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Abstract: The incidence of colorectal neuroendocrine tumors is increasing every year with poor prognosis. Members
of Chromogranin family proteins have been shown to be associated with cancer metastasis; however, the role of
chromogranin B in colonic neuroendocrine carcinoma (NEC) is unknown. In this study, we investigated the expression
and function of CgB in colonic NEC. Using RNA-seq data from GSE 9576 and GSE 142720 datasets, we analyzed the
differentially expressed genes between the normal and NEC samples, which protein levels were further validated us-
ing the Human Protein Atlas (HPA) databases. Moreover, immunohistochemistry staining and biological experiments
were conducted to examine the expression and function of CgB in colonic NEC. Western blot was also performed to
confirm the effect of CgB on epithelial mesenchymal transition (EMT) and its related pathways. We found that the
expression level of CgB was significantly higher in colonic NEC tissues than in the adjacent tissues. The upregulation
of CgB promoted cell invasion and migration as well as activated EMT and stemness. Mechanistically, both pathway
enrichment analysis and Western blot analysis confirmed that CgB overexpression activated p38 MAPK and ERK
pathways, while silencing CgB showed the opposite effects. Collectively, our results suggested that CgB activated
p38 MAPK and ERK pathways, thereby contributing to the development of colonic NEC.
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Introduction at the C-terminal, suggesting that they may
have evolved from a common origin. Human
CgB gene is located on chromosome 20 and is
composed of 677 amino acids in five exons
[5, 6]. The structure features of CgB include a
large number of acidic amino acids, calcium
binding sites, and several potential binary
cleavage sites. In addition, CgB is post-transla-
tionally modified at many sites and has a ten-
dency of self-aggregation [7]. Functionally,
Chromogranin family has been shown to pro-
mote the regulatory secretion of polypeptides,
hormones, neurotransmitters, and growth fac-

Colorectal neuroendocrine neoplasms (NENs)
are tumors of epithelial cell origin with morpho-
logical and immunophenotypic signs of neuro-
endocrine differentiation and can be classified
into neuroendocrine tumor (NET), neuroendo-
crine carcinoma (NEC), and mixed neuroendo-
crine-non neuroendocrine neoplasm (MIiNEN).
Among them, colonic MIiNEN is the most com-
mon type followed by colonic NEC [1]. Colorectal
NENs are highly malignant and invasive with
high liver metastasis and poor prognosis [2, 3].

Chromogranin B (CgB), a soluble, acidic, and
specific neuroendocrine protein, belongs to the
acidic secretory protein family with chromaffin
A (CgA) and secretogranin Il that are widely
present in mammalian neuroendocrine cells
[4]. CgA and CgB are similar in structure, with a
homologous disulfide ring structure at the
N-terminal and another homologous sequence

tors [8, 9]. Nevertheless, the role of CgB in
patients with colonic NEC has not been report-
ed. In this study, we explored the expression
of CgB in colonic NEC by using the clinical
samples and analyzed its correlation with the
pathological features. Furthermore, we deter-
mined the function and the underlying mecha-
nism of CgB in the progression of NEC.
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Materials and methods
Patient samples

In this study, 30 specimens were randomly col-
lected from colonic NEC patients of 13 males
and 17 females aged of 46-82, who were treat-
ed in the sixth general surgery of Shengjing
Hospital Affiliated to China Medical University.
All tumor stages were determined according to
the latest version of American Joint Cancer
Committee/Union for International Cancer
Control TNM staging standard for colorectal
tumor. All patients signed informed consent
forms, and the study was approved by the
Ethics Committee of Shengjing Hospital Affiliat-
ed to China Medical University (2022PS1128K).

Bioinformatics analysis

Data from GSE9576 and GSE142720 data-
sets in Gene Expression Omnibus (GEO) data-
base (https://www.ncbi.nIm.nih.gov/geo/) were
downloaded and analyzed in this study. R
package was utilized to identify differentially
expressed genes and to draw a heat map. In
addition, we retrieved immunohistochemical
(IHC) images of colonic NEC from the Human
Protein Atlas (HPA) database (http://www.pro-
teinatlas.org). In the HPA database, genome-
wide transcriptomics data and clinical metada-
ta of nearly 8000 patients were used to ana-
lyze the proteome of major diseases [10].
According to the median expression of CgB,
the data were divided into high- and low-CgB
expression groups. To investigate the differen-
tially activated pathways between the high- and
the low-CgB expression groups, the Gene Set
Enrichment Analysis (GSEA) was performed for
enrichment analysis, and the enrichment of
known pathway gene sets in the two groups
was compared.

Cell lines and cultures

Human colonic NEC cell line LCC-18 was pur-
chased from Shanghai Enzyme Biotechnology.
LCC-18 cells were cultured in RPMI 1640 medi-
um containing 10% fetal bovine serum and
maintained at 37°C with 5% CO,,. The cells were
transfected with lentivirus expressing CgB (LV-
CgB OE group for CgB overexpression) or shCgB
(LV-shCgB group for CgB silencing). The shCgB
sequence is gGCTGCTGCTGTTGCTGCTGCTtt-
caagagaAGCAGCAGCAACAGCAGCAGCttttt. The
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overexpression or silencing of CgB was con-
firmed by PCR using the following conditions:
pre-denaturing at 95°C for 2 min, denaturing at
95°C for 15 s, annealing at 58°C for 30 s,
extending at 72°C for 30 s, and cycling for 42
times.

Immunohistochemistry staining

IHC was performed with CgB antibody (Affinity,
China), and the IHC staining signal were scor-
ed by two experienced pathologists indepen-
dently. The immunohistochemical score was
calculated by the staining intensity and the per-
centage of stained cells. The staining intensity
was graded as strong (3 points), moderate (2
points), weak (1 point), and negative (O point).
The percentage of positive cells was scored as
4 points (more than 75%), 3 points (50-75%), 2
points (26-50%), 1 point (1-25%), and O point
(negative). The total score of up to 3 points was
considered positive.

Real-time quantitative PCR (RT-gPCR)

The transcript level was determined by RT-gPCR
using SYBR Premix Ex Taqgll on ABI QuantStudio
5 Real time PCR, and 2?2 was calculated
for the relative quantitation analysis. Primer
sequences used in this study were listed in

Supplementary Table 1.

Transwell assay

The invasion of transfected cells was deter-
mined by transwell assay. Briefly, cells in serum-
free medium were seeded into the upper cham-
ber of Transwell, while complete medium was
added to the lower well. After 24 h of culture,
the top side of the upper chambers was gently
swabbed with cotton-tipped applicators, and
then the chamber was fixed with paraformalde-
hyde for 30 min followed by 0.1% crystal violet
staining for 20 min. Transwells were observed
under 400 x microscope, and the cells in five
randomly selected fields were counted.

Wound healing assay

The migration of LCC-18 cells was access by
wound healing assay. Briefly, cells at 90% con-
fluence were scratched with a 200 pl pipette tip
and washed with PBS. The cells were photo-
graphed as O h and cultured for 24 h. Images
were then acquired at 24 h. The wound closure
was calculated by the difference in the width
between time 0 and at 24 h of culture.
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Western blot

Protein sample preparation: briefly, RIPA buffer
(containing proteinase inhibitor PMSF) was us-
ed to lyse cells and the cell lysate was cleared
by centrifugation at 4°C for 30 min. The super-
natant was collected, quantified, and separat-
ed by SDS-PAGE. Proteins were then trans-
ferred onto PVDF membrane followed by stan-
dard western blot procedure. Primary antibod-
ies used in this study were: p38 antibody (Cell
signaling), p-p38 antibody (Cell signaling), ERK
antibody (Cell signaling), p-ERK antibody (Cell
signaling), CgB antibody (Abclonal), GAPDH
antibody (Cell signaling), E-Cadherin antibody
(Wuhan Sanying), Vimentin antibody (Wuhan
Sanying) and SOX2 antibody (Wuhan Sanying).
Corresponding HRP-linked anti-IgG antibody
(Cell signaling) was used as the second anti-
body. ECL solution was used to develop the
specific protein signal, and the protein expres-
sion was semi-quantitatively analyzed by Image
J software.

Subcutaneous xenograft tumor model in nude
mice

Male BALB/c nude mice (4-6 weeks old) were
purchased from Beijing Vital River Laboratory
Animal Technology Co., Ltd. and were used in
this study. To generate xenograft tumors, LCC-
18 cells (10%/100 ul PBS) were inoculated sub-
cutaneously into the flank of nude mice (n=4/
group). The tumor growth was monitored every
7 days, and the tumor volume was calculated
according to the following formula: 0.5 x (leng-
th x width)2. At week 4 after cell injection, the
mice were sacrificed, and the tumor was dis-
sected for further analysis. All animal handling
was in accordance with the policies and proce-
dures of the National Institutes of Health's
Guidelines for the Care and Use of Laboratory
Animals. The animal protocol was approved by
the Ethics Committee of Shengjing Hospital
Affiliated to China Medical University (2022-
PS1165K).

Statistical analysis

SPSS 20.0 and GraphPad Prism 8.0 were uti-
lized for statistical analysis and mapping.
Continuous variables were expressed as mean
+ standard deviation. Counting data were
expressed as rate. Independent sample t-test
was used to compare the differences between
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the two groups, while one-way analysis of
variance and Bonferroni-corrected t-test were
used to compare the difference among multiple
groups. Chi-square test was used to compare
the expression level of CgB and its relationship
with clinical data. P<0.05 was considered sta-
tistically significant.

Results

The differential expression of CgB between
carcinoma and the adjacent tissues

Two datasets (GSE142720 and GSE9576)
related to intestinal neuroendocrine tumors in
GEO database were selected to explore the
expression of CgB, and cluster thermogram
was utilized to display the differential expres-
sion between NEC and the normal tissue, with
red representing high while green representing
low expression (Figure 1A). The results showed
that the expression of CgB was significantly
higher in colonic NEC than in the adjacent nor-
mal tissues (P=0.012). Consistently, the IHC
staining results in HPA database also proved
the upregulation of CgB expression (Figure 1B).

Furthermore, using the median CgB expression
as the cutoff value, the transcriptome expres-
sion profile in the database was divided into
high- and low-expression groups, and the GSEA
analysis was performed. We found that mito-
gen-activated protein kinase (MAPK) pathway
was significantly activated in the CgB high-
expression group (NES=0.901, FDR q value
=0.65) (Figure 1C).

More importantly, we examined the expression
of CgB in our own 30 clinical NEC samples by
IHC (Figure 1D) and found that 17 cases
(56.7%) were positive for CgB staining, whereas
only 7 cases (23.3%) in the adjacent tissues
were positive for CgB staining, further support-
ing the conclusion of the upregulation of CgB in
NEC (P=0.008).

Relationship between CgB expression and
clinical parameters

Next, we found that the expression of CgB was
related to TNM stage, lymphatic metastasis,
and distant metastasis. Specifically, as shown
in Table 1, the positive CgB expression rate
was 30% and 70% in stage I/1l group and stage
II/1V group, respectively (P=0.037). In addition,
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Figure 1. Differential gene expression as well as the enrichment of signal pathways between carcinoma tissues and
the adjacent tissues. A. Cluster thermogram of differential gene expression in tissues in GEO database. B. IHC stain-
ing results of HPA database. C. GSEA enrichment analysis showed that MAPK pathway was significantly activated in
high-CgB expression samples. D. IHC staining results of CgB in patient tumor samples and adjacent tissues.

the positive CgB expression rate was 71.43% in
the lymph node metastasis group but was only
22.22% in the non-lymph node metastasis
group (P=0.013). Similarly, the positive CgB
expression rate was 75% in the group with dis-
tant metastasis while was only 35.71% in the
group without distant metastasis (P=0.03).
Notably, the positive CgB expression rate was
as high as 84.62% in the death group but was
only 35.29% in the survival group (P=0.01).

Establishment of cell lines with CgB overex-
pression or silencing

To investigate the function of CgB in NEC, we
established LCC-18 cells with CgB overexpres-
sion (LV-CgB OE) or silencing by shRNA (LV-
shCgB) via the transfection of corresponding
lentivirus plasmids. PCR was performed to
verify the overexpression or silencing of CgB.
The relative expression of CgB mRNA in LV-
CgB OE transfection group and NC group was
3.558+0.598 and 1.001+0.063, respectively
(P=0.002), while the relative expression of CgB
mMRNA in LV-shCgB group and LV-shRNA-NC
group was 0.541+0.113 and 1.237+0.179,
respectively (P=0.005).
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CgB promoted xenograft tumor growth in vivo

As shown in Figure 2, compared with the con-
trol group, the volume of the subcutaneous
tumors derived from CgB overexpressing cells
was significantly larger than that in the control
group, while the volume of tumors derived from
CgB silencing cells was significantly smaller
than that in the control group (276.39+31.01
vs 162.67+41.85, P=0.005; 46.06+12.80 vs
149.85+51.52, P=0.008). Consistently, the
weight of CgB-overexpressing tumors was sig-
nificantly higher than that in control group,
while the weight of CgB-silencing tumors was
significantly lower than that in control group
(0.38+0.05 vs 0.21+0.04, P=0.001; 0.11+
0.08 vs 0.21+0.03, P=0.001).

CgB promoted cell invasion and migration in
vitro

Transwell invasion assay and wound healing
assay were performed to assess the effect of
CgB on the invasion and migration of NEC
cells, respectively. The results showed that CgB
overexpression enhanced, while CgB silencing
inhibited cell invasion and migration. As shown
in Figure 3, a statistically significant difference
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Table 1. Relationship between CgB expression and the clinical features in patients with colonic NEC

Clinical features n % — Ced - P
Positive (n=17) Negative (n=13)

age
<65 15 50 10 (66.67%) 5 (33.33%) 0.269
>65 15 50 7 (46.67%) 8 (53.33%)

gender
male 13 43.33 8 (61.54%) 5 (38.46%) 0.638
female 17 56.67 9 (52.94%) 8 (47.06%)

pathological grading
grade | 0 0 0 0 0.713
grade Il 24 80 14 (58.33%) 10 (41.67%)
grade lll 6 20 3 (50%) 3 (50%)

TNM
-1 10 33.33 3 (30%) 7 (70%) 0.037*
-1v 20 66.67 14 (70%) 6 (30%)

invasion depth
T1-T2 2 6.67 1 (50%) 1 (50%) 0.981
T3 21 70 12 (57.14%) 9 (42.86%)
T4 7 23.33 4 (57.14%) 3 (42.86%)

lymphatic metastasis
yes 21 70 15 (71.43%) 6 (28.57%) 0.013*
no 9 30 2 (22.22%) 7 (77.78%)

distant metastasis
yes 16 53.33 12 (75%) 4 (25%) 0.03*
no 14 46.67 5 (35.71%) 9 (64.29%)

dead or not
yes 13 43.33 11 (84.62%) 2 (15.38%) 0.01*
no 17 56.67 6 (35.29%) 11 (64.71%)

*: P<0.05.

between CgB overexpression group and con-
trol group was observed for both invasion
(10494106 vs 456+46, P=0.001) and migra-
tion (67.78+2.18 vs 45.74+2.05, P<0.001).
Similarly, the difference between the CgB
silencing cells and the control cells in invasion
(160+£25 vs 380+36, P=0.001) and migration
(18.42+1.15 vs 42.67+0.55, P<0.001) was
also statistically significant.

CgB promoted epithelial-mesenchymal transi-
tion (EMT) and stemness via p38 MAPK and
ERK pathways

Given the data above showing the enhanced
invasion and migration ability by CgB, we spec-
ulated that overexpression of CgB might pro-
mote EMT. Hence, the expression of EMT-
related proteins E-cadherin and Vimentin as
well as the stemness-related protein SOX2
were determined by Western blot. As shown in
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Figure 4A, the expression of E-cadherin was
decreased significantly while the expression of
Vimentin and SOX2 was increased significantly
by the overexpression of CgB. Conversely, CgB
silencing resulted in the opposite effects. We
further explore the mechanisms underlying the
function of CgB. As shown in Figure 4B, overex-
pression of CgB significantly increased, while
CgB silencing suppressed, the expression of
p-p38 and p-ERK; however, the total p38 and
ERK protein levels were not affected. In sup-
port with these findings, the results from xeno-
graft tumor samples also verified that CgB pro-
moted the activation of MAPK pathway (Figure
4C).

Effect of inhibiting p38 MAPK and ERK path-
ways on LCC-18 cells

To further investigate the functional impor-
tance of ERK and p38 activation in mediating

Am J Cancer Res 2023;13(4):1560-1570
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Figure 2. CgB promoted xenograft tumor growth in vivo. A. Tumor growth
after subcutaneous injection in nude mice. Tumor volume was increased in
CgB-overexpressed group but decreased in CgB-silencing group. B. The bar
graph of tumor volume in each group, showing the statistically significant
difference. C. Bar graph of tumor weight in each group, and the difference

was statistically significant. **: P<0.01; ##: P<0.01.

CgB activity, we treated LCC-18 cells with ERK
pathway inhibitor U0126 (10 puM) and p38
pathway inhibitor SB202190 (20 uM) for differ-
ent times: 6 h, 12 h, 24 h and 48 h, and then
detected the proliferation of LCC-18 cells by
CCK-8 assay. As shown in Figure 5A, cell prolif-
eration was inhibited by 24 h treatment of
U0126 and SB202190, as the OD value was
significantly lower in inhibitor-treated cells than
in the control cells (P=0.04 and P=0.017).
Longer treatment of 48 h further increased the
difference in the OD value between the two
groups (both P<0.001). Furthermore, ERK path-
way was significantly inhibited by 12 h of UO-
126 treatment. Meanwhile, E-cadherin expres-
sion was increased, while Vimentin expression
was decreased, suggesting the involvement of
ERK signaling pathway in CgB-regulated EMT
process (Figure 5B). Similarly, 12 h of SB2021-
90 intervention significantly inhibited p38 path-
way. The expression of E-cadherin was also
increased, while the expression of Vimentin
was decreased, suggesting that the p38 signal-
ing pathway was also involved in CgB-regulated
EMT process (Figure 5C).
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from other pancreatic diseas-
es, and the plasma CgB con-
centrations returns to normal
after successful tumor resec-
tion [11, 12]. In gastrointesti-
nal neuroendocrine tumors,
the diagnostic sensitivity of
circulating CgB detection is
similar to that of CgA, but it can avoid the influ-
ence from the decline of renal function and the
effect of proton pump inhibitor treatment;
therefore, it can be used as an important tumor
marker of neuroendocrine tumors [13]. In addi-
tion, a recent study found that CgB level was
significantly correlated with the pathological
grade and liver metastasis of pancreatic and
rectal neuroendocrine tumors. Since the patho-
logical grade and tumor load of liver metastasis
are negatively correlated with the prognosis of
patients, serum CgB may become a potential
prognostic marker [14]. In consistent with these
findings, our data also showed that the positive
expression rate of CgB was higher in colonic
NEC tissues than in the adjacent tissues.

EMT refers to the process by which epithelial
cells transform into mesenchymal cells through
specific pathways under normal or pathological
conditions, showing stronger migration and
invasion ability. The decreased expression of
E-cadherin is the most important marker of
EMT [15]. On the other hand, tumor stem cells
are a specific subset of cells that have the
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Figure 3. The effect of CgB on the invasion and migration of LCC-18 cells. A. CgB overexpression promoted, while CgB silencing decreased, LCC-18 cell invasion, as
determined by Transwell assay (left panel). The bar graph showed the statistically significant difference (right panel). B. Wound healing assay showed the similar
effect of CgB on LCC-18 cell migration (left panel). The bar graph of the statistical analysis (right panel). **: P<0.001; ##: P<0.01; ###: P<0.001.
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ability of multi-differentiation, which play an
important role in promoting tumor metastasis.
Studies have confirmed that after normal
colonic epithelial cells express mesenchymal
characteristics, and the expression of stem-
ness markers are also increased [16]. In addi-
tion, it has been reported that injecting pros-
tate cancer tumor cells with stemness charac-
teristics into nude mice will produce highly vas-
cularized neuroendocrine cells and express low
levels of E-cadherin, which confirms the rela-
tionship among stemness, EMT and neuroen-
docrinization. Other studies have shown that
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the over-expression of Snail in prostate cancer
cells can lead to EMT and induce neuroendo-
crine-like morphology, indicated by the increas-
ed expression of NSE and CgA increases [17-
19]. In line with these findings, our data also
demonstrated that overexpression of CgB pro-
moted EMT and stemness.

MAPK/ERK signaling pathways consist of a
series of cytoplasmic proteins, including Ras,
MAPK kinase-kinase (A-Raf, B-Raf and Raf-1),
MAPK kinase (MEK1, MEK2), which transduce
signals to ERK1 and ERK2 [20]. MAPK/ERK sig-
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nal pathways play an important role in cell pro-
liferation [21]. In addition, MAPK/ERK signaling
pathways participate in metastasis process
[22, 23]. p38 MAPKs are a family of “stress-
activated” serine/threonine kinase. Their acti-
vation enables cells to respond to external
signals and exert a large number of different
biological effects in a tissue-specific and sig-
nal-dependent manners, such as inflammation,
differentiation, cell proliferation and survival.
Notably, p38 MAPKs play a dual role in tumor
development as they can mediate cell survival
or promote cell death by different mechanisms.
A study has shown that p38 MAPKs participate
in maintaining the survival and proliferation of
colorectal cancer cells [24]. The migration and
invasion of cancer cells are also affected by
p38 MAPKs [25]. Similarly, MAPK signaling
pathway is also involved in colorectal NEN.
Studies have shown that ERK1/2 is activated
in gastrointestinal NEN [26, 27], which is con-
sistent with our data that CgB regulated the
progression of colonic NEC by promoting the
activation of p38 MAPK and ERK pathways.

Nevertheless, our study had several limita-
tions. First, this study was a retrospective study
with small sample size. In addition, the detailed
mechanisms by which CgB regulates the patho-
genesis of colonic NEC needs further experi-
mental confirmation.

In conclusion, our study revealed the relation-
ship between CgB expression and the progres-
sion of colonic NEC. Our data indicated that
CgB might function as an oncogene and serve
as a biomarker of colonic NEC. More validation
cohorts and further elucidation are needed in
to establish the critical role of CgB in cancer
development as well as its clinical application
in colonic NEC.
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Supplementary Table 1. Information of the RT-PCR primer sequences

Forward (5’ to 3’) Reverse (5’ to 3’)
B-actin CACTGTGCCCATCTACGAGG TAATGTCACGCACGATTTCC
CgB CTGGCTGTGGAGAAGGAGG AGCGCACATCGCGGTAG




