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Purpose: Esophageal squamous-cell carcinoma (ESCC) is the most common subtype of
esophageal cancer, with a poor clinical outcome. Cryptotanshinone (CTS) is the main bioac-
tive compound from the root of Salvia miltiorrhiza Bunge. Our study aimed to investigate the
anti-cancer effects and molecular mechanisms of CTS on ESCC.

Materials and methods: We investigated the anti-tumor activity of CTS on ESCC in vitro
and in vivo. Activation of the STAT3 signaling pathway was evaluated in ESCC and HEK-
Blue™ IL-6 cells. Cell viability was assessed by the MTT assay. Apoptosis and cell cycle arrest
were assessed using flow cytometry. Cell migration was detected by a scratch wound assay.
Results: CTS inhibited STAT3 expression and IL-6-mediated STAT3 activation in esophageal
cancer cells. Subsequently, CTS dose-dependently inhibited the proliferation of esophageal
cancer cells via induction of cell apoptosis. Furthermore, CTS suppressed the migration of
esophageal cancer cells. In vivo, CTS inhibited tumor growth of EC109 cell in xenograft mice
without any obvious effect on body weight.

Conclusion: Our results indicated that STAT3 inhibition may be a therapeutic target for
esophageal cancer. CTS could provide a potential approach for esophageal cancer therapy by
influencing the janus kinase-2/STAT3 signaling pathway.

Keywords: xenograft, CTS, ESCC, proliferation, apoptosis, migration

Introduction
There are two major subtypes of esophageal cancer, esophageal squamous-cell
carcinoma (ESCC) and esophageal adenocarcinoma.! Esophageal adenocarcinoma
has become the predominant type of esophageal cancer in North America and Europe,
but ESCC still accounts for approximately 90% of cases of global esophageal cancer.>
Most cases of ESCC occur in Asia, especially in northern Iran through the Central
Asian republics to north-central China.>* As ESCC is a high-grade invasive tumor,
although ESCC patients have received comprehensive treatment based on surgery, the
therapeutic effect is not satisfactory: the 5-year overall survival rate ranges from 30%
to 50%, without significant improvement during the past few years, and more than half
of patients suffer recurrence within 2—3 years after surgery.’ Therefore, improvement
and exploration of more effective therapeutic approaches are desired for ESCC therapy.
Janus kinase (JAK)-mediated STAT signaling is one of the most promising new
targets for cancer therapy.® In this pathway, STAT3 protein, as an important signal
switch, generally regulates many pathological patterns of cancer cells, including pro-
liferation, survival, differentiation and metastasis. It has been reported that abnormal
expression of STAT3 is correlated with the occurrence and development of many
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cancer types, such as breast cancer, ovarian cancer and
colorectal cancer.”” For example, Alvarez et al reported that
constitutive activation of STAT3 facilitates cell proliferation
in non-small-cell lung cancer.'® Zamo et al described that
overexpressed STAT3 was related to apoptosis inhibition
in anaplastic large-cell lymphomas.!' However, the role
of STAT3 in esophageal cancer has rarely been discussed.
Bhat et al'? and Zhang et al'* found STAT3 overexpression
in esophageal cancer tissues, resulting in the proliferation
of esophageal cancer cells. These findings indicated that
the dysfunction of STAT3 signaling also participated in the
modulation of aggravation of esophageal cancer.

Cryptotanshinone (CTS) is a quinoid diterpene purified
from the root of medicinal plant Salvia miltiorrhiza Bunge
(DanShen),"* which has been widely used in the clinic for
treatment of multiple diseases, including inflammatory
conditions," cardiac fibrosis'® and Alzheimer’s disease,"”
without obvious adverse effects. CTS is a potent anti-cancer
agent, reducing cell proliferation by suppressing STAT3
signals.'® However, the anti-tumor activity of CTS on esopha-
geal cancer and whether it relates to the blockade of STAT3
signaling have not been elucidated.

In this study, we evaluated the anti-tumor efficacy and
molecular mechanism of CTS on esophageal cancer in vitro
and in vivo. CTS inhibits cell proliferation, induces cell
apoptosis and suppresses cell migration in ESCC. These
results suggest that STAT3 signals may be a target and CTS
shows potential in esophageal cancer treatment.

Materials and methods

Reagents

CTS was purchased from Aladdin (Shanghai, People’s
Republic of China). To prepare working solutions, CTS was
dissolved in 100% dimethyl sulfoxide (DMSO) to create a
stock solution (20 mmol/L) and stored at —20°C. CTS was
further diluted in culture media for all in vitro experiments.
MTT was obtained from Sigma (St Louis, MO, USA).
Annexin V—fluorescein isothiocyanate (FITC) and propidium
iodide (PI) were purchased from GenStar (Beijing, People’s
Republic of China). Antibodies to phosphorylated STAT3
(p-STATS3; Tyr705), STAT3, p-JAK2, JAK2, cleaved
caspase3 and KI-67 were purchased from Cell Signaling
Technologies (Shanghai, People’s Republic of China);
[-actin antibody, mouse and rabbit IgG were purchased from
ZSGB-Bio (Beijing, People’s Republic of China).

Cell lines and cell culture
Two human esophageal cancer cell lines, EC109 and
CAES17, were purchased from the Cell Resource Center

at the Institute of Medical Sciences, Peking Union Medical
College. EC109 and CAES17 cells were cultured in RPMI
medium 1640 or DMEM, respectively. HEK-Blue™ IL-6
cells were purchased from InvivoGen (San Diego, CA, USA)
and cultured in DMEM according to the manufacturer’s
instructions. The media for the cell lines were supplemented
with 10% FBS (Gibco, Grand Island, NY, USA), 100 pg/mL
streptomycin and 100 U/mL penicillin (Hyclone, Logan, UT,
USA) and maintained at 37°C in a humidified atmosphere
with 5% CO,.

Cell viability assay

Cell viability was assessed by the MTT assay.'” Cells were
seeded at a density of 2,000 cells per well in a flat-bottomed
96-well plate and cultured overnight. Then, the cells were
treated with CTS at various concentrations (0, 1.25, 5, 10, 20
and 40 umol/L) for 24, 48 and 72 hours. Subsequently, 20 uL.
MTT (5 mg/mL) reagent was added into each well and incu-
bated for another 4 hours until the purple dye was visible. The
culture medium was then replaced with 150 uL. of DMSO,
and the absorbance at 450 and 570 nm was measured by a
Synergy microplate reader (BioTek, Winooski, VT, USA).
Results represent the average of three parallel samples. The
cell viability ratio was calculated by the following formula:
Cell viability (%) = (Average absorbance of treated group/
Average absorbance of control group) x100%.

Western blot assay

EC109 and CAES17 cells were seeded into six-well plates and
treated with CTS (0, 1, 2.5, 5, 10 and 20 pumol/L). Then, the
cells were harvested and lysed in RIPA buffer (50 mM Tris,
pH 7.4, 150 mM NaCl, 1 mM PMSF, 1 mM EDTA, 1% Triton
X-100, 0.1% SDS, 1 mM Na,VO,, 1 mM NaF and protease
inhibitor cocktail; ZSGB-Bio, Beijing, People’s Republic of
China). Protein concentration was determined by the Enhanced
BCA Protein Assay Kit (Beyotime, Beijing, People’s Repub-
lic of China). For Western blot analysis,?® samples were
separated on an 8%—10% SDS-PAGE gel, transferred to a
polyvinylidene fluoride membrane (Immobilon; Millipore,
USA) by semi-wet electrophoresis, then probed with primary
antibodies: p-STAT3 (Tyr705), STAT3, p-JAK2 and JAK?2.
Signals were detected using a Luminescent Image Analyzer
(GE Healthcare, Little Chalfont, UK). The experiments were
independently performed at least twice, each in triplicate.

CTS-induced STAT3 activation assay
HEK-Blue IL-6 cells are specifically designed to monitor the

activation of the JAK—STAT pathway induced by IL-6. HEK-
Blue IL-6 cells were seeded in a flat-bottom 96-well plate
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by a density of 50,000 cells per well and treated with CTS at
serial concentrations (0, 0.1, 0.3, 1, 3, 6 and 9 umol/L), fol-
lowed by the addition of recombinant human IL-6 at 1 ng/mL
in one well. After 16 hours of treatment, the supernatant
(20 uL) was incubated with 180 mL of resuspended
QUANTI-Blue per well for 1 hour, then the secreted embry-
onic alkaline phosphatase (SEAP) levels, reflecting STAT3
signaling activation, were determined using a spectropho-
tometer at 620—655 nm.

Cell apoptosis analysis

Apoptosis was analyzed using the Staralow annexin V-FITC/
PI apoptosis analysis kit (Genstar, Beijing, People’s Republic
of China) according to the manufacturer’s instructions. Cells
were seeded in six-well plates treated without or with CTS
(1, 2.5, 5, 10 and 20 uM) for 24 hours or 48 hours, then
harvested, washed twice in cold PBS and resuspended in
500 pL binding buffer containing 5 uL annexin V-FITC
staining solution. The cells were incubated in the dark for
30 minutes, then 10 puL PI staining solution was added to the
cell suspension. The cells were gently mixed and incubated
for 15 minutes in the dark at room temperature, then stained
cells were immediately analyzed. The number of apoptotic
cells was quantified using a flow cytometer that collected
10,000 events for analysis, and apoptosis was detected using
a BD FACS Calibur flow cytometer (BD Biosciences, San
Jose, CA, USA). All samples were assayed in triplicate.

Cell cycle analysis

Cells treated without or with CTS (5, 10 and 20 uM) for
24 hours, then harvested by trypsinization (without EDTA),
washed twice in PBS and fixed in cold ethanol (70%)
at —20°C overnight. After fixation, the cells were washed
and resuspended in cold PBS, then treated with staining
buffer (PBS containing 1 mg/mL PI and 10 mg/mL RNase
A; Sigma-Aldrich, St. Louis, MO, USA) at 37°C in the
dark for 30 minutes. The cells were then analyzed by a BD
FACS Calibur flow cytometer (BD Biosciences, San Jose,
CA, USA), and the percentages of cells in G1, S and G2/M
phase were calculated. All samples were assayed in triplicate.

Xenografts and animal experiments

Athymic nude mice (BALB/c-nu males, 6—8 weeks old,
18-20 g) were purchased from HFK Bioscience Co.
(Beijing, People’s Republic of China) and housed at a
temperature of 23.1°C with a 12-hour light—dark cycle
with free access to food and water. A human esophageal
cancer EC109 tumor from a donor mouse was cut into small
pieces with surgical scissors and implanted subcutaneously

in the flank of nude mice with a gauge trocar.”! When the
tumor had grown to approximately 100 mm? in volume,
the 18 nude mice were divided into three groups with
almost equal mean tumor volume (six mice per group) and
weighed. Then, mice were treated with intratumoral injec-
tion of vehicle (normal saline) or CTS 25 mg/kg and CTS
50 mg/kg once every 2 days for 3 weeks. Nude mice were
monitored twice a week and tumor volume was estimated
by measuring tumor size and using the following formula:
Tumor volume =0.5XLxW?, where L and W represent the
largest diameter and the smallest diameter, respectively.
After the final treatment, animals were killed, and tumors
were removed for further immunohistochemical and West-
ern blot analysis. All animal experiments were approved
by the Ethics Committee for Animal Experiments of the
Institute of Materia Medica, Chinese Academy of Medical
Sciences & Peking Union Medical College, and conducted
in accordance with the Guidelines for Animal Experiments
of Peking Union Medical College.

Immunohistochemical staining

Tumors were fixed in 4% paraformaldehyde and then pro-
cessed and embedded in paraffin. Dewaxed and hydrated
sections were exposed to 3% H, O, to eliminate endogenous
peroxidase activity. Then, heat-mediated antigen retrieval
was performed using a microwave. After 5% goat serum
blocking, monoclonal anti-KI167 antibody (Cell Signaling
Technology, Danvers, MA, USA) was used at a dilution of
1:400 at 4°C overnight. Detection was performed by standard
avidin—biotin complex methods. Sections for all experimental
conditions were reacted simultaneously to reduce processing
variability. Finally, slides were examined using an upright
microscope (Nikon, Tokyo, Japan).

Results
CTS inhibits STAT3 (Tyr705)

phosphorylation

First, we explored the expression levels of the JAK2/STAT3
signaling pathway in CAES17 and EC109 esophageal cancer
cells. As shown in Figure 1A, compared with pancreatic
cancer cell lines SW1990 and BXPC3, which are reported
as STATS3 signaling overactivated cells,?? esophageal
carcinoma cells exhibited significantly higher levels of
p-STAT3 at Tyr705, especially in EC109 cells. Then, we
treated esophageal carcinoma cells with increasing doses
of CTS for 24 hours. Western blot analysis showed that
CTS significantly reduced p-STAT3 (Tyr705) and p-JAK2
in a dose-dependent manner without affecting total STAT3
and JAK2 expression in both CAES17 and EC109 cells
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Figure | CTS suppresses STAT3 activation.

Notes: (A) Basic expression levels of STAT3 in CAESI7, EC109, SW1990 and BXPC3 cell lines were detected by Western blot. (B, C) JAK2, p-JAK2, STAT3 and p-STAT3
(Tyr705) were detected after treatment with indicated concentrations of CTS for 24 hours or different times in both EC109 and CAES|7 cell lines by Western blotting assay.

Abbreviations: CTS, cryptotanshinone; JAK2, janus kinase-2; p, phosphorylated.

(Figure 1B). Furthermore, after treatment with 5 umol/L of
CTS, the protein levels of p-STAT3 (Tyr705) and p-JAK2
decreased time-dependently in both EC109 and CAES17
cells (Figure 1C).

CTS inhibits IL-6-mediated STAT3

activation

IL-6 is a representative stimulant of STAT3 signaling.
To further investigate the inhibitory molecular mechanism
of CTS on STAT3 activation, we stimulated esophageal
carcinoma cells with IL-6 to detect the effect of CTS on
the STATS3 signaling pathway. We found that administra-
tion of IL-6 (25 ng/mL) for 30 minutes could effectively
increase p-STAT3 expression in EC109 and CAES17 cells
(Figures 2A and S1A). As shown in Figure 2B, CTS signifi-
cantly restrained the IL-6-stimulated expression of p-STAT3
(Tyr705) and p-JAK2 of EC109 cells in a dose-dependent
manner. The same results could be observed in CAES17 cells
(Figure S1B). From all of these results, it seems reasonable
to conclude that the inhibition of STAT3 phosphorylation by

CTS is associated with the IL-6-induced JAK2/STATS3 sig-
naling pathway. We used HEK-Blue IL-6 cells to verify our
conclusion. The SEAP level is taken as an index of STAT3
activation. The SEAP content was significantly increased
by IL-6 (1 ng/mL) stimulation (Figure S1C). As shown
in Figure 2C, CTS significantly reduced SEAP levels in
HEK-Blue IL-6 cells, confirming that CTS inhibited the
IL-6-induced STAT3 activation.

CTS inhibits the proliferation of EC109

and CAESI7 cells

According to the inhibition of the JAK/STAT3 pathway by
CTS, the MTT assay was performed to evaluate the anti-
proliferative effects of CTS in EC109 and CAES17 cells.
As shown in Figure 3, CTS significantly diminishes pro-
liferative activities of both esophageal cancer cell lines
in a time- and dose-dependent manner. The 1C, values
(the concentration of drug inhibiting 50% of the cells)
of EC109 and CAES17 cells at 72 hours were 2.57 and
10.07 umol/L, respectively. These results indicate that
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Figure 2 The JAK2/STAT3 pathway is the key target of CTS.

Notes: (A) EC109 cells were treated with IL-6 (25 ng/mL) for different times and STAT3 phosphorylation was detected by Western blot analysis. (B) EC109 cells were
pretreated with the indicated concentrations of CTS for 24 hours and stimulated with IL-6 for 30 minutes. (C) HEK-Blue IL-6 cells were used to detect the inhibition of CTS.
Abbreviations: CTS, cryptotanshinone; JAK2, janus kinase-2; p, phosphorylated.

CTS not only inhibits cell proliferation but also has a bet-  esophageal cancer cells. These results suggest that induction
ter therapeutic selectivity towards STAT3-overexpressed  of apoptosis is involved in the inhibition of proliferation by
ESCC cells. CTS in esophageal cancer cells.

CTS induces apoptosis in CAES|7 and
ECIQ9 cells

To determine whether the CTS-induced growth inhibition

CTS has no effect on the cell cycle of
CAES|7 and EC109 cells

) ) ) . ) Furthermore, we investigated whether the cell cycle arrest
was associated with apoptosis, flow cytometric analysis was ) : T
was affected by CTS using flow cytometric analysis. Figure 5
shows that the distribution of G0/1, S and G2/M phases did
not change after treatment with CTS in CAES17 and EC109

cells for 24 hours. Taken together, the results suggest that

performed using annexin V/PI dual staining after treatment
with CTS on esophageal cancer cells for 24 and 48 hours. As
described in Figure S2A, CTS dose-dependently increased
the proportion of apoptotic cells, which increased from
14.38% in the untreated group to 54.10% in the treated
group (20 umol/L) in EC109 cells, and from 7.33% to
18.14% in CAES17 cells over 24 hours. After exposure
to CTS for 48 hours, the proportions of apoptotic cells CTS reduces the migration ability of
increased from 18.78% to 76.54% in EC109 cells and from  EC109 cells

8.46% to 37.4% in CAES17 cells (Figure 4A). Asshownin  Next, we investigated the influence of CTS on the migra-
Figures 4B and S2B, CTS significantly promoted apoptosis of  tory capacity of EC109 cells using a scratch wound assay.

CTS-induced growth inhibition is a result of apoptosis rather
than cell cycle arrest.
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Figure 3 CTS effectively inhibits the proliferation of EC109 and CAESI7 cells.

Notes: EC109 and CAES|7 cells were treated with various concentrations of CTS and subjected to the MTT assay. The two cell lines were treated with various concentrations
of CTS (I, 2.5, 5, 10, 20 and 40 pumol/L) for 24, 48 and 72 hours. (A) EC109; (B) CAESI7; (C) cell viability of EC109 and CAES|7 after treatment with CTS for 72 hours.
Abbreviations: CTS, cryptotanshinone; IC,, half-maximal inhibitory concentration.
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Figure 5 CTS had no significant effect on the cell cycle in esophageal cancer cells.

Notes: CAES17 and EC109 cells were treated with CTS (0, 5, 10 and 20 pumol/L) for 24 hours. (A) The cell cycle distribution of the treated cells was evaluated by flow cytometry.
Dip GI represented by first peak shown and Dip G2 represented by second peak shown. (B) The percentage of cells in the GO/G|, S and G2/M phases of the cell cycle are shown.

Abbreviations: CTS, cryptotanshinone; Dip, diploid.

After scrapping by a sterile pipette tip, the EC109 cells were
treated with CTS (0, 2.5 and 10 pumol/L) for 20 hours. Cell
migration into the wound was measured according to the
proportion of distances between the wound edges before
and after CTS treatment. CTS significantly inhibited EC109
cell migration in a dose-dependent manner. As shown in
Figure 6, after treatment of EC109 cells for 10 hours, the
scratch proportion in the treatment groups was smaller than
in the control group. After 20 hours, the wound of the control
had almost healed and the closure rates of CTS-treated cells
were obviously slower. These results suggest that CTS could
suppress the migration of ESCC.

CTS inhibits tumor growth in EC109 cell

xenograft mice

We examined the anti-tumor activity of CTS in a xeno-
graft model of EC109 cells. As shown in Figure 7A and B,
compared to the control group, CTS treatment significantly
decreased the tumor volume and tumor weight. In addition,
there was no significant influence of CTS on the body weight
of the nude mice (Figure 7C).

Immunohistochemical analysis of tumor tissues revealed
that CTS obviously decreased the proportion of KI-
67-positive cells in tumor tissue (Figure 8A—D). In the cell
experiments, we found that CTS promoted the apoptosis of
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EC109

Control 2.5 uM 10 uM

10 h

20 h [

Figure 6 Effects of CTS on cell migration of EC109 cells.

Notes: Migration was evaluated by a scratch wound assay. A scratch was made in the confluent monolayer. Representative images are shown at 0, 10 and 20 hours after
treatment with or without CTS. Scale bar, 200 um.

Abbreviation: CTS, cryptotanshinone.

EC109 cells. Immunohistochemical analysis revealed that Discussion
CTS enhanced the expression of cleaved caspase3 in tumor
tissue (Figure S3). Western blot analysis showed that CTS
treatment could suppress the protein expression of JAK2,

Esophageal cancer is the eighth most common type of
cancer worldwide, affecting more than 450,000 people.***
ESCC is the predominant histological type of esophageal
p-JAK2, STAT3 and p-STAT3 (Tyr705) in tumor tissue  carcinoma worldwide. The incidence of esophageal cancer
(Figure 8E and F). Together, these results suggest that CTS  varies greatly by region. The “Asian belt”, which encom-
showed anti-cancer properties via restriction of the JAK2/  passes Turkey, north-eastern Iran, Kazakhstan and northern
STATS3 signaling pathway in vivo, as well as in cell culture  and central China, has a very high incidence of ESCC,

systems. with more than 100 cases per 100,000 population annually.
Yy p pop y
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Figure 7 CTS suppresses EC109 tumor growth in athymic nude mice.
Notes: (A) Tumor dimensions were periodically measured using calipers over 4 weeks. The tumor growth rate of the CTS treatment groups was significantly lower than
that of the control group. (B) Final tumor weight and a representative tumor from each group at necropsy. The tumor weight of the CTS treatment groups was significantly

lower than that of the control group. (C) Mouse body weight: there was no significant influence of CTS on the body weight of the nude mice. *P<<0.05, **P<<0.01 vs the
control group.

Abbreviation: CTS, cryptotanshinone.
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Notes: (A-D) Immunohistochemical staining of KI-67 in EC109 xenografts. (A) Control group; (B) CTS 25 mg/kg group; (C) CTS 50 mg/kg group; (D) histogram of the
KI-67 proportion. A representative image from each group is shown and the summary data are plotted in the graph. (E) Under the same conditions, homogenized cell lysates
were prepared from control and CTS-treated tumor tissue from three different sets of nude mice and subjected to Western blot assay. (F) The IODs of Western blot results
were then quantified by Image-Pro® Plus software. *P<<0.05, **P<<0.01 vs the control group.

Abbreviations: CTS, cryptotanshinone; JAK2, janus kinase-2; p, phosphorylated; IOD, integrated optical density.

Classic treatments for ESCC include surgical excision and
radiotherapy.” However, owing to invasive growth, incom-
plete surgical resection and loss of sensitivity to radiation
therapy, the 5-year overall survival rate ranges from 30% to
50%, without significant improvement during the past few
years and with more than half of patients relapsing within
2-3 years after surgery.>* The exploration of more effective
therapeutic approaches is therefore necessary for improving
the outcome of ESCC treatment. In our research, CTS inhib-
ited the growth of ESCC in vitro and in vivo, suggesting that
CTS is a potential compound for the treatment of ESCC.
CTS, the major active constituent isolated from the root
of S. miltiorrhiza Bunge, has exhibited significant anti-cancer
activity in multiple cancer cells through different mecha-
nisms, such as inhibiting DNA topoisomerase 2 to suppress
the growth of PC3 cells,? inhibiting mTORC1 signaling in
Rh30 cells?’ and inducing JNK signaling in A549 cells.?
There is growing evidence that CTS inhibits proliferation
and growth via the STAT3 signaling pathway in human
glioma cells,” cholangiocarcinoma cells* and gastric cancer
cells,’ among others. Activated STAT3 has been observed in
malignant cells and is capable of inducing the expression of
a large number of genes involved in tumorigenesis.*? In our

research, STAT3 was significantly activated in esophageal
cancer cells (Figure 1), which is consistent with research
based on clinical samples. This indicates that esophageal
cancer may be sensitive to STAT3 inhibitors. Thus, we sug-
gest that CTS could exhibit anti-tumor effects on esophageal
cancer by regulating STAT3 activation. Phosphorylation of
STATS3 at Tyr705 is a main representative of STAT3 over-
activation. We found that CTS dose- and time-dependently
inhibits p-STAT3 (Tyr705) protein levels in both CAES17
and EC109 esophageal cancer cell lines.

Activation of STAT3 is associated with a variety of
upstream molecules, such as the JAK family of protein
tyrosine kinases,® and various growth factors, such as
EGFRs, HGFRs and VEGFRs.*® IL-6 binds to IL-6Ro and
the co-receptor gp130 to activate JAK and the phosphoryla-
tion of STAT3, which consequently activates inflammatory
cascades and oncogenic pathways.** Our study showed that
CTS not only directly inhibits the p-STAT3 level, but also
inhibits JAK2-mediated STAT3 phosphorylation during
IL-6 stimulation. Regarding the mechanism by which CTS
inhibits STAT3 activity, Ge et al found no relation to the
activation of JAK2* and Lu et al found that CTS can inhibit
IL-6-stimulated STATS3 activation.”” We believe that whether
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the inhibition of CTS is related to the activation of JAK2
depends on the degree of JAK2 activation in different cells,
and further confirmation is needed. CTS has been reported
to possess a great anti-proliferation effect on different cancer
cells by suppressing STAT3 activation.!'333¢ In the present
study, we confirmed that CTS could significantly inhibit the
proliferation of CAES17 and EC109 cells in vitro and was
more sensitive in EC109 cells, meaning that CTS has better
selectivity. The proliferation of cancer cells is related to
apoptosis and cell cycle arrest. In HepG2 cells, CTS inhibits
cell proliferation by inducing G1 cell arrest.>” CTS inhibits
proliferation by inducing apoptosis in renal cell carcinoma. '
Our study suggests that in ESCC, CTS inhibits cell prolif-
eration by inducing apoptosis and shows no effects on the
cell cycle.

Xenotransplantation is an effective model for evaluating
the effect of compounds on tumor formation and growth,
and is widely used in preclinical studies. Tumor size and
tumor weight are the most important data.>® Although the
in vitro anti-tumor effect of CTS has been reported in vari-
ous types of tumor, few papers have reported its anti-tumor
efficacy in vivo.* In particular, its in vivo efficacy on
esophageal cancer has not been reported. Our results showed
that CTS markedly inhibited tumor growth of EC109 cell
xenograft mice without affecting the body weight. KI-67 is
ameaningful marker for proliferation, and CTS significantly
reduced the proportion of KI-67-positive cells in EC109 cell
tumors. The results provide further evidence for the prolifera-
tive inhibition of CTS. The Western blot results show that
CTS could also reduce the phosphorylation levels of JAK2
and STATS3. These results were in accordance with the data
from cultured cells.

In summary, our study showed that CTS is a potent
growth inhibitor of esophageal carcinoma cells in vitro and
in vivo. In future studies, we will select a known STAT3
inhibitor as a comparison to further investigate the inhibi-
tory effect of CTS and structurally similar compounds on the
STATS3 pathway. Taking into account the wide acceptance
and low toxicity of this plant extract, the results of the present
study suggest that it may offer an effective method to treat
esophageal cancer by blocking the JAK2/STATS3 signaling
pathway, demonstrating the possibility of further develop-
ing CTS as an alternative treatment option or an adjuvant
chemotherapeutic agent in esophageal cancer treatment.

Conclusion

Our experiments have demonstrated that CTS can inhibit
ESCC by inhibiting the JAK/STAT3 signaling pathway,
which indicates that CTS can be used as a potential therapeutic

agent for esophageal cancer and provides a possibility to
target the JAK/STAT3 signaling pathway for the treatment
of esophageal cancer.
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Figure S The JAK/STAT3 pathway is the key target of CTS.

Notes: (A, B) CAESI7 cells were pretreated with the indicated concentrations of CTS for 24 hours and stimulated with IL-6 for 30 minutes. (C) The SEAP content was
significantly increased by IL-6 (I ng/mL) stimulation.

Abbreviations: JAK2, janus kinase-2; CTS, cryptotanshinone; p, phosphorylated; SEAP, secreted embryonic alkaline phosphatase.
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Figure S3 Biomarker changes in CTS-treated EC109 xenografts.

Notes: (A-C) Immunohistochemical staining of cleaved caspase3 in EC109 xenografts: (A) control group; (B) CTS 25 mg/kg group; (C) CTS 50 mg/kg group. CTS enhances
the expression of cleaved caspase3 in tumor tissue.

Abbreviation: CTS, cryptotanshinone.
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