributed 
data were expressed as median (quartile 1 to quartile 3) 
and compared in two groups by independent sample rank 
sum tests. Receiver operating characteristic (ROC) curves 
were plotted to demarcate the boundaries and evaluate the 
diagnostic value of the model, and areas under the ROC 
curve (AUC) were compared by normal Z tests. Statistical 
analyses were performed using SPSS24.0 software, with 
P≤0.05 considered statistically significant.

Results

Results of protein identification

Proteins differentially expressed in the sera of patients 
with insulinoma and normal controls were identified 
by iTRAQ analysis. Of the 819 proteins identified, 243 
were differentially expressed, included 181 that were up-
regulated and 62 that were down-regulated in insulinoma 
samples relative to control samples (Figure 1, Table 1).

Protein ID
UP

Protein ID
DOWN

Fold Change Q Value Fold Change Q Value

CCL5 7.968 0.000 XP_024303754.1 0.425 0.000

KVD24 5.172 0.000 CALL3 0.466 0.000

XP_024309679.1 3.106 0.001 APOBR 0.473 0.000

FBLN5 2.921 0.000 ARF5 0.510 0.000

HV64D 2.773 0.001 CRHBP 0.522 0.000

TPM3 2.499 0.028 K22E 0.544 0.000

XP_016870075.1 2.485 0.024 XP_024307500.1 0.562 0.000

VCAM1 2.453 0.000 DEF4 0.576 0.000

CALM1 2.130 0.005 LBP 0.586 0.000

XP_024306168.1 2.125 0.002 TAF7 0.595 0.000

PPGB 2.071 0.031 EHD1 0.607 0.000

XP_016858788.1 2.016 0.000 SVEP1 0.607 0.000

CD5L 1.972 0.000 ATP5S 0.624 0.000

ARP6 1.939 0.000 XP_016867855.1 0.640 0.000
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S12A5 1.923 0.006 GLU2B 0.655 0.000

HV69D 1.881 0.000 RAB8A 0.661 0.000

CO6A1 1.875 0.029 TCO2 0.666 0.000

BGH3 1.874 0.000 CATD 0.674 0.000

PEDF 1.862 0.033 PSME1 0.684 0.000

PGBM 1.837 0.000 PAMR1 0.687 0.000

Table 1: Description of the 20 most up-regulated and 20 most-down regulated proteins in patients with insulinoma.

Figure 1: Volcano map of differentially expressed proteins.

Bioinformatics analysis of data

Using the biofunctional analysis tool R, the 243 differentially expressed proteins were annotated with GO function 
(Figure 2). This analysis showed that the molecular functions of these proteins included hydrogen ion transmembrane 
transporter activity, protein serine/threonine kinase inhibitor activity, and kinase inhibitor activity. These biological processes 
involve the G2/M transition of the mitotic cell cycle, cell cycle phase transition, and mitotic cell cycle phase transition. Cell 
components are mainly located in the cytoplasm. KEGG enrichment analysis revealed 15 significant pathways, including 
oocyte meiosis, renin secretion, and vascular smooth muscle contraction (Figure 3). Protein interactions were plotted for the 
top 100 proteins of the reliability scale (figure 4).
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Figure 2: Analytic diagram of GO enrichment.

Figure 3: KEGG enrichment analysis diagram.
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Figure 4: Network diagram of protein interactions.

Comparative expression of Cga and Cgb in insulinoma and normal serum samples 

All insulinoma patients included in this study showed Whipple’s triad symptoms, with their diagnoses confirmed 
pathologically. Cga concentrations, as detected by ELISA, did not differ significantly in patients with insulinoma and 
healthy controls (90.26 ± 13.24 ng/ml vs. 86.99 ± 7.58 ng/ml, P>0.05); In contrast, Cgb concentrations were significantly higher 
in patients with insulinoma than in healthy controls (75.02 ± 14.56 ng/ml vs. 66.14 ± 10.55 ng/ml, P<0.05). As determined by 
ELISA, the cut-off value of Cgb diagnostic of insulinoma was found to be 65.76 ng/ml. This concentration had an AUC of 
0.714 (95% CI 0.554-0.873), a sensitivity of 0.818 and a specificity of 0.6 (Figure 5).
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Figure 5: ROC curve diagram of Cgb expression.

Comparative expression of Cga and Cgb in tissue samples from insulinoma patients and normal controls based on IHC

Using IPP software to measure the average IOD value of three fields in each section (Figure 6), we found that the 
average IOD for Cga was significantly higher in the insulinoma than in the control group (78198.5 [20139.3, 115478.5] vs. 
1230.1 [343.0, 3337.8], P< 0.05). In addition, the average IOD for Cgb was significantly higher in patients with insulinoma 
than in healthy control subjects (78198.5 [20139.3, 115478.5] vs. 1230.1 [343.0, 3337.8], P < 0.05). 

Figure 6: Immunohistochemical detection of Cga and Cgb. Note: picture A shows Cga staining of a sample from a patient 
with insulinoma; picture B shows Cga staining of a control sample; picture C shows Cgb staining of a sample from a patient 
with insulinoma; and picture D shows Cgb staining of a control sample.
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Discussion
Sensitive and reliable serological diagnostic markers 

are important for identifying patients with insulinoma. 
Although several serum markers have been used to 
diagnose neuroendocrine tumors, specific markers for the 
diagnosis of insulinoma remain lacking. The present study 
evaluated whether Cga and Cgb are diagnostic markers for 
insulinoma. Serum and tissue samples were obtained from 
patients with insulinoma and the concentrations of Cga and 
Cgb in these samples compared with normal serum and 
tissue by ELISA and IHC, respectively. The results showed 
that IHC-determined Cga content in tissue samples was 
diagnostic of insulinoma, whereas serum Cga concentration 
was not. In contrast Cgb in both tissue and serum was 
diagnostic of insulinoma.

Although serum Cga concentrations were slightly 
higher in patients with insulinoma than in healthy controls, 
this difference was not statistically significant. In contrast, 
serum Cgb concentrations were significantly higher in 
insulinoma patients than in controls, and both Cga and 
Cgb were significantly higher in insulinoma tissue samples 
than in normal pancreatic tissue. Cga A, originally found in 
chromaffin granules secreted by adrenal medulla chromaffin 
cells, is an acidic soluble glycoprotein [21] that belongs to the 
granule protein family is widely expressed in the endocrine, 
neuroendocrine, and peripheral and central nervous 
systems, as well as in other tissues. Cells secrete Cga into the 
circulation by exocytosis [22]. Endocrine, neuroendocrine 
and neuroendocrine differentiated tumor cells release Cga 
into the blood, resulting in the concentration of Cga being 
higher in these patients than in healthy controls and making 
Cga an auxiliary diagnostic marker for these tumors [23-
27]. A retrospective study involving 270 patients showed 
that Cga had a sensitivity of 84.2%, a specificity of 78.2%, 
and a negative predictive value of 96.5% in the diagnosis 
of neuroendocrine tumors [25]. The levels of expression of 
Cga were found to be higher in sera and paraffin sections of 
non-β-cell than of β-cell neuroendocrine tumors, with the 
content of Cga being directly associated with tumor size [28]. 
Although the serum concentration of Cga was only slightly 
higher in 57 patients with insulinoma than in 86 healthy 
controls, Cga concentration was significantly associated 
with the relative content of non-β cell neuroendocrine tumor 
[15]. In addition, Cga was found to be closely related to the 
function of secretory granules in neuroendocrine cells [29-
32]. Thus, the relatively low concentration of Cga in serum 
may be due to the small number of β-cells that enter the 
blood by exocytosis.

Like CgA, Cgb is a member of the chromaffin family 
[33]. This study found that the concentrations of Cgb in serum 
samples and paraffin sections were significantly higher in 
patients with insulinoma than in healthy controls, with IHC 

staining showed that Cgb was concentrated in islet cells, 
whereas Cga was not. These findings suggest that Cgb is more 
suitable than Cga as a diagnostic marker for insulinoma. 
Assays of Cgb with Cga concentrations in selected patients 
with neuroendocrine tumors and renal insufficiency and in 
patients taking PPI [18] showed that Cgb was as sensitive 
as Cga as a diagnostic marker for neuroendocrine tumors, 
with Cgb not affected by renal insufficiency or PPI drugs 
[17]. A study of neuroendocrine tumors in Japanese patients 
showed that Cga and Cgb, as determined by ELISA, were 
equally diagnostic of neuroendocrine tumors, but that Cgb 
had advantages in distinguishing among other pancreatic 
diseases [34]. The increased concentration of Cgb in the sera 
of patients with insulinoma may be due to its inhibition 
of insulin secretion by islet cells [35]. Knockdown of the 
Cgb gene in mice showed defective insulin secretion and 
regulation of early insulin granule transport by the Golgi 
apparatus in islet β cells [36], with the latter being necessary 
for the effective transport of secretory proteins to budding 
granules [37]. Cgb plays an important role in insulin 
transport, which explains its increased expression in patients 
with insulinoma. Further study, however, is required to 
determine its detailed mechanisms of action.

This study analyzed insulinomas in patients with 
neuroendocrine tumors, with the serum concentrations of 
Cga being similar to those previously reported [15, 28]. The 
present study found that Cga is not suitable as a serological 
marker for insulinoma, and that serum Cgb concentrations 
and IHC staining are greater in paraffin sections of patients 
with neuroendocrine tumors. 

This study had several limitations, including its 
sample size and its omission of patients with other types of 
neuroendocrine tumors, patients with renal insufficiency 
and patients taking PPI drugs. Additional studies, in larger 
numbers of patients and in patients with other conditions, 
are needed to determine the diagnostic effectiveness of Cga 
and Cgb. 

In conclusion, the present study assessed whether 
Cga and Cgb concentrations are diagnostic markers of 
insulinoma. This study found that Cgb is a more suitable 
a diagnostic marker than Cga, a finding that may help 
improve the diagnosis of insulinoma.
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