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Effect of ulinastatin on the expression and distribution of high
mobility group box 1 in human colon carcinoma cells in vitro
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Abstract. The aim of the present study was to investigate
the in vitro effects of ulinastatin (UTI) on the prolifera-
tion, invasion, apoptosis, expression and distribution of high
mobility group box 1 (HMGBI) and the expression of nuclear
factor kB (NF-xB) in human colon carcinoma LoVo cells. The
cells were divided into control (untreated), UTI1 (400 U/ml
UTI), UTI2 (800 U/ml UTI) and UTI3 (1,600 U/ml UTI)
groups. The cell proliferation, invasion, apoptosis and the
gene and protein expression of HMGBI and NF-kB were
detected using a tetrazolium assay, Transwell cell invasion
assays, a caspase-3 activity assay, western blot analysis and
reverse transcription quantitative polymerase chain reaction,
respectively. The distribution of HMGBI1 was detected using
immunofluorescence. LoVo cell proilferation decreased the
most in the UTI3 group followed, in order, by the UTI2, UTI1
and control groups. UTI inhibited invasion in LoVo cells and
the inhibitory effect was enhanced as the UTI concentration
increased. The activity of caspase-3 increased the least in the
control group followed, in order, by the UTI1, UTI2 and UTI3
groups. UTT inhibited the expression of HMGBI and NF-«B,
and decreased the cytoplasmic distribution of HMGBI. Thus,
UTTI inhibited LoVo cell proliferation and induced LoVo cell
apoptosis, the mechanism of which may be associated with a
decreased in the expression of HMGBI1 and NF-kB, and the
cytoplasmic distribution of HMGBI.

Introduction
High mobility group box 1 (HMGBI, formerly HMGI) was

originally described as a non-histone chromatin-associated
nuclear protein (1-4). The HMGBI sequence is highly
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conserved among species, with murine HMGBI differing in
only two amino acids to that in humans. HMGBI consists of
two tandem L-shaped domains, HMGB boxes A and B, which
are ~75 amino acids in length, and a highly acidic carboxyl
terminus, which is 30 amino acids in length. HMG proteins
are small, DNA-binding proteins that are important in tran-
scriptional regulation (5). In HMGBI-deficient mice, mortality
occurs within a few hours of birth, demonstrating the important
role of this protein in cellular function. In cellular systems,
HMGBI is considered to have two separate functions It is an
intracellular regulator of transcription and has an extracellular
role, in which it promotes metastasis (6-9). Overexpression of
the HMGBI protein is linked to the following cancer-associated
characteristics: Unlimited proliferation, angiogenesis, resis-
tance to apoptosis, the production of growth factors by cells,
lack of susceptibility to growth inhibitors, inflammation and
metastasis (10). It has also been demonstrated that the protein
is involved in cell invasion, tumor growth and metastasis (11).
Treatment with anti-HMGBI antibodies in mice leads to the
suppression of metastasis in Lewis lung tumor cells implanted
beneath the skin (12). The HMGBI protein has been detected
in various types of tumor. Compared with normal tissues,
the HMGBI protein is commonly overexpressed in gastric
and colorectal adenocarcinoma (13). The HMGBI1 protein
is also upregulated in melanomas (14) and high levels of the
protein are observed in leukemia cells (15). There is marked
intertumoral variation in the expression of HMGBI in different
types of breast cancer (16). Although HMGBI is overexpressed
in the majority of types of tumor, certain tumors contain no
HMGBI protein, including adrenal gland carcinoma, in which
no HMGBI expression is observed (17). It is hypothesized that
the HMGBI protein affects cell invasion, tumor growth and
metastasis by high-affinity binding to the receptor for advanced
glycation end products (RAGE) (12,18). HMGBI, which has
been identified as a RAGE ligand, is secreted by certain types
of cell and is important in inflammation, cell migration, differ-
entiation and tumorigenesis (19,20). The binding of HMGBI to
RAGE activates key cell signaling pathways, including those
of mitogen-activated protein kinases (MAPKSs) and nuclear
factor (NF) (11). HMGBI may act as a mediator of angiogen-
esis, increasing the expression of angiogenic growth factors,
including vascular endothelial growth factor (21). HMGBI1
has been observed to lead to endothelial cell migration and
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sprouting in vitro (22), mediate the upregulation of vascular
endothelial growth factor C and enhance lymphangiogen-
esis (23). Overexpression of HMGBI suppresses the activity
of caspase-9 and capsase-3, suggesting that it interferes with
the apoptotic mechanism at the level of apoptosomal caspase-9
activation. The apoptosis-repressing HMGBI1 and cellular
inhibitor of apoptosis 2 (c-IAP2) proteins are upregulated in
the pathogenesis of colon carcinoma (24). Clinical studies have
demonstrated that HMGB1-knockdown inhibits the metastatic
potential of cancer cells (25). Therefore, the HMGBI ligand
or its receptor are important targets as a possible application
in cancer therapeutics (26). Ulinastatin (UTI) is a Kunitz-type
protease inhibitor (27) and an effective calcium influx inhibitor
of the cell transporter system (28). Kobayashi et al demon-
strated that there are specific UTI binding sites on the surfaces
of certain tumor cells and exogenously applied UTI binds to
these sites. This potentially leads to the buildup of a substantial
quantity of UTI on the tumor cell surface (29). There is clear
evidence that UTT is important in preventing tumor cell invasion
and metastasis (30,31). UTI also inhibits tumor necrosis factor o.
(TNF-o)-mediated translocation, protein kinase C (PKC) acti-
vation (32) and the phorbol myristate acetate (PMA)-dependent
activation of the PKC and MAPK cascade (31). Kobayashi et al
observed that UTI inhibited tumor invasion and metastasis,
possibly through the suppression of cell-associated plasmin
activity and the mRNA and protein expression of urokinase
plasminogen (uPA). In endotoxemic rats, UTI suppresses exces-
sive superoxide (O,") generation, systemic inflammation, lipid
peroxidation and HMGBI (33). However, the potential role of
UTI in the regulation of HMGBI in cancer remains to be eluci-
dated. The present study aimed to determine the effect of the
exogenous UTT in the expression of HMGBI and investigate the
effect of UTT inhibition on the activity and release of HMGBI.

Materials and methods

Cell culture. The human colon cancer cell line LoVo, was
provided by Dr Ma (Key Laboratory of Antibody Engineering,
Department of Education, Guangdong, China). The cell line was
negative for mycoplasma contamination. Cells were maintained
in Dulbecco's modified Eagle's medium (DMEM) supplemented
with penicillin (100 U/ml), streptomycin (100 U/ml) and 10%
heat-inactivated fetal bovine serum (Gibco Life Technologies,
Grand Island, NY, USA) at 37°C in 5% CO,.

Drug assay. The cells were divided into the four
following groups for the drug assay: Control (no UTI),
UTI1 (400 U/ml UTI), UTI2 (800 U/ml UTI) and UTI3
(1,600 U/ml UTI). Prior to stimulation, the cells were washed
three times with NaCl/propidium iodide (Sigma Co., St. Louis,
MO, USA) and incubated overnight in complete medium
containing 1% fetal bovine serum. The test drug was added and
the incubation was continued for different durations (24, 48 or
72 h). Subsequently, the medium was aspirated and the cells
were harvested and washed thoroughly with phosphate-buffered
saline (PBS). The cell viability immediately prior to harvesting
remained >90%.

Cell growth. The cultured cells were harvested from
80% confluent monolayers by brief trypsinization with
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0.1% trypsin and 0.1% ethylenediaminetetraacetic acid
(Gibco Life Technologies, Carlsbad, CA, USA). The cells
(2,000 cells/well) were seeded onto 96-well tissue culture
plates (Corning Inc., New York, NY USA) and were cultured
for 12 h in regular medium. The cells were washed twice with
PBS and treated with UTI. The cell growth was monitored
following 24,48 and 72 h by MTT assay (36). All experiments
were repeated three times under the same conditions.

Invasion assay. Using a Boyden chamber system, the capability
of tumor cells to invade was assessed using previously described
methods (34). A polycarbonate membrane with 8 ym pores was
coated with a reconstituted basement membrane gel (Matrigel;
BD Biosciences, Franklin Lakes, USA). DMEM containing
10% fetal bovine serum was placed in the lower compartment
of the chamber as a chemoattractant. The UTI-treated LoVo
cells (1x10°) were resuspended in complete medium (200 pul)
and seeded in the upper chamber. Following incubation for 24 h
at 37°C, the cells that had migrated to the lower chamber were
fixed and stained using 0.1% crystal violet (Sigma) and counted
using fluorescence microscopy (Olympus IX71; Olympus,
Tokyo, Japan; magnification, x100).

Western blot analysis. The HMGB1 NF-kB protein was
detected by immunoblotting. The conditioned media were
individually harvested and the remaining monolayers
were scraped and lysed in lysis buffer containing 50 mM
4-(2-Hydroxyethyl) piperazine-1-ethanesulfonic acid,
0.5 mM NacCl, 0.05% Tween-20, 1% Triton X-100, 1 mM
phenylmethanesulfonyl fluoride, 10 gg/ml E-64 and 10 pg/ml
leupeptin, to prepare the cell lysates. Equal quantities of
cellular protein (50 pg/lane) underwent 12% SDS-PAGE and
were transferred to polyvinylidene difluoride membranes
(Roche, Mannheim, Germany). The membrane was probed
for 12 h with anti-HMGBI rabbit polyclonal antibody
(1:1,000; Abcam, Cambridge, UK) or anti-NF-»xB rabbit
polyclonal antibody (1:1,000; Abcam), Horseradish perox-
idase-conjugated anti-rabbit immunoglobulin G (1:5,000;
Abcam) was used as secondary antibody and was incubated
for 2 h. Immunoreactivity was detected using an Enhanced
Chemiluminescence kit (Thermo Fisher Scientific, Waltham,
MA, USA) and visualized using Image Gauge software
(Fujifilm, Tokyo, Japan).

Immunofluorescence image analysis. The cells were cultured
in 96-well plates and fixed using 10% paraformaldehyde in PBS
for 10 min at room temperature. The cells were then washed
with PBS and incubated for 5 min at 4°C with permeabiliza-
tion buffer, containing 0.1% Triton X-100 in PBS. The samples
were blocked using 2% bovine serum albumin (BSA) in PBS
for 30 min and incubated with rabbit anti-HMGBI1 (1:100)
for 24 h at 4°C. Following washing three times with 0.2% BSA
in PBS, an Alexa Fluor 488 secondary antibody (1:50;
Invitrogen Life Technologies, Carslbad, CA, USA) was added
for 1 h at room temperature. Mounting medium containing
Hoechst (1:50; Vector Laboratories, Inc., CA, USA) was used
for 30 min at room temperature. Fluorescent-labeled cells were
observed using an inverted microscope (Olympus, Tokyo,
Japan) and images were captured using XV Image processing
software (Mathworks, Natick, MA, USA).



Caspase activity assay. Caspase activity was quantified using
a Caspase-3 Fluorometric Protease assay kit (BioVision, Inc,
Milpitas, CA, USA) according to the manufacturer's instruc-
tions. All components mentioned in this paragrph are part of the
Caspase Assay kit. The assay was based on the cleavage of the
fluorogenic peptide DEVD-AFC, a caspase-3 substrate, which
was added to the cell lysates prepared from the apoptotic cells
and the non-apoptotic controls. The cells (1x10%) were counted,
pelleted and resuspended in 50 pl chilled cell lysis buffer prior
to incubation on ice for 10 min. A reaction buffer (2X; 50 ul)
containing 10 mM dithiothreitol was added to each sample,
followed by 5 ul 1 mM DEVE-AFC substrate to a final concen-
tration of 50 uM and incubated at 37°C for 1.5 h. The samples
were transferred onto a 96-well plate for detection of caspase
activity and were read using an automatic fluorometer micro-
plate reader (SpectraMax MS5; Molecular Devices, Sunnyvale,
CA, USA) equipped with a 400 nm excitation filter and 505 nm
emission filter.

Reverse transcription and quantitative polymerase chain
reaction (qPCR). The total RNA extracts (2 ug) from the
LoVo cells or control cells were reverse-transcribed using
Expand Reverse Transcriptase (Roche Diagnostics, Basel,
Switzerland) according to the manufacturer's instructions.
The cDNA was then used for qPCR. Primers were designed
using the Primer Express program (PerkinElmer, Inc.,
Waltham, MA, USA). Quantification of the target cDNA was
performed using an ABI PRISM 7500HT Sequence Detection
system (Applied BiosystemsLife Technologies, Foster City,
CA, USA), using SDS 2.1 software (Applied Biosystems
Inc., Carlsbad, CA, USA). All reactions were performed
three times in triplicate. The transcripts were detected using
SYBR Green I (Applied Biosystems) according to the manu-
facturer's instructions and were normalized to the internal
control B-actin and optimal reaction conditions for target
gene amplification were according to the manufacturer's
instructions. Primers were designed using the primer design
software, Primer 5.0 (Shanghai Biotechnology Co., Ltd.,
Shanghai, China). The primer sequences used were as follows:
Forward, 5"TGAGCTCCATAGAGACAGCG-3', and reverse,
5" TGACATTTTGCCTCTCGGCT-3"

Statistical analysis. Data are expressed as the means =+ stan-
dard deviation. All statistical analyses were performed using
SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). The
Mann-Whitney U test was used to compare the different
groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

LoVo cell proliferation. The proliferation of UTI-treated LoVo
cells were significantly inhibited compared with the control
group (P<0.05). The inhibitory effect was enhanced following
extended treatment, which indicated a time-dependent
effect (Fig. 1). Similarly, the inhibitory effect increased signifi-
cantly as the UTI concentration increased.

In vitro invasion. Following treatment (48 h), the number
of UTII cells that had invaded the membrane were
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Figure 1. Effect of UTI on LoVo cell growth. Compared with the control,
the growth rates of the UTI1-3 LoVo cells were reduced by 16.29, 30.62
and 43.73%; 27.69, 39.95 and 55.62%; and 40.24, 52.52% and 65.62%,
respectively, after 24, 48, and 72 h. The cells were reseeded into 96-well
culture plates and growth was assessed by MTT assay. Each value is
expressed as the mean of three experiments and the error bars denote
the standard deviation. C, control; Ul, cells treated with 400 U/ml UTI;
U2, cells treated with 800 U/ml UTI; U3, cells treated with 1,600 U/ml
UTTI,; UTI, ulinastatin; OD, optical density.

significantly lower (95+6 cells/well), as compared with
the untreated cells (15311 cells/well, P=0.0001, unpaired
Mann-Whitney U test; Fig. 2). The number of invading UTI2
cells was significantly lower (38+5 cells/well), as compared
with the UTII cells (P=0.0001, unpaired Mann-Whitney
U test). The number of invading UTI3 cells was signifi-
cantly lower (15+3 cells/well), as compared with the UTI2
cells (P=0.003, unpaired Mann-Whitney U test).

Caspase-3 activity. Using a fluorescent substrate peptide, the
caspase-3 activity in cell lysates, prepared from UTI-treated
LoVo cells, was measured. UTI effectively enhanced
caspase-3 activity (Fig. 3) and a significant difference
(P<0.05) was observed between the UTI groups.

Immunofluorescence imaging. Cytoplasmic HMGBI1 was
observed in the control cells (Fig. 4). In the UTI-treated cells,
HMGBI was present mainly in the nucleus, indicating that
the distribution of HMGBI1 had been altered. All data are
representative of two or three experiments. Fig. 4 depicts the
UTII cells.

Effects of UTI on the expression of HMGBI. The LoVo cells
were exposed to UTI for 48 h and the mRNA and protein
expression of HMGBI were examined by qPCR (Fig. 5) and
immunoblotting (Fig. 6A). The mRNA levels of HMGBI1
were reduced following UTI treatment in comparison with
the control group. The mRNA level of HMGBI in the control
cells remained unaltered. The protein levels of HMGBI the
in UTI1, UTI2 and UTI3 cells were reduced by 14.48, 31.69
and 43.56%, respectively, compared with the control cells.

Effects of UTI on the protein expression of NF-xB. The LoVo
cells were exposed to UTI for 48 h and the protein expression
of NF-kB was examined using immunoblotting (Fig. 6B).
The results demonstrated that UTI significantly inhibited
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Figure 2. In vitro invasion assay. UTI-treated LoVo cells were incubated in a modified Boyden chamber. After 24 h, the cells invading the type IV collagen matrix
were counted (magnification, x100). C, Control; U1, cells treated with 400 Ul/ml UTI; U2, cells treated with 800 U/ml UTI; U3, cells treated with 1,600 U/ml

UTTI; UTI, ulinastatin.
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Figure 3. Caspase-3 activity following UTI exposure was increased in
the LoVo cells compared with the controls. The results are representative
of three separate experiments. C, control; Ul, cells treated with 400 U/ml
UTT; U2, cells treated with 800 U/ml UTT; U3, cells treated with 1,600 U/ml
UTI. UTI, ulinastatin; OD, optical density. "P<0.05, “P<0.01 as compared
group C.

the protein expression of NF-kB compared with the control
group (P<0.05).

Discussion

HMGBI is a nuclear protein that is involved in the process of
carcinogenesis (35). HMGBI is upregulated in certain types of
tumor, including colon adenoma and carcinoma and HMHBI1
overexpression is observed in prostate cancer and malignant

melanoma cells (14,36,37). HMGBI is also overexpressed in
colorectal cancer cells (HCT116, HT-29, SW480 and DLD-1),
derived from primary lesions and LoVo and SW620 cells,
derived from metastatic lymph nodes (38). Overexpression
of HMGBI promotes cell motility, invasiveness, proliferation
and angiogenesis in cancer progression (39) and results in the
release or secretion of higher quantities of the protein in the
tumor microenvironment. This confers a selective advantage
to cancer cells, promoting more effective angiogenesis and
facilitating metastatic spread (35). Overexpression of HMGBI1
inhibits apoptosis while increasing the activity of NF-kB and
leads to the overexpression of the anti-apoptotic NF-«xB target
gene product c-IAP2 in vitro. Further analysis has revealed
a correlation between increased levels of HMGBI and
increased quantities of c-IAP2 in colon tumors. The overex-
pression of HMGBI also inhibits the activity of caspase-9 and
caspase-3 (24). Released HMGBI activates tumor-associated
macrophages and cancer cells, resulting in the secretion of
proinflammatory cytokines, including TNF-a, interferon-c
and interleukin (IL)-1b (40). This further stimulates the divi-
sion of cancer cells and endothelial cells, the latter leading
to neoangiogenesis (41,42). It has been demonstrated that
UTI inhibits the release TNF-a, IL-1 and IL-6, prompting
investigation of the therapeutic use of UTI in the inhibition
of HMGBI activity. UTTI significantly prevents the pulmonary
metastasis of mouse Lewis lung carcinoma 3LL cells signifi-
cantly (43) and it has been suggested that UTI is important
in inhibiting the invasion and metastasis of tumor cells (44),
possibly by the direct inhibition of cell-associated plasmin
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Figure 4. Localization of HMGBI in the LoVo cells treated with 400 U/ml UTI. Nuclear and cytoplasmic localization was observed. Cytoplasmic HMGBI
expression was significantly decreased following UTI treatment. C, Control; UTI, ulinastatin, HMGBI, high mobility group box 1.

Mean HWGB1 mRNA relative value

Figure 5. Effects of UTI on the mRNA levels of HMGBI. Results are
expressed as the mean + standard deviation of four different readings with
B-Actin as an internal control. UTI, ulinastatin; C, control; Ul, cells treated
with 400 U/ml UTI; U2, cells treated with 800 U/ml UTI; U3, cells treated
with 1,600 U/ml UTT. HMGBI, high mobility group box 1. ‘P<0.05, “P<0.01
as compared group C.

activity and by inhibiting the mRNA expression of uPA and its
receptor uPAR (45). UTT also inhibits the upregulated expres-
sion of uPA and uPAR, possibly through MAPK-dependent
signaling cascades, in ovarian carcinoma cells in vitro and
invivo (46) and UTT also downregulates the expression of CXC
chemokine receptor 4 and matrix metalloproteinase-9 (47). In
the present study, treatment with UTI significantly inhibited
LoVo cell proliferation. RT-qPCR and western blot analysis
demonstrated that UTI inhibited the expression of HMGBI
mRNA and protein, respectively, decreasing their expression
in the UTI-treated LoVo cells, compared with the untreated
control cells. A possible reason for this is that NF-xB acti-
vation is required for the migration of cells to sites of tissue
damage in response to the danger signal HMGBI (48) and
UTI may decrease NF-kB signal transduction (49). The
present study also demonstrated that UTI inhibited NF-«xB.
Brezniceanu et al (50) observed that the overexpression of
HMGBI inhibits Bak-induced cell death in the human colon

A - o S ——
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Figure 6. (A) Effect of UTI on the protein expression of HMGBI in LoVo
cells measured using Imagel software. Images are representative electro-
phoresis results of the 30-kD HMGBI protein. A 43-kD [-actin fragment
was used as the internal control. The relative quantity of HMGBI protein
is presented as the mean + standard deviation of the integrated optical den-
sity. (B) Effect of UTI on the protein expression of NF-xB in LoVo cells
measured using ImageJ software. Images are representative electrophoresis
results of the 65-kD NF-kB protein. A 43-kD f-actin fragment was used as
the internal control. The relative quantity of NF-kB protein is presented as
the mean + standard deviation of the integrated optical density. UTI, ulina-
statin, HMGBI, high mobility group box 1; C, Control; U1, cells treated with
400 U/mL UTI; U2, cells treated with 800 U/mL UTI; U3, cells treated with
1600 U/mL UTIL.

carcinoma cell line, RKO. In the present study, UTI enhanced
caspase-3 activity, possibly by inhibiting the expression of
HMGBI. Another possibility is that UTI may have inhibited
MAPK/extracellular signal-regulated signal kinase (ERK)
kinase (MEK) 1/2 (45). Degryse et al (18) demonstrated that
phosphorylated ERKs promote smooth muscle cell migration
in response to HMGBI1. ERK1/2 and MEK1/2 are rapidly
phosphorized by HMGBI in 3T3 fibroblasts and U0126, a
MAPK/MEK 1/2-specific inhibitor, suppresses the migration
induced by HMGBI (18). HMGBI stimulates ERK activity
and it has been established that PMA induces ERK activity
in a number of systems (51). It has been suggested that the
effect of PMA on the expression of other genes is a result of
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activation of the classic pathway, the RAS/Raf-1/MEK/ERK
signaling cascade (52). An alternative pathway involves
the sequential activation of Racl, MEKI, c-Jun N-terminal
kinase (JNK) and the JNK subset of MAPK (50). UTI
exerts its effects possibly through inhibition of the upstream
components of ERK activation in the MAPK cascade, which
are a set of signaling molecules that teleologically alter gene
expression (45).

The present study also demonstrated that UTT altered the
distribution of HMGBI. Cytoplasmic HMGBI was entirely
absent or present at low levels in normal tissues and normal
fibroblast cell lines, whereas high levels of cytoplasmic
HMGBI1 were observed in the tumor cell. The decreased
affinity of HMGBI to bind to DNA may be associated with
its transport into the cytoplasm. The cytoplasmic transport of
HMGBI results from its phosphorylation (53). Kang et al (54)
observed that the secretion of HMGBI is correlated with an
increase in the invasiveness of cancer cells. Following trans-
port into the cytoplasm, phosphorylated HMGBI is secreted
from the cell and the activation of genes associated with cell
migration by phosphorylated HMGBI affects tumor progres-
sion (54). In addition, the phosphorylation of serine 35, 39
and 42 of the nuclear localization signal 1 region in HMGBI
is essential for HMGBI transport into the cytoplasm and
these serine residues are consistent with the predicted PKC
binding site (54). The PKC family is comprised of at least
12 serine-threonine kinases and these are divided into three
major groups (55,56). The most important cancer-associated
targets of PKC are ERK1/2, glycogen synthase kinase-3 beta,
NF-«B and P-glycoprotein (57,58). The addition of phosphate
groups to the HMGBI protein decreases its DNA-binding
activity and inhibits its accumulation in the nucleus. The
nuclear or cytoplasmic localisation of HMGBI proteins may
rely on their affinity for DNA (59). Therefore, the hypophos-
phorylated HMGBI protein in cancer cells may increase
its activitiy as a nuclear DNA-binding protein (14,45). The
present study demonstrated that UTTI significantly decreased
the movement of HMGBI from the nucleus to the cytoplasm,
which may have been caused by exogenous UTI-induced
inhibition of the increased membrane-associated PKC and
decreased cytosolic PKC activity (60). In conclusion, the
present study demonstrated that UTI inhibited the expression
of HMGBI in LoVo cells.
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