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Background: There are few clinical challenges associated with the treatment of colorectal can-
cer (CRC). Studies have shown that TGF-f plays a crucial role in CRC. Importantly, celastrol,
a major components of the root extract of the traditional Chinese herb Tripterygium wilfordii
Hook F, has been shown to inhibit the growth, adhesion, and metastasis of human CRC cells
through the inhibition of TGF-B1/Smad signaling.

Materials and methods: Real-time PCR and Western blot tests were proceeded to present
TGF-B1, TGF-P receptor type I (TGFBRI), TGF-f receptor type II (TGFBRII), Smad2/3,
p-Smad2/3, Smad4, and glyceraldehyde-3-phosphate dehydrogenase expression in human
colon cancer cell samples.

Results: Our results indicated that celastrol can reduce the expression levels of TGF-B1,
TGFBRI, and TGFBRII in HCT116 and SW620 cells. Furthermore, celastrol could also prevent
the increase in Smad4 and p-Smad2/3 in HCT116 and SW620 cells.

Conclusion: Celastrol could inhibit tumor growth through TGF-B1/Smad signaling and might
be a promising therapeutic component against CRC.
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Introduction

Colorectal cancer (CRC) is one of the most common types of cancer with high
morbidity and mortality. Surgery is always the first choice if this cancer is diagnosed
at the ecarliest stage. However, since the symptoms of CRC are quite latent and are
difficult to discovery at early stage, the majority of the CRC patients are diagnosed
later and occasionally with metastasis."> However, an effective treatment for CRC has
not been discovered yet. Consequently, a safer and more effective compound against
CRC is in high demand.

TGF-B1 has been considered to play a crucial role in the development and pro-
gression of CRC. TGF-B1 has two receptors, type I TGF-P receptors (TGFBRI) and
type Il TGF-P receptors (TGFBRII). Once bound to TGF-B, TGFBRII phosphorylate
and activate TGFBRI. The TGF-B1 stimulation triggers the activation of Smads
signaling. Previous researches have suggested that TGF[ signaling promoted cancer
cell growth, invasion, and metastasis, and inhibition of TGF-B1 prevents metastatic
cancer progression.>* Hence, the mechanism of TGF-B1 inhibitor that was used for
the treatment of CRC has an urgent need to elucidate.

Celastrol is a pharmacologically active compound extracted from the “God of
Thunder Vine” or Tripterygium wilfordii Hook F, which has a long history of use
in traditional Chinese medicine for the treatment of cancer and other inflammatory
diseases.” Mechanistically, it has proved that celastrol has an capacity to cut down
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the generation of inflammatory cytokines, such as IL-1,
TNF-a, IL-6, and IL-8.° Recently, celastrol was reported to
ameliorate dextran sulfate sodium-induced colitis in mice,
by modulating intestinal epithelial homeostasis, oxidative
stress in colon, and by lessening inflammatory cytokines.”
However, its mechanism of action remains largely undefined.

Oxaliplatin is commonly used for the effective treatment
of CRC. With the use of oxaliplatin, the overall survival
of patients with CRC has significantly improved.® In our
experiment, we have used oxaliplatin as a positive control.

Here, we demonstrated the effects of TGF-B1 in CRC
cells. Our results indicated that celastrol could inhibit CRC
through TGF-f1/Smad signaling and might be a promising
therapeutic component against CRC.

Materials and methods

Human samples

The ethics committee of the Nanjing Hospital of Chinese
Medicine approved this study. A written informed consent
was obtained from each patient, and this study was con-
ducted in accordance with the Declaration of Helsinki. All
50 patients granted full consent for the study. Exclusion
criteria were as follow: 1) patients undergoing treatment
prior to surgery including chemotherapy, 2) patients with
gastrointestinal stromal tumors or lymphoma, 3) patients
with other cancers, or 4) patients refusing to participate in
this study. After histologically diagnosed, CRC samples and
adjacent normal tissues were collected through surgery in
Nanjing Hospital of Chinese Medicine.

Reagents

Celastrol was obtained from Sigma-Aldrich (St Louis,
MO, USA). The primary antibodies of TGF-1, Smad2/3,
p-Smad2/3, TGFBRI, TGFBRII, and Smad4 were purchased
from Abcam (Cambridge, UK). Cell counting kit-8 (CCK-8)
was purchased from Biosharp (Hefei, China). Antibody for
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and
other reagents were purchased from Sigma-Aldrich.

Histomorphological assessment
Human CRC and adjacent normal colon samples were
fixed in 4% paraformaldehyde, made into wax blocks, cut

into slices. Slices were stained with H&E, as previously
described.’

Western blot
Samples were collected, lysed, and then cut into isolated by
SDS-PAGE electrophoresis and electrophoretically transferred

to polyvinylidene fluoride membranes (Millipore). The mem-
branes were immersed in 5% BSA for not less than 1 hour.
After that, the membranes were immersed in primary antibod-
ies (GAPDH, 1:5,000; TGF-B1, 1:1,000; TGFBRI, 1:1,000;
TGFBRII, 1:1,000; Smad2/3, 1:500; p-Smad2/3, 1:500; and
Smad4, 1:500) at 4°C for more than 8 hours. The membranes
were then incubated with secondary antibodies (Chemicon,
USA) and developed using enhanced chemiluminescence
products (PerkinElmer Inc., Waltham, MA, USA). Photos were
obtained using a Molecular Imager System (Gel DocTM XR,
170-8170) and analyzed by the Quantity One-4.6.5 software.

Cell culture

HCT116 and SW620 cells were purchased from the American
Type Culture Collection. When transported, the cells grow in
abottle filled with complete DMEM medium containing 10%
FBS, 100 mg/mL streptomycin, and 100 U/mL penicillin.

CCK assay for cell proliferation

A gentle centrifugation was done to collect HCT116 or
SW620 cells. A total of 1x10* cells (a well) were seeded in
96-well plates. Twenty-four hours later, the cells were cocul-
tured with celastrol in different concentrations for 24 hours.
CCK-8 reagent was diluted according to the product manual,
and the cells were incubated in the diluted reaction solution
for 4 hours. A microplate reader (Bio-Rad, Los Angeles, CA,
USA) was used to test the OD values at 450 nm.

Cell adhesion test

The cell adhesion test was conducted as conducted previously.!°
In brief, HCT116 and SW620 cells were cultured with or
without celastrol for 24 hours. After that, cells were added
to 96-well plates, which had been coated with fibronectin,
labeled with fluorescein diacetate (5 pg/mL) for 20 minutes,
and washed with PBS to remove the unbound cells.
DMI3000B inverted microscope (Leica, Germany) was used
to get immunofluorescence images.

In vitro migration and invasion tests

The migration and invasion tests were implemented as carried
out previously.'! Cells were cultured with or without celastrol
for 24 hours for migration and invasion assays.

Real-time PCR

Real-time PCR (RT-PCR) was performed as previously
described.''" RNA was extracted using TRIzol reagent
and reverse transcribed into cDNA for PCR according to
the manufacturer’s instructions. The sense and antisense
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primers of TGF-B1, TGFBRI, TGFBRRII, Smad2/3,
p-Smad2/3, Smad4, and GAPDH expression were as fol-
lows: TGF-B1: 5-GTGGAAACCCACAACGAAAT-3’
and 5’-CACGTGCTGCTCCACTTTTA-3", TGFBRI:
5'-GCAGTAAGACATGATTCAGCCACAG-3" and
5’-CAATGGAACATCGTCGAGCAA-3’, TGFBRII:
5’-TCGTCCTGTGGACGCGTATC-3" and 5-GAAACT
TGACTGCACCGTTGTTG-3", Smad2: 5’-GTCTGCC
TTCGGTATTCTGC-3"and 5’-GCTGCTCTTCTG
GCTCAGTC-3’, Smad3 5'-AACAACCAGGA
GTTCGCTGC-3’ and 5'-GGACCTTGTCAAGCC
ACTGC-3’, and Smad4: 5-GGACCGGATTACCCAAGA
CAGA-3" and 5'-CTGCAATCGGCATGGTATGAAG-3".

Statistical analyses

Student’s two-tailed #-test was performed in two groups for
comparison. ANOVA test was performed in more than three
groups. A Dunnett’s test was used as a method of posttesting.
Results are described as mean = SD. P<<0.05 was considered
statistically significant. All analyses were performed with
GraphPad Prism 7.0 Software.

Results
TGF-B/Smad signaling was instigated in
human CRC

Initially, the H&E analysis was carried out to examine the
different pathological state between human colorectal tumors

and adjacent normal colon tissues. Our results demonstrated
moderately differentiation adenocarcinoma (Figure 1A).
We also investigated whether TGF-/Smad signaling was
instigated in these samples. As can be observed in Figure 1B,
the expressions of TGF-B1, TGFBRI, and TGFBRII were
signally augmented in human colorectal tumors, while in the
adjacent normal colon tissues, they are placid. Furthermore,
the expressions of Smad2/3, p-Smad2/3, and Smad4 were
also signally augmented in CRC tissues (Figure 1C).

Celastrol inhibited the propagation and
metastasis of HCT I 16 cells

Next, we focus our vision on the influences of celastrol on
HCT116 cells. Celastrol could dose dependently suppress
human CRC HCT116 cell viability significantly (Figure 2A).
Moreover, celastrol dramatically inhibited the adhesion and
migratory capacity of HCT116 cells (Figure 2B and C).

Celastrol inhibited the expressions of
TGF-BI and its receptors in HCTI1 16

cells

To test the effects of celastrol on TGF-B1 function, we mea-
sured the levels of TGF-B1 and its receptors in HCT116 cells.
The expression of mRNA levels was determined by PCR.
Results showed that the TGF-B1, TGFBRI, and TGFBRII
mRNA levels were remarkably decreased by celastrol in
HCT116 cells (Figure 3A). Moreover, the TGF-1, TGFRI,
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Figure | TGF-f3/Smad signaling pathway was significantly activated in colorectal cancer tissues.

Notes: (A) H&E staining of human adjacent normal and cancerous colon samples from patients with colorectal cancer. Original magnification: 100x. (B) TGF-B1, TGFfRI,
and TGFpRII expression in human tissue samples. The protein levels of TGF-f 1, TGFfRI, and TGFBRII were detected by Western blot. (C). Smad2/3, p-Smad2/3, and Smad4
expression in human tissue samples. The protein levels of Smad2/3, p-Smad2/3, and Smad4 were detected by Western blot.
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Figure 2 Celastrol inhibit cell viability, adhesion, and metastasis in HCT116 cells.

Oxaliplatin (12.6 pM)

Notes: (A) Cytotoxicity of celastrol in HCT 116 cells. Cell viability was determined by CCK-8 assay after a 24-hour treatment. **P<<0.01 vs the control group without any
treatment. (B) HCT 116 cells treated with or without celastrol (0.2, 2.2, 2.22 uM) were applied for the adhesion experiment. Image magnification: 100x. (C) HCT116 cells
treated with or without celastrol (0.2, 2.2, 2.22 uM) were applied for the transwell experiment. Image magnification: 100x.

Abbreviation: CCK-8, cell counting kit-8.

and TGFBRII protein levels were also significantly inhibited
by celastrol (Figure 3B).

Celastrol inhibited Smad signaling in
HCTI1 16 cells

PT-PCR analysis revealed that treatment with celastrol
significantly inhibited the mRNA expression of Smad2,
Smad3, and Smad4 (Figure 4A). The protein expression

levels were then determined by Western blot analysis. Results
showed that celastrol significantly inhibited the expression of
p-Smad2/3 and Smad4 in HCT116 cells (Figure 4B).

Celastrol inhibited the propagation and
metastasis of SW620 cells

SW620 colon carcinoma cell line is a common resource for ver-
ifying genetic changes in the late progression of colon cancer,
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Figure 3 Celastrol inhibit TGF-B1, TGFfRI, and TGFBRIl in HCT 116 cells.

Notes: (A) The effects of celastrol on mRNA expression levels of TGF-1, TGFBRI, and TGFBRIl in HCT 16 cells. GAPDH was used as a loading control. The mRNA levels
of TGF-B1, TGFBRI, and TGFBRII were detected by RT-PCR. *P<<0.05, **P<<0.01 vs the control group without any treatment. (B) The effects of celastrol on the expression of
TGF-B1, TGFBRI, and TGFBRIl in HCT1 16 cells. The protein levels of TGF-B 1, TGFBRI, and TGFBRII were detected by Western blot. *P<<0.05, **P<<0.01 vs the control group
without any treatment.

Abbreviation: RT-PCR, real-time PCR.
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cells. Celastrol significantly suppressed SW620 cell viability . .
(Figure 5A). Moreover, celastrol significantly inhibited the To test the influences of celastrol on TGF-B1 and its recep-
adhesion and migratory capacity of SW620 cells (Figure 5B tors, we measured the mRNA levels of TGF-1 in SW620

and C), which was reconciled with the data in HCT116 cells.  cells by RT-PCR. Our data displayed that celastrol signally
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Figure 4 Celastrol inhibit Smad2/3, p-Smad2/3, and Smad4 in HCT1 16 cells.

Notes: (A) The effects of celastrol on mMRNA expression levels of Smad2/3, p-Smad2/3, and Smad4 in HCT 16 cells. GAPDH was used as a loading control. The mRNA
levels of Smad2/3, p-Smad2/3, and Smad4 were detected by RT-PCR. *P<<0.05, **P<<0.01 vs the control group without any treatment. (B) The effects of celastrol on the
expression of p-Smad2/3 and Smad4 in HCT 116 cells. The protein levels of Smad2/3, p-Smad2/3, and Smad4 were detected by Western blot. **P<<0.01 vs the control group
without any treatment.

Abbreviation: RT-PCR, real-time PCR.
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Figure 5 Celastrol inhibit cell viability, adhesion, and metastasis in SW620 cells.
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Notes: (A) Cytotoxicity of celastrol in SW620 cells. Cell viability was determined by CCK-8 assay after a 24-hour treatment. **P<<0.0| vs the control group without any
treatment. (B) SW620 cells treated with or without celastrol (0.2, 2.2, 2.22 uM) were applied for the adhesion experiment. Image magnification: 100x. (C). SW620 cells
treated with or without celastrol (0.2, 2.2, 2.22 uM) were applied for the trasnwell experiment. Image magnification: 100x.

Abbreviation: CCK-8, cell counting kit-8.

reduced the mRNA expression of TGF-B1, TGFBRI, and
TGFBRII (Figure 6A). Moreover, the TGF-B1, TGFBRI, and
TGFBRII protein levels were also significantly inhibited by
celastrol in SW620 cells (Figure 6B).

Celastrol inhibited Smad signaling in

SW620 cells
Celastrol significantly inhibited the mRNA levels of Smad2,
Smad3, and Smad4 (Figure 7A). The protein expression

levels were then determined by Western blot analysis. Results
showed that celastrol significantly reduced the expression of
p-Smad2/3 and Smad4 in SW620 cells (Figure 7B).

Discussion

The present study investigated whether the celastrol has the
capacity to treat CRC. We found that celastrol significantly
inhibited the growth, adhesion, and metastasis of human
CRC cells. Western blot and RT-PCR tests confirmed that
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Figure 6 Celastrol inhibit TGF-B1, TGFBRI, and TGFBRII in SW620 cells.

Notes: (A) The effects of celastrol on mRNA expression levels of TGF-$1, TGFBRI, and TGFBRII in SW620 cells. GAPDH was used as a loading control. The mRNA
levels of TGF-B1, TGFBRI, and TGFBRII were detected by RT-PCR. **P<<0.01 vs the control group without any treatment. (B) The effects of celastrol on the expression
of TGF-B1, TGFBRI, and TGFBRII in SW620 cells. The protein levels of TGF-B1, TGFBRI, and TGFBRII were detected by Western blot. *P<<0.05, **P<<0.01 vs the control
group without any treatment.

Abbreviation: RT-PCR, real-time PCR.
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in HCT116 and SW620 cells. Furthermore, celastrol reduced CRC is an uppermost cause of cancer-related deaths. Dur-
the levels of Smad4 and p-Smad2/3. Altogether, celastrol  ing the initial diagnosis, metastasis occurs in 18% of patients
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Figure 7 Celastrol inhibit Smad2/3, p-Smad2/3, and Smad4 in SW620 cells.

Notes: (A) The effects of celastrol on mRNA expression levels of Smad2/3, p-Smad2/3, and Smad4 in SW620 cells. GAPDH was used as a loading control. The mRNA levels
of Smad2/3, p-Smad2/3,and Smad4 were detected by RT-PCR.*P<<0.05, **P<<0.01 vs the control group without any treatment. (B) The effects of celastrol on the expression of
p-Smad2/3 and Smad4 in SW620 cells. The protein levels of Smad2/3, p-Smad2/3, and Smad4 were detected by Western blot. *P<<0.05, **P<<0.0| vs the control group without
any treatment.

Abbreviation: RT-PCR, real-time PCR.
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Figure 8 The mechanism of celastrol in TGF-B/Smad signaling pathway.

with rectal cancer and in 20%-25% of patients with colon
cancer.? Chemotherapy is a routine treatment for advanced
cancer. The survival of patients with advanced CRC increases
with the effective use of chemotherapy drugs, including fluo-
rouracil-leucovorin, oxaliplatin, and irinotecan.'> However,
chemotherapy is associated with serious side effects such
as nausea, vomiting, and pain, which can also lead to dose
reduction or discontinuation. Therefore, it is important to
find new compounds for the treatment of CRC.

Bharat Aggarwal et al summarized that various nutra-
ceuticals such as celastrol from “mother nature” have a huge
potential for both prevention and treatment of CRC." Rita
Cascao systematically reviewed the mechanism of action
and the therapeutic properties of celastrol.'* A recent study
reported that celastrol could inhibit CRC cell proliferation
and migration, and this effect was involved in PI3K/AKT
signaling pathway.!> Some researchers have reported the
effect of celastrol on other cancers, such as oral squamous
cell carcinoma,'® human hepatocellular carcinoma,'” and
breast cancer.'® These results show that celastrol has the exact
effect on inhibiting other tumors. A recent report exposed
that celastrol could effectively ameliorate ulcerative colitis-
associated CRC by decreasing the inflammatory reactions and

TGFBR2

Human colorectal cancer cell

|

— Growth

i —Adhesion :
I—b ' — Invasion ;

— Inflammation
— Proliferation

epithelial-mesenchymal transition (EMT).!” They used colonic
tumor xenograft models, HCT116 cells, and HT-29 cells to
investigate the changes of inflammatory factors and EMT-
associated proteins.'” However, studies related to TGF-B1 as
an upstream signaling pathway for EMT were ignored.

TGF-B is known to be a tumor suppressor. In the early
stages of tumor, it inhibits cell proliferation and induces apop-
tosis. On the contrary, it acts as a tumor promoter in the later
stages of the tumor by inducing invasion and metastasis.?
High levels of TGF-B1 are shown in CRC patients and are
associated with tumor progression, recurrence, and low
patient survival.!** Therefore, inhibition of TGF-f1 may
be an aspect of anti-CRC drug development.

There are strong proofs have a access to support that
celastrol has the potential therapeutic action in cancer.'®"
It modulates the expression of proinflammatory cytokines®
and suppression of EMT.! Some of the effects of celastrol
are also mediated through TGF-f regulation, since TGF-3
signaling has been shown to play a crucial role in EMT.
Altogether, these outputs imply that celastrol may be used
as a neo-inhibitor of TGF-B1 for CRC treatment.

Currently, we systematically studied the TGF-B1,
TGFBRI, and TGFBRII mRNA and protein levels in human
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CRC. The outputs revealed that their expression in human

colon cancer tissues was signally increased (Figure 1B). This

is consistent with the other study. Importantly, celastrol could

suppress the propagation, adhesion, and metastasis of CRC

cells (Figures 2 and 5), and decrease the capacities of TGF-f1

and its receptors (Figures 3 and 6). Meanwhile, the levels of

p-Smad2/3 and Smad4 were increased in human colon cancer

tissues (Figure 1C). Smad2/3 is the most important signal

transduction factor for the transport of TGF-B1 signaling,
which is phosphorylated by TGFBRI and forms hetero-
oligomers with Smad4.*2% Here, our outputs show that

celastrol could suppress Smad4 and p-Smad2/3 in HCT116

and SW620 cells. Consistent with our outputs, a recent study
showed that celastrol decreased TGF-B1-induced EMT
and reduced lung cancer invasion and migration.?® Taken

together, these results indicate that TGF-f1/Smad signaling

is participated in the anti-CRC effect of celastrol. However,

the clinical application of celastrol to inhibit CRC requires
further research.

In general, high levels of TGF-B1, TGFBRI, and TGFBRII

were observed in the CRC specimens. TGF-f1/Smad signal-

ing pathway is involved in the antitumor function of celastrol

(Figure 8). Thus, celastrol might be a promising therapeutic

component against CRC.
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