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Ruscogenin attenuated tight junction injury and tumor migration
in colorectal liver metastasis mice via regulating TRAP1

Yanni Lv**, Xuehan Wu', Jin Chen’, Feng Shao"*

'Key Laboratory of Modern Preparation of TCM. Ministry of Education, Jiangxi University of Traditional Chinese Medicine, Nanchang, China;
*Department of Pharmacy, The First Affiliated Hospital of Nanchang University, Nanchang, China; 'Department of Neurology, The First Affiliated
Hospital of Nanchang University, Nanchang, China; “Key Laboratory of Innovation Drug and Efficient Energy-saving Pharmaceutical Equipment,
Jiangxi University of Traditional Chinese Medicine, Nanchang, China

Contributions: Conception and design: Y Lv, F Shao; (II) Administrative support: All authors; (III) Provision of study materials or patients: All authors;
(IV) Collection and assembly of data: X Wu, J Chen, F Shao; (V) Data analysis and interpretation: X Wu, J Chen, F Shao; (VI) Manuscript writing:
All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Feng Shao. Associate Professor, Meiling Avenue, No. 1688, Wanli District, Nanchang 330004, China. Email: shaofeng0729@163.com.

Background: The effect of ruscogenin on the colorectal cancer is not clear yet. The study was applied to
elucidate the mechanism of ruscogenin on colorectal cancer via regulating tumor necrosis factor receptor
related protein 1 (TRAPI).

Methods: HCT-116 cells were inoculated under the spleen capsule to establish the colorectal liver
metastasis model. The group was divided into control, inoculation model, low dose (5 mg/kg), mediate dose
(10 mg/kg), and high dose ruscogenin (20 mg/kg). The body and liver weight of the animals and tumor
nodules were recorded. Western blot analysis and immunofluorescence assay were applied to indicate the
alternation of tight junction, migration, and proliferation proteins.

Results: Following the inoculated with tumor cells, the mice in the inoculation group suffered from liver
volume and weight decrease, as well as the increase of liver tumor volume (TV) and weight (TW). The
administration of ruscogenin could obviously decrease body weight and increase liver weight in a dose-
dependent manner. Meanwhile, 5, 10, 20 mg/kg ruscogenin could reduce the acreage of tumor nodule
on liver, while the high dose 20 mg/kg ruscogenin could minimize the growth of tumor nodule. The
intervention of ruscogenin could relieve the decreased expression of claudin-5, occludin, and ZO-1. The
administration of ruscogenin could relieve the aggravated tight junction injury by the overexpression of
TRAPI, while 20 mg/kg ruscogenin could not alleviate the tight junction injury already defused by the
TRAPI antibody in the colorectal cancer mice.

Conclusions: Ruscogenin could attenuate the tight junction injury via suppressing TRAP1 in the

colorectal cancer mice.
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Introduction

Colon cancer is ranked the third of cancer-related death
in the world. Symptom of colon cancer at initial stage is
not apparent, the pathological process developed quickly
since then. The most common options for colon cancer
were surgery, chemotherapy, and radiation therapy.
Chemotherapy and radiation therapy had common side
effects including hair loss, nausea, fatigue, vomiting,
etc., while surgery was not effective in treating all tumor
sites (1). In the treatment of colon cancer, traditional
Chinese medicine Ophiopogon japonicus could play two
roles according to its pharmacological action“nourishing
yin and tonifying xu” to inhibit tumor metastasis (2). As
the main composition of Shengmai injection combined
with the injection of oxaliplatin, the liver metastasis
model was established by injecting colon cancer cell
suspension into the spleen of mice could suppress liver
metastasis, significantly reduced the serum related
indexes (3). In addition, Shengmai injection has the effect
of inhibiting tumor growth and metastasis (4). In the early
stage of author’s research group, the active components
with ruscogenin as the mother nucleus obtained from
Ophiopogon japonicus was taken as the research object.
It was found that D'T-13 and D39, which took ruscogenin
as the mother nucleus, could improve TNF-a induced
vascular endothelial cells tight junction damage (5,6) and
reduce vascular permeability. In particular, DT-13 could
significantly inhibit tumor metastasis and invasion of lung
cancer A549 cells in vitro by suppressing the expression of
MMP-2 and MMP-9 (6).

Most cases of colon cancer cells had invaded healthy
tissues nearby that were involved in the spread process
of cancer known as metastasis. Metastasis was the feature
of the deterioration in the pathological process of cancer
disease progression. Metastasis in the final stages of colon
cancer development, had been assigned to be more serious
and less treatable condition. Colon cancer cells invaded
the lymphatics from the primary site, then continued to
grow through blood vessels to other places, forming the
same type of tumor as the primary site tumor. The most
frequently invaded organ is liver (7), about 50% of patients
would have liver metastasis before or after operation, and
other invaded organs including lymph metastasis, lung,
brain, bone, and other organs. Previous literature has
reported that dysfunction of the adherent junction was
tightly related with invasion and metastasis of various
tumors (8). However, little information was available
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concerning the tight junction function on animal model
associated with colorectal liver metastasis. Tight junctions
are composed of several proteins, such as occludin, claudin,
Z0-1, ZO-2, and ZO-3. ZO-1 played an important role
in the function of the adherent junction of several cancer
diseases. Reduced expression of claudin-7induced metastasis
and invasion in colorectal cancer via the promotion of
epithelial-mesenchymal transition (9). In this study, we
investigated the intervention of ruscogenin on the alteration
of tight junction and liver metastasis indexes at liver site on
colorectal liver metastasis mice.

There existed large numbers of TRAP1 proteins
(tumor necrosis factor receptor associated protein 1) in
the mitochondria of tumor cells. TRAP1 surrounded
the nucleus, with a molecular weight of about 75 kDa.
TRAP1 could directly combined with the second or
fourth complexes of mitochondrial respiratory chain to
protect mitochondrial antagonistic antioxidants, and to
ensure the survival of tumor cells. Compared with normal
cells, TRAPI in mitochondria of tumor cells increased
significantly (10). TRAPI has been widely reported in
ovarian cancer, prostate cancer, and other cancers (11).
TRAP1 had a certain effect on the expression of E-cadherin
protein, which was the related protein of the epithelial to
mesenchymal transition, playing an important role in tumor
growth and evolution. However, its role in the progression
and metastasis of colorectal cancer was little reported. We
examined the effects of ruscogenin on tight junction injury
and tumor growth induced by colorectal liver metastasis.
The possible mechanisms of ruscogenin might be involved
in the intervention of TRAPI. It is of great significance to
investigate the mechanism of the active ingredients obtained
from the traditional Chinese medicine on colorectal
liver metastasis mice. We present the following article in
accordance with the ARRIVE reporting checklist (available
at: http://dx.doi.org/10.21037/tcr-20-2968).

Methods
Experimental materials

SPF grade BALB/c nude female mice were obtained
from Weitong Lihua Biotechnology Co., Ltd., laboratory
(Beijing, China, No. 1107271911003460). SPF grade
BALB/c nude female mice, 5 weeks, 16-18 g, 5 animals
per cage were raised in SPF level environment. The
temperature and humidity was controlled at 20-25 °C and
40-60%, respectively. Water and bedding were changed
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every week. Experiments were performed under a project
license (EA19A139) granted by The First Affiliated Hospital
of Nanchang University of ethics committee, in compliance
with Animal (Scientific Procedures) Act 1986 guidelines
for the care and use of animals. The HCT-116-LUC cells
were cultured in RPMI1640 medium containing 10% fetal
bovine serum, which were passed STR short tandem repeat
qualification to avoid cross-contaminated or misidentified
cell lines (obtained from Wuhan Service Biobiotechnology
Co. LTD, China). Experimental equipment: CO, constant
temperature incubator (Panasonic, Japan, mco-18ac), super
clean bench (Sujing Antai, China, sw-cj-1fd), biological
inverted microscope (Chongqing hydropower Instrument
Corporation, China, xds-18), centrifuge (Dalong, China,
dm0412), blood cell counting board (Shanghai refining
biochemistry, China, 02270113), syringe (Kanglaide, China,
U-40). Main experimental reagents: RPMI1640 (Hclone,
America, SH30022.01b), fetal bovine serum (seraPro,
Australia, s601s-500), trypsin (Amresco, U.S.A., 0457),
phosphate-buffered saline (PBS) (Hclone, America).

Cellular culture

HCT-116 cells transfect with luciferase reporter genes
(HCT-116-LUC) were previously established in Wuhan
Servicebio biotechnology co. LT'D, China laboratory. Both
HCT-116 cells and HCT-116-LUC cells were cultured in
RPMI1640 medium containing 10% fetal bovine serum,
10% antibiotic (10,000 units/mL penicillin, 10,000 pg/mL
streptomycin). Both cell lines were incubated at 37 °C with
5 % CO,. After growing to a certain amount, trypsin was
used to digest and collect cells, PBS was suspended again, and
the density was adjusted to 1x10” cells/mL for inoculation.
1x107 cells/ml cells suspended in 0.1 mL PBS were collected
in a glass bottle, and then put on ice until inoculation.

Inoculation

The model of liver metastasis was established in healthy
BALB/c nude mice. After anesthesia, lay the mice on
their sides and opened the abdominal cavity layer by
layer, exposing the dorsal side of the spleen. HCT-
116 cells or HCT-116-LUC cells were inoculated under
the spleen capsule. The cells suspended in 0.1 mL PBS with
1107 cells/mL were injected parallel to the spleen. Then
sutured the abdomen layer by layer and disinfected the
wound with iodine. After waking up, the mice were
observed with efficacy indexes and observation indicators
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every day. The day of tumor cell inoculation was defined
as day 0. Six weeks after cell injection, the mice were killed
by CO, (12). The tumor inoculated mice were subjected
to take photos, and the liver or spleen with removal
tumor were also subjected to take photos and weigh under
Xenogen IVIS Lumina series II. The removal tumor part
was stored in liquid nitrogen, or was fixed and embedded.

Animal group

Protocol one: animals were divided into five groups, which
were control, inoculation group, low dose ruscogenin,
mediate dose ruscogenin, and high dose ruscogenin.
Inoculation group were treated as the inoculation protocol.
Ruscogenin was dissolved in 0.5% sodium carboxymethyl
cellulose at a dose of 5, 10, 20 mg/kg. Mice were given
ruscogenin or equal volume of 0.5% sodium carboxymethyl
cellulose by intragastric administration for 1 h before
inoculation. Additional injection of 5, 10, 20 mg/kg
ruscogenin was given every 24 h during the inoculation
experimental period (13). The groups in protocol one
were subjected to monitoring indicators, western blot, and
immunofluorescence assay. Protocol two: animals were
divided into six groups, which were control, inoculation
group, injection of TRAPI agonists with the inoculated
model, injection of TRAP1 agonists with the intervention of
ruscogenin with the inoculated model, injection of TRAP1
antagonists with the inoculated model, and injection of
TRAPI1 antagonists with the intervention of ruscogenin
with the inoculated model. Ruscogenin dissolved in 0.5%
sodium carboxymethyl cellulose was 20 mg/kg intragastric
administration for 1 h before inoculation. TRAP1
agonists or TRAPI antagonists were administrated via
tail intravenous in 200 pl. PBS 0.5 h before inoculation.
20 mg/kg TRAP1 agonists or antagonists were given at
a fixed time per day during the inoculationexperimental
period. Injection of TRAP1 agonists could induce the
overepxression of TRAPI1, which could be explored
the role of TRAPI in colorectal liver metastasis mice
(14,15). Injection of TRAP1 antagonists could induce the
downepxression of TRAPI, the groups in protocol two
were subjected to monitoring indicators, western blot,
and immunofluorescence assay. Also, the intervention of
ruscogenin was considered under the function of TRAPI.

Efficacy index
Relative TGI (tumor inhibition rate, %): TGI = 1 - T/C (%).
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T/C% was the tumor increment rate, which referred as the
percentage ratio of tumor volume (1T'V) or tumor weight (TW)
between the treatment group and the control group at a certain
time point. T and C was TV or TW at a specific time point in
the treatment group and the control group, respectively. The
calculation formula was as follows: T/C% = T'1/Cw x100%
(T'rw: average TV in the treatment group at the endpoint of
the experiment; Cry: average TV in the control group at the
endpoint of the experiment), or T/C% = T'1w/Cryw x100%
(T'rw: average TW in the treatment group at the end of the
experiment; Cry: average TW in the control group at the end
of the experiment). Tumor growth inhibition rate <40% was
identified as invalid inoculation. Tumor growth inhibition rate
>40%, which met the requirements of P<0.05 was identified as
the effective inoculation tumor model.

Observation indicators

After administration, the state of the animals: activity,
hair color, diet, weight were observed and recorded. Body
weight before and after each inoculation was measured
twice a week during the efficacy observation. Mental
state, activity reduction, rough hair, paralysis, and dyspnea
indicators of mice were measured during inoculation.

Hematoxylin and eosin staining

After the liver was removed, it was fixed in cold 4%
paraformaldehyde at 4 °C for 24 h. Following dehydration,
the specimens were embedded in paraffin, cut into
5 mm sections and stained with H&E. The histological
morphology of each liver specimen was examined under
optical microscopy.

Immunocytochemistry

Liver tissues were washed with pH 7.4PBSand immobilized
with cold ethanol at 4 °C for 10 min, and immobilized with
10% normal goat serum, 3% bovine serum albumin, and
0.1% Triton X-100 in PBS for 1 h. Then incubated with the
anti-TRAP1 (CST, USA, 13405, 1:1,000 for WB, 1:200 for
IF, green), anti-occludin (Invitrogen, USA, 33-1500, 1:1,000
for WB, 1:200 for IF, green), anti-claudin-5 (Invitrogen,
USA, 34-1600, 1:1,000 for WB, 1:200 for IF, green),
anti-Z0O-1 (Invitrogen, USA, 40-2300, 1:1,000 for WB,
1:200 for IF, green), anti-ki67 (CST, USA, 9449, 1:1,000
for WB, 1:200 for IF, green), and anti-E-cadherin (CST,
USA, 14472, 1:1,000 for WB, 1:200 for IF, red) primary
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antibody for 48 h at 4 °C. After washing, cells separately
were incubated overnight with Alexa Fluor® 488 conjugated
Donkey Anti-Goat IgG (H+L) antibody (Abcam, UK,
ab150129, 1:1,000) at 4 °C. The wash step was repeated,
the nuclei of all cells were then washed and incubated with
4’,6-diamidino-2-phenylindole (DAPI, CST, USA, 4083,
1:1,000) for 15 min at room temperature. Briefly, confocal
images were converted to 8-bit format, and then noise
speckle removal was performed to eliminate the single-
pixel background fluorescence. Images were collected by a
confocal fluorescence microscope (Leiss LSM710) with a
magnification of x200.

Western blot analysis

The protein concentration was determined using the BCA
assay. Samples containing 40 mg protein were separated
by 12.5% SDS-PAGE electrophoresis. The proteins were
transferred to PVDF membranes in tris-glycine transfer
buffer subsequently. The membranes were blocked for
2 h with 5% nonfat dry milk at room temperature and
probed with rabbit anti-TRAP1 (1:1,000, CST, USA), anti-
occludin (1:1,000, Invitrogen, USA), anti-claudin-5 (1:1,000,
Invitrogen, USA), anti-ZO-1 (1:1,000, Invitrogen, USA),
anti-ki67 (1:1,000, CST, USA), anti-E-cadherin (1:1,000,
CST, USA), anti-GAPDH (1:1,000, CST, USA) at 4 °C
overnight, and then incubated with the appropriate HRP-
conjugated secondary antibody for 50 min. The bands were
displayed with enhanced immunofluorescence and images
were captured using a bio-Image Analysis System (Bio-Rad,
Hercules, USA).

Statistical analysis

Data was analyzed with GraphPad Prism5. All values were
expressed as the mean = SD. One-way ANOVA followed by
Tukey’s post-hoc test was used to compare the differences
between groups. The unpaired student’s z-test was used to
compare data between two groups. The significant level was
set at P<0.05 and P<0.01.

Results

Ruscogenin attenuated organ indicators in colovectal liver
metastasis mice

At the early stage of tumor cell inoculation, no significant
changes were found in spirit, diet, activity, fur, and excreta
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Figure 1 Ruscogenin attenuated body and liver weight in colorectal liver metastasis mice. (A) Ruscogenin attenuated body weight in

colorectal liver metastasis mice. (B) Ruscogenin attenuated liver weight in colorectal liver metastasis mice.
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Figure 2 Ruscogenin reduced luciferase bioluminescent signal in colorectal liver metastasis mice.

in all group of mice. At the second week of modeling, the
mice in the model group suffered from mental depression,
decreased food intake, sluggish action, dry fur, loose stool,
and obvious ascites, while the mice in the control group had
no obvious change. After 3—4 weeks of inoculation, some of
the mice in the control group showed the above situation,
but the overall growth state was significantly better than
that in the model group. In the model group, metastasis
was found in the liver, the rate of liver metastasis was 100%,
accompanied by the decrease of body weight, as well as the
increase of liver weight (Figure 1A4,B). After administration
of ruscogenin, ruscogenin could obviously increase body
weight and decrease liver weight in a dose-dependent
manner. The high dosage 20 mg/kg ruscogenin had the best
improvements on the body and liver weight.

Ruscogenin reduced LUC bioluminescent signal in

colorectal liver metastasis mice

LUC was used to track HCT-116-LUC tumor growth over
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time. LUC imaging identified a higher bioluminescent
signal in the tumor inoculation group than that in the
control group (Figure 2). From the appearance and size of
the tumors, the tumor sizes and volumes were significantly
increased in the treatment group, compared with that
in control group. The results of pathological section
demonstrated that white nodule existed on the surface
of liver, which was diagnosed as the metastasis of colon
cancer. Not only the average liver quality was different,
but also the tumor nodule was different with significant
statistic difference. The cancer cells on the liver grew
into masses with white nodules. At higher magnification,
cancer tumor region had obvious nuclear pyknosis, partial
nuclear disintegration, and cellular apoptosis. Notably, the
administration of ruscogenin could reduce fluorescence
intensity within the tumor region in a dose-dependent
manner (Figure 3). The biggest tumor nodules dropped
on the liver could be seen after the administration of high
dosage 20 mg/kg ruscogenin group. The red LUC imaging

region was decreased after the intervention of ruscogenin
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Figure 3 Ruscogenin reduced the acreage of white tumor nodule on liver. Bar: upper =2,000 pm, bottom =50 pm.

(Figure 2), while the high dose 20 mg/kg ruscogenin
could minimize the growth of tumor. Meanwhile, the
administration of ruscogenin could reduce the acreage of
white tumor nodule on liver, the high dose ruscogenin
could minimize the growth of tumor nodule.

Ruscogenin regulated the expression of tight junction and
migration proteins in colorectal liver metastasis mice

The expression of occludin, claudin-5, and ZO-1 was
measured for colorectal liver metastasis changes by western
blot. Occludin, claudin-5, and ZO-1 was significantly
reduced (claudin-5: 0.67+0.07, P<0.01; occludin: 0.51+0.05,
P<0.01; ZO-1: 0.58+0.02, P<0.01) compared with that
in the control group (claudin-5: 1.02+0.06; occludin:
1.15+0.06; ZO-1: 1.13+0.04). The protein expression was
compared between groups via student’s t-test statistical
method. TRAPI, ki67, and E-cadherin was abnormally
elevated expression compared with that in the control
group. TRAP1 was increased (1.04+0.03, P<0.01) compared
with that in the control group (0.37+0.05), while E-cadherin
was decreased (0.56x0.06, P<0.01) compared with that in
the control group (1.17+0.07), and ki67 (1.19+0.03, P<0.01)
was increased compared with that in the control group
(0.32£0.04). Ruscogenin could rescue the downregulation
of tight junction proteins, while upregulated the expression
of claudin-5, occludin, and ZO-1 (low dose ruscogenin:
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claudin-5: 0.70£0.03, P<0.05; occludin: 0.59+0.02, P<0.05;
Z0-1: 0.63+0.07, P<0.05; mediate dose ruscogenin:
claudin-5: 0.77+0.04, P<0.01; occludin: 0.63+0.07, P<0.01;
Z0-1: 0.70£0.03, P<0.01; high dose ruscogenin: claudin-5:
0.84+0.04, P<0.01; occludin: 0.71+0.04, P<0.01; ZO-1:
0.78+0.04, P<0.01) (Figure 4). The high dosage ruscogenin
had the better attenuation of tight junction proteins than
that with the administration of mediate dosage ruscogenin,
and the effects of mediate dosage ruscogenin had the
better alleviative functions than that in the low dosage
ruscogenin group. Ruscogenin could upregulate the
expression of E-cadherin (low dose ruscogenin: 0.64+0.02,
P<0.01; mediate dose ruscogenin: 0.70+0.03, P<0.01; high
dose ruscogenin: 0.75+0.04, P<0.01) and downregulate
the expression of ki67 (low dose ruscogenin: 0.88+0.04,
P<0.05; mediate dose ruscogenin: 0.76+0.06, P<0.01; high
dose ruscogenin: 0.57+0.03, P<0.01) and TRAP1 (low dose
ruscogenin: 0.94+0.02, P<0.05; mediate dose ruscogenin:
0.85+0.04, P<0.01; high dose ruscogenin: 0.71+0.06,
P<0.01) (Figure 4).

Ruscogenin attenuated organ indicators and tumor growth
via regulating the expression of TRAPI in colorectal liver
metastasis mice

The administration of TRAP1 into the colorectal liver
metastasis mice could affect organ indicators and tumor

Transl Cancer Res 2021;10(3):1470-1483 | http://dx.doi.org/10.21037/tcr-20-2968
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Figure 4 Ruscogenin regulated the expression of tight junction and migration proteins in colorectal liver metastasis mice. The expression

change of TRAPI, occludin, claudin-5, ZO-1, E-cadherin, and ki67 of liver in colorectal liver metastasis model. Gel images were cropped

to retain only the sample images. The results were expressed as five independent experiments. The data were averages with SD, *P<0.05,

**P<0.01 vs. control group, “P<0.05, *P<0.01 vs. inoculation group. TRAPI, tumor necrosis factor receptor associated protein 1; ZO-1,

zonula occludens 1.

growth. In consideration of high dosage ruscogenin on
the attenuation of colorectal liver metastasis, we used
high dosage 20 mg/kg ruscogenin for further research.
Downregulation of TRAP1 could increase body weight and
decrease liver weight, while ruscogenin had little effects
on the body weight and liver weight already defused by
the administration of TRAP1 antagonists (Figure 5A,B).
Also, downregulation of TRAPI could lower the LUC
bioluminescent signal, and reduce the tumor sizes and liver
weight, the administration of ruscogenin have been found
having the similar effect (Figure 64,B). Overexpression of
TRAP1 could aggravate the deterioration of organs, and
increase tumor growth on liver by the administration of

TRAP1 agonists.

© Translational Cancer Research. All rights reserved.

Ruscogenin attenuated tight junction injury and tumor
migration via regulating the expression of TRAPI

Immunostaining showed the occludin, claudin-35, and
Z0-1 was continuous and well organized in the liver
cells in the control group. Stimulation with colorectal
liver metastasis, occludin, claudin-5, and ZO-1 revealed
structural disruptions with re-arrangements compared
with that the control group. The fluorescent expression
of occludin, claudin-5, and ZO-1was reduced compared
with that in the liver cells stimulated by colorectal liver
metastasis (Figure 7). The administration of overexpression
of TRAPI into the colorectal liver metastasis mice could
affect the tight junction injury and tumor migration, while
the administration of 20 mg/kg ruscogenin could alleviate

Transl Cancer Res 2021;10(3):1470-1483 | http://dx.doi.org/10.21037/tcr-20-2968
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Figure 5 Ruscogenin attenuated body and liver weight in colorectal liver metastasis mice. (A) Ruscogenin attenuated body weight in

colorectal liver metastasis mice. (B) Ruscogenin attenuated liver weight in colorectal liver metastasis mice.
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Figure 6 Ruscogenin attenuated tumor growth of liver in colorectal liver metastasis mice. (A) Ruscogenin reduced luciferase bioluminescent

signal in colorectal liver metastasis mice. (B) Ruscogenin suppressed tumor growth of liver in colorectal liver metastasis mice. Ruscogenin

reduced the acreage of white tumor nodule on liver. Bar =2,000 pm.

the phenomenon caused by the overexpression of TRAPI.
The protein expression was compared between groups
via student’s 7-test statistical method. Downexpression
of TRAP1 could alleviate the tight junction injury
(claudin-5: 0.81+0.04, P<0.01; occludin: 0.74+0.04,
P<0.01; ZO-1: 0.71£0.06, P<0.01), while upexpression of
TRAPI aggravated the tight junction injury (claudin-5:

© Translational Cancer Research. All rights reserved.

0.32+0.04, P<0.01; occludin: 0.36+0.04, P<0.01; ZO-1:
0.36+0.06, P<0.01) (Figure 7). The improvement effects of
downexpression of TRAPI could not be further improved
after the added of 20 mg/kg ruscogenin (claudin-5:
0.82+0.03, P<0.01; occludin: 0.79+0.07, P<0.01; ZO-1:
0.73+0.05, P<0.01), while the protein expression level had
no significant difference (Figure §8).
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Figure 7 Ruscogenin attenuated the tight junction injury via regulating the expression of TRAPI. The expression of TRAPI, occludin,
claudin-5, ZO-1, ki67, and E-cadherin expression in the liver cells stimulated by colorectal liver metastasis via regulating the expression of
TRAPI. Representative images on TRAP1 (green), occludin (green), claudin-5 (green), ZO-1 (green), E-cadherin (red), and ki67 (green)

in the liver tissues stimulated by colorectal liver metastasis were captured by immunofluorescence staining. Bar =50 pm. TRAPI, tumor

Inoculation (20mg/kg)

Control

of TRAP1
"

Ki67

TRAP1

necrosis factor receptor associated protein 1; ZO-1, zonula occludens 1.

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2021;10(3):1470-1483 | http://dx.doi.org/10.21037/tcr-20-2968



Translational Cancer Research, Vol 10, No 3 March 2021

0.5

1479

5
e s K
A o
& 6\OQ S \ooo & Q‘\%Q’\
A G S
& @"‘QQ\‘?? &0 QY SR eﬂ‘Q\)‘b\
& &N Ot R
& CP\ o ‘?? QP QLN
O& \(\o <L Yg
o L
TRAP1 | — — | — | —
Claudin-5 R S — — c—
Occludin " S— — | — —
ZO-| N — i c—— —
E-cadherin IR R S S -
Ki67 | — c— — | —
B-aCtin  ce— — — | —
1.5
e g2253 TRAP1
g, T " e==m Claudin-5
° 2, N | E= Occludin
sz N 70-1
g5 iz 20-
72 N B, ez E-cadherin
2 3 N )
@ & N S =y Ki67
c X N
g 23
o
=
. A

75HHHHHAARNNARRNNNNNARKRRNINNNRN

0.0~

Y
i

Figure 8 Ruscogenin regulated the expression of tight junction and tumor migration proteins via regulating the expression of TRAP1. The

expression of TRAP1, occludin, claudin-5, ZO-1, ki67, and E-cadherin expression in the liver cells stimulated by colorectal liver metastasis

via regulating the expression of TRAP1. Gel images were cropped to retain only the sample images. The results were expressed as five

independent experiments. The data were averages with SD, *P<0.05, **P<0.01 vs. control group, “P<0.05, *#P<0.01 vs. inoculation group.

TRAPI, tumor necrosis factor receptor associated protein 1; ZO-1, zonula occludens 1.

ki67 could predict the increased risk of cancer metastasis
formation, while E-cadherin engagement stimulated
proliferation. The E-cadherin demonstrated the high
brightness immunocytochemical staining proteins along
the liver cells border, while E-cadherin showed the little
immunocytochemical staining in the control group.
ki67 had abnormally elevated expression in colorectal
liver metastasis compared with that in the control group
(Figure 7). The administration of TRAP1 agonists could
enhance tumor migration onto liver (E-cadherin: 0.34+0.02,
P<0.01; ki67: 1.17+0.04, P<0.01), while the administration
of TRAP1 antagonists suppressed the tumor migration
onto liver (E-cadherin: 0.69+0.03, P<0.01; ki67: 0.57+0.02,

© Translational Cancer Research. All rights reserved.

P<0.01). Ruscogenin could inhibit the aggravate tumor
migration by the administration of TRAP1 agonists, while
downregulated the expression of ki67 and upregulated the
expression of E-cadherin (E-cadherin: 0.32+0.04, P<0.01;
ki67: 1.160.04, P<0.01). Ruscogenin had the approximate
similar functions as the TRAP1 antagonists on the
improvement of tumor migration (E-cadherin: 0.71+0.04,

P<0.01; ki67: 0.570.03, P<0.01) (Figure 8).

Discussion

Liver has a series of complex defense mechanisms, which
could not only stabilize the normal liver barrier, but also
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prevent potential pathogenic bacteria or tumor metastasis
from adherence. Similarly, when liver suffered from
function loss, tumor signal molecules could pass through
the adherence barrier to attack the function of liver,
causing the risk of complications induced by tumor signal
metastasis (16). The distant metastasis organ of colon cancer
was mainly liver, about 50% of patients had liver metastasis
before or after operation, including occult liver metastasis,
more importantly, only a small part (10-20%) was suitable
for operation and 70% had recurrence after operation (16).
The location of metastasis included colon lymph node,
paracolic lymph node, mesenteric vascular lymph node, and
the location of mesenteric root lymph node with greater
chance. Hematogenous metastasis was usually the invasion
of cancer into the capillary venules. Then tumors directly
infiltrated surrounding tissues and organs, or fell onto the
liver. The liver metastasis nodule demonstrated white or
gray white and hard, as observed on H&E staining (17).
Ruscogenin had the antitumor activity on colorectal liver
metastasis mice, which could decrease body weight and
increase of liver weight in a dose-dependent manner. LUC
bioluminescent signal was reduced in the administration
of ruscogenin group than that in the inoculation group.
Combined with H&E liver staining, ruscogenin could
obviously decrease the acreage of tumor nodule, the high
dosage 20 mg/kg ruscogenin had the strongest functions on
the suppression of tumor migration.

Tight junctions (T]Js) are important intercellular
junction complexes, which are composed of transmembrane
proteins, cytoplasmic attachment proteins, and cytoskeleton
proteins (18). Transmembrane proteins include occludin,
claudin, and jam, while there are three kinds of cytoplasmic
attachment proteins, namely, ZO-1, ZO-2, and ZO-3 (8).
The lack of structure and function of tight junction protein
could interfere with the transmission of signal molecules
between cells, facilitating tumor cells immigrating into
blood through the gap between cells (19). The expression
of claudin-6 protein and mRNA was related to the
differentiation degree and lymph node metastasis of colon
cancer tissues, while the expression of claudin-1 protein in
colon cancer was significantly lower than that in adenoma
and normal control tissues (20). Reduced expression of
claudin-7 promoted epithelial-mesenchymal transition
in colorectal cancer (4), meanwhile antibody targeting
of claudin-4, claudin-1 was considered as the potential
prevention treatment for colorectal liver metastasis (21,22).
The relative expression levels of the claudin-1, -3 and -4
genes were higher in cancer than that in normal adjacent
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mucosa (23). Occludin and ZO-1 was investigated on
endothelial cells on metastatic colorectal cancer in the
liver (24). After the comparison with human hepatocellular
carcinomas and human colorectal liver metastases, the
scholars got different conclusions, in colorectal metastatic
tumors revealed high levels expression of occludin and
Z0-1 (25). Therefore, maintaining the structural and
functional integrity for liver could prevent tumor metastasis
at any stage of the process. The expression of occludin,
claudin-5, and ZO-1 was downregulated in liver region of
the colorectal liver metastasis model. The downregulation
or the loss of three tight junction proteins confirmed
the metastasis tumor striking a thorough damage via the
breakdown of the liver barrier function in liver. Ruscogenin
could restore the tight junction injury, while upregulated
the expression of occludin, claudin-5, and ZO-1 in a
dose-dependent manner. Little reports provided the
referable administration of ruscogenin on the colorectal
liver metastasis mice. We referred to the reference (13)
of 10 mg/kg ruscogenin added to the middle cerebral
artery occlusion mice. The drug administration range was
preliminarily set to 5, 10, and 20 mg/kg. The data showed
that all doses ruscogenin had the attenuation effects on the
tight junction injury, the morphological the expression of
occludin, claudin-5, and ZO-1 became continuous, distinct,
and increasing brightness. High dose ruscogenin exerted
the better functions than mediate dose, and mediate dose
had better function than low dose. Although preliminary
research indicated the effective ruscogenin range, the
high dose ruscogenin exerted the superior effects on
the colorectal liver metastasis mice. The more precise
range verification should be further needed to ensure the
effectiveness and avoid side effects.

It has been found that TRAPI was highly expressed in
a variety of tumor cells, TRAP1-SIRT3 complex in glioma
stem cells increased mitochondrial respiratory capacity and
reduced production of reactive oxygen species (26). TRAP1
regulated hypoxia-induced cardiomyocyte apoptosis through
a mitochondria-dependent apoptotic pathway mediated
by COXII on hypoxic damage in cardiomyocyte (27).
The accumulation of TRAP1 in mitochondria was a
key adaptive mechanism, which made cancer cells less
sensitive to tumor microenvironment. Cadherin is a kind of
adhesion molecule with many subtypes, of which E-cad is a
member of its classic subtype. The expression of E-cad and
tumor cell infiltration, differentiation, and differentiation
could also weaken the intercellular adhesion function,
facilitating tumor invasion and metastasis (28). TRAP1
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expression was reduced in tumor metastases and directly
correlated with the epithelial marker E-Cadherin, inversely
correlating with the transcription factor slug and the matrix
metallopeptidases 2 and 9 (29). Knockdown of TRAPI in
a neuronal cell line decreased tyrosine phosphorylation of
STAT3, which resulted in a down-regulation of N-cadherin,
and affected the adhesive properties of the cells (30). There
was not much evidence to explain the correlation of TRAP1
and E-Cadherin. Especially, the function mechanism of
TRAP1 has little reported in colorectal liver metastasis.

TRAP1 was upregulated of the liver in colorectal liver
metastasis mice compared with that in control group, as
well as the upregulation of nuclear proliferation antigen
67 (ki67), while E-Cadherin was downregulated. ki67 was
a nuclear antigen related to cell proliferation specificity,
which could reflect the activity of cell proliferation (31).
The positive rates of ki67 in the focus tissues were higher
than those of the adjacent tissues and the control group,
and ki67 was highly expressed in the patients with primary
liver cancer (32). When previously administration of
TRAP1 agonists, overexpression of TRAP1 could aggravate
tight junction injury and E-Cadherin damage, while
suppression of TRAP1 antagonists could alleviate the
tight junction injury and E-Cadherin damage induced by
colorectal liver metastasis. Ruscogenin could both suppress
the upregulation of TRAP1 induced by colorectal liver
metastasis, meanwhile, there were weakly effects in the
intervention of ruscogenin on the regulation of TRAP1
after the administration of TRAP1 antagonists. The
downexpression of TRAP1 was approximately of the same
effects of 20 mg/kg ruscogenin on colorectal liver metastasis
mice. The above results indicated that TRAP1 might locate
at the upstream of the claudin-5, occludin, and ZO-1,
E-Cadherin, and ki67. Whether the downregulation of
TRAPI or the administration of 20 mg/kg ruscogenin could
relieve the colorectal liver metastasis via the regulation of
TRAPI.

It is of great clinical significance for the early prevention
and treatment of colorectal cancer metastasis to monitor
the changes of a series of tight junctions, predicting the
early stage of colorectal cancer metastasis in advance, and
then carrying out early antibody or inhibitor intervention.
Ruscogenin could relieve the tight junction injury and
E-Cadherin damage in colorectal liver metastasis via the
regulation of TRAP1. Ruscogenin itself is relatively safe
component, which has not caused any side effects in cerebral
ischemia mice. However, the safety and effectiveness of
three dose of ruscogenin, especially the highest dose really
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worth to be further research.
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