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Purpose
Tumor xenograft model is an indispensable animal cancer model. In esophageal squamous
cell carcinoma (ESCC) research, orthotopic tumor xenograft model establishes tumor
xenograft in the animal esophagus, which allows the study of tumorigenesis in its native
microenvironment. 

Materials and Methods
In this study, we described two simple and reproducible methods to develop tumor xenograft
at the cervical or the abdominal esophagus in nude mice by direct injection of ESCC cells in
the esophageal wall. 

Results
In comparing these two methods, the cervical one presented with more clinically relevant
features, i.e., esophageal stricture, body weight loss and poor survival. In addition, the 
derived tumor xenografts accompanied a rapid growth rate and a high tendency to invade
into the surrounding structures. This model was subsequently used to study the anti-tumor
effect of curcumin, which is known for its potential therapeutic effects in various diseases
including cancers, and its analogue SSC-5. SSC-5 was selected among the eight newly syn-
thesized curcumin analogues based on its superior anti-tumor effect demonstrated in an
MTT cell proliferation assay and its effects on apoptosis induction and cell cycle arrest in
cultured ESCC cells. Treatment of orthotopic tumor-bearing mice with SSC-5 resulted in an
inhibition in tumor growth and invasion. 

Conclusion
Taken together, we have established a clinically relevant orthotopic tumor xenograft model
that can serve as a preclinical tool for screening new anti-tumor compounds, e.g., SSC-5, in
ESCC. 
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Introduction

Esophageal cancer is one of the most life-threatening gas-
trointestinal cancers. It is composed of two main histological
types, i.e., esophageal squamous cell carcinoma (ESCC) and
esophageal adenocarcinoma. ESCC is commonly found in
high risk Asian regions. It is originated from epithelial cells
lining along the esophagus, and occurs frequently in the
upper and middle parts of the esophagus. Patients may 
experience difficulty in swallowing and body weight loss
due to the growing tumor that obstructs the esophageal
lumen. The prognosis of patients is poor and approximately
10% of patients can survive for more than 5 years. Patients
are strategically managed with multimodality treatments, 
including surgery, chemotherapy and/or radiotherapy. 
Despite that, there is no significant improvement on patient
outcomes and that ESCC remains an aggressive cancer with
high mortality. To address these clinical limitations, much
efforts have been devoted to research for new treatments, 
especially for some new compounds with anti-tumor effects
in ESCC. 

Cancer research depends on the use of relevant animal
models to provide a vital platform for preclinical studies. The
most commonly used animal model for ESCC is subcuta-
neous tumor xenograft model, for which this model can be
established by transplanting human ESCC cells/xenografts
subcutaneously into immunodeficiency animals. This model
is simple to establish and reproducible. However, it does not
fully mimic the clinical situation as the tumor xenograft does
not grow at the organ of origin, i.e., at the esophagus. Alter-
natively, orthotopic tumor xenograft model can be estab-
lished by developing tumor xenograft at the esophagus, thus
allowing the study of tumor-stromal interaction. As this 
interaction is important for tumorigenesis and responses to
treatments [1-3], this latter model is more superior than the
subcutaneous model when it is used to examine the anti-
tumor effects of new compounds. A number of studies 
reported the successful establishment of ESCC xenograft in
the animal esophagus either at the cervical or at the abdom-
inal part [4-9]. Despite that, no studies have been conducted
so far to compare different features of these two methods.
This study addressed this issue and aimed to identify which
of these two methods could be used to develop tumor
xenograft model that can mimic the clinical ESCC situation
better.   

Curcumin, which is derived from Curcuma longa, has long
been used in traditional medicine [10]. It is traditionally used
to treat various disorders and diseases including cancers [11].
Its use in cancers is based on its anti-tumor effects on growth
and apoptosis [12]. These effects can be mediated by different
mechanisms, including transcription factor inhibition, cal-

cium homeostasis disruption, and epigenetics modulation
[13-15]. Despite these diverse anti-tumor effects, the clinical
use of curcumin remains limited partly due to its poorly
characterized pharmacokinetics profile and low potency [16].
In order to potentiate the clinical use of curcumin, several 
research groups synthesized different curcumin analogues
by molecular structure modifications, e.g., PGV-0/PGV-1
and EF31/UBS109 with respective anti-tumor effects in
breast and pancreatic cancers [16,17]. Despite these promis-
ing results, the study of curcumin in ESCC is limited and no
studies have yet been performed on the use of curcumin ana-
logues. To advance curcumin research in ESCC, this study
employed the use of a clinically relevant animal model to 
examine the anti-tumor effects of a newly synthesized cur-
cumin analogue SSC-5 in ESCC. 

Materials and Methods

1. ESCC cell lines

In-house developed ESCC cell lines SLMT-1, HKESC-1,
and HKESC-2 were used as before [18,19]. ESCC cell lines
KYSE-150, KYSE-180, KYSE-270, KYSE-410, and KYSE-450
purchased from Leibniz Institute DSMZ-German Collection
of Microorganisms and Cell Cultures (Braunschweig, Ger-
many) were cultured accordingly. Cultured cells were main-
tained in a humidified atmosphere at 37°C with 5% CO2.
Culture reagents were obtained from Life Technologies
(Waltham, MA). 

2. Nude mice

Male nude mice obtained from Laboratory Animal Unit in
The University of Hong Kong, Hong Kong were housed in
individually ventilated cages under a 12-hour light/dark
cycle, and fed with sterilized food and water. 

3. Orthotopic tumor xenograft models

Two methods were used to establish tumor xenograft at
the cervical and abdominal part of the esophagus in nude
mice. In the first method to establish tumor xenograft at the
cervical esophagus, a 10-mm incision was first introduced
vertically and through the neck skin of an anesthetized
mouse, which was prepared by intraperitoneal injection of
sodium pentobarbital at 54 mg/kg. Cervical muscles, sali-
vary glands, and collective tissues between the trachea and
the esophagus were carefully separated by fine point forceps,
then the trachea was pulled lightly aside by serrated tip for-
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ceps to expose part of the cervical esophagus for cell injec-
tion. ESCC cells suspension in 20 µL was injected into the
esophageal wall using a 29-gauge BD Ultra-Fine insulin 
syringe (BD Biosciences, San Jose, CA) (Fig. 1A). A small
edema at the cell injection site indicated successful cell injec-
tion. The cell suspension was prepared by mixing 1106

ESCC cells in serum-free medium with an equal volume of
Matrigel (Corning, Tewksbury, MA). After the surgical pro-
cedure, the skin was closed using non-absorbable 5-0 poly-
propylene suture (Ethicon, Somerville, NJ). In the second
method to establish tumor xenograft at the abdominal part
of the esophagus, a horizontal incision of 15 mm was made
through the skin and muscle right below the rib cage of an
anesthetized mouse using dissection scissors. After putting
aside the liver and the stomach with serrated tip forceps, part
of the abdominal esophagus between stomach and dia-
phragm was exposed for cell injection. ESCC cell suspension
prepared above was then injected into the esophageal wall
(Fig. 1B) and the appearance of small edema at the cell injec-
tion site indicated successful cell injection. For both methods,
body weight and survival time of the mice were monitored
after tumor cell injection. At the experimental end-point, the
mice were sacrificed, while the tumor xenografts were dis-
sected for size measurement. Serial cross-sections of the
esophagus prepared from paraffin-embedded samples were

stained with hematoxylin and eosin to detect any tumor 
invasion events into the esophageal lumen. These sections
were also stained with Ki-67 and CD34 following a standard
immunohistochemistry protocol. Histological images were
viewed under a microscope and captured using a DXM1200F
digital camera (Nikon, Tokyo, Japan). 

4. Curcumin analogues synthesis

Curcumin was purchased from Aladdin (Shanghai, China).
Curcumin analogues SSC-3, SSC-5, SSC-6, SSC-8, SSC-9, SSC-
10, SSC-19, and SSC-20 were designed and synthesized based
on the reported methods [20-24], with some modifications.
1-Methylpiperidin-4-one (10.0 mmol) was added to the mix-
ture of 24.0 mmol of the corresponding aldehyde compound
in 40-60 mL of saturated HCl-CH3CO2H in a round bottom
flask, which was then sealed and placed at 5°C-40°C for 
32-72 hours. Ultrasonic oscillation was applied to promote
the dissolution of aldehyde compound when necessary. The
mixture was subsequently poured into 250 mL of ice water
and stirred well before its neutralization with 25% of NaOH-
H2O. Filtration was used to collect the solid product. The
cake was grounded and washed twice with ethanol using 
ultrasonic oscillation. Further filtering and drying was used
to obtain the pure product, which was then analyzed using

Fig. 1.  Surgical procedures to inject esophageal squamous cell carcinoma (ESCC) cells at different anatomical locations in
the mouse esophagus. ESCC cells mixed with Matrigel were injected into the esophageal wall at the cervical esophagus (A)
and at the abdominal esophagus (B).
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the below instruments. WRS-1B digital melting point appa-
ratus (Zhengzhou Nanbei Instrument Equipment, Henan,
China) was used to measure the purity of substances. Varian
Mercury Plus 300 spectrometer (Varian, Palo Alto, CA) (in
DMSO-d6) was used to obtain the NMR spectra. All chemical
shifts () were given in parts per million, while the coupling
constants (J) were given in hertz. Mass spectra were obtained
from ZAB-HS (VG Analytical, London, UK), LCMS-2010A
(Shimadzu, Kyoto, Japan) or LCQ Deca XP (Thermo Finni-
gan, Waltham, MA) mass spectrometers. Elemental analyses
were performed in a vario EL/MICRO cube elemental ana-
lyzer (Elementar Analysensysteme GmbH, Langenselbold,
Germany) and results were generated within ±0.4% of the
theoretical values. Finally, curcumin and its analogues were
dissolved in dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St.
Louis, MO) before use. 

5. MTT cell proliferation assay

MTT cell proliferation assay was performed as described
[18]. ESCC cells (2,000 to 8,000 cells/well) were seeded in a
96-well plate overnight before treatment with curcumin (1.25
to 20 µM) and its analogues (0.625 to 5 µM) for 48 hours. MTT
reagent (Sigma-Aldrich) was added and incubated for an
hour. The reduced MTT was dissolved in sodium dodecyl
sulfate. Colorimetric signal was measured at 570 nm, with
650 nm as a reference wavelength, in a Multiskan FC 
microplate reader (Thermo Fisher Scientific) and analyzed
using Skanlt software ver. 3.1 (Thermo Fisher Scientific). 
Experiments were performed in triplicate wells, and 
repeated for three times. 

6. Cell cycle analysis

Cell cycle was analyzed as before [25]. SLMT-1 and KYSE-
450 cells were treated with curcumin, SSC-5, and SSC-19 at 
2 µM (SLMT-1) or 1 µM (KYSE-450). Treated cells were har-
vested at 16 to 24 hours afterwards and fixed with ethanol.
After washing, the fixed cells were then re-suspended in 
2 µg/mL propidium iodide (Sigma-Aldrich) and 200 µg/mL
RNase (Life Technologies). Cell cycle was analyzed in a BD
FACSCanto II analyzer (BD Biosciences) with the use of
FlowJo software ver. 7.6.1 (FlowJo, Ashland, OR). Experi-
ments were repeated in triplicate. 

7. Western blotting

Protein lysates were prepared from ESCC cells treated
with curcumin, SSC-5, and SSC-19 using RIPA buffer sup-
plemented with complete EDTA-free protease inhibitors
(Roche Applied Science, Mannheim, Germany) and Phos-
STOP-phosphatase inhibitors (Roche Applied Science). West-

ern blotting was conducted as before [18,25] with the use of
the following primary antibodies: mouse anti--actin (1:10,000,
Dako, Santa Clara, CA), rabbit anti-cleaved poly(ADP-ribose)
polymerase (PARP; 1,5000, Abcam, Cambridge, MA), and
rabbit anti-Bcl-2 (1:1,000, Abcam). 

8. In vivo tumor growth assay

Tumor xenograft was developed at the cervical esophagus
in mice using SLMT-1 and KYSE-450 cells as above. One
week after tumor cell injection, mice were randomly divided
into three groups (12 mice per group) and treated with an 
intraperitoneal injection of DMSO (control), 50 mg/kg cur-
cumin and 50 mg/kg SSC-5 three times a week for two
weeks. At the end of the study period, tumor xenografts were
collected for size measurement based on the use of the for-
mula: tumor volume=1/2(lengthwidth2). The presence of
tumor invasion into the esophageal lumen was assessed by
histological examination as above.  

9. Statistical analyses

Statistical analyses were performed using Excel 2007 
(Microsoft, Redmond, WA) and Prism 6 ver. 6.07 (GraphPad
Software, La Jolla, CA). Data in bar charts are presented as
mean±standard deviation/standard error of mean. Student’s
t test was used to calculate the difference between experi-
mental groups. Post-treatment survival was analyzed by 
Kaplan-Meier method and log-rank test. A p-value of below
0.05 was considered statistically significant.

10. Ethical statement

Committee on the Use of Live Animals in Teaching and
Research (CULATR) has approved the use of animals in this
study.

Results

1. Tumor xenograft establishment in mouse esophagus

We successfully established tumor xenograft at the cervical
or the abdominal part of mouse esophagus using SLMT-1
ESCC cells (Fig. 2A). Comparison of the two methods 
revealed shorter operation time for injecting tumor cells at
the cervical esophagus (300±31 seconds) compared to those
performed at the abdominal part (409±48 seconds, p < 0.01).
Despite this difference, the percentage of mice survived after
tumor cell injection was actually quite similar (cervical,
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Fig. 2.  Comparison between orthotopic tumor xenograft models at the cervical and abdominal esophagus. (A) Photos taken
at week 4 (cervical) or week 6 (abdominal) after SLMT-1 esophageal squamous cell carcinoma cell injection into the
esophageal wall show successful establishment of tumor xenografts, marked by asterisk, at the cervical or abdominal esoph-
agus. (B) Mice bearing tumor xenograft at the cervical esophagus experienced a significant body weight reduction in 4 weeks’
time, whereas a gradual increase was noticed in those with tumor xenograft at the abdominal esophagus. Bars indicate
mean±standard deviation (SD). **p < 0.01. (C) When the tumor xenografts were dissected for tumor size measurement every
two weeks, we observed faster growth of tumor xenografts at the cervical esophagus compared to those at the abdominal
esophagus. Error bars indicate SD. *p < 0.05. ns, statistically not significant. (D) Kaplan-Meier survival curve analysis revealed
poorer survival in mice bearing tumor xenograft at the cervical esophagus than those with tumor xenograft at the abdominal
esophagus. p < 0.001. n, animal number. 
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93.06%; abdominal, 92.59%). 
Next, we examined the effects of tumor xenograft growing

at different parts of the esophagus on animal outcomes, i.e.,
body weight and survival. Mice with tumor xenograft at the
cervical esophagus suffered significant body weight loss in
four weeks’ time after tumor cell injection (p=0.009), while
the body weight of those with tumor xenograft at the abdom-
inal part gradually increased up to 6 weeks (Fig. 2B). We first
observed a faster growth rate of tumor xenograft at the cer-
vical esophagus in 4 weeks’ time compared to those at the
abdominal part (57.89±17.64 mm3 vs. 20.43±7.71 mm3,

p < 0.050) (Fig. 2C). These effects observed in mice with
tumor xenograft at the cervical esophagus could account for
their shorter survival time after tumor cell injection (median,
40 days) compared to those with tumor xenograft at the 
abdominal part. In this latter animal group, as much as more
than 50% of mice survived at the end of the study period on
day 60 (p < 0.005) (Fig. 2D).         

Tumor invasion into different layers of the esophageal wall
is a hallmark feature of ESCC, for which this event can be
readily visualized in our developed orthotopic tumor xeno-
graft models. At different time points after injection of SLMT-

Fig. 3.  Histological images of SLMT-1-derived tumor xenografts at the cervical and abdominal esophagus. (A) Mouse esoph-
agus with tumor xenograft was dissected to prepare serial sections from proximal location S1 to distal location S4, as indicated
by dotted lines. (B) Hematoxylin and eosin staining was used to reveal the histology of the representative sections at location
S1, S2, S3, and S4. S1, no observable tumor; S2, tumor centered in the muscularis propria and submucosa of the esophageal
wall; S3 and S4, tumor invasion into the esophageal lumen and at the same time causing luminal stricture (40). (C) The
tumor invasive front can be clearly seen in a high magnification image of squared area in S3 section (200). E, epithelium of
esophagus; L, esophageal lumen; M, muscular layer of esophagus; T, tumor. 
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1 cells to form orthotopic tumor xenograft (cervical, week 4;
abdominal, week 6) (Fig. 3A), we examined the serial cross
sections of the esophagus and found that tumor xenograft
centered in the muscularis propria and submucosa, and 
invaded into the lumen with ulceration of the squamous 
epithelium (Fig. 3B). In addition to lumen stricture (Fig. 3B),
we also observed that the tumor invasive front broke
through the squamous epithelium of the esophagus in a high

magnification image (Fig. 3C). The growth of these tumor
xenografts was supported by rapid cell proliferation and new
blood vessel formation, as shown by the intense staining of
two molecular markers at the tumor periphery, i.e., Ki-67 for
proliferating cells (Fig. 4A) and CD34 for blood vessels (Fig. 4B).
Collectively, these observations have clearly revealed the
presence of tumor invasion in our models.   

Fig. 4.  Immunohistochemical staining of Ki-67 and CD34 in orthotopic tumor xenografts. Tumor xenografts formed at the
cervical and abdominal esophagus using SLMT-1 esophageal squamous cell carcinoma cells were subjected to immunohis-
tochemistry by staining with two different molecular markers, i.e., Ki-67 for proliferating cells (A) and CD34 for tumor
vessels (B). Most of the positively stained cells (arrows) were concentrated at the tumor periphery (area F) rather than the
tumor center (area C). 
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2. In vitro anti-tumor effects of curcumin analogues in
ESCC

To examine whether structural modifications of curcumin
could enhance its anti-tumor effects in ESCC, we synthesized
eight curcumin analogues (SSC-3, SSC-5, SSC-6, SSC-8, SSC-
9, SSC-10, SSC-19, and SSC-20) (Fig. 5) and compared their
anti-tumor effects with parental compound on SLMT-1,
HKESC-2, and KYSE-270 ESCC cells in vitro. All examined
curcumin analogues showed a better anti-tumor effect than
the parental compound in an MTT cell proliferation assay,
while curcumin exhibited a similar effect on all studied cell
lines (IC50 from 13.15±0.49 to 14.43±0.11 µM) (Table 1, Fig. 6).
Among the eight analogues, SSC-5 elicited the best anti-
tumor effect, such that more than 10-fold reduction in the
IC50 was detected compared to curcumin (SLMT-1, 11.68-
fold; HKESC-2, 27.98-fold; KYSE-270, 11.93-fold) (Table 1).
Second to SSC-5, SSC-19 also showed a strong anti-tumor 
effect, which resulted in a reduction of the IC50 by 9.31-fold
in SLMT-1, 11.14-fold in HKESC-2, and 11.64-fold in KYSE-
270 compared to curcumin (Table 1). To consolidate the

above finding, SSC-5 and SSC-19 were subjected to a second
round of MTT cell proliferation assay in an additional panel
of ESCC cell lines (HKESC-1, KYSE-150, KYSE-180, KYSE-
410, and KYSE-450). Similar to the above result, a strong anti-
tumor effect of these two analogues was largely maintained
in this additional experiment (Table 2). 

Next, we looked into two known tumor-related mecha-
nisms, i.e., apoptosis and cell cycle arrest, and examined
whether they could be affected in ESCC under the treatment
of SSC-5 and SSC-19. In SLMT-1 and KYSE-450 cells treated
with SSC-5 and SSC-19, an induction of apoptosis as indi-
cated by an increase in the percentage of cells in the sub-G1
phase, as well as a cell cycle arrest at the G2/M phase were
demonstrated using flow cytometry (Fig. 7A). This effect on
apoptosis was further confirmed using Western blotting 
experiment on apoptosis-related molecules, which showed
an increase of cleaved PARP and Bcl-2 de-phosphorylation
in cells treated with these two curcumin analogues (Fig. 7B).
On the contrary, no similar effects were observed in parallel
experiments when cells were treated with the same amount
of curcumin (Fig. 7). 

IC50 (µM)
SLMT-1 HKESC-2 KYSE-270

Curcumin 14.25±0.36 13.15±0.49 14.43±0.11
SSC-3 2.75±0.44 1.75±0.05 0.96±0.04
SSC-5 1.22±0.41 0.47±0.06 1.21±0.18
SSC-6 > 5 2.57±1.07 4.52±0.91
SSC-8 2.98±1.18 2.33±1.04 2.98±0.81
SSC-9 3.13±0.59 1.82±0.16 1.86±0.29
SSC-10 2.39±1.13 1.82±0.16 1.61±0.18
SSC-19 1.53±0.43 1.18±0.55 1.24±0.12
SSC-20 3.16±0.63 1.67±0.42 3.56±0.10

Table 1. In vitro anti-tumor effect of curcumin and its analogues against SLMT-1, HKESC-2, and KYSE-270 ESCC cell lines

ESCC, esophageal squamous cell carcinoma.

IC50 (µM)
HKESC-1 KYSE-150 KYSE-180 KYSE-410 KYSE-450

Curcumin 13.47±1.45 15.83±3.62 > 20 17.67±1.89 17.37±1.60
SSC-5 1.29±0.52 0.59±0.16 0.62±0.16 0.38±0.08 0.69±0.09
SSC-19 1.08±0.07 0.43±0.11 0.89±0.06 1.40±0.66 0.55±0.11

Table 2. In vitro anti-tumor effect of curcumin, SSC-5 and SSC-19 against HKESC-1, KYSE-150, KYSE-180, KYSE-410, and
KYSE-450 ESCC cell lines

ESCC, esophageal squamous cell carcinoma.
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Fig. 7.  SSC-5 and SSC-19 induce cell cycle arrest and apoptosis in cultured esophageal squamous cell carcinoma (ESCC)
cells. (A) Flow cytometry analysis revealed the DNA content of SLMT-1 and KYSE-450 ESCC cells after treatment with dis-
solved in dimethyl sulfoxide (control), curcumin, SSC-5, and SSC-19. Representative flow cytometric profiles are shown.
Treatment with SSC-5 and SSC-19 resulted in a significant induction of cells in the sub-G1 and G2/M phase of the cell cycle.
Bars indicate mean±standard deviation. *p < 0.05, **p < 0.01. (Continued to the next page)
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3. Tumor growth and invasion inhibition capacity of SSC-
5 in ESCC in vivo

To consolidate the above in vitro findings, we further 
examined the anti-tumor effect of SSC-5, which elicited the
best anti-tumor effect among the eight curcumin analogues
examined, in vivo. We observed a mild tumor size reduction
in mice bearing tumor xenograft at the cervical esophagus
after treatment with curcumin, which inhibited tumor
growth by 57.8% in SLMT-1 (from 47.90±17.28 to 20.21±7.57
mm3, p=0.073) and 47.6% in KYSE-450 (from 50.44±13.90 to
26.45±15.94 mm3, p=0.154). Treatment with SSC-5 associated
with a more significant tumor growth inhibition compared
to curcumin, and further decreased the tumor size by as
much as 76.5% in SLMT-1 (from 47.90±17.28 to 11.26±5.34
mm3, p=0.030) and 75.6% in KYSE-450 (from 50.44±13.90 to
12.30±8.67 mm3, p=0.022) (Fig. 8A).

Apart from tumor size reduction, SSC-5 treatment also
lowered the risk of tumor invasion into the esophageal
lumen in mice bearing tumor xenograft at the cervical esoph-
agus. This event can be detected by examining the serial
cross sections of the mouse esophagus under a microscope
(Fig. 8B). In our current models on two ESCC cell lines, we
found that 71.43% (SLMT-1) and 41.67% (KYSE-450) of mice
presented with tumor invasion into the esophageal lumen.
In SLMT-1 model, we found that SSC-5 treatment reduced
the percentage of mice with tumor invasion into the eso-
phageal lumen (from 71.43% to 28.57%), while curcumin
treatment only led to a mild reduction (from 71.43% to
60.00%). In KYSE-450 model, however, we observed a similar

reduction in both treatments with SSC-5 and curcumin. Sim-
ilar to the in vitro finding, SSC-5 treatment also led to an 
increase of cleaved PARP in tumor xenografts when com-
pared to curcumin and control experiment group (Fig. 9).
Taken together, our data have supported the potential use of
SSC-5 as a new anti-tumor compound in ESCC.    

Discussion

Tumor xenograft models are commonly used in cancer 
research. Among different types, subcutaneous tumor xeno-
graft model that establishes subcutaneous tumors in immun-
odeficient animals is widely used in cancer research for
decades. Although the use of this model associates with sev-
eral technical advantages, it has a limited use to study tumor-
stromal interaction. In view of this limitation, orthotopic
tumor xenograft model that establishes tumor xenograft at
the organ of origin in immunodeficient animals has been 
developed. Over the past years, this latter model provides a
clinically relevant research platform for the study of various
cancers, including esophageal, colon, and kidney [1,4,5,26,27].
Tumor microenvironment is an important factor determining
treatment sensitivity, as reflected in a colon cancer study that
showed differences on chemotherapeutic drug sensitivity 
between subcutaneous tumor xenograft and orthotopic
tumor xenograft derived from the use of the same cell line
[1,28]. In addition to treatment responses mechanisms, 

Fig. 7. (Continued from the previous page) (B) Western blotting experiment showed an obvious induction of cleaved poly(ADP-
ribose) polymerase (PARP) and a de-phosphorylation of Bcl-2 in ESCC cells after treatment with SSC-5 and SSC-19. -Actin
was used as a loading control. 

Contro
l

Curcumin 

SSC-5
SSC-19

SLMT-1

KYSE-450

B

Cleaved PARP, 25 kDa

β-Actin, 45 kDa 

Cleaved PARP, 25 kDa

β-Actin, 45 kDa 

Contro
l

Curcumin 

SSC-5
SSC-19

SLMT-1

KYSE-450

p-Bcl-2, 28 kDa
Bcl-2, 26 kDa

β-Actin, 45 kDa 

p-Bcl-2, 28 kDa
Bcl-2, 26 kDa

β-Actin, 45 kDa 

VOLUME 50 NUMBER 4 OCTOBER 2018  1373

Lai Nar Tung, ESCC Animal Model for Curcumin Study



Fig. 8.  SSC-5 inhibits growth and invasion abilities of orthotopic tumor xenografts. Tumor xenografts were established at
the cervical esophagus in nude mice using SLMT-1 and KYSE-450 esophageal squamous cell carcinoma (ESCC) cells. Tumor-
bearing mice were randomly divided into three groups for a 2-week treatment with dissolved in dimethyl sulfoxide (control),
curcumin and SSC-5. (A) Treatment with SSC-5 resulted in a significant tumor size reduction (left panel) and a drop in the
percentage of mice with tumor invasion into the esophageal lumen (middle panel). Right panel shows the representative
photographs from each experimental group. Data are presented in mean±standard error of mean. ns, statistically not signif-
icant. *p < 0.05. (B) Representative histological images show tumor invasion into the esophageal lumen in control group,
while the occurrence of such event was reduced under the treatment with curcumin or SSC-5 (40). E, epithelium of esoph-
agus; L, esophageal lumen; M, muscular layer of esophagus; T, tumor.
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orthotopic tumor xenograft model can also allow the study
of tumor invasion in the respective tumor microenvironment
[1,29,30]. In this study, we have provided evidences support-
ing the use of our developed models for preclinical ESCC 
research.      

Different research groups have developed their own
method to form tumor xenograft at different parts of the
esophagus, i.e., at the cervical esophagus [4,5] or at the 
abdominal part [6-9]. Although both methods have been
widely used, the method on cervical esophagus seems to be
more clinically relevant since most ESCC originates at this
site in the patients. In this study, the mice bearing tumor
xenograft at this site present similar clinical features as in the
patients, such as body weight loss and poor survival that
could be possibly explained due to the reduced food intake
or suffocation resulting from the pressures developed from
the growing tumor on the esophagus and trachea. Based on
these findings, we have chosen this method for further use
in this study. Our method differs from two other similar
methods in terms of cost, tumor location, and consistency in
the tumor implantation site. The method by Hori et al. [4] 
involves the use of nude rats, which is more costly than the
use of nude mice as in our study. Besides, their study per-
forms tumor implantation procedure by suturing onto the
esophageal wall, at which this location does not represent
the tumor location in the clinical situation, while our study
injects tumor cells directly into the esophageal wall. In 
another study, the method adopted by Ohara et al. [5] might
show certain level of inconsistency in the tumor implantation
site as the cells are injected through the mouse esophagus,
while our method is more precise in this aspects by perform-
ing small animal surgery. Another distinct feature of our
model is the use of Matrigel to prepare tumor cell suspension
for injection into the esophageal wall. Our Matrigel-based
method limits the initial tumor spread at the injection site,
facilitating the formation of a solid tumor. Indeed, Matrigel

has been widely used in other studies that develop tumor
xenografts at the esophagus or at other body sites, e.g., pan-
creas [6,30,31].       

Curcumin has long been used to prevent and treat malig-
nant diseases. Its anti-tumor effects are mediated by different
molecules and pathways, such as calcium homeostasis dis-
ruption [14], nuclear factor B signaling inhibition [13], and
DNA methylation modulation [15]. However, its clinical 
application is hindered by its limited potency [16]. In ESCC,
a preclinical study has revealed a mild effect of curcumin on
tumor growth inhibition [32], which is similar to the current
study. Despite the limited anti-tumor effects, curcumin 
indeed provides a flexible backbone for analogues synthesis,
for which some of them are proven to have promising
growth inhibiting effects on cancer cells [23,24,33,34]. Based
on these earlier studies, we have designed and synthesized
a series of curcumin analogues and to examine their anti-
tumor effects in ESCC. Among the studied analogues, SSC-
5 demonstrates strongest anti-tumor effects in cultured ESCC
cells through its influences on apoptosis and cell cycle. Based
on chemical structure analysis, the potent effects of SSC-5
could be partly due to its structural similarity with some
known compounds with proven anti-tumor activity, e.g., 3,5-
bis-(3,4,5-trimethoxybenzylidene) tetrahydropyran-4-one;
3,5-bis-(3,4,5-trimethoxybenzylidene) tetrahydrothiopyran-
4-one; and 1-methyl-3,5-bis-(3,4,5-trimethoxybenzylidene)
piperi-din-4-one [12,22]. Second to SSC-5, SSC-19 also
demonstrates strong anti-tumor effects in ESCC cells. How-
ever, addition of hydroxyl on 2-position of phenyl ring on
SSC-19 as in SSC-20 reduces the anti-tumor activity, which
clearly suggests the harmful effect of this modification. In 
addition to the in vitro study, we have provided further evi-
dences in an in vivo setting by showing the effect of SSC-5 on
tumor invasion inhibition by stimulating apoptosis. As
tumor invasion is an important process leading to tumor
metastasis in advanced disease condition, the ability of SSC-

Fig. 9.  SSC-5 treatment induces expression level of cleaved poly(ADP-ribose) polymerase (PARP) in orthotopic tumor
xenografts. KYSE-450 esophageal squamous cell carcinoma cells were used to establish tumor xenografts at the cervical
esophagus in nude mice. Treatment of these mice with SSC-5 induced the expression level of cleaved PARP in tumor
xenografts, while a lower level was detected in tumor xenografts from curcumin treatment and control group.  

Control Curcumin SSC-5
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5 on tumor invasion inhibition envisions its potential thera-
peutic use in ESCC.   
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