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Purpose: Receptor-interacting protein kinase 1 (RIPK1) is an important upstream regulator
of multiple cell signaling pathways including inflammatory signals. RIPK1 is reported to be
closely associated with the prognostic implications of cancer, especially epithelial tumors.
But its role in proliferation and lymphangiogenesis in cholangiocarcinoma (CCA) remains
unclear and requires further investigation.

Patients and methods: Expression of RIPK1 in human CCA tissues and CCA cell lines
(QBC939, HUH28 and CCPL-1) was measured using qPCR, immunoblotting and immunohis-
tochemistry. Silencing of RIPK1 was achieved by transduction of CCA cells via lentiviral
plasmids (LV3-H1/GFP&Puro) encapsulating RIPK1 shRNA (LV-shRIPK 1) or negative control
shRNA (LV-shNC), and puromycin was used to select stable colonies. Proliferation and lym-
phangiogenesis were assessed in vitro by CCK-8 and matrigel-based tube formation assays,
respectively. Activity of the activation protein-1 (AP-1) was evaluated by double-luciferase
reporter gene assay. Protein expression of INK, P3SMAPK, ERK1/2, AP-1, P-AP-1, E-cadherin,
N-cadherin and vascular endothelial growth factor-C (VEGF-C) was measured by immunoblot-
ting or ELISA. An orthotopic CCA model in null mice was generated by transplanting QBC939
LV-shRIPK 1, LV-shNC and control cells to further evaluate the role of RIPK1 on lymphangio-
genesis in vivo. Immunohistochemistry was utilized to evaluate the expression of RIPK1 and
VEGF-C, and tumor lymphatic vessels in the CCA model mice.

Results: Upregulated expression of RIPK1 in CCA tissues was closely related to tumor size,
lymph node metastasis and poor prognosis. RIPK1 promoted proliferation and lymphangio-
genesis in CCA cells, and regulated the activation of JNK and P38MAPK-mediated AP-1/
VEGF-C pathway. Finally, in vivo animal experiments in the orthotopic CCA mouse model
further confirmed the function of RIPK1 in lymphangiogenesis.

Conclusion: This is the first report demonstrating the role of RIPK1 in proliferation and
lymphangiogenesis through the MAPK (JNK and P38MAPK)- AP-1 pathway in CCA.
Keywords: cholangiocarcinoma, RIPK1, AP-1, VEGF-C, proliferation, lymphangiogenesis

Introduction

Cholangiocarcinoma (CCA) is the second most common malignant tumor of the
biliary tract and its incidence has been increasing for 40 years in the world.'~
Approximately 80-90% of CCA are derived from extrahepatic bile duct, and early
atypical symptoms make it difficult to detect until the advanced stages.” Only about
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35% of patients can be diagnosed early and surgically
treated, and thus the 5-year survival rate does not exceed
10%.%> Also, regional lymph node metastasis is an impor-
tant factor affecting the prognosis of CCA. The 5-year
survival rate of patients with negative lymph nodes is
30%, while the survival rate of patients with local lymph
node metastasis is less than 15%.° With the advent of
state-of-the-art molecular biology techniques, research on
exploring genes and molecules associated with CCA has
made slow but steady progress.”” But the apparent inter-
and intra-tumoral heterogeneity of CCA has stymied the
discovery of effective and targeted therapeutics.’
Therefore, discovering more effective targets to CAA pro-
liferation and lymphangiogenesis has attracted attention
worldwide.

Inflammation promotes the growth and metastasis of
cancer.'® Clinical studies have found that chronic cholan-
gitis caused by primary sclerosing cholangitis, cholelithia-
sis and clonorchiasis infection are important risk factors of
CCA."" Several mechanistic studies have revealed that
modulation of genes such as K-ras, p53, pl4AFR and
pl6INK4a by inflammatory factors including TNF-a, IL-
6, TGF-f and PDGF may lead to the occurrence and
development of CCA.'>""* Taken together, these findings
have confirmed that inflammatory signals are important in
the pathogenesis of CCA.

Receptor-interacting protein kinase 1 (RIPK1) is an
critical upstream regulator of diverse cell signaling path-
ways, including TNF-o, IL-6 and TLR3/4 inflammatory
signals."”® And the presence of multiple domains including
C-terminal death domain, intermediate domain and N-term-
inal Ser/Thr kinase enables RIPK1 to control inflammation
and cell survival by nuclear factor-kB (NF-kB) and MAPK
signaling or death by apoptosis and necroptosis.'>'®
Activation of NF-kB or MAPK-mediated activation protein
1 (AP-1) — a critical mediator of inflammation — is a
common event during tumorigenesis.''® Previous studies
have reported that RIPK1 is dispensable for NF-kB activa-
tion in some cancer cells, but reports on the cooperation of
RIPK1 with AP-1 signaling in cancer are scarce. Recent
studies in RIPK1 deficient mice have clearly indicated its
importance in the formation and development of lymphoid
system in normal tissues.'” In addition, RIPK1 has been
implicated in proliferation, and lymphangiogenesis in
malignant melanoma,”® gallbladder cancer’' and breast
cancer.”> But the function of RIPKI1 and RIPKI1-AP-1
inflammatory signaling in the proliferation and lymphangio-
genesis of CCA is still unknown.

In this study, we found that RIPK1 upregulation in
human CCA tissues was associated with poor prog-
nosis. Both in vitro and in vivo results further demon-
that RIPK1
lymphangiogenesis through AP-1 signaling in CCA.

strated regulated proliferation and
This is the first report demonstrating the participation

of RIPK1 in CCA.

Materials And Methods

Cell Lines And Human Tissue

Human CCA cell lines (HUH28, CCPL-1 and QBC939)
and human extrahepatic biliary epithelial cells (HEBEpics)
were purchased from Sciencell (San Diego, California,
USA). All CCA cell lines and HEBEpics were cultured
in Dulbecco minimum essential medium (Gibco, Grand
Island, USA) with 10% fetal bovine serum (Gibco,
Grand Island, USA). Human dermal lymphatic endothelial
cells (HDLECs) obtained from Sciencell (San Diego,
California, USA) were maintained in endothelial cell
growth medium (Sciencell, San Diego, California, USA).
Forty-two CCA samples and matched non-cancerous bile
duct specimens were obtained from the Department of
Hepatobiliary Surgery, the Second Affiliated Hospital of
Fujian Medical University. Written informed consent was
agreed by patients before the surgical removal. All studies
were approved by the Ethics Committee of the Medical
Faculty of the Second Affiliated Hospital of Fujian
Medical University, in accordance with the Declaration
of Helsinki.

Quantitative PCR (qPCR)

Total RNA was extracted from samples by using TRIzol
reagent (Life Technologies, USA). The purity and con-
centration of total RNA was measured on a UV3000
ultraviolet spectrophotometer. Reverse transcription of
RNA was performed using Revert Aid TM First Strand
cDNA Synthesis Kit (Life Technologies, USA). qPCR
reactions were performed using SYBR Green qPCR Kit
(Life Technologies, USA), and the fluorescence was
observed using RT-PCR System (Applied Biosystems).
PCR primer sequences used for RIPK1 were as follows:
forward, 5'-GTCCTGGTTTGCTCCTTCCC-3’, reverse,
and 5-GTCTCCTTTCCTCCTCTCTGTT G-3'. Each
condition was performed in triplicate. Relative expres-
sion was calculated by the -AACt and 2~ <" methods, and

GAPDH was used as an internal control.
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Immunohistochemistry

Five micrometer paraffin-embedded sections were stained
for RIPK1 (Abcam, Cambridge, UK, 1:500), vascular
endothelial growth factor-C (VEGF-C) (Santa Cruz, New
York, USA, 1:350) and LYVE-1 (R&D Systems,
Minneapolis, USA, 1:250) using MaxVisionTM HRP-
Polymer THC Kit according to the manufacturer’s instruc-
tions (Maixin, Fuzhou, People’s Republic of China). Five
high-power fields (400%) were randomly selected from
each slice. RIPK1 and VEGF-C protein expression in
each slice was semiquantitatively analyzed by calculating
the mean optical density (MOD) using the Image-Pro plus
Maryland, USA).
Expression intensity of RIPK1 was categorized as high

6.0 software (Media Cybernetics,

or low based on the MOD medians.

Immunoblotting

After washing with ice-cold PBS, cells were lysed on ice in
100puL RIPA buffer containing 100mM PMSEF. Cell lysates
were collected and centrifuged at 14,000 rpm for 10 mins at
4°C. The protein lysates were then mixed with 5xloading
buffer and denatured by boiling for 5 mins at 100°C, sepa-
rated on 10% polyacrylamide gels (Invitrogen), and trans-
ferred to PVDF (polyvinylidene fluoride) membranes.
Membranes were blocked with 5% skim milk in PBS con-
taining 0.1% Tween 20 (PBS-T) for 2.5 hrs. Thereafter,
membranes were incubated overnight in antibodies targeting
RIPK1 (Abcam, Cambridge, UK, 1:1000), AP-1 (Abcam,
Cambridge, UK, 1:1000), P-AP-1 (Abcam, Cambridge, UK,
1:1000), INK (Abcam, Cambridge, UK, 1:1000), P3SMAPK
(Abcam, Cambridge, UK, 1:1000), ERKI1/2 (Abcam,
Cambridge, UK, 1:1000), E-cadherin (Abcam, Cambridge,
UK, 1:500) N-Cadherin (Abcam, Cambridge, UK, 1:1000)
and VEGF-C (Santa Cruz, New York, USA, 1:1000) at 4°C.
After conjugating with respective HRP-coupled secondary
antibodies, the protein—antibody complexes were detected
using chemiluminescence (Life Technologies, USA) and
recorded on Hyperfine-ECI detection film. Target protein
expression was semi-quantified relative to GAPDH (loading
control) expression.

siRNA, shRNA And Transfection

RIPK1-siRNA (sequence: 5'-GCCTGAGAATATCCTCGTT-
3"and 5'-GCACAAATACGAACTTCAA-3"), RIPK1-shRNA
and lentiviral plasmids (LV3-H1/GFP&Puro) were purchased
from Suzhou GenePharma (People’s Republic of China).
Sequences extracted from the GenBank (GenBank accession

no NM_003804) was used to construct two RIPK1 and one
negative control siRNA plasmids. Transfection of siRNA
plasmids was carried out using OptiMEM medium
(Invitrogen, USA) and Lp2000 (Lipofectamine 2000,
Invitrogen, USA). The same siRNA sequences were used to
generate lentiviral shRNA plasmids. Lentiviral plasmids
(LV3-H1/GFP&Puro) encapsulating RIPK1 shRNA (LV-
shRIPK1) or negative control sShRNA (LV-shNC) were used
to transduce CCA cells, and puromycin was used to select
stable colonies. Additionally, CCA cells were transfected with
VEGF-C-siRNA (Santa Cruz biotechnology, New York,
USA) using Lp2000 (Invitrogen, USA).

Cell Proliferation Assay

The cell proliferation assay was performed using CCK-8
Kit (Cell Signaling Technology, New York, USA) accord-
ing to the manufacturer’s protocols. 5x10° cells were
seeded in each well of a 96-well plate and 200 puL fresh
medium containing 10ul CCK-8 reagent was added into
each well 24, 48, 36 and 72-hr post-transfection and incu-
bated for 4 hrs at 37°C. OD was measured at 450 nm on a
plate reader (Bio-Rad, Hercules, CA, USA). All experi-
ments were performed in triplicate.

Matrigel-Based Tube Formation Assay

For lymphangiogenesis of CCA, QBC939 cell lines were
co-incubated with HDLECs in a 3D co-culture system.
HDLECs were first labeled with Dil (Beyotime, Shanghai,
People’s Republic of China). And then, 7.5%10°/well CCA
cells and 7.5x 10°/well HDLECs were added together into
(ibidi, Martinsried,
Germany) and incubated in a 37°C incubator for 30 mins.

Matrigel-coated microwell plate
Tubes were imaged after 1, 3, 6, 10 and 24 hrs under a
fluorescence microscope and analyzed using AxioVision
Rel 4.1 software (Carl Zeiss AG, Jena, Germany).

Luciferase Reporter Assay

Transduced QBC939 cell groups (control, siNC, siRIPK1-1,
siRIPK 1-2) were cultured in 24-well plates (1x10°/well).
And these cell groups were transduced with pRL-TK (10ng)
and AP-1-luc (50ng) plasmids (Yeasen Biotechnology,
Shanghai, People’s Republic of China) using
Lipofectamine2000 (Lp2000, Invitrogen, USA). Luciferase
activity was measured by Dual-Luciferase Reporter Assay
System (Promega, Madison, USA) using a Microplate
Luminometer (Promega, Madison, USA) following the
manufacturer’s protocols. Each condition was performed
in triplicate.
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ELISA

Concentration of VEGF-C in the culture supernatant was
detected by using an ELISA Kit (R&D Systems,
Minneapolis, MN, USA) following the manufacturer’s
protocols. Each condition was performed in triplicate.

Orthotopic Xenograft Mouse Model

All animal experiments were conducted in accordance
with the Ethics Committee of Fujian Medical University,
the Animal Welfare Act of Health guidelines, and all
protocols were approved by the Institutional Animal Care

25 29 33 37

Relative expression of RIPK1 >
(Tumor /normal) -AAct values
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eorc,

and Use Committee. Male nude mice of 5-6 weeks old
were purchased from the Shanghai SLAC laboratory
Animals Co. Ltd (Shanghai, People’s Republic of China)
and raised in the specific pathogen-free laboratory animal
room. The orthotopic xenograft mouse model was con-
structed based on the method as previously described.”?
Briefly, nude mice were transplanted orthotopically with
QBC939, or QBC939 cells transduced with LV-shRIPK1
or LV-shNC. After 4 weeks, tumors specimens were col-
lected, fixed in formalin and processed for immunohisto-
chemical examinations.
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Figure | Upregulation of RIPK| in CCA is associated with poor prognosis. (A-B) -AACt values of RIPKI mRNA levels in CCA and matched nonneoplastic tissues. (C)
Western blots showing RIPKI protein expression in 2 paired bile duct tissues. (D-G) Representative photomicrographs showing higher expression of RIPKI in the
cytoplasm of CCA tissues (e, 200% and g, 400x) than non-neoplastic tissues (d, 200% and f, 400%). (H) Correlation between RIPK| protein expression and overall survival

rate in CCA patients. **P<0.01.
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Statistical Analyses

Results were presented as means=SD. Student’s #-test (two
groups), one-way analysis of variance and Fisher’s exact tests
(quantitative data) were used to analyze the data. A p-value
<0.05 was considered significant.

Results
RIPK1 Is Upregulated In CCA Tissues

Transcript abundance of RIPK1 in human CCA tissues was
significantly higher than the matched non-neoplastic tissues
(Figure 1A and B). Of the 42 CCA tissues, two samples
showed strong upregulation in RIPK1 mRNA as well as
protein expression (Figure 1C). Similarly, immunohistochem-
istry revealed cytoplasmic localization of RIPKI in CCA
tissues (Figure 1D-G). These results indicated enrichment of
RIPK1 in CCA tissues.

Correlation Between RIPK | Expression And

Clinicopathological Features And Survival

The relationship between the MOD of RIPKI protein
expression as assessed by immunohistochemistry and clin-
icopathological features of CCA is shown in Table 1. We
observed that tumor size and lymph node metastasis were
the only indicators closely associated with overexpression
of RIPK1. A Kaplan—Meier curve analysis revealed that
higher expression of RIPK1 significantly lowered the
overall survival rate of patients with CCA (Figure 1H).

Transcript And Protein Expression Of
RIPKI In CCA Cell Lines

Results showed that RIPK1 transcript abundance and pro-
tein expression were significantly upregulated in CCA
lines than HEBEpics. Meanwhile, we found that RIPK1
expression was higher in QBC939 cells compared with
HUH28 or CCPL-1 cells (Figure 2A1-3). Henceforth,
QBC939 cells were selected for further experimentation.

Stable Expression Of siRIPKI In QBC939

Cells

QBC939 cells were transfected with siRIPK1-1, siRIPK1-2
and siNC (negative control) following sequence verification in
NCBI BLAST. Both siRIPK1-1 and siRIPK1-2 significantly
silenced mRNA and protein expression of RIPK 1 as compared
with the siNC and non-transfected control plasmids
(Figure 2B1-3). As siRIPKI-2 was more efficient than
siRIPK1-1, siRIPK1-2 was used for generating lentiviral

Table | Correlation Between RIPKI Protein Expression And
Clinicopathological Features

Clinicopathologic n | RIPKI t-Value | P
Variables Expression
(MOD+SD)
Sex 23 | 0.1543+0.0080 | 1.7 0.09
Female 19 | 0.1576+0.0030
Age
<65 years 14 | 0.1825+0.0030 | 0.36 0.72
>65 years 28 | 0.1810£0.0154
Clinical stage
-l 30 | 0.1625£0.0047 | 1.42 0.16
V-v 12 | 0.1662+0.0123
Tumor size
<3 cm 32 | 0.2035+0.0210 | 2.36 0.02%
>3 cm 10 [ 0.1587+0.1040
Lymph node metastasis
Negative 18 [ 0.1612+0.0484 | 2.84 0.0072*
Positive 24 | 0.2048+0.0050
Differentiation
High 16 | 0.1545+0.0521 | 0.03 0.9684
Moderate 13 | 0.1574+0.0625
Low I3 | 0.1601+0.0456

Note: *P<0.05.

shRIPK1 (LV-shRIPK1). LV-shRIPK1 and shNC (LV-shNC)
plasmid containing the non-targeting siRNA sequence were
used to generate stable QBC939 cell lines through puromycin
screening (Figure 2C1). Validation by immunoblotting con-
firmed that RIPK 1 was significantly silenced in LV-shRIPK1-
2 transfected cells (Figure 2C2-3). Further experimentation
was carried out on the stably transfected cell line.

Silencing RIPK I Inhibited The
Proliferation Of QBC939 Cells

We detected the proliferation rate of the four QBC939 cell
groups (control, siNC, siRIP1-1, siRIP1-2) using CCK-8
assay. And the results showed that siRNA mediated silen-
cing of RIPK1 significantly attenuated the proliferation of
QBC939 cells compared with the siNC and non-trans-
fected control groups (Figure 3).

Silencing RIPKlin QBC939 Inhibited Tube

Formation In HDLECs In Vitro

To evaluate the role of RIPK1 in lymphangiogenesis, RIPK1
silenced QBC939 cell groups were co-cultured with HDLECs
in a three-dimensional co-culture system. Tube formation,
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Figure 2 (A) RIPKI expression in CCA cell lines and HEBEpics. (al-3) RIPKI mRNA and protein levels were significantly higher in QBC939 than HUH28, CCPL-| and
HEBEpics. (B) siRNA mediated silencing of RIPKI in QBC939 cells. (bl-3) siRIPKI-I or siRIPKI-2 mediated silencing of RIPKI mRNA and protein expression in QBC939
cells. (C) Establishment of stable siRIPK -2 QBC939 cell line. (c|) Representative images showing transduction efficiency of LV-shRIPK | and LV-siNC in QBC939 cells. (c2-3)
Western blots showing RIPK| expression in QBC939 cells stably infected with LV-shRIPK| or LV-shNC. *P<0.05, **P<0.01.

which was highest after 6 hrs of co-culturing QBC939 with
HDLECs, was significantly attenuated in the siRIPK1 groups
(Figure 4A and B).

Abrogation Of RIPK| Reduced AP-|

Activation By JNK And P38MAPK Signaling
The involvement of RIPK1 in activation of AP-1 in CCA
was assessed by luciferase reporter assay. Results showed

that AP-1 activity was lower in the siRIPKI-1 and
siRIPK1-2 groups than the siNC and non-transfected con-
trol groups (Figure 5A). Western blotting showed that the
silencing of RIPK1 decreased JNK, P38SMAPK, AP-1 and
P-AP-1 expression, but did not affect ERK1/2 expression
SB-H). silencing of RIPKI1
decreased N-cadherin and increased E-cadherin expression

(Figure Furthermore,

— both known markers of epithelial-mesenchymal
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Figure 3 Knockdown of RIPKI expression inhibits proliferation of QBC939 cells.
Knockdown of RIPKI significantly suppressed the proliferation of QBC939 cells
compared with siNC and non-transfected control groups as measured by CCK-8
assay. *P<0.05, **P<0.01.

transition (EMT). Moreover, we observed that AP-1 activ-
ity was significantly attenuated with JNK and P3SMAPK
inhibitors (50uM PD98059 and 10uM SP600125) treat-
ment in CCA cells (Figure 5I). These data clearly illu-
strated that silencing RIPK1 regulated AP-1 expression

A control SINC

251

100pm 100pm

through JNK and P38MAPK pathways, and also nega-
tively regulated EMT in CCA.

Silencing Of RIPK| Reduced VEGF-C Via
AP-1 Signaling

Studies have demonstrated that VEGF-C is intimately asso-
ciated with lymphangiogenesis and lymph node metastasis in
CCA.*** We found that silencing RIPK1 decreased the pro-
tein expression of VEGF-C in CCA cells (Figure 6A-C).
Furthermore, T-5224, an AP-1 inhibitor, significantly inhibited
the expression of VEGF-C (Figure 6A—C). Finally, both silen-
cing VEGF-C and inhibiting AP-1 by T-5224 significantly
decreased tube formation in HDLECs (Figure 6D and E).

Silencing RIPK | Inhibited
Lymphangiogenesis In Vivo

To further evaluate the role of RIPK1 on lymphangiogen-
esis in vivo, we generated a orthotopic CCA model in null
mice by transplanting QBC939 LV-shRIPKI1, LV-shNC
and control cells (Figure 7A and B). Visual confirmation
of lymph node metastasis was further verified by H&E
staining (Figure 7C). As shown in Figure 7D and E, the

siRIPK1(1)

siRIPK1(2)

100pm

204
151

104

Tube munbers (6 h) &

00““0\

S

Q‘l’ @Q“v

g&x S

Figure 4 Knockdown of RIPK| expression inhibits tube formation. (A) Dil-labeled HDLECs were co-cultured with siRIPK -1, siRIPK1-2, siNC or non-transfected QBC939
cells for 6 hrs. (B) Tube formation was analysed under a fluorescence microscope. **P<0.01.
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Figure 5 RIPKI induces AP-I activation via JNK and P38MAPK signaling. (A) Luciferase reporter assay for AP-1 activity in siRIPKI-1, siRIPK -2, siNC transfected and non-
transfected QBC939 cells. (B-H) Western blots showing JNK, ERK /2, P38MAPK, AP-1, P-AP-1, E-cadherin and N-cadherin protein expression in LV-shRIPKI, LV-shNC
transfected and non-transfected QBC939 cells. (I) Luciferase reporter assay for AP-1 activity in QBC939 cells treatment with 50uM PD98059 and [0puM SP600125.

**P<0.01.

number of tumor lymphatic vessels (LVN), detected by
staining for LYVE-1, was remarkably reduced in the LV-
shRIPK1 group compared with the LV-shNC or the control

group.

Also, protein expression of RIPK1 and VEGF-C in the
orthotopic tumors was remarkably reduced in the LV-
shRIPK1 group compared with the LV-shNC or the control
group (Figure 7F-1).
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Figure 6 RIPK| promotes lymphangiogenesis by AP-1/VEGF-C signaling. (A-C) Expression of VEGF-C in RIPKI silenced QBC939 cell (LV-shRIPKI, LV-shNC and control)
and T-5224 treated QBC939 cells was measured by Western blotting or ELISA. (D, E) siVEGF-C transfected or T-5224 treated QBC939 cells were co-cultured with
HDLECs, and tube formation in HDLECs was observed by fluorescence labeling and microscopy, and tubes number was counted. **P<0.01.

Discussion
RIPK1 is a critical regulator of multiple cell processes,
including cell survival, apoptosis and necrosis in the
inflammatory signaling pathway.'>~° Emerging evidence
suggests that RIPK1 may be a key factor in the develop-
ment and survival of the immune lymphatic system,
implying its dominant physiological role in cell survival.?’
However, the role of RIPKI1 in tumorigenesis is contro-
versial. Some studies have found that RIPKI1 plays a
dominant role in promoting liver cancer cell death and
prevents liver cirrhosis from progressing to liver cancer,?®
while other studies have implied that it is an initiator of
several types of breast cancers,* malignant melanoma®®
and gallbladder.?’
unclear.

In the present study, we found that RIPK1 was highly

expressed in human CCA and associated with poor prog-
20

However, its role in CCA is currently

nosis, which was similar to its role in melanoma” and

gallbladder carcinoma.?' Silencing of RIPK1 significantly
reduced the proliferative and lymphangiogenicity of CCA
cells through AP-1 pathway. Taken together, these findings
indicated that RIPK1 was an important factor in the occur-

rence of CCA.
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Lymph node metastasis, an early event, is an important
characteristic of epithelial tumors, and lymphangiogenesis
is a significant mechanism of lymphatic metastasis.?*~° It
was known that CCA is a malignant tumor originating
from the bile duct epithelium. We observed that higher
expression of RIPK1 in CCA tissue specimens tended to
mean broader lymph node metastasis, and silencing RIPK1
inhibited the formation of lymphatic vessels in CCA cells
in vitro, which was consistent with its role in gallbladder
carcinoma®’ and breast cancer.”> These results suggested
that RIPK1 played an important role in lymphatic metas-
tasis of epithelial tumors including CCA, and may provide
an effective interventional target.

AP-1 activation can directly promote tumor prolifera-
tion and metastasis.'® Early studies have supported the role
of RIPK1 in the activation of AP-1 signaling in mouse
fibroblast cells.>* However, whether RIPK 1 could promote
AP-1 activation in CCA was unknown. In this study,
firstly, RIPK1 silencing decreased AP-1 expression and
activity in CCA cells. Secondly, JNK and P38MAPK,
but not the ERK1/2 was involved in the RIPKI1-AP-1
signaling in CAA cells. This was in accordance with a

previous report that the MAPK family (JNK, P38MAPK
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Figure 7 Silencing RIPK| attenuates lymphangiogenesis in vivo. (A, B) Orthotopic transplantation model of CCA in null mice, primary lesions (black arrow) and hepatic
metastases (green arrow). (C) Representative images of hematoxylin and eosin stained sections showing lymph node metastasis (100X). (D) Representative images of IHC
sections showing lymphatic vessels (200%). (E) Quantification of lymphatic vessels. (F, H). Representative images RIPK| and VEGF-C in tumors (200x). (G, I) Quantification

of mean optical density of RIPK| and VEGF-C. *P<0.01.

and ERK1/2) is the predominant upstream regulator of
AP-1 activation.*® In summary, these results demonstrated
that RIPK1 can enhance AP-1 activation in CCA by acti-
vating the JNK and P38MAPK pathway.

Related studies have shown that EMT is one of the
important mechanisms of local invasion, and distant

metastasis of epithelial-derived tumor cells, including

CCA.*** Present findings showed that knockdown of
RIPK1 reduced the occurrence of EMT. Results also
indicated that RIPKI1-JNK/P38MAPK-AP-1 pathway
may be an important regulator of metastasis in CCA.
However, further research is required to fully understand
the relationship between RIPK1-AP-1 pathway and
EMT in CCA.
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Elevated RIPK1 was closely related to lymph node metas-
tasis in CCA specimens in our study, and overexpression of
VEGF-C was also confirmed to be associated with lymphatic
metastasis in CCA in a previous study.>>>° Therefore, we
speculated that RIPK 1 may affect lymphangiogenesis by reg-
ulating VEGF-C. In support of this hypothesis, we found that
silencing of RIPK1 significantly decreased VEGF-C expres-
sion in vitro. Based on the relationship between RIPK1 and
AP-1, the expected reduction in the expression of VEGF-C
protein in response to an AP-1 inhibition further strengthened
our hypothesis that AP-1 may also participate in RIPK1-
mediated VEGF-C activation. Subsequently, we confirmed
that the inhibition of VEGF-C and AP-1 in CCA cells
decreased tube formation of HDLECs. We concluded that
RIPK1 plays an important role in lymphangiogenesis and
lymph node metastasis in CCA through AP-1/VEGF-C
signaling.

The results of the in vitro studies were verified in
vivo in an orthotopic transplanted tumor model of CCA
in nude mice. Immunohistochemical results confirmed
that tube formation and the protein expression of
RIPK1 and VEGF-C were decreased in mice trans-
planted with LV-shRIPK1.

In conclusion, RIPK1 is overexpressed in human CCA
and associated with unfavourable prognosis. In vivo and
vitro studies revealed that RIPK1 can boost proliferation
and lymphangiogenesis via the AP-1 signaling. Finally,
these results suggested that RIPK1 may be a potential ther-
apeutic target for preventing proliferation and lymphatic
metastasis of CCA.
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