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SCG2 and CPE may be novel markers for the identification of
pancreatic neuroendocrine tumors and solid pseudopapillary
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Background: Distinguishing pancreatic neuroendocrine tumors (pNETs) from solid pseudopapillary
neoplasms (SPNs) is challenging, primarily due to their overlapping pathological characteristics. To address
this, our study aims to identify and validate novel biomarkers that effectively differentiate between these two
conditions. We focus on the exploration of new immunohistochemical markers to enhance this distinction.
Methods: In this study, we analyzed genetic variations in pNETs and SPNs using the GSE43795 dataset
from the Gene Expression Omnibus (GEO) database. Our approach was to identify genes with higher
expression in pNETs compared to SPNs and normal pancreatic tissues. We conducted enrichment analyses
to understand the functions of these genes. Furthermore, protein-protein interaction (PPI) network
analysis was utilized to identify key genes associated with pNETs. Our sample consisted of 163 pancreatic
tumor specimens, comprising 78 pNETs and 85 SPNs. We also collected clinicopathological data and used
immunohistochemistry to measure the expression levels of these key genes.

Results: The enrichment analysis revealed that genes overexpressed in pNETs were mainly involved in
signal release, vesicle transport, and ion pathway activation, playing significant roles in endocrine processes
like insulin secretion, dopamine synapses, and circadian rhythm regulation. The PPI analysis identified
secretogranin II (SCG2), carboxypeptidase E (CPE), and chromogranin A (CgA, CHGA) as key markers for
differentiating pNE'Ts from SPNs. Immunohistochemical validation of these markers demonstrated high
sensitivity (SCG2: 98.7%, CPE: 97.4%) and specificity (100%), indicating their superior discriminative
power compared to traditional markers like CgA, B-catenin, lymphoid enhancer-binding factor 1 (LEF1),
and vimentin.

Conclusions: Our study indicates that SCG2 and CPE are effective, novel immunohistochemical
biomarkers for differentiating pNETs from SPNs.
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Introduction

Distinguishing pancreatic neuroendocrine tumors (pNETs)
from solid pseudopapillary neoplasms (SPNs) based on
morphology alone is challenging, especially when limited
pathological tissue is available, such as from needle biopsies.
This difficulty stems from their similar histopathological
features. Accurate differentiation is crucial due to the
significant treatment and prognosis differences between
pNETs and SPNs. SPN patients exhibit malignant behavior
in 9-28% of cases, yet the S-year survival rate following
radical surgical resection exceeds 95% (1,2). In contrast,
pNETS, more malignant in nature, often require endocrine
therapy or chemotherapy post-surgery, with a 5-year
survival rate around 85.4% (3). Immunohistochemistry,
a prevalent technique for differentiating between these
tumors, faces challenges due to overlapping antibody
staining profiles with conventional markers like
synaptophysin, B-catenin, and vimentin, leading to limited
diagnostic sensitivity and specificity (4). Recent research
has focused on identifying novel biomarkers to improve
differentiation (5,6). Some studies advocate for using a
combination of multiple biomarkers to enhance diagnostic
reliability (7,8). However, the scarcity of validated samples
and limited evidence necessitate further research in this
area. Given the ongoing debate over the most effective

Highlight box

Key findings

e Secretogranin II (SCG2) and carboxypeptidase E (CPE) were
identified as novel and effective markers for differentiating
pancreatic neuroendocrine tumors (pNETs) and solid
pseudopapillary neoplasms (SPNs), surpassing traditional markers
like B-catenin and chromogranin A (CgA).

What is known and what is new?

e It is crucial to accurately differentiate between pNETs and SPNs
due to significant differences in treatment and prognosis. However,
due to their similar pathological features, traditional markers are
unable to provide an accurate differential diagnosis.

® There have been no studies on integrating bioinformatics analysis
with immunohistochemistry to seek new makers for distinguishing
between pNETS and SPNs.

What is the implication, and what should change now?

* SCG2 and CPE were identified as novel and effective markers for
differentiating pNETs and SPNs through bioinformatics analysis
and immunohistochemical validation. These markers demonstrated
high sensitivity (98.7% for SCG2, 97.4% for CPE) and specificity
(100%) surpassing traditional markers like B-catenin and CgA.
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immunohistochemical markers for these tumor types, this
study investigates the gene expression profiles of pNETS,
SPNs, and normal pancreatic tissues, using data from the
Gene Expression Omnibus (GEO) database. Our aim is
to identify key genes with distinct expression patterns
in pNETs and SPNs, which could serve as genetic-level
discriminators. These potential biomarkers are further
validated through immunohistochemical analysis. We
present this article in accordance with the REMARK
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-24-229/rc).

Methods
Data source and data processing

The gene chip dataset GSE43795, obtained from the
GEO database (platform GPL10558) (9), includes 14 SPN
cases, six pancreatic cancer cases, six pNET cases, and five
normal pancreatic tissue samples. We normalized the gene
expression data for SPNs, pNETs, and normal pancreas
samples using the “FactoMineR” and “factoextra” packages
in R software (version 4.1.2). Principal component analysis
(PCA) was conducted to analyze and visualize the gene
expression patterns and differences between groups.

Identification of differential expression genes (DEGs) in
SPNs and pNETs

Differential gene expression analysis was carried out using
the “limma” package (R version 4.1.2). This analysis
included 14 SPN cases, six pNET cases, and five normal
pancreatic tissue samples, with the screening criteria set to
llog,fold change (FC)| >2 and P<0.05. The results were
visualized using the “ggplot2” package (R version 4.1.2), and
DEGs in pNETs were identified by comparing expression
levels to SPNs and normal pancreatic tissue groups.

Enrichment analysis of DEGs

Enrichment analysis on the DEGs was performed using the
“ClusterProfiler” package (R version 4.1.2). This involved
Gene Ontology (GO) analysis for biological processes (BPs),
cellular components (CCs), and molecular functions (MFs),
as well as Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis. The top 5 pathways were identified and
visualized using the “GOplot” and “ggnewscale” packages (R
version 4.1.2).

Transl Cancer Res 2024;13(7):3407-3417 | https://dx.doi.org/10.21037/tcr-24-229


https://tcr.amegroups.com/article/view/10.21037/tcr-24-229/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-24-229/rc

Translational Cancer Research, Vol 13, No 7 July 2024

Protein-protein interaction (PPI) analysis of DEGs

Protein interactions of the DEGs in pNETs were analyzed
using the STRING online database (https://string-db.org/)
with a confidence level of 0.4. The network was visualized
using Cytoscape software, and the cytoHubba plugin
helped identify the top 10 key DEGs based on network
positions. The top 3 key genes were selected for further
immunohistochemical validation.

Validation by immunobistochemistry

Patient selection

We enrolled 78 pNET patients and 85 SPN patients
treated at the Fourth Hospital of Hebei Medical
University from January 2017 to June 2021. Each patient
had a single pancreatic lesion surgically removed, with a
definitive diagnosis made by two chief physicians based on
pathological results. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the Institutional Research Ethics
Committee at the Fourth Hospital of Hebei Medical
University (No. 2022KY234) and informed consent was
taken from all the patients.

Immunohistochemistry

The tumor samples were fixed in 3.7% paraformaldehyde
for 24 hours, dehydrated, embedded in paraffin, and
then sectioned into 4-pm thick slices. These sections
were heated at 75 °C for 2 hours, dewaxed in xylene, and
rehydrated through a graded alcohol series. Antigen
retrieval was performed using ethylenediaminetetraacetic
acid (EDTA) buffer (MaxVision MVS-0098/0099, diluted
1:50). To suppress endogenous peroxidase, 3% H,O,
was applied, followed by blocking non-specific staining
with goat serum for 20 minutes. Primary antibodies
(details in Table S1) were applied and incubated at room
temperature for 2 hours, then overnight at 4 °C. Secondary
antibodies [horseradish peroxidase (HRP)-polymer anti-
mouse/rabbit or mouse/rabbit immunoglobulin G (IgG),
MaxVision, number: 231109S407n] were added for
30 minutes at room temperature, followed by development
with 3,3’-diaminobenzidine (DAB) chromogenic solution
(MaxVision Fuzhou), counterstaining with hematoxylin
(LEICA auto STAINER XL CV5030), dehydration in
graded ethanol, clearing in xylene, and mounting with
neutral rubber.
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Assessment of immunohistochemical staining

Two independent pathologists evaluated the
immunohistochemical staining. They examined 10 high-
power fields (200x magnification) per specimen, assessing
100 tumor cells to determine the average percentage of
positively stained cells. Cytoplasmic staining was scored as
0 (no staining), 1 (weak), 2 (moderate), or 3 (strong). The
percentage of positive cells was categorized into 0 (0-5%), 1
(6-25%), 2 (26-50%), or 3 (>50%). The final staining score,
a product of intensity and percentage scores, determined
expression levels: scores above 3 indicated high expression,
and scores of 3 or below suggested low expression. For
nuclear staining, positivity rates over 30% were considered
positive, while rates below 30% were negative. Retrieved
immunohistochemical stains from the archive include
B-catenin, vimentin, chromogranin A (CgA, CHGA).

Clinical statistical analysis

Data analysis was conducted using SPSS 21.0. For numerical
variables, the 7-test was applied for comparisons between
two groups when data conformed to a normal distribution
and passed the homogeneity of variance test. The Wilcoxon
test was used if the data did not conform to a normal
distribution. Categorical variables were analyzed using the
chi-squared test, chi-squared test with Yates’ correction, or
Fisher’s exact test as appropriate. The Kaplan-Meier method
and log-rank test were utilized for survival analysis. A P
value <0.05 was considered statistically significant.

Results
Quality control of samples

The GSE43795 dataset, containing samples from
pNETs, SPNs, and normal pancreatic tissues, underwent
normalization to ensure uniform data distribution, as verified
by a box plot (Figure 14). Additionally, PCA was used for
cluster analysis, revealing clear clustering within each group
and distinct separations between them (Figure 1B).

DEGs screening

Comparative analysis between pNET and SPN groups
identified 491 DEGs. Among these, 397 genes were
upregulated in pNETs compared to SPNs (Figure 24). A

comparison between pNETs and normal pancreatic tissues
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Figure 1 Quality assessment of GSE43795. (A) Normalization of the sample set data in GSE43795. (B) PCA plot of GSE43795. SPN, solid

pseudopapillary neoplasm; pNET, pancreatic neuroendocrine tumor; normal, normal pancreatic tissues; PCA, principal component analysis.

A *Up eNotsig ¢Down B '-.Up o Not sig « |I:)0WFI . C
8 - e ° . .b'.' -
LY ° ’ {
R J .
o 8%
64 ° °
— &
= .
3 :
T *e ° 276 121 90
[3] - °
Q4 4
41 e
D o o
o e o
|
| M)
2 L]
pNET vs. SPN pPNET vs. normal
777777777777 up-regulation genes  up-regulation genes
0 -
T T T T T
-5.0 -2.5 0.0 2.5 5.0 -50 -25 0.0 2.5 5.0
Log,(fold change) Log,(fold change)
D E Insulin secretion
Signal release [ ] CKMT1B
. Dopaminergic synapse "
Hormone transp_ort ° w Circadian entrainment Size
Hormone secretion [ ] bS] _ e 3
. . P.adjust
Peptide hormone secretion - [ ] 0.05 o4
Vesicle-mediated transport in synapse o grade endoCannabinoid signaling @5
0.03
} @6
Transport vesicle [ ) 0.01 roline metabolisr
Transmembrane transporter complex - [ ] CA : Fold change
lon channel complex - o 8 Counts
Transport vesicle membrane - ) o5 wal gec 5
Cation channel complex @ Q10 4
. 15
lon channel activity 4 o NE81
Cation channel activity
Potassium ion transmembrane transporter activity-| @ _Ig_l 1 Ca;egmy ool oo
: ik | ~ Arginine and proline metabolism
Potassium chanqel aptl\{lty ® — Cireadian entrainment
Clathrin binding e GNi KChMB2 ~ — Dopaminergic synapse

0.04 0.08 0.12 0.16
Gene ratio

= Insulin secretion

STX1A RIMS2
“ ~ Retrograde endocannabinoid signaling

Figure 2 Selection and enrichment analysis of DEGs specific to pNETs. (A) A volcano plot illustrating DEGs in the pNET and SPN
groups. (B) A volcano plot representing DEGs in the pNET group and normal pancreatic tissues. (C) Venn diagrams displaying overlapping
upregulated genes in pNETS against both the SPNs and normal pancreas tissues. (D) The GO enrichment analysis of upregulated genes
in pNETs. (E) KEGG enrichment analysis for upregulated genes in pNETS. Not sig, not significance; pNET, pancreatic neuroendocrine
tumor; SPN, solid pseudopapillary neoplasm; normal, normal pancreatic tissues; BP, biological process; CC, cellular component; ME,

molecular function; DEG, differential expression gene.
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B
Rank Name Score
1 CHGA 360
2 CPE 294
3 SCG2 288
4 SYT4 268
5 PCSK2 268
6 PTPRN 182
7 PCSK1N 146
8 VGF 122
9 GRIA2 105
10 SNAP91 103

Figure 3 Visualization of PPI analysis for specific DEGs in pNETs. (A) Hub nodes identified by CytoHubba plugin. (B) Top 10 hub
nodes identified using the CytoHubba plugin. PPI, protein-protein interaction; DEG, differential expression gene; pNET, pancreatic

neuroendocrine tumor.

revealed 211 upregulated and 299 downregulated genes in
pNETs (Figure 2B). We utilized a Venn diagram (Figure 2C)
to identify the overlap of upregulated genes in pNETs
against both normal pancreatic tissues and SPNs, resulting
in 121 DEGs uniquely associated with pNETs.

DEGs enrichment analysis

GO analysis

DEGs in pNETs predominantly exhibited enrichment
in processes like signal release, vesicle transport, and ion
pathway activation (Figure 2D).

KEGG analysis
DEGs specific to pNETs were mainly linked to pathways
involved in insulin secretion, dopamine synaptic functions,

and circadian rhythms (Figure 2E).

PPI analysis of DEG-velated proteins in pNETs

The PPI network analysis focused on proteins related
to DEGs in pNETs, using the STRING database. The
data were visualized with Cytoscape software (Figure 3).
The top ten most significant DEGs were identified using
the CytoHubba plug-in, from which three hub genes—
CHGA, carboxypeptidase E (CPE), and secretogranin

© Translational Cancer Research. All rights reserved.

II (SCG2)—were selected for further validation via
immunohistochemistry.

Immunobistochemical validation of proteins corresponding
to hub genes

Clinical characteristics

The study involved 78 pNET patients (39 males, 39
females, average age 55 years) and 85 SPN patients
(13 males, 72 females, average age 28 years). General
characteristics are presented in Table 1.

Follow-up data

Follow-up data collection continued until November 2021.
Among the 85 SPN patients, no recurrence or mortality
was reported. In contrast, 19 out of 78 pNET patients
experienced disease recurrence, with seven deaths. The
SPN group showed significantly better disease-free survival
(DFS) and overall survival (OS) compared to the pNET
group. DFS and OS curves for both groups are depicted in
Figure 4.

Immunohistochemical analysis

SCG2, CPE, and CHGA staining were performed in
pancreatic tumors (Figure 5). In pNET samples, sensitivity
were 98.7% for SCG2, 97.4% for CPE, and 88.5% for

Transl Cancer Res 2024;13(7):3407-3417 | https://dx.doi.org/10.21037/tcr-24-229
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Table 1 Clinicopathologic characteristics of 85 SPNs and 78
pNETs

Yang et al. Novel biomarkers for differentiating pNETs from SPNs

Table 1 (continued)

Characteristics pNETs (n=78) SPNs (n=85) P value

Characteristics pNETs (n=78) SPNs (n=85) P value
Lymph node metastasis <0.001
No 67 (85.9) 85 (100.0)
Yes 11 (14.1) 0 (0.0
Neutrophil (x10°% 3.665 3.68 0.63
[2.72,4.9025] [2.87,5.11]
Lymphocyte (x10°% 1.435 1.64 0.12
[1.2025, 1.815]  [1.3,1.92]
CEA (U/mL) 1.97 1.23 <0.001
[1.46, 2.815] [0.88, 1.92]
CA-199 (U/mL) 12.045 8.76 0.003
[8.765, 19.885] [6.12, 16.32]
Ki67 (%) <0.001
<3 21 (26.9) 49 (57.6)
>3 and <20 48 (61.5) 35(41.2)
>20 9(11.5) 1(1.2)
Recurrent status <0.001
No 59 (75.6) 85 (100.0)
Yes 19 (24.4) 0 (0.0
Survival status 0.02
Alive 71 (91.0) 85 (100.0)
Dead 7 (9.0) 0 (0.0

Sex <0.001
Female 39 (50.0) 72 (84.7)
Male 39 (50.0) 13 (15.3)
Age (years) 55[45.5,63.5] 28][19, 43] <0.001
Symptom 0.001
Asymptomatic 32 (41.0) 48 (56.5)
Abdominal pain 33 (42.3) 21 (24.7)
Diarrhea 3(3.8) 0 (0.0)
Abdominal distension 2(2.6) 12 (14.1)
Apsychia 4(5.1) 0(0.0)
Others 4 (5.1) 4(4.7)
Location 0.36
Body 32 (41.0) 29 (34.1)
Head 27 (34.6) 25 (29.4)
Tail 19 (24.4) 31 (36.5)
Surgical methods 0.78
Laparoscope 25 (32.1) 29 (34.1)
Open 53 (67.9) 56 (65.9)
Tumor size (cm) <0.001
<2 18 (23.1) 6(7.1)
>2 and <4 40 (51.3) 22 (25.9)
>4 20 (25.6) 57 (67.1)
Table 1 (continued)
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Data are presented as n (%) or median [interquartile range].
SPN, solid pseudopapillary neoplasm; pNET, pancreatic
neuroendocrine tumor; CEA, carcinoembryonic antigen; CA-
199, carbohydrate antigen-199.
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Figure 4 Comparison of survival outcomes between patients with SPN and pNET. (A) DFS curves for SPN and pNET patients. (B)
OS curves for SPN and pNET patients. HR, hazard ratio; CI, confidence interval; pNETT, pancreatic neuroendocrine tumor; SPN, solid

pseudopapillary neoplasm; DFS, disease-free survival; OS, overall survival.
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Figure 5 Immunohistochemical staining of pNETs and SPNs (magnification x200). (A) Positive staining of SCG2 in pNET. (B) Negative
staining of SCG2 in SPN. (C) Positive staining of CPE in pNET. (D) Negative staining of CPE in SPN. (E) Positive staining of CHGA in
pNET. (F) Negative staining of CHGA in SPN. pNET, pancreatic neuroendocrine tumor; SPN, solid pseudopapillary neoplasm; SCG2,

secretogranin IT; CPE, carboxypeptidase E; CHGA, chromogranin A.

CHGA. SPN samples showed negative staining for all three
antibodies. Additionally, classical immunohistochemical
markers [B-catenin, lymphoid enhancer-binding factor 1
(LEF1), vimentin] were used for differential staining of
pNETs and SPNs (Figure 6). The sensitivity of these markers
was 96.5% for B-catenin, 84.7% for LEF1, and 97.6% for
vimentin, with specificities of 87.2%, 83.3%, and 78.2%,
respectively. Comprehensive details are presented in Table 2.

Discussion

Both pNETs and SPNs are rare pancreatic tumors

© Translational Cancer Research. All rights reserved.

characterized by diverse shapes and overlapping
morphologies, posing significant challenges in differential
diagnosis. Accurate diagnosis is crucial due to the
distinct prognosis and treatment strategies for each.
Immunohistochemical staining is currently the most
effective method to distinguish between pNETs and SPNs.
In our study, bioinformatics analysis was employed to
select DEGs in pNETs. Key DEGs associated with pNETs
were identified through PPI network analysis, providing
a reference for novel immunohistochemical markers.
Specific DEGs in pNETS, identified via KEGG analysis,
were primarily associated with signaling pathways including

Transl Cancer Res 2024;13(7):3407-3417 | https://dx.doi.org/10.21037/tcr-24-229
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Figure 6 Immunohistochemical staining of pNETs and SPNs (magnification x200). (A) Negative staining of -catenin in pNET (with strong
non-specific cytoplasmic staining, showing its lack of specific expression). (B) Positive staining of B-catenin in SPN. (C) Negative staining of
LEF1 in pNET. (D) Positive staining of LEF1 in SPN. (E) Negative staining of vimentin in pNET. (F) Positive staining of vimentin in SPN.
pNET, pancreatic neuroendocrine tumor; SPN, solid pseudopapillary neoplasm; LEF1, lymphoid enhancer-binding factor 1.

Table 2 Immunohistochemical staining results

Biomarker SCG2 CPE CHGA B-catenin LEF1 Vimentin
pNET (-) 1 2 9 68 65 61
PNET (+) 77 76 69 10 13 17
SPN (-) 85 85 85 3 13 2
SPN (+) 0 0 0 82 72 83
Sensitivity (%) 98.7 97.4 88.5 96.5 84.7 97.6
Specificity (%) 100 100 100 87.2 83.3 78.2
Youden index 0.987 0.974 0.885 0.837 0.680 0.758

SCG2, secretogranin Il; CPE, carboxypeptidase E; CHGA, chromogranin A; LEF1, lymphoid enhancer-binding factor 1; pNET, pancreatic
neuroendocrine tumor; SPN, solid pseudopapillary neoplasm.
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insulin secretion, dopamine synapse, and circadian rhythm.
Notably, key genes CHGA, SCG2, and CPE, involved in
hormone peptide regulation, were identified. Considering
pNETs originate from endocrine cells, screening diagnostic
markers around neurohormone secretion-related pathway
genes is vital. The CHGA gene encodes CgA, a subtype of
chromogranin granules in neuroendocrine cells critical for
secretory granule production, hormone accumulation, and
calcium homeostasis. CgA is a classic immunohistochemical
marker for pNETs diagnosis, widely used in clinical
practice. A meta-analysis of 1,260 neuroendocrine tumor
(NET) cases and 967 normal tissue cases reported CgA’s
sensitivity at 73% and specificity at 95% for NETs
diagnosis (10). Literature suggests CgA’s sensitivity at 66%,
specificity at 95%, and overall accuracy at 71% in pNETs
diagnosis (11). In our study, CgA showed a sensitivity of
88.5% and specificity of 100%, consistent with previous
research. High CgA expression in pNET patients correlates
with poorer biological characteristics and reduced
postoperative survival (12-15). However, external factors
like liver cirrhosis and oral proton pump inhibitors can
influence CgA expression (16). Therefore, it is advisable to
analyze CgA alongside other markers for accurate pNETs
differential diagnosis.

SCG2, a member of the secretogranin family, plays a
vital role in secreting neuropeptides like EM66, which
are key in enhancing neurotransmission, inflammatory
responses, endothelial cell proliferation, and angiogenesis
(17,18). Recent studies have demonstrated that SCG2
can serve as a prognostic marker for malignant tumors
(19,20). Another significant marker, CPE, functions as a
neuropeptide processing enzyme within the M14 family
of metal carboxypeptidases and is essential in activating
hormones involved in various BPs (21). Currently, there
is no relevant literature on the use of SCG2, CPE, as
immunohistochemical markers for identifying pNETs and
SPNs. Our study indicates that both SCG2 and CPE have
a higher discriminative power in differentiating these two
tumor types. Notably, despite being cytoplasmic stains,
SCG2 and CPE demonstrated superior differentiation
capabilities when compared to conventional markers like
B-catenin, LEF1, and vimentin.

In our study, B-catenin exhibited high specificity but
also showed positive cytoplasmic staining in some pNET
samples, as illustrated in Figure 64. We quantified this non-
specific staining intensity, which was found to be as high as
40%. Consequently, the use of B-catenin as a differential
marker becomes challenging, especially with limited or

© Translational Cancer Research. All rights reserved.
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lower-quality samples like those obtained from biopsy
pathology. LEF1, functioning as a downstream target
gene of B-catenin in the Wnt signaling pathway, is known
to enhance Wnt signaling (22). LEF1’s nuclear staining
pattern offers an advantage over B-catenin by minimizing
the diagnostic interference from non-specific cytoplasmic
staining, suggesting its potential as an effective marker
for distinguishing between SPNs and pNETs (23). In our
study, LEF1 showed superior nuclear staining compared
to B-catenin and did not exhibit non-specific cytoplasmic
staining, as depicted in Figure 6D. However, its sensitivity
and specificity were 84.7% and 83.3%, respectively,
which are lower than those of SCG2 and CPE. SPNs are
classically characterized by mutations in the CTNNBI gene’s
third exon, leading to P-catenin protein phosphorylation
evasion in the cytoplasm, its accumulation in the nucleus
and cytoplasm, and activation of the Wnt signaling
pathway (24). This provides the rationale for using Wnt
pathway molecules (LEF1, B-catenin) in diagnosing
SPNs. However, the Wnt pathway is also implicated in
various other tumors, including pNETs (25), which could
explain the strong LEF1 and B-catenin staining observed
in some pNETs. In contrast, SCG2 and CPE, associated
with endocrine secretion, demonstrate more specificity.
Bioinformatics analysis reveals their high expression in
pNETs and significant underexpression in SPNs, providing a
theoretical basis for employing SCG2 and CPE as diagnostic
markers. This evidence suggests their greater reliability and
trustworthiness as markers for differential diagnosis.

The novelty of this research lies in employing
bioinformatics analysis to identify novel diagnostic markers
for pNETs and SPNs at a genetic level, followed by their
immunohistochemical validation. We have found that CPE
and SCG2 can effectively differentiate between these tumor
types have shown promising sensitivity and specificity.
However, this study has certain limitations. Being conducted
at a single center, its results require further confirmation
through multicenter prospective studies. Additionally, the
specific roles of CPE and SCG2 in pNETs have yet to be
fully elucidated. Future experiments are required to validate
the functions of these proteins in pNETs.

Conclusions

In conclusion, SCG2 and CPE are effective, novel
immunohistochemical biomarkers for differentiating
pNETs from SPNs. They showed superior differentiation
capabilities when compared to conventional markers like
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B-catenin, LEF1, and vimentin.
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