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Abstract. Correlation between inhibition of cell motility and 
anti-invasive activity by the water extract of HangAmDan-B 
(HAD-B), a crude extract of eight Korean medicinal animals 
and plants, in NCI-H460 human non-small cell lung cancer 
(NSCLC) cells was investigated. Within the concentrations that 
were not cytotoxic, HAD-B induced significant concentration-
dependent inhibition of cell motility and invasiveness of 
NCI-H460 cells. Treatment with HAD-B resulted in dose-
dependent inhibition of the activities of matrix metalloproteinase 
(MMP)-2 and MMP-9, and this was correlated with a decrease 
in expression of their mRNA and proteins, and upregulation of 
tissue inhibitors of metalloproteinase (TIMP)-1 and TIMP-2 
expression. Anti-invasive activity of HAD-B was also found 
to be associated with increased tightness of the tight junction 
(TJ), as demonstrated by an increase in transepithelial electrical 
resistance. In addition, the present results indicated that 
treatment with HAD-B resulted in repression of the levels of 
claudin family members, which are major components of TJs 
that play a key role in control and selectivity of paracellular 
transport. Although further studies are needed, findings from 
the present study indicate that TJs and MMPs are critical targets 

of HAD-B-induced anti-invasiveness in NCI-H460 NSCLC 
cells.

Introduction

Metastasis is a sequential multi-step process that ultimately 
leads to outgrowth of the cancer in a different organ from the 
one in which it originated. The process involves several steps: 
invasion of adjacent tissues, intravasation, transport of cancer 
cells through the circulatory system, arrest at a secondary 
site, extravasation, and growth in a secondary organ (1-3). 
Therefore, inhibition of tumor cell migration and invasion 
are important mechanisms in the anti-metastatic properties of 
anti-cancer drugs.

Matrix metalloproteinases (MMPs) are a family of zinc-
dependent endopeptidases, which are known to process a broad 
spectrum of cell surface molecules and to function in several 
important biological processes. Collectively, MMPs are capable 
of cleaving virtually all extracellular matrix (ECM) substrates, 
and degradation of matrix is a key event in progression, invasion, 
and metastasis of potentially malignant and malignant lesions 
(4,5). Among various MMPs, MMP-2 and MMP-9 (known as 
gelatinase A and gelatinase B, respectively) appear to play an 
important role in tumor invasion and metastasis, and are highly 
expressed in epithelial cancer cells (6,7). Tissue inhibitors of 
metalloproteinases (TIMPs) are naturally occurring inhibitors 
of MMPs, which inhibit the catalytic activity of MMPs through 
binding to activated MMPs and control breakdown of ECM (8). 
TIMPs can also inhibit proliferation, invasion, and metastasis of 
malignant cells. Disturbance in balance of MMPs and TIMPs 
is found in various pathologic conditions, including cancer (9). 
Therefore, balance between MMPs and TIMPs plays a vital 
role in maintaining the integrity of healthy tissues, and the 
usefulness of MMP inhibitors, as well as TIMP activators, as 
chemotherapeutic agents for treatment of malignant cancer is 
anticipated.

In epithelial cells, several specialized and distinct inter
cellular structures, including the gap junction, tight junction 
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(TJ), adherens junction (AJ), and desmosome, are responsible 
for establishment of contact between neighboring cells. Among 
these, the most apical of these are the TJs, which form tight 
seals between cells and the intercellular space. Within a cell, 
TJ strands act as a fence, which regulates paracellular move-
ment of ions, small molecules, and membrane proteins between 
the apical and basolateral surfaces, thereby maintaining the 
apical-basal polarity of the cell (10,11). They also act as a barrier 
to paracellular flux of water, solutions, and transmigration of 
other cells. In precancerous lesions of epithelia and cancerous 
epithelia, TJ strands become disorganized or are lost altogether, 
so that TJs become ‘leaky’, as indicated by decreased resistance 
to electrical current (transepithelial electrical resistance; TER) 
and increased paracellular permeability of markers (10,11). 
Claudins, which are key integral membrane proteins that form 
the backbone of TJs, can form homodimers or heterodimers to 
produce paired strands between adjacent cells, thereby deter-
mining the characteristic permeability properties of different 
epithelial tissues (12,13). Recent studies have provided evidence 
demonstrating aberrant expression of claudins in various 
cancers, as well as their association with development and 
progression of cancer, which suggests that they have key cellular 
functions that are distinct from their roles in TJ-complexes 
(14-18). However, the exact role of claudin overexpression and 
the functional importance of these proteins in development of 
cancer remain unclear.

HangAmDan-B (HAD-B) is composed of nine products 
from species of Korean medicinal plants and animals (Table I), 
and has been used in oriental medicine for treatment of cancer 
patients for enhancement of immune function and activation of 
vital energy. Significant prevention of basic fibroblast growth 
factor (bFGFs)-induced human umbilical vein endothelial 
(HUVE) cell proliferation, adhesion, migration, and capillary-
like tubular network formation by HAD-B has recently been 
reported (19); however, the anti-cancer mechanisms of HAD-B 
have not yet been well clarified. Therefore, the present study 
attempted to elucidate the anti-metastatic potentials of HAD-B 
in human non-small cell lung cancer (NSCLC) NCI-H460 
cells and the underlying intracellular signal transduction 
pathways involved in inhibition of metastasis. Results of this 
study demonstrated that HAD-B inhibits cell motility and 
invasion of NCI-H460 cells through modulation of the activities 
of MMPs and the levels of TJ-associated factors.

Materials and methods

Cell culture and preparation of HAD-B. NSCLC NCI-H460 
cells were obtained from the American Type Culture Collection 
(Rockville, MD, USA) and cultured in RPMI-1640 medium 
(Gibco BRL, Gaithersburg, MD, USA) supplemented with 10% 
fetal bovine serum (FBS) and 1% penicillin-streptomycin in 
a 37˚C incubator with 5% CO2. HAD-B was provided from 
the East-West Cancer Center of the Dunsan Oriental Medical 
Hospital of Daejeon University (Daejeon, Korea) (Table I). 
Water extract of HAD-B was prepared by extraction of HAD-B 
powder with 10 times (v/w) the amount of distilled water at 
room temperature for 24 h. The extract was centrifuged at 
1000 x g for 30 min, followed by filtering and lyophilization. 
The extract powder was dissolved directly in distilled water 
(19).

MTT assay. For the cell viability study, NCI-H460 cells were 
grown to 70% confluence and treated with various concen
trations of HAD-B for 48 h. Following treatment, cell viability 
was determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl-tetrazolium bromide (MTT, Sigma Chemical Co., 
St. Louis, MO, USA) assay, which is based on the conversion 
of MTT to MTT-formazan by mitochondrial enzymes.

Wound healing migration assay. NCI-H460 cells were grown 
to confluence on 30-mm cell culture dishes coated with 
rat tail collagen (20 µg/ml, BD Biosciences, Bedford, MA, 
USA). A scratch was made in the cell layer with a pipette 
tip. After washing with PBS, serum-free media (to prevent 
cell proliferation) containing 0.5 mg/ml of HAD-B was added. 
Photographs of the wounded area were taken immediately 
after the scratch was made and 12, 24, and 48 h later in order 
to monitor movement of cells into the wounded area (20).

In vitro invasiveness assay. Matrigel invasion assays were used 
for assessment of the ability of NCI-H460 cells to penetrate 
ECM in the presence or absence of HAD-B. Briefly, cells were 
exposed to 0.3 or 0.5 mg/ml of HAD-B for 6 h, and treated cells 
(50,000) were then plated onto the apical side of Matrigel-coated 
filters in serum-free medium containing 0.3 or 0.5 mg/ml of 
HAD-B. Medium containing 20% FBS was placed in the 
basolateral chamber to function as a chemoattractant. After 
48 h, cells on the apical side were wiped off with a Q-tip. Cells 
on the bottom of the filter were stained with hematoxylin and 
eosin Y (Sigma Chemical Co.) and counted (three fields of 
each triplicate filter) using an inverted microscope (20).

Measurement of TER. TER values were measured with an 
EVOM Epithelial Tissue Voltohmmeter (World Precision 
Instruments, FL, USA), equipped with a pair of STX-2 chop-
stick electrodes. Briefly, NCI-H460 cells were seeded into 
the 8.0 µm pore size insert (upper chamber) of a Transwell® 
(Corning Costar Corp., NY, USA) and allowed to reach 
full confluence, after which fresh medium was replaced for 
further experiments. Inserts without cells, inserts with cells 
in medium, and inserts with cells with 0.3 or 0.5 mg/ml of 
HAD-B were treated for 48 h. Electrodes were placed at the 
upper and lower chambers, and resistance was measured with 
the volt-ohm meter.

Table I. Ingredients of HAD-B.

Scientific name 	 Relative amount (mg)

Panax notoginseng Radix 	 84.0
Cordyceps Militaris 	 64.0
Santsigu Tuber 	 64.0
Ginseng Radix	 64.0
Bovis Calculus 	 64.0
Margarita	 64.0
Bostaurus var.domesticus Gmelin	 48.0
Commiphora myrrha 	 48.0

Total amount (1 capsule) 	 500.0
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RNA extraction and reverse transcription-PCR. Following the 
manufacturer's instructions, an RNeasy kit (Qiagen, La Jolla, 
CA, USA) was used for preparation of total RNA, which was 
primed with random hexamers for synthesis of complementary 
DNA using AMV reverse transcriptase (Amersham Co., 
Arlington Heights, IL, USA), using DNAse I (1 U/µg RNA) 
pretreated total mRNA. Polymerase chain reaction (PCR) 
was performed in a Mastercycler (Eppendorf, Hamburg, 
Germany) using the primers indicated in Table II. Conditions 
for PCR reactions were 1 x (94˚C for 3 min), 35 x (94˚C for 
45 sec; 58˚C for 45 sec; and 72˚C for 1 min), and 1 x (72˚C 
for 10 min). Amplification products obtained by PCR were 
electrophoretically separated on 1% agarose gel and visualized 
by ethidium bromide (EtBr) staining.

Protein extraction and Western blot analysis. Total cell lysates 
from cells were prepared in an extraction buffer [25 mM 
Tris-Cl (pH 7.5), 250 mM NaCl, 5 mM ethylendiaminetetra 
acetic acid, 1% nonidet P-40, 0.1 mM sodium orthovanadate, 
2 µg/ml leupeptin, and 100 µg/ml phenylmethylsulfonyl fluoride]. 
A Bio-Rad protein assay kit (Bio-Rad Laboratories, Hercules, 
CA, USA) was used for determination of protein concentration. 
For Western blot analysis, proteins (50 µg) were separated 
by 8-13% sodium dodecyl sulfate (SDS)-polyacrylamide gel 

electrophoresis and then electrotransferred to a nitrocellulose 
membrane (Schleicher & Schuell Bioscience, Inc., Keene, 
NH, USA). Membranes were blocked with 5% skim milk 
for 1 h, and then subjected to immunoblot analysis using 
the desired antibodies. Proteins were then visualized by the 
enhanced chemiluminescence (ECL) method, according to 
the recommended procedure (Amersham Co.). Primary anti-
bodies were purchased from Santa Cruz Biotechnology Inc. 
(Santa Cruz, CA, USA) and Invitrogen (Carlsbad, CA, USA). 
Peroxidase-labeled donkey anti-rabbit immunoglobulin and 
peroxidase-labeled sheep anti-mouse immunoglobulin were 
purchased from Amersham Co.

Gelatin zymographic analysis of secreted MMPs. Following 
incubation with various concentrations of HAD-B for 48 h, 
cell culture supernatants were collected and centrifuged at 
400 x g for 5 min. Cell-free supernatant was mixed with 2X 
sample buffer (Invitrogen) and zymography was performed 
using precast gels (10% polyacrylamide and 0.1% gelatin). 
Following electrophoresis, gels were washed twice at room 
temperature for 30 min in 2.5% Triton X-100, subsequently 
washed in buffer containing 50 mM Tris-HCl, 150 mM NaCl, 
5 mM CaCl2, 1 µM ZnCl2, and 0.02% NaN3 at pH 7.5, and 
incubated in this buffer at 37˚C for 24 h. Thereafter, gels 
were stained with 0.5% (w/v) Coomassie brilliant blue G-250 
(Bio-Rad Laboratories) for 1 h, followed by light de-staining 
in methanol:acetic acid:water (3:1:6). Areas of gelatinolytic 
activity appear as clear bands on the Coomassie stained blue 
background. Gels were scanned and images were processed 
by extraction of the blue channel signal, converting it to black 
and white, and inverting it for quantification of gelatinolytic 
activities from the integrated optical density (21).

Statistical analysis. All data are presented as the mean ± SD. 
The unpaired Student's t-test was used for determination of 
significant differences among the groups. p<0.05 was accepted 
as an indication of statistical significance. All of the figures 
shown in this study were obtained from at least three indepen-
dent experiments.

Table II. Sequences of the primer pairs employed in the RT-PCR 
reactions.

Name	 Sequence of primers

TIMP-1
  Sense	 5'-TGG-GGA-CAC-CAG-AAG-TCA-AC-3'
  Antisense	 5'-TTT-TCA-GAG-CCT-TGG-AGG-AG-3'

TIMP-2
  Sense	 5'-GTC-AGT-GAG-AAG-GAA-GTG-GAC-TCT-3'
  antisense	 5'-ATG-TTC-TTC-TCT-GTG-ACC-CAG-TC-3'

MMP-9 
  Sense 	 5'-CGG-AGC-ACG-GAG-ACG-GGT-AT-3' 
  Antisense	 5'-TGA-AGG-GGA-AGA-CGC-ACA-GC-3'

Claudin-1
  Sense	 5'-TCA-GCA-CTG-CCC-TGC-CCC-AGT-3'
  Antisense	 5'-TGG-TGT-TGG-GTA- AGA-GGT-TGT-3'

Claudin-2
  Sense	 5'-ACA-CAC-AGC-ACA-GGC-ATC-AC-3'
  Antisense	 5'-TCT-CCA-ATC-TCA-AAT-TTC-ATG-C-3'

Claudin-3
  Sense	 5'-AAG-GCC-AAG-ATC-ACC-ATC-GTG-3'
  Antisense	 5'-AGA-CGT-AGT-CCT-TGC-GGT-CGT-3'

Claudin-4
  Sense	 5'-TGG-ATG-AAC-TGC-GTG-GTG-CAG-3'
  Antisense	 5'-GAG-GCG-GCC-CAG-CCG-ACG-TA-3'

GAPDH
  Sence	 5'-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3'
  Antisense	 5'-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3'

Figure 1. Effects of HAD-B on cell viability in NCI-H460 cells. Cells were 
seeded at an initial density of 2.5x105 cells per 60-mm plate, incubated 
for 24 h, and treated with various concentrations of HAD-B for 48 h. Cell 
viability was measured using an MTT assay. Each point represents the 
mean ± SD of three independent experiments. A Student's t-test was used 
for determination of significance (*p<0.05 vs. untreated control).
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Results

Inhibition of cell viability and migration by HAD-B treat-
ment in NCI-H460 cells. In order to determine whether 

HAD-B induces a decrease in cell growth, NCI-H460 cells 
were stimulated with various concentrations of HAD-B and 
cell viability was then measured by an MTT assay. As shown 
in Fig. 1, after 48 h of HAD-B treatment, low concentrations 
of HAD-B (0.1-0.5 mg/ml) did not induce a reduction in cell 
viability, whereas high concentrations of HAD-B (≥1.0 mg/ml) 
caused a significant decrease in cell viability. When compared 
with the control, treatment with 1.0 and 2.0 mg/ml of HAD-B 
caused ~14.9 and 21.4% inhibition of cell growth, respectively. 
Wound healing experiments were performed for determination 
of whether or not HAD-B inhibits motility of NCI-H460 cells. 
Results demonstrated that 0.5 mg/ml of HAD-B, which was not 
cytotoxic, as shown by MTT assay, induced a time-dependent 
delay of the motility of NCI-H460 cells, compared with that of 
control cells (Fig. 2).

Inhibition of cell invasion by HAD-B in NCI-H460 cells. Using 
a Boyden chamber invasion assay, we next attempted to deter-
mine whether the inhibitory effects of HAD-B were connected 
to the decreased activity of cell invasion. As shown in Fig. 3, 
HAD-B treatment resulted in markedly reduced cell invasion 
through the Matrigel chamber in a concentration-dependent 
manner, suggesting that the inhibitory effects of cell migration 
were associated with inhibition of invasive activity in NCI-H460 
cells.

Induction of TIMP-1 and TIMP-2 expression by HAD-B in 
NCI-H460 cells. Migration influences metastasis and invasion 
of the basement membrane is primarily mediated by gelatinase 
MMPs and their inhibitors, TIMPs; therefore, we tested the 
effects of HAD-B on levels of TIMP-1 and TIMP-2 expression. 
Results of RT-PCR showed that HAD-B induced a concentration-
dependent increase of TIMP-1, as well as TIMP-2 mRNA 
levels, which was connected with concurrent up-regulation of 
their protein levels, as determined by Western blotting (Fig. 4), 
suggesting that increase of TIMPs proteins by HAD-B could 
inhibit the activity of MMPs.

Figure 2. Inhibition of cell motility by HAD-B in NCI-H460 cells. Cells were grown to confluency on 30-mm cell culture dishes; a scratch was then made 
through the cell layer using a pipette tip. After washing with PBS, serum-free media (to prevent cell proliferation) containing either vehicle or HAD-B (0.5 mg/ml) 
was added for the indicated times. Photographs of the wounded area were taken for evaluation of cell movement into the wounded area.

Figure 3. Effects of HAD-B on cell invasion in NCI-H460 B cells. (A) Cells 
pretreated with 0.3 or 0.5 mg/ml of HAD-B for 6 h were plated onto the 
apical side of matrigel coated filters in serum-free medium containing either 
vehicle or HAD-B. Medium containing 20% FBS was placed in the baso-
lateral chamber to act as a chemoattractant. After 48 h, cells on the apical 
side were wiped off using a Q-tip. Next, cells on the bottom of the filter 
were stained using hematoxylin and eosin Y, and then counted. (B) Data are 
shown as the mean of triplicate samples and represent invasive cell numbers, 
compared with those of control cells. *p<0.05 vs. untreated control.
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Inhibition of the activity of MMP-2 and MMP-9 by HAD-B in 
NCI-H460 cells. We next investigated the effects of HAD-B 
on mRNA and protein levels of MMP-2 and MMP-9, and their 
activities. Results showed that HAD-B induced a concentration-
dependent decrease in MMP-2 and MMP-9 mRNA levels 
(Fig. 5A), which was also connected with concurrent down-
regulation of their protein levels (Fig. 5B). In addition, we 
performed gelatin zymographic analysis in order to determine 
whether or not the inhibitory effects on mRNA levels of 
MMP-2 and MMP-9 were associated with down-regulation 
of their activities. As indicated in Fig. 5C, HAD-B induced a 
concentration-dependent decrease of MMP-2 and -9 activities. 
These results suggest that the anti-invasive effects of HAD-B 
are associated with increased TIMP-1 and TIMP-2 levels, as 
well as inhibition of MMP-2 and -9 levels, and their activity 
in NCI-H460 cells.

Enhancement of TJs tightening by HAD-B in NCI-H460 cells. 
In order to examine the relationship between TJs tightening 
and invasive activity of NCI-H460 cells treated with HAD-B, 
TER (a measure of tight junction formation) values were 
measured using an EVOM Epithelial Tissue Voltohmmeter. 
As shown in Fig. 6, incubation of cells with HAD-B resulted 
in a substantial concentration-dependent increase in their TER 
values, suggesting that HAD-B induced an increase in TJs 
function in NCI-H460 cells.

Modulation of TJ-related factors by HAD-B in NCI-H460 cells. 
In order to elucidate the mechanism by which HAD-B enhances 
TJ activity and reduces invasive activity in NCI-H460 cells, we 
next determined the levels of TJ regulators. As shown in Fig. 7, 
HAD-B-treated cells showed dose-dependent down-regulation 
of both transcriptional and translational levels of claudins 
(claudin-1, -2, -3, and -4), the most important components of 
the TJ (16), suggesting that this modulation contributed to TJs 
tightening.

Discussion

Metastasis is the sequential multistep process of the spread of 
cancer cells to tissues and organs beyond where the tumor orig-
inated and formation of new tumors. This process ultimately 

Figure 4. Induction of TIMP-1 and TIMP-2 expression by HAD-B in 
NCI-H460 cells. (A) Cells were treated with the indicated concentrations 
of HAD-B for 48 h. Total RNAs were isolated and reverse-transcribed. 
Resulting cDNAs were then subjected to PCR and the reaction products 
were subjected to electrophoresis in a 1% agarose gel and visualized by EtBr 
staining. GAPDH was used as an internal control. (B) Cells grown under 
the same conditions as (A) were sampled, lysed, and 50 µg of proteins were 
separated by electrophoresis on SDS-polyacrylamide gels. Western blotting 
was then performed using anti-TIMP-1 and anti-TIMP-2 antibodies, and an 
ECL detection system. Actin was used as an internal control.

Figure 5. Inhibition of MMP-2 and MMP-9 expression and their activities 
by HAD-B in NCI-H460 cells. (A) Cells were treated with the indicated 
concentrations of HAD-B for 48 h. Total RNAs were isolated and reverse-
transcribed. Resulting cDNAs were then subjected to PCR. The reaction 
products were subjected to electrophoresis in a 1% agarose gel and visualized 
by EtBr staining. GAPDH was used as an internal control. (B) Cells grown 
under the same conditions as (A) were sampled, lysed, and 50 µg of proteins 
were separated by electrophoresis on SDS-polyacrylamide gels. Western 
blotting was then performed using anti-MMP-2 and anti-MMP-9 antibodies, 
and an ECL detection system. Actin was used as an internal control. (C) 
After incubation with HAD-B under the same conditions as those of (A), 
medium was collected, and the activities of MMP-2 and -9 were measured by 
zymography, as described in Materials and methods.
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leads to outgrowth in a different organ from the one in which 
it originated. Cancer cell migration and invasion are critical 
steps during metastasis; therefore, inhibition of cell migration 
and invasion are important mechanisms for consideration in 
development of anti-cancer drugs. The aim of this study was 
to investigate the question of whether HAD-B has potent 
anti-metastasis activities in human lung carcinoma NCI-H460 
cells. We found that HAD-B induced marked inhibition of cell 
motility and invasive activity through decreasing MMP activity 
and tightening of TJs.

MMPs are important proteolytic enzymes in organ develop-
ment and tissue regeneration; however, they also play important 
roles in cancer cell invasion. Thus, tumor metastasis can be 
inhibited by blockade of MMP synthesis and their activity (6,7). 
Activity of MMPs is tightly controlled by transcriptional 
activation, by a complex proteolytic activation cascade, and 
by an endogenous system of TIMPs. TIMPs inhibit MMPs by 
formation of stoichiometric complexes for regulation of matrix 
turnover (8,9). Treatment with <0.5 mg/ml of HAD-B, which 
was not cytotoxic, as determined by MTT assay, resulted in 
marked inhibition of cell motility and invasive activity in 
NCI-H460 cells; therefore, we investigated the question of 
whether or not the inhibitory effects of HAD-B were associ-
ated with modulation of TIMPs and MMPs expression or their 
activities. Our results indicated that HAD-B induced marked 
concentration-dependent inhibition of MMP-2 and MMP-9 
expression, as well as their enzymatic activities. On the contrary, 
the transcriptional and translational levels of both TIMP-1 and 
TIMP-2 showed concentration-dependent up-regulation in 
response to HAD-B treatment. The present data demonstrated 
that HAD-B-induced inhibition of cell motility and invasion 
is related to down-regulation of MMP-2 and -9 activities 
through elevation of TIMPs expression. Therefore, our results 
suggested that HAD-B may induce an increase of the TIMPs/
MMPs ratio as a key factor in regulation of the anti-metastatic 
process, which subsequently blocks degradation of ECM and 
leads to inhibition of cell invasion.

A frequent association of development of human cancer 
with failure of epithelial cells to form TJs and to establish 

correct apicobasal polarity has recently become increasingly 
clear (3,22). These observations indicate that changes of 
permeability properties and loss of cell polarity are hallmarks 
of epithelial cell tumorigenesis. Actually, TJs are critical 
structures in maintenance of these functions in epithelial cells, 
and their modulation is observed in a number of epithelial 
cancers (10,11). These observations indicate that disruption of 
TJs and dysregulation of their composite proteins play critical 
roles in cancer progression, invasion, and metastasis. On the 
other hand, Soler et al (10) first demonstrated that the TER 
of colon carcinoma tissue was significantly lower than that 
of normal colon tissues, but showed higher transepithelial 
paracellular permeability, which confirmed the loss of TJs. In 
addition, some previous studies have shown that many anti-
cancer agents are inhibitory to motility and invasiveness, and 
that they act by enhancement of transepithelial paracellular 

Figure 6. Increase of TER values by HAD-B in NCI-H460 cells. Cells were 
treated with 0.3 or 0.5 mg/ml of HAD-B for 48 h, and TER values were 
measured using an EVOM Epithelial Tissue Voltohmmeter, as described 
in Materials and methods. Results are shown as the mean ± SD of three 
independent experiments. A Student's t-test was used for determination of 
significance (*p<0.05 vs. untreated control).

Figure 7. Effects of HAD-B on expression of claudins in NCI-H460 cells. (A) 
Cells were treated with the indicated concentrations of HAD-B for 48 h. Total 
RNAs were isolated and reverse-transcribed using the indicated primers. 
Resulting cDNAs were then subjected to PCR and the reaction products 
were subjected to electrophoresis in a 1% agarose gel and visualized by EtBr 
staining. GAPDH was used as an internal control. (B) Cells grown under 
the same conditions as (A) were sampled, lysed, and 50 µg of proteins were 
separated by electrophoresis on SDS-polyacrylamide gels. Western blotting 
was then performed using the indicated antibodies, and an ECL detection 
system. Actin was used as an internal control.
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permeability (18,21,23-26). In the present study, we examined 
changes of TER values in order to investigate the relationship 
between anti-invasive activity and TJs in response to HAD-B 
treatment. Our results clearly showed that HAD-B treatment 
induced a dose-dependent increase of the TER values of 
NCI-H460 cells, an effect associated with inhibition of motility 
and invasiveness. These results indicate that treatment with 
HAD-B may result in prevention or reversal of TJ leakiness.

TJ structure is representative of the conglomerate of 
molecules that constitute, associate with, or regulate TJs, and 
a number of proteins, as components of TJs, were identified. 
Among these, 24 members of the claudin family, which are 
transmembrane proteins with extracellular domains, were 
identified. Claudins interact with other claudins to form 
homodimers or heterodimers to produce paired strands 
between cells for regulation of paracellular permeability 
(12,13). A significant amount of previous evidence has indicated 
that disruption of TJs, with concomitant dysregulation of TJ 
proteins, is an early event in cancer cell invasion and metas-
tasis, and the nature of the dysregulation is highly cancer type 
specific (15,27-31). These observations indicate that claudins 
are dysregulated in many types of cancers, and may prove to 
be useful biomarkers for detection and diagnosis of certain 
cancers. Therefore, we investigated the effects of HAD-B on 
the levels of claudin family members; the data showed that 
treatment with HAD-B resulted in significantly inhibited 
expression of claudin proteins, including claudin-1, -2, -3, and 
-4 at both the transcriptional and translational levels. The data 
suggested that the anti-invasive activity of HAD-B was associ-
ated with tightening of TJs through down-regulation of claudin 
family members.

In summary, the present results revealed that HAD-B has an 
anti-metastatic property, which is accompanied by tightening 
of TJs and repression of MMP activities while concurrently 
inhibiting claudin expression, as well as inducing TIMP 
expression, respectively. Although we will need to validate 
this study, our findings point to a novel anti-cancer mechanism 
by HAD-B, and the results also indicate that HAD-B may be a 
potential chemotherapeutic agent for use in decreasing the risk 
for development of lung cancer.
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