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In the present study, we examined the mechanisms of oxaliplatin-induced drug resistance in human colorectal
cancer cell lines HT29 and HCT116. Our results demonstrate a significant autophagy expression in CRC cells after an
oxaliplatin treatment. Administration of oxaliplatin to human CRC cells significantly enhanced the expression of HMGB1,
which regulated the autophagy response and negatively regulate the cell apoptosis. Moreover, a decreased oxaliplatin
-induced autophagy response and an increased apoptosis level were detected in stable CRC cells harboring HMGB1
shRNA. Then we noted that HMGB1 significantly induced extracellular signal-regulated kinase (ERK)/Extracellular signal-
regulated kinase kinase (MEK) phosphorylation. Taken together, these data suggest that HMGB1-mediated autophagy
modulates sensitivity of colorectal cancer cells to oxaliplatin via MEK/ERK signaling pathway.

Introduction

Colorectal cancer (CRC) is now a major health issue in the
industrialized countries and the third most commonly diagnosed
cancer worldwide.1 The number of new cases of colorectal cancer
keeps increasing and 50% of newly diagnosed patients develop
metastatic disease.2 At present, major drugs for chemotherapy of
colon cancer are oxaliplatin and 5-fluorouracil (5-FU). 5-FU, for
a long time, was the only drug used in advanced colorectal cancer
therapy until 2 novel chemotherapeutic agents, oxaliplatin and
irinotecan in combination with 5-FU, were used and shown the
clinical benefit.3,4 Oxaliplatin, a third generation of platinum-
based compound with a wide use to the metastatic colorectal can-
cer, disrupts DNA replication and transcription by covalently
binding to DNA, generating platinum-DNA adducts.5

Despite the advanced cancer therapy, the prognosis of CRC
remains poor with a median overall survival of 12 to 18 months
and the response to the chemotherapy using 5-FU plus is only

50%.6,7 Eventually, all metastatic CRC will have resistance effect
to the oxaliplatin when it comes to the progression of 8 months.8

Resistance to oxaliplatin becomes a big concern in the chemo-
therapy of the metastatic CRC. A lot of efforts have been put on
the oxaliplatin resistance study and a diverse array of hypotheses
on the mechanism are reported like reduced apoptosis,2 DNA
repair,9 drug detoxification,10 etc. Lately, some studies have
shown that autophagy is a response to certain forms of therapies
including some chemotherapies and radiation therapy.11,12

Autophagy, a catabolic process in which subcellular membranes
undergo dynamic morphological changes that result in the degra-
dation of cellular proteins and cytoplasmic organelles, is impli-
cated in many physiological and pathophysiological
conditions.13 However, the exact roles of autophagy in affecting
the efficacy of oxaliplatin in colon cancer remain unknown. In
the chemotherapy with oxaliplatin, how autophagy determines
and regulates the sensitivity of oxaliplatin in CRC still needs to
be clearly defined.
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Figure 1. For figure legend, see page 513.
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High–mobility group box 1 protein (HMGB1), a well-
known regulator of autophagy, is a highly conserved nuclear
protein which functions as a chromatin-binding factor and
promotes assembly of many transcriptional protein com-
plexes. Besides the nuclear roles, HMGB1 also acts as an
extracellular signaling molecule biding to RAGE and TLRs
which leads to cell differentiation, cell migration, tumor pro-
gression and inflammation.14,15

So far, the role of autophagy regulated by HMGB1 in the
resistance of chemotherapy with oxaliplatin in CRC was still
unknown. In this study, we want to investigate that; first, to
assess whether oxaliplatin can cause autophagy in 2 CRC cell
lines; second, whether this autophagy induced by oxaliplatin
is regulated by HMGB1; third, to determine the signaling
pathway involved in this process. Our data reveals that oxali-
platin-induced autophagy protects the CRC cells from the
toxicity of this drug and this process is regulated by HMGB1
via the ERK/MEK pathway. This finding also support
HMGB1 as a potential therapeutic target for enhancing the
efficacy of oxaliplatin in CRCs.

Results

Autophagy induced by oxaliplatin protect the colorectal
cancer cells from the cytotoxicity of oxaliplatin

We used the human CRC cell lines HT29 and HCT116 to
determine if oxaliplatin induces autophagy and this autophagy
will affect the sensitivity of cancer cells to this drug. We first
tested the activity of autophagy in colorectal cancer cells treated
with oxaliplatin. Treatment of the human colorectal cancer cell
lines HT29 and HCT116 with oxaliplatin caused a dose-depen-
dent activation of autophagy. Western blotting analyses showed
that the conversion of LC3 I to LC3II was increased and p62
level was decreased (Fig. 1A). Then, we wanted to determine
whether autophagy induced by oxaliplatin will protect the cancer
cells from the cytotoxicity of oxaliplatin. We treated the human
CRC cell lines HT29 and HCT116 with oxaliplatin alone or did
the co-treatment with oxaliplatin and inhibitors of autophagy,
3-MA (Fig. 1B). We examined the cell viability by CCK8 and
found that the group treated with only oxaliplatin are more resis-
tant to the drug compared to the group of co- treatment, indicat-
ing the protective role of autophagy in cancer cells exposed to the
oxaliplatin. Moreover, consistent with the results above, the co-
treatment with 3-MA enhanced the CRC cells apoptosis
(Fig. 1C).

The expression and release of HMGB1 in colorectal cancer
cells are increased upon the oxaliplatin treatment

Since HMGB1 is well known as an important regulator of
autophagy,14,16 we wanted to determine the level of HMGB1 in
CRC cells treated by oxaliplatin. First, we examined the effects of
the anticancer agent oxaliplatin on the expression of HMGB1.
We treated these 2 human CRC cell lines with oxaliplatin (35
mM) for 24 h, followed by the western blotting assay (Fig. 2A
and B). Oxaliplatin increased the level of HMGB1 in the cyto-
plasm and significantly enhanced expression of HMGB1 in
supernatant, (Fig. 2A). Consistent with the protein gel blotting
results, we also noted that the release of HMGB1 was signifi-
cantly elevated in both HT29 and HCT116 cells after treated
with oxaliplatin at 35 mM for 30 min from microscopic analysis
(Fig. 2B). Moreover, real-time PCR showed that HMGB1 level
was largely increased after the treatment of oxaliplatin for
24 hours (Fig. 2C). These results suggest that oxaliplatin pro-
mote the HMGB1 expression in CRC cells.

HMGB1 negatively regulates the sensitivity of colorectal
cancer cells to oxaliplatin through autophagy pathway

To determine the effect of HMGB1 in the regulation of sensi-
tivity to oxaliplatin, in CRC cells, we transfected a shRNA from
Sigma targeting HMGB1 into HT29 and HCT116 cells.
HMGB1 shRNA transfection caused a significant decrease of
both HMGB1 protein in these 2 cell lines (Fig. 3B and C). At
the end of 48 h treatment with oxaliplatin (35 mM), we tested
the cell viability by CCK8. Figure 3A demonstrated that knock-
down of HMGB1 expression in these cells significantly enhanced
the cell sensitive to oxaliplatin compared to that in the cells trans-
fected with the control siRNA. And this was largely relevant with
an increased level of apoptosis (Fig. 3B) and partially block of
autophagy (Fig. 3C). These data indicates that HMGB1
increases the resistance of CRC cells to oxaliplatin and play an
important role in regulating both autophagy and apoptosis.

HMGB1 regulates autophagy in colorectal cancer cells
through MEK/ERK pathway

The extracellular signal-regulated kinase (ERK) cascade,
which was the first MAPK to be defined, is activated by various
stimuli, and functions in the regulation of cell proliferation, dif-
ferentiation, survival, apoptosis and so on.17 Extracellular signal-
regulated kinase (MEK) acts as an upstream key protein of ERK.
Nevertheless, whether this signaling pathway functions in
autophagy induced by HMGB1 in chemotherapy of CRC cells
was previously unknown. In this study, we then try to determine
the role of MEK/ERK pathway in HMGB1-induced autophagy
in CRC cell lines. We treated the CRC cells using HMGB1

Figure 1 (See previous page). Oxaliplatin induces the autophagy in colorectal cancer cells and inhibition of autophagy enhances the chemotherapy
sensitivity. (A) HT29 and HCT116 were treated with the indicated concentration of oxaliplatin for 24 hours. At the end of treatment, cell lysates were pre-
pared, resolved by SDS-PAGE, and subjected to Western blot analysis using anti-LC3, anti-p62 and anti-actin antibodies, respectively. Actin was used as a
loading control. (B) HT29 and HCT116 cells were treated with the indicated concentrations of oxaliplatin for 24 h in the presence or absence of 3-MA
(2 mM).At the end of treatment, cell viability was measured by CCK8. (C) HT29 and HCT116 were treated with oxaliplatin (35 mM) for 24 hours in the pres-
ence or absence of 3-MA (2 mM) and then the level of apoptosis was determined by flow cytometric analysis of Annexin V staining.
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(1 mg/ml) for 24 hours in the presence or absence of 3-MA
(2 mM).We found that the autophagy and ERK1/2 pathway was
activated by HMGB1 protein in both CRC cell lines (Fig. 4A).

And the autophagy inhibi-
tor, 3-MA, inhibited
HMGB1-induced ERK1/2
phosphorylation (Fig. 4A).
In next experiments, we
knocked down the expres-
sion of MEK1/2 in HT29
and HCT116 cells with
MEK1/2 shRNA and then
treated these cells with
HMGB1 (1 mg/ml) for
24 hours. Knockdown of
MEK1/2 either in HT29/
HCT116 cells can lead to
decreased level of HMGB1-
induced autophagy and
ERK pathway activation,
comparing to that in the
cells transfected control
shRNA (Fig. 4B). These
results indicate a key role of
MEK/ERK pathway in reg-
ulating the HMGB1
induced autophagy.

Discussion

Since last decade, nota-
ble progress has been made
in the field of diagnosis,
treatment and molecular
mechanisms of CRC. The
median survival for patients
after advanced therapies has
largely increased and is now
crossing the 2 year level.18

However, most of the CRC
patients develop resistance
to chemotherapy drugs like
oxaliplatin and the cure rate
remains low.19 Drug resis-
tance now becomes a big
issue in the treatment of
colon cancer.16,20,21 Ten
years ago, people already
found 2 mechanisms which
may be related to the oxali-
platin resistance: increased
level of GSH induced by
g-glutamyl transpeptidase22

and a reduction in platinum
accumulation and DNA-

platinum adduct levels.23 To date, many genes have already been
discovered to be related to the oxaliplatin resistance. The expres-
sion level of glutathione and ERCC-1 seem to affect both of the

Figure 2. Oxaliplatin induces HMGB1 expression in colorectal cancer cells. (A) HT29 and HCT116 cells were treated
with 35 mM of oxaliplatin for 24h. At the end of treatment, Cytoplasmic fractions, and concentrated conditioned
media, were prepared, resolved by SDS-PAGE, and subjected to Western blot analysis of HMGB1. Actin was used as
a loading control. Oxaliplatin at 35 mM induce HMGB1 release from nuclear. (B) HT29 and HCT116 cells were treated
with or without oxaliplatin at 35 mM for 30 min and then HMGB1 level was assayed microscopic analysis (n D 3; P <

0.05). (C) HT29 and HCT116 were treated with or without oxaliplatin (35 mM) for 24 hours and then HMGB1 mRNA
level was measured by real-time PCR (n D 3, P < 0.05, untreated group was set as 1).
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inherent and acquired resistance to oxali-
platin.23 In addition, DNA polymerase
b24 and phosphoserine aminotransferase
PSAT125 are also shown the effects on the
oxaliplatin resistance. Nevertheless, the
molecular mechanism of the oxaliplatin
resistance in colorectal cancer still needs to
be clarified.

Autophagy is a process associated with
the regulation of cancer development and
progression. HMGB1, an important regu-
lator of autophagy, is still not well charac-
terized in its molecular mechanisms on
how to regulate the sensitivity of CRC
cells to anticancer drugs. So, first we exam-
ined the level of autophagy in CRC cells
with the treatment of different dose of
oxaliplatin. We found that the autophagy
was induced by oxaliplatin in a dose-
dependent manner and it will protect the
cancer cells from the cytotoxicity of oxali-
platin. Then, we examined the effects of
the oxaliplatin on the expression of
HMGB1. We treated these 2 human
CRC cell lines with oxaliplatin and
detected the level of HMGB1 by western
blotting (Fig. 2A), microscopic analysis
(Fig. 2B) and real-time PCR (Fig. 2C).
Our results suggest that oxaliplatin pro-
mote the HMGB1 expression in CRC
cells and HMGB1 negatively regulates the
sensitivity of colorectal cancer cells to oxa-
liplatin through autophagy pathway
(Fig. 3). Furthermore, we found that the
MEK/ERK pathway is involved in the reg-
ulation of HMGB1 induced autophagy
response (Fig. 4). However, the response
of these 2 CRC cell lines are sometimes
different perhaps caused by the specific
character of some genes. Additional
experiments need to clarify what down-
stream gene will play an important role
inside it.

In summary, our study shows that HMGB1 is released in the
CRC cell lines after the chemotherapy with oxaliplatin and nega-
tively regulate the sensitivity to this anticancer drug by activating
the MEK/ERK pathway. As an important regulator of autoph-
agy, HMGB1 also affects the apoptosis response at the same
time. These findings give us promising evidence that the inhibi-
tion of autophagy and this pathway could have a therapeutic
effect to the conventional oxaliplatin chemotherapy. Further
studies are needed to characterize the HMGB1 function of
downstream genes in CRC cells and to identify our hypothesis in
vivo mice models.

Materials and Methods

Cell lines and culture
We used the human CRC cell lines, HT29 and HCT116

from American Type Culture collection (Manassas, VA, USA)
for our experiments. Both cell lines were cultured in McCoy’s 5A
(Gibco, USA) or Iscove’s modified Dul-becco’s medium supple-
mented with 10% heat-inactivated fetal bovine serum (FBS),
2 mM glutamine and an antibiotic-antifungal mixture in a
humidified incubator with 5% CO2 and 95% air. Both cell lines
were confirmed according to American Type Culture collection
instruction.

Figure 3. Inhibition of HMGB1 increases chemotherapy sensitivity with oxaliplatin by regulating
autophagy and apoptosis of colorectal cancer cells. HT29 and HCT116 cells were transfected with a
control RNA or a shRNA targeting HMGB1, followed by treatment with 35 mM of oxaliplatin or vehi-
cle for 24 h. At the end of treatment, cell viability was measured by CCK8 (A), cell lysates were pre-
pared, resolved by SDS-PAGE, and subjected to Western blot analysis of HMGB1, cleaved-PARP (B)
and LC3, p62 (C). Actin was used as a loading control. Results shown are the representative of 3
independent experiments.
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Antibodies and reagents
Oxaliplatin and 3-methyladenosine (3-MA) were pur-

chased from Sigma (St. Louis, MO, USA); the recombinant
HMGB1 protein was from Eli Lilly Company (Indianapolis,
IN, USA). Nuclear and Cytoplasmic Extraction Reagents and
Western blot reagents were obtained from Pierce Biotechnol-
ogy (Rockford, IL, USA). The antibodies to cleaved-PARP,
HMGB1, Phospho-extracellular signal-regulated kinase 1 and
2 (ERK1/2), ERK1/2, MEK1/2 and actin were obtained
from Cell Signaling Technology (Danvers, MA, USA); anti-
LC3I/II was purchased from Novus (Littleton, CO, USA);

anti-p62 was from Santa Cruz biotech-
nology (Santa Cruz, CA, USA).

Small interfering RNA (siRNA)
transfection

Short hairpin RNA (shRNA) against
HMGB, MEK1/2 (Sigma) and control
shRNA were transfected into cells by the
Lipofectamine 2000 Transfection Reagent
(Life Technologies, Carlsbad, CA, USA)
according to the manufacturer’s instruc-
tions. The concentration of siRNA was
chosen by the dose-response studies.

Western blotting
The methods have been described previ-

ously.26,27 The whole cell lysates were pre-
pared with ice- cold cell lysis buffer and
cleared by centrifugation. The total protein
concentration was measured with the bicin-
choninic acid assay Kit (Bio-Rad Laborato-
ries). Proteins were resolved on a denaturing
8–12% SDS-PAGE gel and followed by
transferring to polyvinylidene fluoride
membranes by electroblotting. The mem-
brane was then blocked in PBST containing
5% dried milk at room temperature for
1 hour, incubated with primary antibodies
at 4�C overnight. Blots were incubated with
appropriate secondary antibodies at room
temperature for 1 hour the next day. The
signals were detected by ECL reagent. Actin
protein was used as an equivalent loading.

Cell viability assay
Cells were plated at a density of 5£104

cells/well in 96-well plates in 100 ml
medium. After treatment, cell viability was
assessed by the Cell Counting Kit-8
(Dojindo, Japan) test according to the
manufacturer’s instructions.28 The trypan
blue assay was also performed for the par-
allel analysis (data not included).

Apoptosis assays
The degree of apoptosis in CRC cells was measured by 1) an

Annexin V –propidium iodide Apoptosis Detection Kit (BD
PharMingen) by flow cytometric assay. This assay includes stain-
ing the cells with annexin V-FITC and propidium iodide to
detect early apoptosis or late apoptosis/necrosis; 2) Western blot
analysis of the cleaved PARP.

Measurement of HMGB1 release
HMGB1 released into cell culture supernatant was measured

by protein gel blotting and immunofluorescence confocal micros-
copy. Cells were plated in 12-well plates containing sterile

Figure 4. MEK/ERK pathway is involved in the HMGB1-induced autophagy. (A) HT29 and HCT116
cells were treated with 3-MA (2 mM) after HMGB1 (1 mg/ml) treatment for 24 hours. At the end of
treatment, LCI/II and p62 were analyzed by Western blot. (B) HT29 and HCT116 cells were trans-
fected with a control RNA or a shRNA targeting MEK1/2 for 48 hours, followed by the treatment of
HMGB1(1 mg/ml) for 24 hours. At the end of treatment, whole cell lysates were prepared, resolved
by SDS-PAGE, and subjected to Western blot analysis. Actin was used as a loading control.
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coverslips, allowed for 24 hours growth, and starved in serum
free medium for 3 hours. After stimulation with 35 mM Oxali-
platin for 24 h at 37�C, the cells were fixed with 4% paraformal-
dehyde, permeabilized in 0.1% Triton X-100 in PBS and
blocked in 3% BSA. Cells were stained with anti-HMGB1 anti-
bodies, and probed with an Alexa Fluor 488-conjugated or 546-
conjugated secondary antibody. Coverslips were mounted and
visualized with confocal laser scanning microscopy (Olympus
FV1000). Twenty-five images were analyzed.

Quantitative real-time PCR
mRNA level was determined by quantitative real-time poly-

merase chain reaction. RNA was extracted from 1£107 cells with
TRIzol (Invitrogen) and cDNA from different samples were
amplified with specific primers for HMGB1 (upper strand: 50-
TATGGCAAAAGCGGACAAGG-30, lower strand: 50-
CTTCGCAACATCACCAATGGA-30; GAPDH, upper strand:
50-ATCAGCAATGCCTCCTGCAC-30, lower strand:

50-CGTCAAAGGTGGAGGAGTGG-30)29 Data were normal-
ized to GAPDH expression and the untreated group was set as 1.

Statistical analysis
Data showed in this study are the mean values§SEM of at

least 3 different independent experiments. Results were analyzed
by student’s t-test for the comparisons between the 2 groups. A
significant difference was considered to be present at P < 0.05.
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