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Purpose: Jatrorrhizine (JAT) is a natural protoberberine alkaloid, possesses detoxification,
bactericidal and hypoglycemic activities. However, its anti-cancer mechanism is not clear.
This study aimed to investigate the mechanism of JAT through which inhibits colorectal
cancer in HCT-116 and HT-29 cells.

Methods: MTT assay and colony formation assay were used to check the cell proliferation ability.
Cell apoptosis and cell cycle were measured by Hoechst 33342 staining and flow cytometry,
respectively. Cell migration and invasion were detected by scratch wound healing assay and trans-
well assay, respectively. Further, expression of related proteins was examined via Western blotting
and the in vivo anti-cancer effect of JAT was confirmed by nude mice xenograft model.
Results: The research showed that JAT inhibited the proliferation of HCT-116 and HT-29
cells with ICsq values of 6.75+0.29 uM and 5.2940.13 pM, respectively, for 72 hrs. It has
also showed a time dependently, cell cycle arrested in S phase, promoted cell apoptosis and
suppressed cell migration and invasion. In addition, JAT inhibited Wnt signaling pathway by
reducing B-catenin and increasing GSK-3f expressions. Increased expression of E-cadherin,
while decreased N-cadherin, indicating that JAT treatment suppressed the process of cell
epithelial-mesenchymal transition (EMT). In HCT-116 nude mice xenograft model, JAT
inhibited tumor growth and metastasis, and induced apoptosis of tumor cells.

Conclusion: This study demonstrated that JAT efficiently inhibited colorectal cancer cells
growth and metastasis, which provides a new point for clinical treatment of colorectal cancer.
Keywords: jatrorrhizine (JAT), colorectal cancer (CRC), Wnt/B-catenin signaling, epithelial-
mesenchymal transition (EMT), xenograft model

Introduction

Colorectal cancer (CRC) belongs to malignant gastrointestinal tumor and is the third
leading cause of death among all cancer." According to the National Cancer Research
Center, 101,420 new cases of CRC are expected in the United States in 2019, while
51,020 cases of cancer deaths.” CRC still remains a major challenge due to high
mortality and metastasis, despite some progress in systemic therapy.>* Metastasis
and invasiveness are the main causes of high recurrence and mortality in cancer
patients.” In addition, epithelial-mesenchymal transition (EMT) is a phenotypic
change unique to tumor metastasis, accompanied by a loss of epithelial features
(such as a decrease in E-cadherin) and production of mesenchymal cells (such as
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an increase in N-cadherin).® Wnt signaling pathway can
promote EMT, in which GSK-33 and B-catenin are two
key players.” Deregulation of Wnt signaling pathway is
closely related to tumor initiation, growth, and metastasis.®

Rhizoma coptidis (RC) is one of the most important
traditional Chinese herbs and has been used for more
than two thousand years. The main component of RC is
alkaloid, including jatrorrhizine (JAT), berberine, cop-
tisine, palmatine, epiberberine, and columbamine
(Figure 1).° Jatrorrhizine, a natural protoberberine
alkaloid has been demonstrated to possess detoxifica-
tion, bactericidal, hypoglycemic, and hypolipidemic
effects.'”'> JAT has a similar parent structure to
berberine.'® The previous study has testified that ber-
berine inhibited the growth and migration of colon
cancer cells by JAK2/STAT3 signaling pathway.'®
However, the underlying mechanisms of JAT-induced
suppression colorectal cancer have not been fully elu-
cidated. Therefore, in this experiment, we explored the
anti-proliferation and anti-metastasis mechanism of

JAT on colorectal cancer cells (HCT-116 and HT-29).

Materials and methods

Experimental materials

Jatrorrhizine (CAS: 3621-38-3) was purchased from
National Institute for Food and Drug Control, China. For
in vitro cell studies, JAT was dissolved in dimethyl

sulfoxide (DMSO) to form 10 mM stock concentration
and stored at 4°C in the dark. Then, it was further diluted
in fresh medium for cell experiment. For in vivo assay, the
stock was diluted in PBS.

Human colorectal carcinoma cell lines HCT-116 and
HT-29 were obtained from Chinese Academy of Sciences,
Shanghai Institutes for Cell Resource Center. The cell lines
were cultured in RPMI 1,640 medium (Gibco, USA) con-
Qualified,
Australia) and 1% penicillin-streptomycin (Gibco). The

taining 10% fetal bovine serum (Gibco,
cells were cultured in an incubator with 5% CO, and 95%
humidity, the experiments were performed with cells in the
logarithmic growth phase.

Cell viability

Cell viability was determined by 3-(4,5-dimethylthiazol-
2y1)-2,5-diphenyl tetrazolium bromide (MTT) assay.> HCT-
116 and HT-29 cells were collected and seeded at 1.0x10*
cells/well in 96-well plates and treated with JAT for 24, 48,
and 72 hrs. Then, 20 pL MTT (5.0 mg/mL) was added to
each well and incubated for another 4 hrs at 37°C. The
reaction was terminated by addition of 150 pL. DMSO, and
the absorbance at 570 nm was measured by a microplate
reader (BioTek, USA) after shaking for about 10 mins. Fifty
percent inhibition concentration (ICs,) was calculated from
growth-inhibitory curves of cells by SigmaPlot 12.5 software
(Systat Software, Inc., Germany).

Coptisine

Epiberberine

Columbamine

Figure | Chemical structure of jatrorrhizine, coptisine, berberine, palmatine, epiberberine, and columbamine.
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Cell proliferation was detected by clonal formation
assay. Cells were collected and seeded in 6-well plates
(3x10° cells/well) with JAT (0, 5, 10, 15 puM), and after
72 hrs, cells were collected and seeded in new 6-well
plates (1,000 cells/well) and incubated for 2 weeks.
Subsequently, cells were stained with 0.5% crystal violet
for 15 mins, washed 3 times with PBS, and dried in a 37°C
incubator. The clones of more than 50 cells were counted.

Detection of cell apoptosis

Hoechst 33342 fluorescence staining was used to analyze
cell apoptosis by observing changes in nuclear
morphology.'> Cells were seeded into 6-well plates and
treated with selected concentrations of JAT for 72 hrs.
Then, cells were cultured with Hoechst 33342 staining
(20 pg/mL) for 30 mins at 37°C in the dark. The images
of cell nuclei were visualized under fluorescence micro-
scope (Olympus Co., Tokyo, Japan).

Mitochondrial membrane potential (/AWm) was detected
by flow cytometry. Metachromatic probe JC-1 was selec-
tively used as the AWm sensitive dye, following a standard
detection kit specification. Experiments were carried out in
triplicate with at least 10,000 cells per test sample.

According to the manufacturer's instruction, cell apop-
tosis was monitored using Annexin V-FITC/PI detection
kit (BD, Biosciences Pharmingen). HCT-116 and HT-29
cells were co-cultured with JAT for 72 hrs. Cells were
collected and gently resuspended in AnnexinV-binding
buffer. A total of 5 pL. annexin V and PI were added to
cells and incubated at room temperature for 15 mins in
the dark. Finally, cell apoptosis was detected by flow
cytometry (BD, FACSAria) and data were analyzed
using BD Accuri™ C6 software (Accuri Cytometers,

New Jersey, USA).

Cell cycle distribution

Cell cycle was detected by flow cytometry using Cell Cycle
and Apoptosis Analysis Kit (Beyotime Biotechnology,
China). HCT-116 and HT-29 cells in log-phase growth
were seeded into 6-well plates. After JAT treatment, cells
were harvested, centrifuged, and fixed with ice-cold 70%
ethanol overnight. Cells were further stained with RNase A
(50X) and propidium iodide (PI, 20X) for 30 mins at 37°C
in the dark. The cell cycle phase distribution and hypodi-
ploid DNA were detected by flow cytometry at 488 nm and
analyzed with FlowJo software (FlowJo, Oregon, USA).
The histogram was obtained from GraphPad software
(GraphPad Software Inc., San Diego, CA, USA).

Scratch wound healing assay

The migration ability of colon cancer cells was evaluated
by scratch wound healing assay. HCT-116 and HT-29
cells were collected and seeded into 6-well plates at a
density of 1x10° cells/well. When the cells attained more
than 90% confluence, a linear scratch was made at the
center of each well using a 200 pL pipette tip to create
an artificial wound in the cell monolayer. Each well was
gently washed with PBS three times to remove the cell
debris created from the scratch. Then, the cells were
cultured in serum-free medium and treated with selected
concentrations of JAT for 48 hrs. The images were cap-
tured by a microscope (Olympus Co., Tokyo, Japan) at 0,
24, and 48 hrs, respectively. The scratch area was calcu-
lated by measuring the gap enclosed by the cells using
Image J software (National Institutes of Health, Bethesda,
MD). The wound healing percentage was calculated
according to the following formula:

Wound healing percentage =[(A—on—At—24 or4sh) /At—on] X 100

where, Ao h, A4 or 48 h represent the scratch area measured
at 0, 24, and 48 hrs after scratching, respectively. The histo-
gram was obtained from GraphPad software.

Trans-well assay

Trans-well assay was used to measure cell invasion. Trans-
well chambers with 8 uM pore size (24-well inserts; Costar,
Cormning, NY, USA) were pre-coated with Matrigel (BD
Biocoat, Corning, NY, USA), according to manufacturer’s
instructions. HCT-116 and HT-29 cells were pre-treated with
JAT (0, 5, 10 uM) for 24 hrs. Then, cells were collected and
re-suspended with serum-free DMEM medium and seeded
into the upper chambers at a density of 5x10* cells/well. A
total of 500 uL. DMEM medium containing 20% fetal bovine
serum was added to the lower chamber. After incubating the
cells for 24 hrs in a 37°C incubator, cells on the upper
chamber surface were removed with a cotton swab and the
invasive cells were fixed and stained with 0.5% crystal violet
for 15 mins. Five fields on each chamber were randomly
selected and the number of invaded cells was counted under a
microscope (X100 magnification). The histogram was
obtained from SigmaPlot 12.5 software.

Cell protein extraction and Western
blotting

Total cellular protein was extracted by RIPA buffer con-
taining 1 mM phenylmethanesulfonyl fluoride (Aidlab
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Biotechnologies Co., Ltd, Beijing, China). Protein quanti-
fication was performed according to the BCA Protein
Quantitation Specification (Applygen Technologies Inc.
Beijing, China), a standard curve was drawn, and protein
loading volume was calculated. Equal amounts of protein
(40 pg) were separated by 10-15% SDS-PAGE and trans-
ferred onto the PVDF membrane, where 5% skim milk
was used to block the membrane. Membranes were then
incubated for overnight with different antibodies including
B-actin (catalog number: 3,700), B-catenin (catalog num-
ber: 8,480), GSK-3f (catalog number: 12,456), caspase-3
(catalog number: 9,665), caspase-8 (catalog number:
9,746), caspase-9 (catalog number: 9,508), PARP (catalog
number: 9,532), E-cadherin (catalog number: 14,472),
N-cadherin (catalog number: 13,116), and F-actin (catalog
number: ab205) at 4°C. Subsequently, the membranes
were washed with TBST and incubated with the corre-
sponding HRP-linked secondary antibody at room tem-
perature for 2 hrs, followed by visualization using the
ECL system. Western blotting was quantified using
Quantity One software (Bio-Rad). All the primary and
secondary antibodies were purchased from Cell Signaling
Technology (Boston, USA) and abcam (Cambridge, UK).

Nude mice xenograft modeling

BALB/c nude mice were used in the experiment, which
was authorized by the Ethics Committee for the Shanghai
Lab. Animal Research Center, China. HCT-116 at 2x10°
cells/mouse subcutaneously inoculated into the right flanks
of the athymic nude mice to build a human colorectal
carcinoma xenograft model. On the seventh day after
tumor cells implantation, the mice were randomly divided
into 4 groups (8 mice/group) treated by daily intraperito-
neal injection: negative control group (normal saline);
positive control group (cis-Diammineplatinum (IT) dichlor-
ide, PDD, 2.0 mg/kg); low dose group (JAT 2.5 mg/kg);
and high dose group (JAT 5 mg/kg). Tumor growth and
survival of each animal were recorded meanwhile. The
body weight of mice was weighed every 5 days after
tumor cells implantation. And the mice were sacrificed
after 4 weeks of treatment, the tumors and lungs were
removed, fixed, sectioned, and stained with hematoxylin
and eosin (H&E). Apoptotic cells in tumor tissue were
measured by In Situ Cell Death Detection Kit,
(RocheMolecular US).
Signally, the tumors were harvested for further immuno-

Fluorescein Systems, Inc.,

histochemical (IHC) analyses according to our lab

protocol.

Statistical analysis

All values were presented as the mean+standard deviation
(SD). Statistical analysis was performed by one-way ana-
lysis of variance (ANOVA) using SigmaPlot 12.5 soft-
ware. *P<0.05 was considered significant, **P<0.01 was
considered very significant, and ***P<0.001 was consid-
ered much significant.

Results
Effect of JAT on the growth and

proliferation of colon cancer cells

In order to explore the effect of JAT on the growth of
CRC, we measured cell viability of HCT-116 and HT-29
by MTT assay. Cells were exposed to JAT concentrations
range from 0 to 200 pM and monitored for 24, 48, and 72
hrs. As shown in Figure 2A, JAT efficiently inhibited the
growth of HCT-116 and HT-29 cells in both time-and
dose-dependent manner. ICsy of JAT on HCT-116 and
HT-29 cells were 16.21+0.83 pM and 13.64+1.61 pM
after 24 hrs, 8.01+0.64 uM and 6.27+0.17 pM after 48
hrs, 6.99+0.29 uM and 5.46+0.13 uM after 72 hrs, respec-
tively. In comparison, ICs, values of JAT on HT-29 were
lower than HCT-116 cells, which demonstrated a better
inhibition of proliferation. MTT results also showed that
JAT had the best inhibitory effect at 72 hrs.

The effects of JAT on the proliferation of colon cancer
cells were examined by colony formation assay. With the
increasing concentrations of JAT, the number of clones in
the cell community and the colony formation rate were
gradually decreased. This indicated that JAT can inhibit
the proliferation of HCT-116 and HT-29 cells in a concen-
tration-dependent manner (Figure 2B and C).

JAT induced apoptosis of colon cancer

cells
The nuclear morphological changes of HCT-116 and HT-
29 cells were examined through Hoechst 33342 staining.
HCT-116 and HT-29 cells increased brightness, chromatin
condensation and marginalization, and nuclear fragmenta-
tion, after treatment with different concentrations of JAT
(0 uM, 5 uM, 10 uM, and 15 pM). These results stated a
characteristic feature of apoptotic cells, suggesting JAT
induced cell apoptosis in a concentration-dependent man-
ner (Figure 3A).

In this study, JC-1 cationic dye was used to detect the
effect of JAT on mitochondrial transmembrane potential
(AWm). After JAT treatment for 72 hrs, flow cytometric
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Note: (A) The effect of JAT on the viability of colon cancer cells (HCT-116 and HT-29) was detected by MTT assay. (B and C) HCT-116 and HT-29 cells proliferation ability
was determined by colony formation assay. All values were presented as the meanzstandard deviation (SD). **P<0.01, and ***P<0.00| compared with control.

Abbreviation: JAT, jatrorrhizine.

analysis showed a marked shift from upper right quadrant
to lower right quadrant (Figure 3B), indicating dissociation
of JC-1 from dimer to monomer form. A total of 5 uM JAT
exposures significantly increased the monomer/dimer ratio
and up to 3-fold of 15 uM JAT treatment. These findings
confirmed the disruptive effect of JAT on mitochondrial
AW¥m in HCT-116 and HT-29 cells, suggesting mitochon-
drial dysfunction and early apoptosis.

Cell apoptosis was detected by flow cytometry with
Annexin V-FITC/PI double staining. The results showed
that the percentages of apoptotic HCT-116 cells treated
with different concentrations of JAT (0 uM, 5 uM, 10 puM,
and 15 uM) for 72 hrs were 4.96+0.22%, 26.64+3.20%,
29.3045.00%, and 50.47+5.66%, respectively; while apop-
tosis of HT-29 cells was 4.51+0.71%, 70.18+24.78%, 84.48
+13.91%, and 94.47+7.82%, respectively (Figure 3C). The
results indicated that JAT promoted the apoptosis of HCT-
116 and HT-29 cells in a dose-dependent manner.

To further explore the mechanism of JAT-induced
apoptosis, we examined the expressions of apoptosis-
related proteins by Western blotting. After treatment of
JAT, the procaspase-9 was up-regulated in HCT-116
cells, but its expression was down-regulated in HT-29
cells. Procaspase-8 expression was slightly down-regu-
lated in HT-29 cells, but there was no significant change
in HCT-116 cells. Procaspase-3 is the opposite of procas-
pase-8. PARP was significantly decreased in both cells
(Figure 3D). The above data suggested that JAT induced
apoptosis through caspases family in HCT-116 and HT-29
cells.

JAT affected cell cycle of HCT-116 and
HT-29 cells

To further investigate the cytotoxic mechanism of JAT on
CRC, the cell cycle distribution of HCT-116 and HT-29
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Figure 3 JAT induced apoptosis of colon cancer cells.

Notes: (A) The morphological features of HCT-116 and HT-29 cells stained by Hoechst 33342 under fluorescence microscope, the red arrow indicated obvious
apoptosis (%400). (B) Flow cytometry measured mitochondrial transmembrane potential (A¥m) by JC-I cationic dye of HCT-116 and HT-29 cells. Data are
expressed as mean of 590 nm emission spectrum of triplicate samples for JC-1 monomer/dimer ratio. (C) The apoptosis of HCT-116 and HT-29 cells was
measured by flow cytometry after treated with JAT. (D) Western blotting was used to detect the expression of apoptosis-related proteins after treatment with
JAT. Density of bands was quantified with Quantity One software. All values were presented as the meantstandard deviation (SD). *P<0.05, *¥P<0.01, and

*#%P<0.001 compared with control.
Abbreviation: JAT, jatrorrhizine.

cells was monitored by flow cytometry after PI DNA
staining. According to the experimental results, the pro-
portions of HCT-116 cells in GO/G1 phase and G2/M
phase decreased from 52.11+1.26% to 42.21+1.26% and
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27.79+1.77% to 23.78+1.54%, respectively, when treated
with JAT, while the number of cells in S phase increased
from 20.10+£0.52% to 34.01+£0.67% (Figure 4A). For HT-
29 cells, the proportion of cells in GO/G1 phase decreased
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from 57.33+1.02% to 48.24+0.83%, while the number of
cells in S phase increased from 31.14+1.66% to 39.34
+1.38% (Figure 4B). To sum up, JAT affected HCT-116
and HT-29 cells proliferation by blocking cell cycle in S
phase.

JAT suppressed the migration and
invasion of HCT-116 and HT-29 cells

Cancer cell metastasis includes cell migration and inva-
sion. Scratch wound healing assay was used to explore the
effects of JAT on the migration of colon cancer cells. As
shown in Figure 5A and B, the wound healing percentage
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Figure 4 Effect of JAT on cell cycle in colon cancer.

of HCT-116 cells treated with different concentrations of
JAT (0 uM, 5 uM, 10 uM, and 15 pM) were 22.16+1.39%,
12.81+0.94%, 12.44+0.93%, and 10.51+1.22% for 24 hrs,
respectively; 26.20+3.26%, 19.21£2.11%, 17.73+£1.57%,
and 16.95+10.62% for 48 hrs, respectively. For HT-29
cells, when treated with JAT for 24 and 48 hrs, the
wound healing percentage decreased from 22.52+2.54%
to 11.7240.93% and 35.4143.86% to 15.8443.31%,
respectively (Figure 5C and D). The above experimental
data indicated that JAT inhibited HCT-116 and HT-29 cells
migration, and the inhibitory ability was related to time
and drug concentration.
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Notes: (A) HCT-116 cells were treated with different concentrations of JAT for 72 hrs, and cell cycle was analyzed by flow cytometry. (B) HT-29 cells were treated with
JAT for 72 hrs, and cell cycle was analyzed by flow cytometry. Cell cycle data were analyzed by Flow]o_V 10 software. Histogram was analyzed by GraphPad software. All
values were presented as the meantstandard deviation (SD). *P<0.05, **P<0.01, and ***P<0.001 compared with control.
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Figure 5 JAT suppressed the migration of HCT-116 and HT-29 cells.
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Abbreviation: JAT, jatrorrhizine.

The effects of JAT on colon cancer cells invasion were
assessed by trans-well assay. Results showed that the
number of invasive cells in HCT-116 and HT-29 cells
was reduced when treated with JAT. And the invasive
potential of HCT-116 cells was inhibited by 44.36% and
57.16% when treated with JAT (5 and 10 uM) for 24 hrs,
respectively; while it was inhibited by 36.58% and 53.96%
in HT-29 cells, respectively (Figure 6A and B). The data
implied that JAT could suppress the invasion of HCT-116
and HT-29 cells in a concentration-dependent manner.

JAT inhibited canonical Wnt/B-catenin
signaling and EMT

To further investigate the metastasis mechanism of JAT
on CRC, Western blotting was used to detect the

expression of key proteins in Wnt signaling pathway.
Analysis of experimental results showed that the expres-
sion of B-catenin was down-regulated in HCT-116 and
HT-29 cells in a concentration-dependent manner, after
treatment with JAT for 72 hrs. The expression of GSK-
3B was up-regulated in HCT-116 cells, while HT-29
cells were unchanged. Expression of epithelioid marker
protein E-cadherin was increased significantly in HCT-
116 and HT-29 cells, which is closely related to cell
adhesion, while the expression of interstitial marker
protein N-cadherin was distinctly decreased in HT-29
cells, and it was not altered greatly in HCT-116 cells.
In addition, we also examined the expression of the
cytoskeletal protein F-actin. After treatment with JAT,
the expression of F-actin was decreased (Figure 7). This
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Notes: (A) HCT-116 and HT-29 cells invasion was detected by trans-well chamber assay after treatment of different concentrations of JAT for 24 hrs (x100). (B) The cell
invasion ability (%) was expressed as a percentage of the control. Histograms were analyzed by SigmaPlot 12.5 software. All values were presented as the meantstandard

deviation (SD). **P<0.001 compared with control.
Abbreviation: JAT, jatrorrhizine.

data suggested that JAT effectively inhibited the Wnt/p-
Catenin signaling pathway and regulated the expressions
of key proteins in EMT.

JAT suppressed growth and metastasis of

tumor in nude mice xenograft model

In order to study the in vivo anti-tumor efficacy of JAT,
HCT-116 cells were injected into nude mice. After
tumor cells implantation, tumor volume was measured
every 5 days for 30 days and calculated as follows:
tumor volume=(length x width®)/2. As shown in Figure
8A and B, JAT reduced tumor volume and weight com-
pared with negative control group, and its depressor
effect was similar to PDD. One mouse of negative
control died at 29 d, and the survival rate of negative
control group was 62.5% at 35 d. What’s more, the

survival rates of positive control group, low dose
group, and high dose group were 75%, 87.5%, and
100% (Figure 8C). This indicated that JAT (5 mg/kg)
could prolong the survival of HCT-116 mice compared
with the negative control group. There was no signifi-
cant difference in body weight and organ index of liver
and kidney between each group of mice (Figure 8D and
E), indicating that JAT showed no toxicity to mice and
no effect on liver and kidney functions of mice.

HE staining manifested that cells necrosis and
nuclear pyknosis occurred in positive control and JAT
groups, while the nuclei were intensely stained in
negative control group (Figure 8F). Significant lung
metastasis was observed in negative control group,
while not in positive control group and JAT-treated
groups (Figure 8G). Subsequently, we monitored the
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Figure 7 JAT could effectively inhibit the Wnt/B-catenin signaling pathway and regulate the expressions of key proteins in EMT by Western blotting.
Notes: B-actin served as an internal reference protein. Protein strip gray values were analyzed by Quantity One software. All values were presented as the meantstandard

deviation (SD). *P<0.05, **P<0.01, ***P<0.001 compared with control.
Abbreviations: JAT, jatrorrhizine; EMT, epithelial-mesenchymal transition.

apoptosis of different tumor tissues by TUNEL
method. The results showed that both PDD and JAT
could induce distinct apoptosis in tumor tissues com-
group (Figure 8H).
Immunohistochemical analysis showed that the positive

pared with negative control

expression of GSK-3B and E-cadherin was increased
successively in negative control, positive control, low
dose, and high dose groups, while B-catenin, N-cad-
herin, and F-actin were decreased in tumor tissue
(Figure 8I). The in vivo results indicated that JAT
suppressed tumor growth and lung metastasis, and pro-
moted tumor cell apoptosis.

Discussion

Jatrorrhizine has been reported to counteract the death
of PC12 cell lines caused by H,O, and has an antiox-
idant effect.'® Studies have found that JAT had a lower
cytotoxicity than berberine and exerted anti-hypercho-
lesterolemia effect by up-regulating the mRNA and

protein of LDLR and CYP7Al."* Now the research
on JAT is mostly focused on its pharmacological activ-
ities; however, its anti-tumor activity is rarely reported.
In this study, we explored the effects of JAT on the
growth, apoptosis, and metastasis of colorectal carci-
noma cells. Our results indicated that JAT could effec-
tively inhibit the proliferation of HCT-116 and HT-29
cells in both time- and concentration-dependent man-
ner. Furthermore, JAT induced cell apoptosis, arrested
cell cycle in S phase of HCT-116 and HT-29 cells, and
inhibited cell migration and invasion. These results
were subsequently confirmed by in vivo experiment in
which JAT suppressed tumor growth and metastasis,
and promoted tumor cell apoptosis in nude mice xeno-
graft model.

Wnt signaling pathway plays an important role in reg-
ulating cell cycle and controlling the proliferation of nor-
mal and malignant epithelial cells, and has become an

important new target for cancers drug development.'”'®
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Wnt signaling pathway is divided into canonical and non-
canonical pathways. Anxin-GSK-3fB-B-catenin protein
complex is degraded after activation of Wnt signaling
pathway, released B-catenin, which is a key cytoplasmic
and nuclear mediator of the canonical pathway and can
cause cell proliferation and differentiation.'”'® In this
study, the expression of f-catenin in HCT-116 and HT-29
cells was significantly decreased with dosage dependence,
while GSK-3B was up-regulated in HCT-116 cells and
unchanged in HT-29 cells, when treated with JAT for 72
hrs. Wnt signaling could regulate the expression level of
intermediate mesenchymal-specific marker N-cadherin

during the EMT process, which plays an important role
in cancer metastasis.”’ Western blotting results indicated
that JAT could inhibit colon cancer cells metastasis by up-
regulating the expression of E-cadherin. Furthermore, N-
cadherin was decreased in HT-29 cells after treated with
JAT, suggesting that JAT can reverse EMT in HT-29 cells.

Conclusion

In a word, the results revealed that JAT suppressed the
proliferation and metastasis of colorectal carcinoma
cells via blocking Wnt signaling pathway and EMT.
This offers a new possible therapeutic operation in the
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Figure 8 JAT suppressed tumor growth and metastasis in vivo.

Positive control

JAT (2.5 mg/kg)
’ NS R Blae s 1

v

JAT (5 mg/kg)

= e
(% R E
¢ -~

/

i Negative control
[ Positive control

3 JAT (2.5 mglkg)
Bl JAT (5 mglkg)

Notes: (A) Tumor volume was measured every 5 days for 30 days. (B) Tumor weight was measured after the experiment. (C) The survival rate of mice was shown by the
Kaplan—Meier survival curves. (D) Mice body weight was measured every 5 days for 30 days. (E) Mice were sacrificed at 35 d, removed the liver and kidney tissues and weighed,
calculated their organ index. (F and G) Histological analysis of different tumor and lung tissues was detected by H&E staining (x400). (H) The apoptosis of different tumor
tissues was monitored by TUNEL method (x400). The bright areas represent apoptotic cells. (I) The positive expression of GSK-3f, B-catenin, E-cadherin, N-cadherin, and F-
actin in tumor tissues was detected by immunohistochemistry (x400). Immunohistochemistry results were analyzed by Image | software. All values were presented as the mean
tstandard deviation (SD). *P<0.05, **P<0.01, and ***P<0.001 compared with negative control group.

Abbreviation: JAT, jatrorrhizine.

future of JAT which is able to combat colorectal

carcinoma.
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