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Abstract: Systematic chemotherapy is an important treatment strategy for colon cancer. However, drug resistance
obstructs the improvement of patients’ survival and life quality. Since tumor cells invade from oxidative stress for
its survival advantage and reactive oxygen species (ROS) has been reported to contribute to the tumor chemo- and
radio-resistance. We hypothesized that changes of tumor redox-microenvironment might be associated with the ef-
ficacy of chemotherapy drugs. To prove the hypothesis, firstly we verified the anti-tumor formation and metastasis
effects of combined usage of oxaliplatin with carbocisteine in BRAF-mutant HT29 colon cancer cells in vivo. Here
we report that preconditioning treatment with carbocisteine, an antioxidant originally identified as mucoregulatory
drug, was more effective than signal usage of oxaliplatin in inhibiting the growth of human colon cancer, while carbo-
cisteine itself had no effects on tumor growth. Besides, carbocisteine could sensitize the colon cancer to oxaliplatin
and enhance the anti-tumor effects of chemotherapy in a dose-dependent manner. Also, preconditioning treatment
with carbocisteine significantly suppressed colon cancer cell lung metastasis and prolonged the life span compared
to the signal usage of oxaliplatin of mice. Consistently, the level of apoptosis on excised xenograft tumors and or-
thotopic tumors was increased after oxaliplatin administration and enhanced after combination administration of
oxaliplatin and carbocisteine. Furthermore, these promigratory effects are related to the epithelia-to-mesenchymal
transition (EMT) phenomenon, as evidenced by the up-regulation of vimentin and down-regulation of E-cadherin.
Our findings offer new mechanistic insights that carbocisteine might be a useful agent for oxaliplatin-based adju-
vant chemotherapy in patients with colon cancer.
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Metastasis is a hallmark of cancer, in which
cancer cells lost cell cohesion and acquired
Colon cancer is one of the most common diag- migratory and invasion properties. Studies
nosed malignances and the fourth leading have indicated that epithelial-mesenchymal
cause of cancer-related death around the world transition (EMT) is implicated in metastasis of
[1]. In decades, owing to the improvement of multi-types of cancers. Several key transcrip-
targeted drugs, for example the small-molecule tional regulators, such as SNAI, ZEB and TWIST

Introduction

inhibitor or antibodies, and clinical treatments,
the survival rates and living quality of patient
harboring advanced stage colorectal cancer
are improved. However, because of the metas-
tasis and relapse, the prognosis of colorectal
cancer is still dim, mechanically, mainly due to
concomitant genetic alterations including
mutations of KRAS, EFGR and BRAF, as well as
amplification of HER2 and MET [2-4].

are largely characterized in colorectal cancer
[5, 6]. However, the complex molecular mecha-
nisms underlying the metastasis network are
largely unknown. BRAF valine 600 (BRAFY6%)
mutant occur in approximately 10% of colorec-
tal cancers and contribute to the poor progno-
sis in metastatic stages [7]. BRAF localized
directly downstream of RAS, lead to activation
of the mitogen-activated protein kinase path-
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way, thereby affecting a multitude of key fac-
tors involved in cell proliferation and metasta-
sis. Tumor microenvironment is another key
factor that confers the cell metastasis, which is
called pre-metastasis niche according to the
“seed and soil hypothesis” [8]. The conductive
microenvironment is needed for disseminating
tumor cells to engraft distant site. The pre-
metastasis niche is comprised of several
inflammatory cytokines and chemokines to
recruit immune-suppression cells, causing ROS
damage as well [9].

Recently, there is an increasingly recognized
linkage - a combination of therapeutic strategy
that targeting tumor microenvironment and cell
proliferation via using antioxidant and oxalipla-
tin. Carbocisteine is a mucolytic drug with anti-
oxidative effect [10]. It has been proved that
carbocisteine remarkably attenuated hydrogen
peroxide-induced inflammatory injury and
decreased cytokine expression such as IL-6,
IL-8 and TNF [11-13]. We have reported that
carbocisteine could reduce the cytotoxicity of
oxaliplatin [14]. Oxaliplatin is widely used as the
first-line cancer chemotherapy, typically along
with folinic acid and 5-fluorouracil in a combina-
tion known as oxaliplatin in colorectal cancer
[15, 16]. However, oncogene induced tumor
resistance to chemotherapy challenges the
clinical benefits of treatment. It is thus crucial
to know whether the new combination facilitate
the translation of them to therapeutic benefits.
In vivo modeling of lung metastasis in BRAF-
mutant colorectal cancer cell HT-29 revealed
changing tumor microenvironment could enh-
ance the cancer cells response to chemical
drugs and blunt the tumor distal metastasis as
well. Finally, the survival analysis of tumor-bear-
ing mice indicated that combination of carbo-
cisteine and oxaliplatin could prolong the mice
survival time. Our results provided a theoretical
foundation for the further study of the efficacy
and molecular mechanisms of combination of
carbocisteine and oxaliplatin.

Material and methods
Cell line and reagents
The human colon cancer HT-29 cell line and
HEK-293T cell line were purchased from

American Type Culture Collection (ATCC). HT-29
cells and HEK-293T were grown in McCoy’s ba
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medium (Invitrogen) and Dulbecco’s modified
Eagle’'s medium (DMEM) respectively, contain-
ing 10% fetal bovine serum (FBS, Gibco) and
100 units/mL of penicillin and streptomycin
(Gibco), at 37°C in a humidified incubator con-
taining 5% CO,. Chemical drugs oxaliplatin and
carbocisteine were from sigma and dissolved in
normal saline (Sinopharm).

Lentivirus infection

To acquire the HT-29 cell line labeled with lucif-
erase expression, the sequence coding firefly
luciferase gene was from GeneBank. The
sequence was cloned into the P LKO.1 lentiviral
vector (Addgene). Then the constructed plas-
mid was co-transfected into HEK-293T cells
with packaging plasmids to generate lentivirus.
HT-29 cells were cultured in 6-well plate at the
number of 2*10%/well and incubated for 24 h.
Lentivirus were applied to HT-29 cells and
selected by puromycin.

Xenograft tumor formation and orthotopic
transplantation

For xenograft tumor formation assay, 1x10’
HT-29-Luc cells were injected subcutaneously
into the flanks of BALB/C nude mice. For ortho-
topic transplantation, after 10 days, the subcu-
taneous tumors were resected. Then the cubes
of the tumor (1 mm?3) were implanted orthotopi-
cally in the end of caecum of the nude mice.
Implantation was carried out by pinching the
tumor pieces into the caecum with sharp fine-
end forceps. Stabilization of the tumor pieces
was performed by suturing the tumors and
closing the abdominal skin with surgical nee-
dles. Bioluminescent signals were detected by
the IVIS 100 Imaging System (Xenogen). Mice
were injected with 100 mg/kg D-luciferin intra-
peritoneally before imaging. Mice were killed
and examined 9 weeks after the orthotopic
implantation. Experiments were performed
under the institute’s guidance on animal experi-
mentation. For histological analysis, xenograft
tumors, metastasis lungs of the mice were har-
vested and fixed in 10% formalin before paraf-
fin embedding, then were sectioned and
stained in HE and TUNEL assay.

Experimental protocol

Sixty 5- to 6-week-old athymic nude mice were
randomized three days after orthotopic trans-
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A Xenograft tumor model
Luciferase

B Orthotopic transplantation model

Luciferase

Merge

Figure 1. HT-29 cells xenograft tumor and orthotopic tumor. Tumor was recognized by luciferase and indicated as
white light, luciferase and merge. Representative images were showed as (A) and (B).

plantation into one of four treatment groups:
Group 1: normal saline (NS) + NS; Group 2: NS+
oxaliplatin 10 mg/kg-day (week 5-9); Group 3:
Carbocisteine 4 mg/kg-day (week 1-5) + oxali-
platin 10 mg/kg-day (week 5-9); Group 4: Ca-
rbocisteine 8 mg/kg-day (week 1-5) + oxaliplat-
in 10 mg/kg-day (week 5-9).

This resulted in 4 groups of 15 animals each.
To control for variance in initial tumor volumes,
the mice were randomized according to esti-
mated initial tumor volume.

TUNEL assay

Terminal deoxyribonucleotide transferase-me-
diated nick-end labelling (TUNEL) staining was
performed using the In situ Cell Death Detection
kit (Roche Applied Science, Indianapolis, IN,
USA) following the instructions of the manufac-
turer. Briefly, 4-um-thick formalin-fixed, paraf-
fin-embedded tissue sections were deparaf-
finised and re-hydrated. Endogenous peroxi-
dase activity was quenched by hydrogen perox-
ide and tissue protein was hydrolysed with pro-
teinase K. Positive control sections were treat-

19066

ed with DNase | 1000 U/ ml. Negative control
sections were incubated with label solution
(without terminal deoxynucleotidyl transferase
enzyme). All other sections were incubated with
TUNEL reaction mixture (fluorescein-labelled
nucleotides) at 37°C for 1 h in a humid cham-
ber, incubated with converter-POD solution
(anti-fluorescein antibody conjugated with POD)
for 30 min at 37°C, treated with DAB and coun-
terstained with haematoxylin.

gPCR analysis

Total RNA from tumor tissues was isolated with
Ultraspec (Biotecx) according to the manufac-
turer’s instructions. Quantitative PCR analysis
was done on the ABI PRISM 7900 Sequence
Detector System (Applied Biosystems) as previ-
ously described [14]. For determination of gene
expression, Assay-on-demand (Applied Biosys-
tems) was used. Transcript levels were normal-
ized to those of GAPDH, which was used as
endogenous control. Each experiment and
every determination were done at least in tripli-
cate, and the levels of gene expression were
calculated using the AACt method.

Int J Clin Exp Med 2016;9(10):19064-19073
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Statistical analysis

Statistical analyses were conducted using
SPSS 21.0 (IBM). Overall survival (OS) was cal-
culated using Kaplan-Meier method. The sur-
vival distributions were compared through log-
rank test. All statistical tests were two-sides.
One-way analysis of variance (ANOVA) was used
to compare groups. P<0.05 was considered
statistically significant.

Results

Carbocisteine itself has no effect on the
growth of orthotopic tumorgenesis

Recently, it has been demonstrated that BRAF
mutation could induced chemotherapy resis-
tance in colon cancer [17, 18]. To explore the
effectiveness of the novel treatment strategy,
we used BRAF-mutant colon cancer cell line
HT29 to perform xenograft and orthotopic
transplation, so we could test the efficacy of
chemical drugs. As shown in Figure 1. HT-29
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cells could form the xenograft tumor (Figure
1A) and orthotopic tumor (Figure 1B) success-
fully and when we injected D-luciferin intraperi-
toneally, the tumor could be apparently recog-
nized and quantificated as the intensity of
luciferase activity. Then we performed the
tumor model to test the effect of carbocisteine
on the growth of human colon cancer. After 5
weeks treatment with carbocisteine alone, rep-
resentative tumor image (Figure 2A) and lucif-
erase intensity (Figure 2B) of tumors sizes was
similar compared with the control group. These
data demonstrated that carbocisteine itself
has no effect on the growth of BRAF mutant
colon cancer cells.

Combination of oxaliplatin with carbocisteine
suppresses tumor formation and metastasis in
a dose-dependent manner

In order to explore the function of carbocisteine

precondition on the anti-tumor effect of oxali-
platin, we performed orthotopic transplanta-
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Figure 3. Preconditioning treatment with carbocisteine enhances the suppres-
sion of tumor formation and metastasis and the restored survival rate of ortho-
topic transplanting mice aftrer oxaliplatin chemotherapy. After subsequent 4
weeks oxaliplatin administration. The orthotopic transplantation of HT-29 cells
caused lung metastasis and each group of mice was treated as described. The
orthotopic tumorigenesis and lung metastasis site was measured by injecting
D-luciferin intraperitoneally. Representative images (A) and analysis data (B)
were showed. The survival rates (C) were analyzed by the Kaplan-Meier method,
and survival was determined from the time of operation to mortality or the last
follow-up. Data were representative as the mean + SEM of triplicated indepen-
dent experiments. *P<0.05, **P<0.01 vs. control group; ##P<0.01 vs. oxali-
platin (10 mg/kg-day) group; TP<0.05 vs. oxaliplatin (10 mg/kgday) + carbocis-
teine (4 mg/kg-day) group.

tion. The carbocisteine and saline were admin-
istered once daily from Monday to Friday (5
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times) for 5 weeks. After 5
weeks’ administration of
carbocistenine, orthotopic
tumor and lung metastasis
were observed. The oxalipl-
atin and saline were admin-
istered once daily from
Monday to Friday (5 times)
for another 4 weeks. We
found that the treatment of
10 mg/kg oxaliplatin led to
an inhibition effect on or-
thotopic tumor growth and
lung metastasis (Figure 3).
Meanwhile, when combin-
ing with 4 mg/kg carbocis-
teine, the anti-growth and
anti-metastasis effect of
oxaliplatin was significantly
enhanced (Figure 3). These
phenomena implied that
combination of oxaliplatin
and carbocisteine could
elevate the efficacy of che-
motherapy, and high dose
of carbocisteine could mo-
re significantly induce the
anti-cancer effect of oxali-
platin. Furthermore, we fo-
und that treatment with
oxaliplatin and carbociste-
ine could increase the mice
survival rate than signal
usage of oxaliplatin. Survi-
val rate of group 1 (none
treatment) was about 40%
(6/15); and with combina-
tion of oxaliplatin and carb-
ocisteine, the survival rate
was up to 80% (12/15).

HE staining and TUNEL
assay of orthotopic
transplantation tumor and
metastasis site

To further confirm the tum-
or development and pro-
gression of orthotopic tran-
splantation tumor and me-
tastasis site, we performed
the HE staining (Figure 4)
and TUNEL assay (Figure 5)
in each group. As shown in

Figure 5, along with the usage of oxaliplatin,
the tumor cell growth was repressed and drug

Int J Clin Exp Med 2016;9(10):19064-19073
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Figure 4. HE staining for orthotopic transplantation tumor and metastasis site.
HE staining for the xenograft tumor (A) and metastasis site (B) indicated the ef-

fects of different treatment strategy.

induced apoptosis was increased. Furthermore,
preconditioning treatment with carbocisteine,
the tumor sizes was further decreased while
the representative image (Figure 5A) and anal-
ysis data (Figure 5B) of aopotosis was further
increased. Collectively, that the data demon-
strated that preconditioning treatment with car-
bocisteine strongly enhanced the anti-tumor
effect of oxaliplatin chemotherapy on tumori-
genesis and metastasis.

Preconditioning treatment with carbocisteine
enhance the inhibitory effect of oxaliplatin on
epithelia-to-mesenchymal transition

Because preconditioning treatment with carbo-
cisteine enhance the inhibitory effect of oxali-
platin on orthotopic tumor metastasis, we fur-
ther determined whether the metastasis
change was consistent with changes of epithe-
lial-mesenchymal transition (EMT) biomarker.
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Clearly, restored precondi-
tioning treatment increas-
ed the expression of E-cad-
herin (Figure 6A) but decre-
ased the expression of (Fi-
gure 6B) vimentin and cau-
sed the morphologic chan-
ge from mesenchymal to
epithelial transition in ort-
hotopic transplantation tu-
mor.

Discussion

Recently, with the develop-
ment of systemic chemo-
therapy as neoadjuvant or
adjuvant setting, colon can-
cer treatment has been
largely improved. However,
the chemotherapy drug re-
sistance has become the
obstruction of cancer che-
motherapy, limiting the ef-
ficiency of chemotherapy
and restricting the applica-
tion of chemotherapy. Mor-
eover, therapy in colon can-
cer is still insufficient and
short of theoretical founda-
tion. Here, we intended to
reveal the effectiveness of
a new potential combina-
tion with existing drugs in
colon cancer.

Cellular metabolism is crucial for the genera-
tion of energy to supply cell survival; however,
ROS could be also generated during electron
transfer reactions. Tumor cells undergo abnor-
mal rate of metabolism, and the hypoxia-
responsive genes are activated in tumor cells
[19]. Not only is there a mount of host cells
including fibroblasts, but there is immune cells
infiltrated into the tumor locus, making the
tumor microenvironment more complicated.
Macrophages and granulocytes could survive
in the hypoxic environment and contribute to it
by hyperproduction of ROS upon local activa-
tion [20]. In the tumor milieu, cells are rapidly
apoptosis and expanding and phagocytes
receive activation signal and produce quantity
of ROS.

Consequences of the production of ROS are
complicated in cancer cells. At present, the
entire network of reactions and effects after

Int J Clin Exp Med 2016;9(10):19064-19073
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Figure 5. TUNEL assay for orthotopic transplantation tumor and metastasis site.
Representative imagers and analysis data of TUNEL assay for the xenograft
tumor and metastasis site indicated the level of apoptosis after the treatment
of oxaliplatin with or without carbocisteine preconditioning treatment. *P<0.05,
**P<0.01 vs. control group; #P<0.01 vs. oxaliplatin (10 mg/kg-day) group;
1P<0.05 vs. oxaliplatin (10 mg/kg-day) + carbocisteine (4 mg/kg-day) group.

uses gene mutation and
genomic instability which
contribute to cancer devel-
opment and progression.
Also, ROS acts as the down-
stream signal messengers
to induce abnormal signal-
ing activation and transdu-
ction, leading to cell inva-
sion and malignant pheno-
types[21,22].Furthermore,
ROS was reported to be
involved in tumor chemo-
and radio-resistance [23].

Carbocisteine, known as S-
carboxymethylcysteine (S-
CMC), has been applied as
mucoregulatory drug. Rec-
ently, it has been reported
that carbocisteine could im-
prove the quality of life of
patients with COPD or up-
per respiratory inflamma-
tion and chronic sinusitis
[6, 24]. In addition, carbo-
cisteine was reported to
inhibit IL-1B-induced rele-
ase of IL-8 and IL-6 in lung
cancer cell lines [25]. Given
the reason that cytokines
IL-6 and IL-8 were mainly
responsible for the abnor-
mal tumor microenviron-
ment, this finding suggest-
ed the potential mechani-
sms of carbocisteine. Ya-
suda [26] et al. also found
that carbocisteine inhibited
the release of IL.-6 and IL-8
via the activation of NF-kB
signaling when the virus
infection in airway epitheli-
al cells. Collectively, inhibi-
tion of the release of IL-8
and IL-6 by carbocisteine
might be involved in the
inhibition of NF-kB activa-
tion through scavenging
ROS and together usage of
carbocisteine and oxalipla-
tin might be effective.

redox-based anti-cancer treatments was quie- In our study, there are significant effects on
tly unclear and implemented. In fact, ROS ca- suppressing tumor formation and metastasis

19070 Int J Clin Exp Med 2016;9(10):19064-19073



Synergistic effect of carbocisteine with oxaliplatin

A EE Control

I Oxaliplatin{10mg/kgday)

I Oxaliplatin(10mg/kgday)+ carbocisteine(dmg/kgday)
Oxaliplatin(10mg/kgday)+ carbocisteine(Bmg/kgday)

crepancy between combi-
nation and single chemical
drugs provided additional
insight into the new clinical
treatment strategy target-

#H ing the tumor microenviron-
_— ment which will allow for
c -
©° 4 ## T more effective application
g E .]. Aok of therapeutics targeting
e 0o 3 —_— i T this pathway, as well as
o.g ’f;_" wa additional targets for the
ﬂj o * development of effective
> T drugs.

g c 2" *
= Y T In conclusion, our results
o % from in vivo experiments
> m 11 demonstrated that chang-
® Q ing tumor microenviron-
E w ment with antioxidant could
0- T T cooperate with chemother-
Ormmopic tumor Lung metastasis tumor apy drugs in terms of tumor
B e 15- suppression. We proposed
o ’ that inhibition of ROS relat-
3 T # # ed-pathway and pre-metas-
o IJD. tasis niche may represent a
g.< 1.0 novel therapeutic strategy
MEC b T " T for controlling tumor growth
g T and metastasis in colon
g c * T * cancer. Apart from mice
= ..E 05 * - experiments, we further pe-
o © 7 T . rformed gene expression
> g array to explore possible
© > genes which would unequi-
& ‘ ‘ vocally addressed into pa-
0.0- T T thways associated with cli-

Orhtotopic tumor

Figure 6. Effects of carbocisteine preconditioning treatment on epithelial (E-
cadherin) and mesenchymal (vimentin) markers in orthotopic transplantation
tumor tissue and metastasis tumor tissue. (A) E-cadherin and vimentin (B)
mMRNA expression was determined using real-time PCR. GAPDH was used as
an internal control. Data were representative as the mean + SEM of triplicated
independent experiments. *P<0.05, **P<0.01, ***P<0.001 vs. control group;
#P<0.05, ##P<0.01 vs. oxaliplatin (10 mg/kg-day) group; 1P<0.05 vs. oxalipla-

tin (10 mg/kg-day) + carbocisteine (4 mg/kg-day) group.

when combining oxaliplatin and carbocisteine
to treat CRC in mice model. The mice injected
with oxaliplatin of 10 mg/kg oxaliplatin could
notably suppress the tumor growth and metas-
tasis. We also found that treatment with carbo-
cisteine has none effect on tumor. However,
carbocisteine could increase the sensitivity
and efficacy of oxaliplatin, which was consis-
tent with previous study [27]. The apparent dis-

19071

Lung metastasis tumor

nical treatments and incre-
asing survival rate. Notably,
in this circumstance, using
antioxidant and oxaliplatin
together offered a new in-
sight into potential clinical
application.
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