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Abstract
Apart from primary tumor development and metastasis, cancer-associated thrombosis is the second cause of cancer
death in solid tumor malignancy. However, the mechanistic insight into the development of gallbladder cancer (GBC)
and cancer-associated thrombosis remains unclear. This study aimed to investigate the mechanistic role of Sciellin
(SCEL) in GBC cell proliferation and the development of venous thromboembolism. The expression level of SCEL was
determined by immunohistochemical staining. Roles of SCEL in gallbladder cancer cell were determined by molecular
and cell biology methods. SCEL was markedly upregulated in GBC and associated with advanced TNM stages and a
poor prognosis. Furthermore, SCEL interacted with EGFR and stabilized EGFR expression that activates downstream
PI3K and Akt pathway, leading to cell proliferation. In addition, SCEL induces tumor cell IL-8 production that stimulates
the formation of neutrophil extracellular traps (NETs), accelerating thromboembolism. In xenografts, SCEL-expressing
GBCs developed larger tumors and thrombosis compared with control cells. The present results indicate that SCEL
promotes GBC cell proliferation and induces NET-associated thrombosis, thus serving as a potential therapeutic target.

Introduction
Gallbladder cancer (GBC) is the most common biliary

tract malignancy and its incidence is ranked as the seventh
popular one in gastrointestinal cancers1,2. The prognosis
of patients with advanced GBC is very poor and the 5-year
survival rate is only 5%, probably owing to lack of early
diagnosis of this dismal disease that usually undergoes
rapid progression3–5.
In addition to malignant transformation of cancer cells

which primarily contributes to cancer death, cancer-
associated thrombosis is the second leading cause of death
among cancer patients6. Furthermore, it is emerging that the

occurrence of the cancer-associated thrombosis has
increased yearly worldwide7. Although large efforts have
been significantly made to identify potential molecular
mechanisms underlying venous thrombosis, the overall
benefit is minimal. Mechanistically, immune cell-driven
thrombosis in the vessels has recently received considerable
attention, where polymorphonuclear neutrophils (PMN)
release chromatin and granular proteins to form an extra-
cellular fibrillar matrix, termed neutrophil extracellular traps
(NETs)8. Initially in neutrophils, the nuclear histones become
citrullinated by peptidylarginine-deiminase 4 (PAD4), which
leads to a change in chromatin charge and facilitates chro-
matin decondensation. The nuclear membrane and granular
membranes subsequently dissolve, thus allowing for the
mixing of chromatin with granule content in the presence of
the ruptured cytoplasmic membrane. A large thrombus
eventually develops as a result of platelet recruitment in the
NETs9–11. At present, the molecular regulation of
neutrophil-mediated NET remains poorly understood.
Sciellin (SCEL), a precursor of the cornified envelope, was

first identified in mammalian keratinizing tissues including
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the oral cavity, esophagus, and vagina12. SCEL contains 16
inexact repeats of 20 amino acid residues and an LIM
domain (derived from LIN-11, Isl1, and MEC-3) that may
function as a protein interaction module regulating locali-
zation of SCEL and protein assembly in the cornified
envelope13. SCEL was enriched in stratified epithelia, where
they play an important role in stress-bearing and barrier
properties(8-10). Intriguingly, aberrant SCEL expression was
elevated in varied malignant tumors including pancreatic
cancer, colorectal cancer, and renal cancer14–16. However, it
is largely unknown regarding the pathological role of SCEL in
the development of GBC. The present study was to investi-
gate SCEL expression in GBC and potential mechanisms
underlying GBC development. We found that elevated
expression of SCEL was correlated with EGFR expression
and the progression of GBC. GBC cells expressing SCEL
induced IL-8 secretion that in turn stimulated neutrophils
extracellular traps formation that facilitate the formation of
cancer-associated thrombosis. These results may shed light
on identification of the novel biomarker and target for
diagnosis and treatment of GBC.

Materials and methods
Cell culture and human sample collection
Human tumor cell lines GBC-SD were purchased from the

Cell Bank of the Chinese Academy of Sciences (Shanghai,
China), SGC-996 was obtained from Tongji University
(Shanghai, China). The other human GBC cell lines EH-GB1
and NOZ were purchased from the Health Science Research
Resources Bank (Osaka, Japan). GBC-SD, EH-GB1, and
SGC-996 were cultured in DMEM, and NOZ cell line was
cultured inWilliam’s medium. All cells were cultured in their
corresponding media supplemented with 10% fetal bovine
serum (FBS) at 37 °C in a humidified atmosphere of 95% air
and 5% CO2, all the cell line without mycoplasma con-
tamination. All 49 GBC tissues were collected from patients
who underwent radical surgery at the Xinhua Hospital
Affiliated to Shanghai Jiao Tong University School of Med-
icine, Shanghai, China. We retrospectively obtained clin-
icopathological data from these patients, including age, sex, T
stage regional lymph node status, TNM stage, and differ-
entiation. The usage of these specimens and the patient data
were approved by the Ethics Committee of the Xinhua
Hospital Affiliated to Shanghai Jiao Tong University School
of Medicine.

Human peripheral blood neutrophil isolation
Whole blood was collected from patients with GBC and

layered over PolymorphprepTM(Axis-Shield, Norway). After
centrifugation at 500 × g for 30min at 18–22 °C, the top band
at the sample–medium interface comprised of mononuclear
cells and the lower band comprised of polymorphonuclear
cells were separated while pelleted erythrocytes were dis-
carded. The polymorphonuclear fraction was then diluted

with one volume of 0.45% NaCl solution or culture medium
at 0.5N to restore normal osmolality. The cell suspension
was transferred to a 15ml tube. After centrifugation at
400 × g for 10min, the cells were washed with the medium
followed by spinning down again and finally resuspended in
culture medium.

NETs generation
For the in vitro NET generation assay, 1 × 105 neutrophil

were seeded on a slide coated with poly-L-lysine and
cocultured with 5 × 105 tumor cells using 0.4 um transwell
system for 3.5 h in RPMI1640 complete medium at 37 °C and
5% CO2, immunofluorescence microscopy and Western blot
were used to verify NET formation.

IHC and immunofluorescence
IHC was performed to assess SCEL and Ki-67 expression

in GBC tissues. In brief, paraffin-embedded sections of GBC
and cholecystitis tissue were deparaffinized and then heated
in a pressure pot for 2.5min to retrieve antigens. Thereafter,
the sections were incubated with primary anti-SCEL and
anti-Ki-67 antibodies (1:100, Abcam, Burlingame, CA, USA)
overnight at 4 °C.Antibody binding was detected using a
peroxidase–conjugated secondary antibody at 37 °C for
40min. A DAB Substrate Kit was used to perform the
chromogenic reaction. The intensity of the staining was
evaluated in accordance with the following criteria: 0, nega-
tive; 1, low; 2, medium; 3, high. The extent of staining was
scored as follows: 0, 0% stained; 1, 1–25% stained; 2, 26–50%
stained; 3, 51–100% stained. Five random fields (20× mag-
nification) were evaluated using a light microscope. The final
scores were determined by multiplying the scores of the
intensity with those of the extent and dividing the samples
into four grades: 0, negative (-); 1–2, low staining (+); 3–5,
medium staining (++); 6–9, high staining (+++)17,18.
Immunofluorescence staining was performed to detect the
neutrophils. In brief, NETs were added on 13mm glass
coverslips (Fisher Scientific) and allowed to adhere overnight
at 4 °C on coverslips followed by culture in the presence of
anti-citH3 (1:100, NOVUS, USA) and NE (1:100, NOVUS)
antibody at 4 °C overnight. Thereafter, cells were incubated
with fluorescent dye-labeled secondary antibodies at room
temperature for 1 h. The cells were again incubated with
anti-fade DAPI solution (1:1000), and images were captured
with a confocal fluorescence microscope.

Establishment of an in vivo tumor model
All animal studies were approved by Xinhua Hospital

Ethics Committee Affiliated to Shanghai Jiao tong University
School of Medicine, and 4-week-old female BALB/c nude
mice were maintained in a barrier facility on high-efficiency
particulate air-filtered racks. Tumor cells were harvested via
trypsinization, washed in PBS, and resuspended at 1 × 107

cells/ml in Matrigel. A total of 1 × 106 cells were
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subcutaneously injected into each mouse to develop tumors
as previously described3. Tumor size was measured weekly.

Thrombosis model
After BALB/c nude mice had subcutaneously received

tumor cells for 8 weeks, the inferior vena cava (IVC) was
exposed, carefully separated from the aorta, and fully
ligated with 5-0 silk suture below the left renal vein. Any
side branches close to the IVC ligation site were also
ligated, and the back branches were cauterized. Clots were
harvested at 48 h and weighed, and then clots were per-
formed HE staining.

Neutrophil count analysis
A Hemavet HV950FS (Drew Scientific, Miami Lakes, FL,

USA) was used to count neutrophils in the blood.

Quantification of autonomous NET formation in patients
with GBC and mice model
To quantify NET formation in patients with GBC and mice

model, we measured the amount of circulating myeloper-
oxidase (MPO)–DNA complex, a well-established marker of
NET formation, using a modified capture ELISA technique
as previously described19,20.

RT-PCR
The total RNA of the cells was extracted with TRIzol

(Invitrogen) in accordance with the manufacturer’s instruc-
tions. Thereafter, the mRNA was reverse-transcribed to
single-stranded cDNAs using a reverse-transcription PCR
(RT-PCR) system (TaKaRa). The primers were listed in
Supplementary Table 2. Thereafter, real-time fluorescent
quantitative PCR or semi-quantitative PCR was performed to
analyze the gene expression levels.

Western blotting
Whole-cell extracts were prepared by lysing the cells

with RIPA lysis buffer supplemented with a proteinase
inhibitor cocktail (Sigma). In total, 30 ug protein lysate was
separated via SDS–PAGE and then the target proteins
were detected via Western blot analysis with the following
antibodies: anti-SCEL, anti-PI3Kα110, anti-EGFR, anti-P-
AKT(ser473), anti-pan-AKT, anti-FLAG, and anti-β-actin
(Supplementary Table 1).

CCK8 assay
CCK8 assays were performed in accordance with the

manufacturer’s instructions. In brief, 1000 cells in 100 ul
culture were added into each well of a 96-well plate. The
plate was incubated for a period (0, 1, 2, 3, 4, and 5 days)
in an incubator and then 10 ul of CCK-8 solution was
added to each well of the plate. The plate was again
incubated for 2 h in the incubator and the absorbance
was measured at 450 nm using a microplate reader. To

perform colony-formation assay, GBC cells were seeded
on six-well plates (500 cells/well). After culturing for
2 weeks, colonies were fixed with 4% paraformaldehyde
for 30 min and stained with 0.1% Crystal Violet (Beyo-
time) for 20 min. Thereafter, stained colonies were
photographed and the numbers of colonies (>50 cells/
colony) were counted after rinsing twice with PBS. Three
independent experiments were performed.

Plasmid construction and stable cell line establishment
The complete coding region of human SCEL

(NM_003843.4) was cloned into pCMV Puro vector.
Lentiviruses were produced in 293 T cells for the stable
transfection of the cell lines, in accordance with the
manufacturer’s instructions, and an empty vector was
transfected into cells as a control. In total, 1 × 105 tumor
cells in 2ml medium with 8 μg/ml polybrene were infected
with 1ml lentivirus supernatant. After 48 h, cultures were
supplemented with puromycin (4 μg/ml) for 3 days for
drug-resistance selection.

Co-immunoprecipitation assays (Co-IP)
EH-CB1 cells were transfected with different expression

plasmids and lysed. Cell lysates were incubated with anti-
FLAG antibody conjugated beads at 4 °C overnight. The
beads were washed with lysis buffer three times followed by
Western blotting.

ELISA
GBC cell lines (2 × 105 cells) were implanted in 6-well

plates and cultured for 72 h, and the conditioned medium
was collected after centrifugation at 700 × g for 5min at 4 °C.
IL8 protein was quantified using IL8 kit (BOSTER Systems)
according to the manufacturer’s instructions. The same
culture medium was used as a control.

Statistical analysis
Statistical analyses were performed using the IBM SPSS

Statistics Program. Each experiment was performed in tri-
plicate, and the values are presented as the mean ± SD, unless
otherwise stated. The variance between the groups was sta-
tistically compared. Student’s unpaired t test was used to
compare the mean values. Kaplan–Meier curves were ana-
lyzed for relevant variables. The log-rank test was used to
analyze the differences in survival times among the patient
subgroups. All probability values had a statistical power of
90%, and a 2-sided level of 5%. A P-value <0.05 was con-
sidered statistically significant.

Result
SCEL is overexpressed in GBC tissues
To investigate the expression levels of SCEL in GBC,

we performed IHC staining of GBC tumor tissues and the
cholecystitis tissue as controls. As shown in Fig. 1A,
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Fig. 1 The expression and clinical significance of SCEL in GBC tissues. A Representative image was shown for absent, weak, moderate, and
strong expression of SCEL in IHC staining of cholecystitis and GBC tissue. Squared boxes in the top images were amplified at the bottom. Bar: 100 um.
B–D Seven pairs of fresh GBC tumor tissues and NT tissues were subjected to Western blotting analysis (B, C) and RT-PCR (D) to compare the
expression levels of SCEL. *P < 0.05. E The distribution of IHC results in 49 GBC tissues. F Kaplan–Meier analysis of overall survival of the 49 GBC
patients according to different SCEL levels.
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SCEL was overexpressed in tumor tissues and rarely
expressed in the cholecystitis count parts. Subsequently,
SCEL expression in 7 pairs of fresh GBC tissues and the
tumor-adjacent normal tissues were analyzed using
Western blot analysis (Fig. 1B, C) and RT-PCR (Fig. 1D).
The results indicated that SCEL was overexpressed in
GBC tumor tissues (P= 0.0211; Fig. 1C).To validate this
elevated level in GBC and clinical relevance of SCEL with
the development of GBC, we extended our study to enroll
49 human GBC specimens and analyzed expression levels
and relationship of SCEL with clinical outcomes (Fig. 1E,
Table 1). SCEL upregulation was positively correlated
with the T stage (P= 0.037) and pTNM stage (P= 0.047).
The overall survival times were significantly longer in
GBC patients with low levels of SCEL than in those with
high levels of SCEL (Fig. 1F). All the data suggest SCEL
was elevated in GBC and may be associated with poor
prognosis.

SCEL regulates tumor cell growth in vitro and vivo
To explore the pathologic activity of SCEL in GBC cells,

SCEL expression levels were determined in five GBC cell
lines (Supplementary Fig. S1). We used two siRNA1 and
siRNA2 to silence SCEL in two GBC cell lines NOZ and
GBC-SD cell that harbored relatively higher expression levels
of SCEL, while EH-GB1 and SGC-996 cells with lower
expression were engineered to ectopically express SCEL. The
resultant expression levels of individual cell lines were con-
firmed through Western blot analysis (Fig. 2A). Cell pro-
liferation with CCK8 assay showed that EH-GB1 and SGC-
996 cells expressing SCEL induced cell growth compared
with control cells, whereas NOZ and GBC-SD cells expres-
sing SCEL siRNA1 and siRNA2 decreased cell proliferation
(Fig. 2B). Likewise, colony-formation assays resulted in the
same pattern as cell proliferation (Fig. 2C, D).
To evaluate the effects on cell growth in vivo, we estab-

lished EH-GB1 cell line stably expressing SCEL and sub-
cutaneously transplanted them into nude mice (Fig. 2E).
Overexpression of SCEL in EH-GB1 cells led to large tumors
than those developed from control cells (Fig. 2F, G). Con-
sistent with this data, IHC revealed increased Ki-67-positive
cells in the tumors overexpressing SCEL compared with
control tumors (Fig. 2H), suggesting that SCEL promotes
tumor cell growth both in vitro and in vivo.

SCEL promotes gallbladder cancer growth by stablizing
EGFR protein expression
As our previous study that revealed EGFR is a master

regulator in GBC tumor cell growth21, we were particu-
larly interested in possible regulation of SCEL in EGFR
gene expression. To test this possibility, GBC-SD and
NOZ cells expressing SCEL siRNA1 and siRNA2 were
examined for EGFR expression. As shown in Fig. 3A,
EGFR expression was decreased in both SCEL siRNA1 and
siRNA2-expressing GBC-SD and NOZ cells relative to
controls. In contrast, overexpression of SCEL in EH-GB1
and SGC-996 cells induced EGFR expression. Immuno-
fluorescence analysis on GBC-SD cells expressing GBC
siRNA displayed the same effect on cell surface EGFR
(Supplementary Fig. S2), implicating that SCEL regulates
EGFR. Next, to explore if SCEL upregulates EGFR
expression at transcriptional and/or post-transcriptional
levels, we first examined EGFR mRNA levels. SCEL
overexpression or knockdown did not alter EGFR mRNA
levels (Fig. 3B). Then, we used cycloheximide to inhibit
protein synthesis to determine if SCEL has the ability to
stabilize protein expression. As shown in Fig. 3C, when
GBC cells overexpressing SCEL were treated with CHX,
the degradation of EGFR in 24 h was slower than it was in
control cells, supporting our hypothesis that SCEL induces
EGFR expression at the post-transcriptional level. Con-
sistently, EGFR activation and signaling were increased in
intensity and duration in SCEL overexpression of plasmid-

Table 1 Association between SCEL expression and
clinicopathological features of patients with gallbladder
cancer.

Variables SCEL expression Total

(n= 49)

X2 P value

Low

(n= 19)

High

(n= 53)

Age 1.538 0.215

°<65 12 6 18

°≥65 15 16 31

Gender 0.328 0.567

°Male 12 8 20

°Female 15 14 29

T staging 4.331 0.037*

°T1+ T2 14 5 19

°T3+ T4 13 17 30

Nodal staging 0.678 0.407

°N0 13 8 21

°N1 14 14 28

Differentiation 4.067 0.103

°Well 9 9 18

°Moderate 11 12 23

°Poor 7 1 8

TNM 3.96 0.047*

°I-IIIA 15 6 21

°IIIB/IV 12 16 28

Statistical analyses were performed with the Chi-square test. *P < 0.05 was
considered statistically significant.
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Fig. 2 (See legend on next page.)
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transfected cells (Fig. 3D). Furthermore, immunoprecipi-
tation of SCEL followed by immunoblotting with an EGFR
antibody showed physical association of SCEL with EGFR,
identical to the reciprocal approach (Fig. 3E), indicating
that SCEL may mediate EGFR degradation, inhibiting its
proteasomal degradation.
As EGFR downstream pathway through PI3K/Akt1, we

evaluated if this pathway is altered by SCEL. Silence of SCEL
in GBC-SD and NOZ cells suppressed activated PI3Kα110
and phosphorylated Akt1 at serine 473, whereas over-
expression of SCEL in EH-GB1 and SGC-996 cells increased
these kinase levels (Fig. 3F). When an EGFR siRNA was
introduced to EH-GB1 and SGC-996 cells overexpressing
SCEL, siRNA completely abrogated SCEL-induced EGFR,
PI3Kα110 upregulation and AKT1 phosphorylation (Fig.
3G). Moreover, a PI3K inhibitor (LY294002) that failed to
block EGFR expression also completely inhibited PI3Kα110
and AKT1 phosphorylation.
Analogous to the EGFR signaling blockade, both EGFR

and PI3Kα siRNA or inhibitors attenuated cell proliferation
induced by SCEL (Fig. 3H), suggesting that SCEL acts as a
tumor-promoting factor by activating EGFR-PI3K-Akt
signaling.
As Fig. 3D shows SCEL not only influence EGFR

expression, but activate EGFR -Y-1068, so we explored
whether SCEL promotes proliferation by activating p-
EGFR. In Supplementary Fig. S3A, the data showed that
SCEL overexpression enhanced the phosphorylation of
EGFR, AKT, EGFR inhibitor erlotinib completely abro-
gated the SCEL-induced phosphorylation EGFR, AKT, as
well as SCEL-induced PI3Kα110 expression. Moreover,
the LY294002 also completely inhibited the SCEL-
induced phosphorylation AKT and PI3K. In vitro, erloti-
nib and LY294002 showed similar growth-inhibiting
effects as well as SCEL knockdown (Supplementary
Fig. S3B).

SCEL influences the neutrophil extracellular traps
formation
To interrogate if SCEL overexpression in tumor cells

can influence adjacent stromal cells that alter TME
favorable for tumor progression, we used a liquid sus-
pension array method and found that IL-6, IL-8, IL10, and
MIP-1a were markedly downregulated when SCEL was

knocked down in GBC-SD (Fig. 4A). As potent factors are
involved in inflammation and immune reaction, we were
interested in effects of IL6,IL8, and MIP-1a on neutrophils
that participate in the development of NET. In contrast
with IL-6 and MIP-1a, IL8 significantly induced NET
formation that was characterized with specific markers of
citrullinated-histone H3 (cit-H3) and neutrophil elastase
(NE) in neutrophils (Supplementary Fig. S4)8 consistent
with early report22. Then we used a co-culture system as
neutrophils were grown at the bottom chamber and EH-
GB1-Vector or EH-GB1-SCEL cells at the top chamber of
a transwell 3.5 h later, NETs in neutrophils were detected
(Fig. 4B). In line with these phenotypes, EH-GB1 and
SGC-996 cells expressing SCEL induced neutrophil to
express high levels of citrullinated-histone H3(cit-H3)
(Fig. 4C). Furthermore, ELISA revealed that IL-8 was
upregulated in SCEL-overexpressing GBC cells (Fig. 4D).
It was reported that EGFR influences IL8 production23,
we then tested if induced IL-8 and subsequent NETs in
SCEL-expressing cells are dependent on EGFR. To test
this, we treated the cells with EGFR siRNA and found that
it completely abrogated SCEL-induced IL-8 production in
both EH-GB1 and SGC996 (Fig. 4E). Moreover, EGFR
siRNA and IL-8 neutralization completely inhibited GBC-
SCEL-induced NET formation in EH-B1 cells (Fig. 4F,
Supplementary Fig. S5). These results suggest that SCEL
influences NETs formation via EGFR/IL8 signaling.

SCEL influences the venous thromboembolism
NETs are strongly thrombogenic, as platelets are

sequestered into NETs, thus initiating thrombus forma-
tion9–11.To visualize the effects of SCEL-induced NET on
the formation of venous thrombosis, we employed a
standard venous thrombosis model by ligation of the
inferior vena cava in tumor mice that had subcutaneously
received tumor cells for 8 weeks24. First, we found there
was a significant increase IL8 concentration and circu-
lating myeloperoxidase (MPO)–DNA complex, a well-
established marker of NETs formation, in the plasma of
SCEL overexpressed group than in control, but no neu-
trophil number difference between two groups (Fig. 5A-
C), the same result can also be observed in the gallbladder
cancer patients sample (Supplementary Fig. S6). Fur-
thermore we also found more NET numbers in SCEL

(see figure on previous page)
Fig. 2 SCEL promotes GBC cell proliferation and tumor growth. A The indicated GBC cells were transfected with small interfering RNA or SCEL
gene plasmid to knock down or overexpress SCEL, respectively. Western blotting was performed to verify these cell lines, grayscale statistics at the
bottom of Western blot band. B, C The colony formation was assessed in GBC cells and statistical significance was analyzed based on the numbers of
colonies. D The proliferation of treated GBC cells was measured by CCK8 assay. E Expression levels of SCEL were examined in EH-GB-1 cells
transfected with Lv-EV and Lv-SCEL. F Above tumor cells were subcutaneously transplanted into nude mice to develop tumors (n= 6 for each
group). G The tumor size was measured twice a week, and the tumor growth curve was generated based on the mean tumor volume. H The
expression of Ki67 was detected, statistical analysis (unpaired test) of Ki-67 positive cell count number under the IHC picture; Bar: 100 um. Unpaired
t tests were used in C, D, G, and H; data are shown as the mean value ± SD; *P < 0.05.
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Fig. 3 (See legend on next page.)
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overexpressed tumors bearing EH-GB1 cells compared
with control tumors (Fig. 5D). As shown in Fig. 5E, the
clots in the SCEL group were larger than those in the EV
group. Clot weight significantly increased at 48 h after
IVC ligation in SCEL overexpressed tumor-bearing mice
(Fig. 5F). On using DNase I for EV and SCEL tumor mice,
DNase I significantly reduced the clot sizes in these
groups, and no difference was observed between these
two groups (Fig. 5G), indicating that SCEL influences the
formation of venous thromboembolism by NETs.

Discussion
Tumor metastasis and tumor-associated thrombosis in

solid tumor development are the two key events of tumor
malignant transformation that lead to cancer death6.
Albeit there is an ample body of evidence documented to
regulate cancer invasiveness at the cellular and molecular
levels, little is known regarding the molecular mechan-
isms that regulate tumor-associated thrombosis. It is
emerging that tumor-associated neutrophil-mediated
NETs play a central role in the venous thrombosis during
tumor progression. In the current study, SCEL was found
to stimulate IL-8 production that promotes neutrophil-
mediated NETs in GBC. Indeed, SCEL was significantly
upregulated in GBC. SCEL upregulation was correlated
with T staging, TNM stages, and poor survival of tumor
patients. Therefore, SCEL may serve as a diagnostic bio-
marker and a therapeutic target in GBC treatment.
EGFR is a tyrosine kinase receptor that is overexpressed

in many tumor types, including GBC25–27. Over-
expression or activating mutation of the EGFR promotes
tumor proliferation, angiogenesis, and metastasis and so
on. Overexpression or activating mutations in the kinase
domain of EGFR increase the kinase activity of EGFR,
leading to the hyperactivation of downstream pro-survival
genes, and consequently confer oncogenic properties on
EGFR, endocytic trafficking and degradation are main
EGFR regulator system28, here we found SCEL promotes
tumor cell growth via stabilizing EGFR expression in the
cells, rather than transcriptional regulation. In addition,

upregulated EGFR activates PI3K and downstream Akt,
thus driving cell proliferation. Although SCEL is asso-
ciated with EGFR, it remains to be established how SCEL
protects EGFR from degradation and where this degra-
dation occurs. We interestingly found that EGFR inhibitor
suppressed EGFR expression and corresponding tumor
cell growth, but its inhibition on cell proliferation was
even lower than the control level, regardless of decreased
EGFR expression comparable to control levels. It can be
not excluded at the present that other cell growth-
associated proteins may be inhibited by impaired EGFR
signaling or EGFR inhibitor itself.
Cancer is related to arteries as well as vein thrombo-

sis29,30. The mechanism by which tumors cause thrombus
formation is not fully understood, and several possible
mechanisms have been proposed31–33. Cancer is closely
related to inflammatory response34. Current studies have
shown that NETs play role in tumor progression and
metastasis35–43, a growing number evidence suggests
tumor cells, tumor-educated platelets, tumor- or host-
secreted cytokines, such as granulocyte colony-stimulating
factor (G-CSF), and IL-8 induce NETs formation in can-
cer44,45. In this study, we found that SCEL stimulates
multiple cytokine expression in tumor cells, in which IL-8
was found to promote neutrophils to develop NETs
in vitro, consistent with previous reports that IL-8 is an
essential factor in the formation of NETs46. Together,
these data suggest that SCEL is associated with systemic
changes that prime neutrophils to release NETs in gall-
bladder cancer. In an in vivo model, we found that GSCs
expressing SCEL augment venous thrombosis with higher
level of IL8 concentration and MPO–DNA complexes in
plasma. The same result can be seen in the GBC patient
sample with SCEL high expression. It warrants substantial
investigation on the potential role of IL-8 in the develop-
ment of NETs and thrombosis during tumor growth;
however there are a myriad of mechanisms that cause
venous thromboembolism in gallbladder cancer patients.
This research may be useful for identifying other pathways
that may contribute to VTE in gallbladder cancer patients.

(see figure on previous page)
Fig. 3 SCEL promotes gallbladder cancer growth by stablizing EGFR protein expression. A, B GBC cells with SCEL upregulation or
downregulation were subjected to Western blotting (A) and RT-PCR (B) to detect the expression level of EGFR, grayscale statistics on the right side.
C, EH-GB1 cells were transfected with EV and SCEL plasmid. After 12 h, cells were treated with 100 μM cycloheximide (CHX) for time periods as
indicated. Western blotting analysis was conducted with EGFR and ACTB, representative immunoblots and the ratio of the indicated protein to ACTB
are presented. D Control and SCEL overexpression plasmid- transfected (2 days) cells were serum-starved and stimulated with EGF for indicated
times. Cell lysates were prepared and analyzed by immunoblotting using indicated antibodies, grayscale statistics on the right side. E Co-
immunoprecipitation and Western blot analysis of SCEL and EGFR proteins from EH-GB1 cell line after transfected with SCEL-3FLAG or EGFR-3FLAG
plasmid. F The indicated GBC cells subjected to Western blotting to detect the level of PI3Kα110, p-AKT(ser473) pan AKT, grayscale statistics on the
right side. G The indicated GBC cells were incubated with or without EGFR siRNA20 μM LY294002 and then subjected to Western blotting to detect
the expression level of EGFR, PI3Kα110, p-AKT(ser473), pan AKT. The incubation times is as follows: LY294002, 12 h, grayscale statistics on the right
side. H GBC cells were transfected EV or SCEL plasmid and treated EGFR siRNA or LY294002 and CCK8 assay was perfromed to determine its
proliferation. *p < 0.05; **p < 0.001, ***p < 0.001.
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Fig. 4 SCEL influence the neutrophil extracellular traps formation. A The indicated cells conditioned medium were performed liquid suspension
array. B Neutrophils were isolated from peripheral blood coculture with the indicated GBC cells for 3.5 h and then representative immunofluorescent
staining photographs of cit-histone3 (red), NE (green) and DAPI (blue) are shown by fluorescence microscope. C Cit-histone H3 protein levels were
determined by Western blot, grayscale statistics at the bottom of Western blot band. D ELISA were performed to verify the regulatory effects of SCEL
on IL8 in indicated cell lines. E, F The indicated GBC cell lines were incubated with or without EGFR siRNA and then subjected to ELISA array to detect
the IL8 concentration (E) or cocultured with neutrophil to identity the neutrophil extracellular traps formation (F). *p < 0.05, **p < 0.001, ***p < 0.001.
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Fig. 5 (See legend on next page.)
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Furthermore, we have not observed obvious neutrophilia
in our animal model; this result differs from recent studies
employing murine models of breast cancer47, and this may
be because of heterogeneity of cancer.
Several potential limitations of this study should be noted.

First, we only identify SCEL can physically associate with
EGFR, and propose promising mechanism that SCEL
mediated EGFR stabilization and activation by binding with
EGFR, it is still needed to verify our findings. Second,
extracellar traps not only can be seen in the neutrophil but
macrophage and some other cells19,48, so MPO–DNA
complexes in the plasma cannot exclusively represent neu-
trophil extracellar traps. Further studies are needed to verify
this. Our study is the first identify that SCEL can promote
gallbladder cancer cell proliferation by EGFR/PI3K/AKT
pathway, and SCEL can influence neutrophil extracellular
traps formation through EGFR/IL8 axis.

Acknowledgements
We thank Shimei Qiu and Y juan Hao for technical assistance. We sincerely
thank Professor Rong Shao from Shanghai Jiao Tong University School of
Medicine for substantially reading and editing the manuscript.

Author details
1Department of General Surgery, Xinhua Hospital Affiliated to Shanghai Jiao
Tong University School of Medicine, 1665 Kongjiang Road, Shanghai 200092,
China. 2Department of Biliary-Pancreatic Surgery, Renji Hospital Affliated to
Shanghai Jiao Tong University School of Medicine, Shanghai 200092, China.
3Shanghai Research Center of Biliary Tract Disease, 1665 Kongjiang Road,
Shanghai 200092, China. 4Department of General Surgery, First Affiliated
Hospital of Wenzhou Medical University, Baixiang Road, Wenzhou 325000,
China. 5School of Clinical Medicine, Shanghai University of Medicine & Health
Sciences, 279 Zhouzhugong Road, Shanghai 201318, China

Data availability
The dataset supporting the conclusions of this article is included within the
article.

Consent for publication
Not applicable.

Ethics approval and consent to participate
This study was approved by the ethics committee of Xinhua Hospital, School
of Medicine, Shanghai Jiao tong University. Written informed consent was
obtained from all of the patients enrolled in this study. The use of animals and
the experimental protocol were approved by the Institutional Animal Care and
Use Committee of Xinhua Hospital, School of Medicine, Shanghai Jiao tong
University. All experiments were performed in accordance with relevant
guidelines and regulations for the welfare and use of animals in cancer
research.

Conflict of interest
The authors declare that they have no conflict of interest.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Supplementary Information accompanies this paper at (https://doi.org/
10.1038/s41419-020-03286-z).

Received: 8 May 2020 Revised: 25 September 2020 Accepted: 28
September 2020

References
1. Li, M. et al. Whole-exome and targeted gene sequencing of gallbladder

carcinoma identifies recurrent mutations in the ErbB pathway. Nat. Genet. 46,
872–876 (2014).

2. Jin, Y. P. et al. miR-143-3p targeting of ITGA6 suppresses tumour growth and
angiogenesis by downregulating PLGF expression via the PI3K/AKT pathway
in gallbladder carcinoma. Cell Death Dis. 9, 182 (2018).

3. Shu, Y. J. et al. MicroRNA-29c-5p suppresses gallbladder carcinoma progres-
sion by directly targeting CPEB4 and inhibiting the MAPK pathway. Cell Death
Differ. 24, 445–457 (2017).

4. Shu, Y. J. et al. Clinical and prognostic significance of preoperative plasma
hyperfibrinogenemia in gallbladder cancer patients following surgical resec-
tion: a retrospective and in vitro study. BMC Cancer 14, 566 (2014).

5. Ye, Y. Y. et al. MicroRNA-30a-5p inhibits gallbladder cancer cell prolifera-
tion, migration and metastasis by targeting E2F7. Cell Death Dis. 9, 410
(2018).

6. Farge, D. et al. 2019 international clinical practice guidelines for the treatment
and prophylaxis of venous thromboembolism in patients with cancer. Lancet.
https://doi.org/10.1016/S1470-2045(19)30336-5 (2019).

7. Khorana, A. A., Francis, C. W., Culakova, E., Kuderer, N. M. & Lyman, G. H.
Thromboembolism is a leading cause of death in cancer patients receiving
outpatient chemotherapy. J. Thromb. Haemost. 5, 632–634 (2007).

8. Honda, M. & Kubes, P. Neutrophils and neutrophil extracellular traps in the
liver and gastrointestinal system. Nature reviews. Gastroenterol. Hepatol. 15,
206–221 (2018).

9. Erpenbeck, L. & Schon, M. P. Neutrophil extracellular traps: protagonists of
cancer progression? Oncogene 36, 2483–2490 (2017).

10. Ammollo, C. T., Semeraro, F., Xu, J., Esmon, N. L. & Esmon, C. T. Extra-
cellular histones increase plasma thrombin generation by impairing
thrombomodulin-dependent protein C activation. J. Thromb. Haemost.
9, 1795–1803 (2011).

11. Semeraro, F. et al. Extracellular histones promote thrombin generation
through platelet-dependent mechanisms: involvement of platelet TLR2 and
TLR4. Blood 118, 1952–1961 (2011).

12. Kvedar, J. C., Manabe, M., Phillips, S. B., Ross, B. S. & Baden, H. P. Characterization
of sciellin, a precursor to the cornified envelope of human keratinocytes.
Differentiation 49, 195–204 (1992).

13. Champliaud, M. F., Burgeson, R. E., Jin, W., Baden, H. P. & Olson, P. F. cDNA
cloning and characterization of sciellin, a LIM domain protein of the kerati-
nocyte cornified envelope. J. Biol. Chem. 273, 31547–31554 (1998).

14. Ma, D. et al. Whole exome sequencing identified genetic variations in Chinese
hemangioblastoma patients. Am. J. Med. Genet. Part A 173, 2605–2613 (2017).

15. Nair, J. et al. Gene and miRNA expression changes in squamous cell carcinoma
of larynx and hypopharynx. Genes Cancer 6, 328–340 (2015).

16. Cheng, Y. et al. Identification of candidate diagnostic and prognostic bio-
markers for pancreatic carcinoma. EBioMedicine 40, 382–393 (2019).

(see figure on previous page)
Fig. 5 SCEL influences the venous thromboembolism formation in tumor-bearing mice. The indicated GBC cells were subcutaneously
transplanted into nude mice to develop tumors. Tumors were grown for 8 weeks. Venous thrombosis in mice was induced by ligation of the inferior
vena cava (IVC). A The numbers of neutrophils in blood. B–C Level of IL8 concentration (B) and MPO–DNA (C) in the plasma from the different
groups of mice. D Detection of NETs by immunofluorescence in tumor. E Clots were embedded in paraffin, sectioned longitudinally, and stained with
hematoxylin and eosin. F Clots were harvested at 48 h after IVC ligation and weighed. G The indicated subcutaneously tumor mice received DNase I
(50 Unit/mouse) 1 h before inferior vena cava (IVC) stasis and clot were collected at 48 h and weighed. *p < 0.05, **p < 0.001, ***p < 0.001.

Li et al. Cell Death and Disease           (2021) 12:30 Page 12 of 13

Official journal of the Cell Death Differentiation Association

https://doi.org/10.1038/s41419-020-03286-z
https://doi.org/10.1038/s41419-020-03286-z
https://doi.org/10.1016/S1470-2045(19)30336-5


17. Huang, C. et al. Tumour-derived Interleukin 35 promotes pancreatic ductal
adenocarcinoma cell extravasation and metastasis by inducing ICAM1
expression. Nat. Commun. 8, 14035 (2017).

18. Huang, C. et al. LIMS1 promotes pancreatic cancer cell survival under oxygen-
glucose deprivation conditions by enhancing HIF1A protein translation. Clin.
Cancer Res. 25, 4091–4103 (2019).

19. Daniel, C. et al. Extracellular DNA traps in inflammation, injury and healing.
Nature reviews. Nephrology 15, 559–575 (2019).

20. Stakos, D. A. et al. Expression of functional tissue factor by neutrophil extra-
cellular traps in culprit artery of acute myocardial infarction. Eur. Heart J. 36,
1405–1414 (2015).

21. Zhao, S. et al. The E545K mutation of PIK3CA promotes gallbladder carcinoma
progression through enhanced binding to EGFR. J. Exp. Clin. Cancer Res. 35, 97
(2016).

22. Gupta, A. K. et al. Activated endothelial cells induce neutrophil extracellular
traps and are susceptible to NETosis-mediated cell death. FEBS Lett. 584,
3193–3197 (2010).

23. Paulitti, A. et al. The ablation of the matricellular protein EMILIN2 causes
defective vascularization due to impaired EGFR-dependent IL-8 production
affecting tumor growth. Oncogene 37, 3399–3414 (2018).

24. Hisada, Y., Ay, C., Auriemma, A. C., Cooley, B. C. & Mackman, N. Human
pancreatic tumors grown in mice release tissue factor-positive microvesicles
that increase venous clot size. J. Thromb. Haemost. 15, 2208–2217 (2017).

25. Shen, H. et al. PLEK2 promotes gallbladder cancer invasion and metastasis
through EGFR/CCL2 pathway. J. Exp. Clin. Cancer Res. 38, 247 (2019).

26. Makinoshima, H. et al. Epidermal growth factor receptor (EGFR) signaling
regulates global metabolic pathways in EGFR-mutated lung adenocarcinoma.
J. Biol. Chem. 289, 20813–20823 (2014).

27. Guo, D. et al. EGFR signaling through an Akt-SREBP-1-dependent, rapamycin-
resistant pathway sensitizes glioblastomas to antilipogenic therapy. Sci. Signal.
2, ra82 (2009).

28. Goh, L. K. & Sorkin, A. Endocytosis of receptor tyrosine kinases. Cold Spring
Harb. Perspect. Biol. 5, a017459 (2013).

29. Young, A. et al. Thrombosis and cancer. Nat. Rev. Clin. Oncol. 9, 437–449 (2012).
30. Grilz, E. et al. Frequency, risk factors, and impact on mortality of arterial

thromboembolism in patients with cancer. Haematologica 103, 1549–1556
(2018).

31. Hisada, Y. & Mackman, N. Cancer-associated pathways and biomarkers of
venous thrombosis. Blood 130, 1499–1506 (2017).

32. Demers, M. et al. Priming of neutrophils toward NETosis promotes tumor
growth. Oncoimmunology 5, e1134073 (2016).

33. Park, J. et al. Cancer cells induce metastasis-supporting neutrophil extracellular
DNA traps. Sci. Transl. Med. 8, 361ra138 (2016).

34. Grivennikov, S. I., Greten, F. R. & Karin, M. Immunity, inflammation, and cancer.
Cell 140, 883–899 (2010).

35. Mauracher, L. M. et al. Citrullinated histone H3, a biomarker of neutrophil
extracellular trap formation, predicts the risk of venous thromboembolism in
cancer patients. J. Thromb. Haemost. 16, 508–518 (2018).

36. Abdol Razak, N., Elaskalani, O. & Metharom, P. Pancreatic cancer-induced
neutrophil extracellular traps: a potential contributor to cancer-associated
thrombosis. Int. J. Mol. Sci. 18, 487 (2017).

37. Hisada, Y. et al. Neutrophils and neutrophil extracellular traps enhance venous
thrombosis in mice bearing human pancreatic tumors. Haematologica 105,
218–225 (2020).

38. Demers, M. et al. Cancers predispose neutrophils to release extracellular DNA
traps that contribute to cancer-associated thrombosis. Proc. Natl Acad. Sci. USA
109, 13076–13081 (2012).

39. Cedervall, J. et al. Neutrophil extracellular traps accumulate in peripheral blood
vessels and compromise organ function in tumor-bearing animals. Cancer Res.
75, 2653–2662 (2015).

40. Yang, C. et al. Procoagulant role of neutrophil extracellular traps in patients
with gastric cancer. Int. J. Clin. Exp. Pathol. 8, 14075–14086 (2015).

41. Thalin, C. et al. NETosis promotes cancer-associated arterial microthrombosis
presenting as ischemic stroke with troponin elevation. Thromb. Res. 139,
56–64 (2016).

42. Richardson, J. J. R., Hendrickse, C., Gao-Smith, F. & Thickett, D. R.
Characterization of systemic neutrophil function in patients under-
going colorectal cancer resection. J. Surg. Res. 220, 410–418 e411
(2017).

43. Leal, A. C. et al. Tumor-derived exosomes induce the formation of neutrophil
extracellular traps: implications for the establishment of cancer-associated
thrombosis. Sci. Rep. 7, 6438 (2017).

44. Nie, M. et al. Neutrophil extracellular traps induced by IL8 promote diffuse
large B-cell lymphoma progression via the TLR9 signaling. Clin. Cancer Res. 25,
1867–1879 (2019).

45. Yang, L. et al. IL-8 mediates a positive loop connecting increased neutrophil
extracellular traps (NETs) and colorectal cancer liver metastasis. J. Cancer 11,
4384–4396 (2020).

46. Wang, Y. et al. Histone hypercitrullination mediates chromatin decondensa-
tion and neutrophil extracellular trap formation. J. Cell Biol. 184, 205–213
(2009).

47. Gomes, T. et al. IL-1beta blockade attenuates thrombosis in a neutrophil
extracellular trap-dependent breast cancer model. Front. Immunol. 10, 2088
(2019).

48. Doster, R. S., Rogers, L. M., Gaddy, J. A. & Aronoff, D. M. Macrophage extra-
cellular traps: a scoping review. J. Innate Immun. 10, 3–13 (2018).

Li et al. Cell Death and Disease           (2021) 12:30 Page 13 of 13

Official journal of the Cell Death Differentiation Association


	Role of Sciellin in gallbladder cancer proliferation and formation of neutrophil extracellular traps
	Introduction
	Materials and methods
	Cell culture and human sample collection
	Human peripheral blood neutrophil isolation
	NETs generation
	IHC and immunofluorescence
	Establishment of an in�vivo tumor model
	Thrombosis model
	Neutrophil count analysis
	Quantification of autonomous NET formation in patients with GBC and mice model
	RT-PCR
	Western blotting
	CCK8 assay
	Plasmid construction and stable cell line establishment
	Co-immunoprecipitation assays (Co-IP)
	ELISA
	Statistical analysis

	Result
	SCEL is overexpressed in GBC tissues
	SCEL regulates tumor cell growth in�vitro and vivo
	SCEL promotes gallbladder cancer growth by stablizing EGFR protein expression
	SCEL influences the neutrophil extracellular traps formation
	SCEL influences the venous thromboembolism

	Discussion
	Acknowledgements




