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Intratumorally CpG immunotherapy with carbon nanotubes
inhibits local tumor growth and liver metastasis by
suppressing the epithelial-mesenchymal transition of colon

cancer cells

Hongyong Jin? Sujie Gao®, Defeng Song?, Yiting Liu® and Xuebo Chen®

Colon cancer liver metastasis accounts for the major

cause of death of colon cancer patients. Previous study
reported a carbon nanotubes (CNT)-conjugated CpG
complex (CNT-CpG), which displayed a significant
antitumor effect in gliomas. However, whether CNT-CpG
could limit colon tumor growth and suppress the colon
cancer liver metastasis has not been evaluated. In this
study, we report CNT enhances CpG uptake in mouse colon
cancer cells. Results demonstrated only CpG with CNT
conjugation showed significant activation of NF-kB signal.
Moreover, intratumorally delivery of CNT-CpG successfully
suppressed local xenograft tumor growth and liver
metastasis. CNT-CpG treatments cured 75% of mice and
inhibited local tumor growth, significantly prolonged survival
outcomes and limited liver metastatic tumor nodules from
colon cancer cells. Using human colon cancer cell line,
HCT116, we observed significantly inhibitory effects of CNT-
CpG on cell growth, invasion and migration. Importantly,
CNT-CpG treatment blocked the epithelial to mesenchymal
transition (EMT). We compared the mRNA levels of EMT
markers of colon cancer cells without or with CNT-CpG
treatment from in-vitro and in-vivo models. Consistent
results demonstrated expression of epithelial marker,

Introduction

Colon cancer is one of the most diagnosed and prev-
alent malignancies affecting both men and women
worldwide [1]. Despite improvements in chemo- and
radio-therapies and advances in surgical strategies,
about one-third of colon cancer patients will develop
metastatic disease and the prognosis for patients with
metastatic disease is <13% [2,3]. Among the multiple
organs where colon cancer cells migrate, liver metas-
tasis accounts for the major cause of mortality of colon
cancer patients because it is not suitable for surgery
[3,4]. Thus, further investigation of critical molecular
mechanisms is urgently needed to develop effective
therapies that will improve the management of colon
cancers with liver metastasis.
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E-cadherin was upregulated by CNT-CpG. In contrast, three
mesenchymal markers, snail, fibronectin and vimentin were
significantly suppressed by CNT-CpG treatment compared
with control or free CpG. In summary, our data suggest
CNT-CpG is an effective therapeutic approach against local
colon tumor and their liver metastasis. This study presents
the CNT-CpG complex as a promising therapeutic target for
developing novel therapies against both local colon tumors
and liver metastatic tumors. Anti-Cancer Drugs 32: 278-285
Copyright © 2020 The Author(s). Published by Wolters
Kluwer Health, Inc..
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Malignant colorectal cancers have developed pathways
to evade multiple immunosuppressive agents in immu-
notherapy [5,6]. Previous preclinical studies revealed the
synthetic oligodeoxynucleotides containing unmethyl-
ated cytosine and guanine dinucleotides (CpG-ODN), a
toll-like receptor 9 (TLLRY) ligand have potent immuno-
therapeutic effects to enhance the anticancer activity of
a variety of chemotherapies [7]. Clinically injections of
high doses of CpG could trigger tumor suppression and
induces long-term immunity against colon cancers [8].
However, studies showed an overdosage of the inflamma-
tory response, intolerable toxicity and recurrence of tum-
ors in patients hindered this approach [8-10]. To overcome
this disadvantage, carbon nanotubes (CN'Ts)-conjugated
CpG agent has been reported as an effective CpG carrier
in gliomas [11]. CNTs are one kind of molecular-scale
tubes of graphite carbon, which have unique mechani-
cal properties that can be applied for specific drug deliv-
ery [11]. In addition, recent studies have demonstrated
that soluble functionalized CN'Ts are nontoxic and most

DOI: 10.1097/CAD.0000000000001000

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


mailto:chenxb@jlu.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

of the CN'Ts will be metabolized and eliminated within
24h of intravenous [12]. They showed that CN'T-=CpG
can be taken up by gliomas both 7 vitro and in vive and
successfully triggered immune response and suppressed
glioma tumor progressions [12]. However, the potentially
anticumor effects of CN'T-CpG in colorectal cancer have
not been investigated.

Epithelial-mesenchymal transition (EM'T) is the major
cellular event carried out during both tumorigenesis and
metastasis [13]. EMT is feathered by losing cell junc-
tions, epithelial characteristics and cell polarity progress
contributing to tumor metastasis and invasiveness [13,14].
Moreover, cancer cells that have undergone EM'T are
more malignant, displaying increased cancer feathers
[14]. Studies revealed EM'T programs are linked to the
immune response of cancer cells: EM'T could stimulate
the production of proinflammatory factors; on the other
way, local inflammation potentially induces EMT pro-
gresses in tumors [15]. Despite multiple studies pertaining
to the effects of CNT-CpG in cancer immunotherapy, no
substantial evidence has been established for the CN'T=
CpG-mediated tumor inflammation and EMT pathway.

Here, we used mouse colon cancer cells to establish
a colon cancer xenograft and liver metastasis model.
The in-vitro and in-vivo CpG uptake was enhanced by
CNT-CpG. We examined the survival and liver meta-
static tumor from mice with CN'T-=CpG immunotherapy.
Interestingly, we found the EMT of colon cancer cells
was effectively blocked by CNT-CpG. Our findings
revealed that CpG therapy with a CN'T" delivery system
could potentially be a promising therapeutic approach for
colon tumors with liver metastasis.

Materials and methods

Cell lines and reagents

Human colon cancer cell line HC'T'116 and mouse colon
cancer cell line CT26 were purchased from American
"Type Culture Collection and were cultured in RPMI11640
(Thermo Fisher Scientific, Inc., Carlsbad, California, USA)
supplemented with 10% heat-inactivated endotoxin-free
fetal bovine serum (FBS) (Thermo Fisher Scientific, Inc.),
100 units/mL  penicillin and 100pg/mL  streptomycin
(Thermo Fisher Scientific, Inc.) at 37°C in a humidified
atmosphere with 5% COZ. Transforming growth factors
(TGF)-1 and 4’,6-diamidino-2-phenylindole (DAPI)
were purchased from Sigma-Aldrich (Shanghai, China)
and diluted in dimethyl sulfoxide (DMSO). Thiolated
CpG (5-TGACTGTAACGTTCGAGATGA-3") was con-
structed as described by previous reports [16]. The CN'IT=
CpG construction and functionalization were performed
according to previous reports [16]. The rabbit monoclo-
nal antibody against SMADZ2/3 was purchased from Cell
Signaling Technology (Danvers, Massachusetts, USA).

Measurement of cell growth
Cell growth curves were measured by 3-(4,5-dimeth-
ylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (M'T'T)
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assay. Cells (5x 103 cells/well) were seeded into 96-well
plates at 80% confluence. Cells were aspirated and
washed with phosphate buffered saline (PBS), followed
by adding M'T'T" [3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide] solution at 37°C for 2 h. Samples
in each well were incubated with 0.1 mLL. DMSO for 4 h at
37°C to solubilize the blue crystals. The optical density
of formazan concentrations was determined at 570 nm by
a Biotek Synergy H1 plate reader. Experiments were per-
formed in triplicate and repeated three times.

Scratch assay

Scratch assay was performed according to the previous
description [17]. Briefly, cells were seeded into six-well
plates at 2x 106 cells/well for overnight at 37°C to allow-
ing cells to adhere completely. Then, a straight line was
scratched using a P200 pipette tip. Plates were washed
with PBS and replaced with a serum-free medium over-
night. Cells were fixed with methional and the cell migra-
tion was observed under a microscope and pictures were
taken. The distances between one side of the scratch and
the other were labeled.

Transwell invasion assay

"Transwell assay was performed according to the previous
description using a modified chamber (BD Falcon, San
Jose, California, USA) [18]. Briefly, 7 x 104 cells were sus-
pended and seeded onto the upper chambers. A medium
containing 10% FBS was added to the lower chambers.
After incubation for 24h at 37°C in a humidified atmos-
phere with 5% CO , cells were fixed with methional and
stained with 1% crystal violet. The upper surfaces of
the filters were wiped off with cotton swabs to remove
nonmigrated cells. The migrated cells on the lower sur-
face of the chambers were counted under a microscope.
The experiments were performed in triplicate wells and
repeated three times

CpG uptake assay

The in-vitro CpG uptake was detected by the methods
as previously described [12]. CT26 cells were treated
with Cy5.5-labeled CpG or CNT-CpG for 24h. Cells
were then fixed by 4% phosphate buffered saline/tween
(PFA). The uptake of CpG was measured by detecting
the immunofluorescence signals of Cy5.5-positive cells
per field.

Immunofluorescent staining

To detect the expression and translocation of SMAD2/3,
HCT116 cells which were prepared in cover glass were
fixed for 10min by 4% PFA. The cell membrane was
permeabilized with 0.5% Triton X-100 for 10 min. After
washing with 0.1% Tween20 in PBS [phosphate buffered
saline (PBST)], cells were incubated with blocking buffer
(5% bovine serum albumin, and 0.1% 'Iriton-X 100 in
PBS) for 1h at room temperature. The primary antibodies
against SMADZ2/3 (1:200 dilution, Cell Signaling, Danvers,
Massachusetts, USA), were incubated with fixed cellsat4°C
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overnight with gentle agitation. After washing completely
with PBST; Alexa 594 conjugated goat antirabbit (1:5000
dilution, Life Technologies, Carlsbad, California) antibod-
ies were added into a blocking buffer for 1h at room tem-
perature in a dark chamber. Cell nuclei were stained with
DAPI (Vector Laboratories, Inc.; Burlingame, California,
USA) for Zmin at room temperature. Fluorescence images
were taken by the Carl Zeiss Confocal Imaging System
(LSM 780; Carl Zeiss, Jena, Germany).

In-vitro NF-kB assay

The detection of NF-kB activity was performed accord-
ing to previous reports [12]. Briefly, RAW MP cells (RAW-
Blue) were stably transfected with a reporter construct
which was under the control of a promoter inducible
by NF-kB. Upon free CpG or CN'T-CpG stimulation,
RAW-Blue cells will induce the activation of NF-kB, the
activity of which will be subsequently detected by the
reporter signaling. Experiments were performed in trip-
licate and repeated three times. Results were normalized
by cell number of each well.

RNA isolation and quantitative real-time PCR

Total RNA was isolated by 'Trizol (Thermo Fisher
Scientific, Inc.) method according to the manufacturer’s
instruction. Concentrations of RNA samples were assessed
using the NanoDrop spectrophotometer (Thermo Fisher
Scientific, Inc.) followed by double DNase treatment
and purification using the Qiagen RNeasy Clean-up pro-
tocol. cDNA was synthesized by the FastQuant ¢cDNA
First-Strand Synthesis kit (Tiangen Biotech, Co., Ltd.,
Beijing, China). Real-time PCR was performed using the
FastStart Universal SYBR Green Master Mix (Thermo
Fisher Scientific, Inc.) according to the manufacturer’s
instructions. The reaction cycling conditions were per-
formed as follows: 1 cycle at 95°C for 15min, then 40
cycles at 95°C for 10s and at 60°C for 60s. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used as an
internal control. Primers for quantitative real-time PCR
(qRT-PCR) in this study were: E-cadherin, forward:
5-GTCACTGACACCAACGATAATCCT-3" and reverse:
5 TTTCAGTGTGGTGATTACGACGTTA-3; Snalil,
forward:5-ACCACTATGCCGCGCTCTT-3"andreverse:
5-GGTCGTAGGGCTGCTGGAA-3"; fibronectin, for-
ward:  5-CCCACCGTCTCAACATGCTTAG-3" and
reverse:  5-CTCGGCTTCCTCCATAACAAGTAC-3
vimentin,forward:5’-TCTACGAGGAGGAGATGCGG-3’
and reverse: 5-GGTCAAGACGTGCCAGAGAC-3;
GAPDH, forward: 5~ ACCACAGTCCATGCCATCAC-3’
and reverse: 5~ TCCACCCTGTTGCTGTA-3". The rela-
tive expressions of EMT marker mRNAs were calculated
using the 27 method. All reactions were performed in
duplicate and repeated three times.

Immunohistochemistry

The staining of E-cadherin and vimentin proteins from
mice tumors were performed according to previous
reports [18].

Western blot

Cells were collected and lysates were added 4°C radio-
immunoprecipitation assay lysis buffer (Thermo Fisher
Scientific, Inc.) including 1X protease inhibitor cocktail
(Thermo Fisher Scientific, Inc.). After 15min incuba-
tion on ice, total proteins were extracted by centrifuging
at 10000g for 15min at 4°C. Protein concentration was
quantified using a bicinchoninic acid assay kit (Thermo
Scientific, Waltham, Massachusetts, USA) according to
the manufacturer’s instructions. Forty microgram sam-
ples were separated onto 10 or 12% SDS-PAGE gel
and electro-transferred onto nitrocellulose membranes
(Biorad, Shanghai, China). Membranes were blocked by
5% non-fat milk in tris buffered saline/tween (TBST) for
30min at room temperature, followed by incubation of
primary antibodies at 1:1000 at 4°C for overnight. After
complete washing by T'BST, membranes were incubated
with secondary antibody for 1h at room temperature.
Protein bands were specifically detected by Enhanced
Chemiluminescent horseradish peroxidase Substrate
solution and the Image Quant LAS 4000 Imaging System
(Millipore, Shanghai, China). GAPDH was a loading con-
trol. Experiments were repeated three times.

In-vivo tumor xenograft and liver metastasis analysis
Totally 38-week-old C57BL/6 mice were used in this
study. Mice were kept on a regular 12/12h light-dark
cycle cages with access to food and water. Experimental
mice were injected subcutaneously with CT26 mouse
colon cancer cells (1 x 107) to establish xenograft models.
Tumor progress was monitored every 3 days until tumors
reached a size of greater than 100 mm?®. Mice from each
xenograft group were then randomly divided into three
groups (10 mice per group) and treated as follows: PBS
control; free CpG alone (40 mg/kg intraperitoneal, two
times per week) or CN'T-CpG (500 mg/kg, intraperito-
neal, two times per week). Mice mortality was moni-
tored daily. The sizes of the tumors were measured every
3days. After 80days the mice were euthanized, and the
xenograft tumor tissues were dissected and immediately
frozen in liquid nitrogen and stored at —-80°C for down-
stream analysis. For the liver metastasis analysis, the mice
were sacrificed, and the livers were resected. The nodule
number of each liver was counted as previous reports
[19]. Experiment protocols were reviewed and approved
by an institutional review committee from Institutional
Animal Care and Use Committee of the China-Japan
Union Hospital of Jilin University Experiments were car-
ried out in accordance with the European Communities
Council Directive of 24 November 1986 (86/609/EEC).

Statistical analysis

Statistical analysis was performed using GraphPad Prism
6.0 (GraphPad Software, La Jolla, California, USA).
Experiments were repeated three times. Data were pre-
sented as mean+SEM. Results compared between two
groups were analyzed by paired Student #-tests. Multiple
group comparisons were analyzed by one-way analysis
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of variance. A P value <0.05 was considered statistically
significant.

Results

Carbon nanotubes enhance CpG uptake in vitro

To assess whether the CN'Ts-conjugated CpG was more
effective than free CpG on colon cancer cells progresses,
we firstly examined the CN'T-CpG activity using an
in-vitro NF-kB assay prior to animal studies. RAW-Blue
cells were incubated with control, soluble CpG alone,
CNT plus CpG or CNT conjugated CpG (CN'T-CpG).
The NF-xB activity was measured by an alkaline phos-
phatase activity assay. Results demonstrated only CpG
with CN'T' conjugation showed significant activation of
NF-kB signal (Fig. 1a). In this study, we picked CN'I-
CpG preparations that the NF-kB activity was increased
more than two-fold over an equivalent dose of free CpG
for downstream in-vivo experiments. We next evaluated
in-vitro loading capacity of CN'I-=CpG in mouse colon
cancer cell line, C'T'26 which were incubated with CN'T’
bound to Cy5.5-labeled CpG (CNT-CpG5.5) or free
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CNTs enhance CpG uptake in vitro. (a) In-vitro CNT-CpG activity was
measured by an in-vitro NF-kB assay. RAW-Blue cells were incubated
with CNT at 25 pg/mL, free CpG at 1 mM, or CNT-CpG (25 pug/mL
CNT conjugated with 1 mM CpG) for 24 h. The NF-kB activity was
examined by measuring alkaline phosphatase activity. (b) CT26 cells
were incubated with CpG5.5 or CNT-CpGb5.5 at 0, 12, 24, 36 or 48h.
Percentages of the Cy5.5 + cells were counted under fluorescence
microscope. Results demonstrated that CNTs enhance CpG uptake

in CT26 cells. Data are representative of three separate experiments.
*P<0.05; **P<0.001. CNT, carbon nanotubes.
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CpGS5.5. The CpG uptake capacity of CT26 cells was
significantly enhanced by CN'T conjugation (Fig. 1b).
These results demonstrated that the intracellular CpG
delivery could be increased with CN'Ts.

Intratumorally delivery of carbon nanotubes-CpG
suppresses local xenograft tumor growth and liver
metastasis

To evaluate the in-vivo antitumor effects of CN'T-CpG
immunotherapy, an in-vivo colon cancer cells xeno-
graft and liver metastasis model was established. C'T26
cells were injected into mice and when the tumor
was established, mice were given an injection of PBS
(control), free CpG or CpG conjugated with CN'T at
an cffective dosage to eradicate gliomas (i.e. 5mg).
Expectedly, results showed a low-dose injection of free
CpG had limit antitcumor effects. The mice with con-
trol or free CpG alone treatments had low survival rates
and enlarged local tumor sizes (Fig. 2a—c). In contrast,
CN'T-CpG treatments cured 75% of mice and inhibited
tumor growth, significantly prolonged survival outcome
(Fig. 2a—c). Since colon cancer liver metastasis is one
of the main obstacles in colon cancer treatment [13].
We next assessed the effects of CNT-CpG on metas-
tasis of colon cancer cells. First, we established a liver
metastasis platform using mouse colorectal cancer cell
line, C'T26. We detected the capability of C'T26 cells
to form hepatic metastasis from the colorectal cancer
xenograft mouse model and results showed the signifi-
cant capability of forming hepatic metastasis (data not
shown). Upon mice sacrifice and examination at 42 days
postinoculation, mice with established liver metastases
under the CNT-CpG treatment showed significantly
reduced metastatic nodules compared with PBS and free
CpG alone treatments (Fig. 2d and e). In summary, the
above results demonstrated CNT-CpG treatments
effectively inhibited local colon tumor growth and liver
metastasis.

In-vitro inhibitory effects of carbon nanotube-CpG on
cell growth, invasion and migration of colon cancer
cells

We next evaluated the underlying mechanisms for the
CNT-CpG-mediated liver metastasis. Using an in-vitro
model, both human and mouse colorectal cancer cell
lines, HC'T'116 and C'T'26 showed significantly inhibited
growth rates by CN'T-CpG treatments compared with
PBS or free CpG treatment (Fig. 3a and b). To further
evaluate the influence of CN'T-CpG on colon cancer cell
metastasis, wound-healing, and invasion assays were per-
formed. As we expected, the lower motility capacities in
HCT116 and C'T26 cells with CNT-CpG treatment were
observed compared with control or free CpG treatment
which showed a closer gap between the wound edges
(Fig. 3c). Consistently, the invasive behaviors of HC'T116
and CT26 cells were significantly decreased with the
treatment of CN'T-CpG from transwell assay (Fig. 3d and
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CNT-CpG abrogates growth of colon tumor and liver metastasis following intratumoral injection. (a) Mice bearing CT26 colon tumors were
treated with intratumoral injections of saline or free CpG at 1 mM or CNT-CpG (25 ug/mL CNT conjugated with 1 mM CpG) at 7 and 14 days after
initial tumor implantation. Mice survival rates were examined each day and recorded. (b) Tumor sizes from mice with the above treatments were
measurements with calipers and calculated every 3 days. (c) Two representative tumors from the above-treated mice were shown. (d) Amounts
and (e) cancer cell numbers of liver metastatic tumor nodules from the above mice with same treatments were measured. Columns, mean of three
independent experiments; bars, SE. *P<0.05; **P<0.01. CNT, carbon nanotube.

e). These in-vitro results indicate that CN'I-CpG treat-
ment could effectively suppress the metastasis ability of
colon cancer cells.

Carbon nanotube-CpG treatment blocks the epithelial-
mesenchymal transition of colon cancer cells

It is widely known that cancer cells that undergone
EM'T are more aggressive and invasive [14]. To inves-
tigate the molecular mechanisms for the CNT-CpG-
inhibited colon cancer cell migration, we examined the
EMT phenotype on colon cancer cells without or with
CN'T-CpG treatment. Interestingly, we observed an
obvious morphological change on HCT116 cells from
polarized epithelial cells that are connected via adhe-
sion to mesenchymal with TGF-f induction [14], while
this morphological change was reversed by CN'T-CpG
but not free CpG treatment (Fig. 4a). In addition, the
TGF-g-induced translocation of SMAD2 and SMAD?3
into nuclei, an EM'T marker of cancer cells, was signifi-
cantly blocked by CN'T-CpG treatment compared with
control (Fig. 4b). Consistently, the expression of epithe-
lial maker, E-cadherin was upregulated by CNT-CpG
(Fig. 4c and d). Meanwhile, three mesenchymal mark-
ers, snail, fibronectin and vimentin were significantly
suppressed by CN'T-CpG treatment compared with
control or free CpG (Fig. 4c and d). The above results
revealed CN'T-CpG could suppress the EMT of colon
cancer cells.

In-vivo inhibition of epithelial-mesenchymal transition
of local xenograft tumor by carbon nanotube-CpG
treatment

"To verify the above in-vitro results, we further examined
the mRNA expressions from local xenograft tumors with
control, free CpG or CNT-CpG treatment. Consistent
with results from colon cancer cells, the epithelial marker,
E-cadherin was obviously induced in mice tumors receiv-
ing CN'ICpG treatment (Fig. 5a and c¢). On the contrast,
CN'T-CpG treated mice tumors displayed significantly
downregulated expressions of mesenchymal marker,
vimentin (Fig. 5b and c¢). Taking together, our in-vitro
and in-vivo results, therefore, suggest CN'I-CpG is an
effective approach against liver metastasis originating
from colorectal tumors.

Discussion

Recent studies reported that systemic administration
of synthetic oligodeoxynucleotides containing unmeth-
ylated CpG motifs (CpG-ODN) worked as effec-
tive immune stimulators to activate innate immunity
through TLR [20]. Thus, CpG-ODN or peritumoral
administration of CpG-ODN is a potential therapeu-
tic approach for inhibiting tumor growth and metastasis
[21]. Although CpG could enhance its proinflammatory
effect, high-dosage application of CpG could further
exacerbate tumor environment and result in toxicity by
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CNT-CpG treatments suppress cell growth, migration and invasion of colon cancer cells. (a) HCT116 and (b) CT26 cells were treated with con-
trol, free CpG or CNT-CpG for 24 h. The cell growth rates were measured by MTT assay. (c) HCT116 and CT26 cells were treated with control,
free CpG or CNT-CpG for 24 h. Cells were seeded in six-well plated for overnight, motility of cells was examined using a wound-healing migration
assay. (d) HCT116 and (e) CT26 cells were treated with control, free CpG or CNT-CpG for 24 h. The cells’ invasive capacities were detected
using the BD BioCoat Matrigel Invasion Chamber. After 24 h, cells on the reverse side were counted as migrated cells. Experiments were per-
formed in triplicate. Columns, mean of three independent experiments; bars, SE. *P<0.05; **P<0.01. CNT, carbon nanotube; MTT, 3-(4,5-dimeth-

ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

activating alternative TLR9-independent pathways [8-
10]. Repeated low-dose CpG injection can augment the
proinflammatory CpG response [8-10]. On the basis of
our previous reports, here we demonstrate that function-
alized CN'Is enhanced CpG uptake by colon cancer cells,
indicating the effective CN'T-CpG deliver system was an
immunotherapy approach. Although the application of
CN'T-CpG has been examined in melanoma before [12],
our study firstly demonstrated the anti-cancer efficacy of
CN'T-CpG complexes in colon cancer from both 7z vitro
and 7 vivo. Our data indicate that improved delivery of
CpG into the colon cancer-bearing xenograft tumor by
CN'Ts successfully inhibited local tumor growth and
increased survival rates of CNT-CpG treated mice.

It was known that liver metastasis, which accounts for the
major cause of mortality of colon cancer patients is the
most commonly metastasized organ in colon cancer [14].
Synchronous liver metastasis can be found in up to 25% of
colon cancer patients [4]. Thus, better understanding the
molecular mechanisms of colorectal cancer liver metas-
tasis (CCLM) and develop new therapeutic methods are
urgent for clinical administration of CCLM. Previous
reports demonstrated intracerebral injection of CN'I-
CpG could successfully suppress metastatic brain tumors

[11]. However, little is known about whether CN'T-CpG
affects the metastasized liver tumors from the primary
tumor site. In this study, we observed that CN'I-CpG, in
contrast to free CpG, which only had a modest inhibitory
effect on local and liver metastatic tumor growth, signif-
icantly abrogated the liver metastasis from colon tumors,
presenting the CN'T-CpG delivery system has potential
advantages over other nanomaterials and more clinical
applications against multiple tumor metastasis.

The EMT renders cancer cells more aggressive, accom-
panying with increased invasiveness and resistance to
apoptosis [13]. Interestingly, increasing evidence have
emphasized the association between cancer cells EMT
and inflammation. Inflammatory mediators such as oxi-
dative stress or hypoxia could promote the EM'I-like fea-
tures in cancer cells [15]. On the other way, malignant
cancer cells could produce elevated amount of proinflam-
matory mediators, such as cytokines [15]. In this study,
we described the connections between EM'T signaling
pathways and the CN'I-CpG stimulated inflammation
of colon tumors from in-vitro and in-vivo models. CN'T=
CpG treatment significantly blocked the TGF-f induced
EMT of colon cancer cells. We found the nuclear translo-
cation of transcription factor SMADZ2/3 was decreased by
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Fig. 4
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CNT-CpG treatments blocked the TGF-B-induced EMT of colon cancer cells. (a) HCT116 cells were treated with control, TGF-8 (10ng/mL),
TGF-B (10ng/mL) plus free CpG or TGF-B (10ng/mL) plus CNT-CpG for 24 h. Morphological changes were observed and recorded under micro-
scope. (b) The above treated HCT116 cells were fixed and stained by DAPI and SMAD2/3 (Cy3). Expressions and localization of SMAD2/3 were
observed and analyzed under a fluorescence microscope. mRNA and protein expressions of EMT marker genes were detected by (c) qRT-PCR
and (d) western blot from HCT116 cells with the same treatments. GAPDH was an internal control. Experiments were performed in triplicate.
Columns, mean of three independent experiments; bars, SE. *P<0.05; **P<0.01. CNT, carbon nanotube; DAPI, 4',6-diamidino-2-phenylindole;
EMT, epithelial-mesenchymal transition; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; TGF, transforming growth factors.
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CNT-CpG blocks EMT of colon cancer cells in vivo. (a) Expressions of epithelial marker, E-cadherin and (b) mesenchymal marker, vimentin were detected
by gRT-PCR from xenograft tumors of mice with the intratumoral injection of saline, free CpG alone or CNT-CpG. GAPDH was an internal control. (c)
Protein expressions of E-cadherin and vimentin were detected by immunohistochemistry staining from above xenograft tumors. Experiments were per-
formed in triplicate. Columns, mean of three independent experiments; bars, SE. P<0.05. CNT, carbon nanotube; EMT, epithelial-mesenchymal transition.




CNT-CpG treatment. In addition, expressions of EMT
markers snail, vimentin and fibronectin were significantly
downregulated by CN'T-CpG treatment. Consistently,
from the colon cancer xenograft mice tumors, we detected
epithelial cell marker, E-cadherin was upregulated and
the mesenchymal cell marker, vimentin was significantly
suppressed by CN'T-CpG treatments.

Conclusion

In summary, our data demonstrated CNT-CpG is an
effective therapeutic approach against not only local colon
tumor growth but their liver metastatic tumors. Using
in-vitro and in-vivo models, we illustrated the EM'T path-
way was significantly blocked by CN'T-CpG treatment.
"T'his study presents the CN'T-=CpG complex as a promis-
ing therapeutic target to develop novel therapies against
both local colon tumors and liver metastatic tumors.
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