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Norcantharidin has been used as an efficacious anticancer drug
in China for many years, but its true mechanism remains poorly
understood. Intriguingly, in an in vitro series study of anticancer
drugs, we found that norcantharidin can effectively inhibit epi-
thelial tumor cells from expressing integrin avb6. Our previous
studies have confirmed that integrin avb6 is closely relevant to
malignant epithelial cell tumor biology behavior, and it can pro-
mote cancer cells to invade and metastasize through a special
avb6–extracellular signal-related kinase (ERK) direct signaling
pathway. In this study, we investigated the relationship between
the norcantharidin anticancer mechanism and integrin avb6. After
HT-29 colon cancer cells were treated with norcantharidin, cell
apoptosis increased remarkably. The expression of avb6 and the
amount of p-ERK decreased substantially; simultaneously, the link-
age between avb6 and ERK was barely detectable. However, the
expression of other integrins and the levels of mitogen-activated
protein kinase hardly changed. On these grounds, we presumed
that norcantharidin induced HT-29 colon cancer cell apoptosis
through the avb6–ERK signaling pathway. This finding elicited a
novel strategy for targeting the whole avb6–ERK signal pathway,
rather than simply blocking the combining site of avb6–ERK in
colon cancer treatment. (Cancer Sci 2009; 100: 2302–2308)

C antharidin is an efficacious antitumor drug extracted from
blister beetles (Mylabris phalerata Pall). It has been used

in China for over 2000 years. As cantharidin generates signifi-
cant side effects, such as urinary system toxicity,(1) it has been
restrained in clinical treatment. Recently, congener drugs
with less adverse reactions have been synthesized, such as
N-hydroxycantharidimide and sodium cantharidinate. A new
kind of congener drug, norcantharidin (NCTD) is an ademethy-
lated form of cantharidin that is synthesized using furane and
maleic anhydride through additive reactions. With the removal
of two methyl groups, symptoms of urinary system toxicity
caused by cantharidin disappear, while its anticancer activity
remains. Many papers have shown that NCTD can inhibit the
proliferation of several tumor cell lines in vivo and in vitro,(2,3)

but with different mechanisms.
Our studies of integrin avb6 in the past confirmed that

avb6 can enhance the invasion metastasis of tumor cells
and inhibit apoptosis,(4–8) and our group was the first to ver-
ify the existence of a special avb6–ERK direct signaling
pathway in epithelial cancer cells through which integrin
avb6 effects these crucial roles in tumor cells.(9–12) In the
present study, the human colon carcinoma HT-29 cell line
was used to determine the effects of NCTD on cell prolifer-
ation and apoptosis in vitro and to investigate whether the
avb6 and avb6–ERK signaling pathway participates in
NCTD anticancer mechanisms.
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Materials and Methods

Cell line and culture conditions. The human colon cancer cell
line HT-29 was obtained from the American Type Culture Col-
lection (ATCC; Rockville, MD, USA) and maintained as mono-
layers in standard medium comprising Dulbecco’s modified
Eagle’s medium (4.5 g ⁄ L of glucose) (Sigma, St. Louis, MO,
USA) containing 10% heat-inactivated fetal calf serum (FCS)
(Sigma) and supplemented with 20 mM HEPES, 100 IU ⁄ mL
penicillin, and 100 lg ⁄ mL streptomycin (Merck, Darmstadt,
Germany). The cells were incubated at 37�C, 5% CO2, and satu-
rated humidity. Cells in the exponential phase of growth at
2 · 105 cells ⁄ mL were exposed to various doses of NCTD for
different time intervals. The negative control culture was left
untreated.

Antibodies and reagents. The mouse-antihuman monoclonal
antibody L230 and R6G9 (IgG2a) respectively directed to the
extracellular domain of the human integrin av subunit and sub-
unit b6, the function-blocking antibody 10D5 (IgG2a) against
avb6, P1F6 (IgG1) against avb5, and LM609 (IgG1) against
avb3, were all obtained from Chemicon International (Teme-
cula, CA, USA). Mouse immunoglobulins, IgG2a and IgG1 were
acquired from Dako (Copenhagen, Denmark). Antibodies
against ERK, phosphorylated ERK (p-ERK), JNK, phosphory-
lated JNK (p-JNK), p38, and phosphorylated p38 (p-p38) were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Purified gelatinases were prepared from medium condi-
tioned by cultured human fibroblasts. Gelatin Sepharose 4B
beads for affinity concentration of gelatinases from cell lysates
were purchased from Amersham Pharmacia (Sydney, Australia).
Reagents for SDS–polyacrylamide gel electrophoresis (SDS–
PAGE) and molecular weight markers were obtained from
Bio-Rad Laboratories (Hercules, CA, USA), and the Hoechst
33258 Cell Apoptosis Assay Kit was from Keygentec (Nanjing,
China). NCTD of analytical grade purity was obtained from the
Beijing Fourth Pharmaceutical Works, Beijing, China.

Cell proliferation assay. Cell viability was determined by mea-
suring cellular metabolism using the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. In brief,
cells were plated at 5000 cells ⁄ well in 96-well tissue culture
plates. After treatment, MTT was added to each well at a final
concentration of 5 mg ⁄ mL, and the cells were incubated for 4 h
at 37�C. The medium was then removed, and the cells were
dissolved with dimethyl sulfoxide (Sigma). Absorbance was
measured at 570 nm (referenced to 650 nm) in a microplate
reader (Bio-Tech Instruments, Winooski, VT, USA).
doi: 10.1111/j.1349-7006.2009.01320.x
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Zymography. Gelatinase B (MMP-9) and MMP-3 were ana-
lyzed using SDS-substrate gels by adding gelatin (0.1 mg ⁄ mL
final concentration) to the 10% acrylamide separating gel.
Tumor-conditioned medium (TCM) collected under serum-free
conditions was mixed with substrate gel sample buffer (10%
SDS, 50% glycerol, 25 mM Tris–HCl [pH 6.8], and 0.1%
bromophenol blue), and 70 lL loaded onto the gel without prior
boiling. Following electrophoresis, the gels were washed twice
in 2.5% Triton X-100 for 30 min at room temperature to remove
the SDS. The gels were then incubated at 37�C overnight in sub-
strate buffer containing 50 mM Tris–HCl and 5 mM CaCl2 (pH
8.0). The gels were stained with 0.15% Coomassie blue R250 in
50% methanol and 10% glacial acetic acid for 20 min at room
temperature, and de-stained in the same solution without Coo-
massie blue. Gelatin-degrading enzymes were identified as clear
bands against the blue background of stained gel.

MMP activity assay. MMP-9 and MMP-3 levels in TCM
obtained from NCTD-treated and -untreated HT-29 cells were
assayed using the Biotrak MMP-9 and MMP-3 activity assay
system, respectively (Amersham, Aylesbury, UK). This assay
measures total MMP levels (inactive pro-enzyme activated arti-
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Fig. 1. Dose- and time-dependent inhibition of HT-29 cell proliferation
by norcantharidin (NCTD) treatment. (a) HT-29 cells were treated with
20 lmol ⁄ L NCTD for various time periods; (b) HT-29 cells were treated
with various doses of NCTD for 24 h. The data are representative of
three similar experiments.
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ficially plus endogenous active enzyme forms), and MMP secre-
tion is calculated on a per-cell basis.

Detection of apoptosis by Hoechst 33258. After the cells had
been treated with NCTD (60 lmol ⁄ L) for 12 h, the slides were
washed twice with iced PBS and then fixed with 4% paraformal-
dehyde for 10 min at 4�C after being washed twice with PBS.
Then, Hoechst 33258 fluorescent dye was added to the slides,
and they were incubated for 10 min at room temperature. The
slides were then washed twice with PBS and examined under a
fluorescence microscope. Apoptotic features were assessed by
observing chromatin condensation and fragments stained by
Hoechst 33258. In each case, 10 random fields and more than
500 cells were counted.

FACScan analyses. Monolayer cultures of HT-29 were treated
with various doses of NCTD, harvested with 20 mM EDTA and
then blocked with goat serum at 4�C for 10 min. The cells were
washed once with PBS, incubated with primary antibody
(R6G9, P1F6, or LM609) for 30 min at 4�C, and then washed
twice with PBS. The cells were then stained with secondary
antibody conjugated with phycoerythrin for 20 min at 4�C,
washed twice with PBS, and re-suspended in 0.5 ml PBS prior
to FACScan analysis.

Western blotting. HT-29 cells were treated with various doses
of NCTD for 12, 24, 36, and 48 h. Both adherent and floating
cells were collected and frozen at )80�C. To detect the levels of
av, b6, b5, b3, ERK, p-ERK, JNK, p-JNK, p38, and p-p38,
TCM from those cells was concentrated 50-fold; the protein
content was measured using the bicinchoninic acid (BCA) pro-
tein assay reagent and 10 lg was electrophoresed on a 12.5%
SDS-PAGE gel under non-reducing conditions. Prior to loading
the sample on the gel, the protein loads were equalized, and the
electrophoresed proteins were transferred to nitrocellulose
membranes. An equivalent protein loading for each lane was
reconfirmed by staining the nitrocellulose membrane with
Ponceau using the 36-kDa GAPDH band present in the insulin
selerons acid, and transferrin (ITS) supplement as a reference
marker. Membranes were then probed with primary polyclonal
antibody against av, b6, b5, b3, ERK, p-ERK, JNK, p-JNK,
p38, and p-p38, followed by peroxidase-labeled secondary anti-
bodies. Western blots were visualized using the enhanced
chemiluminescence detection system (Pierce, Rockford, IL,
USA) according to the manufacturer’s instructions.

Co-immunoprecipitation. Lysates of equal cell numbers from
NCTD-treated group and control group cultures were incubated
with the integrin avb6 monoclonal antibody R6G9 overnight at
4�C. Lysates were then centrifuged at 10 000g for 10 min and
pre-cleared with rabbit antimouse (RAM) immunoglobulin cou-
pled to Sepharose-4B beads for 2 h. The immunoprecipitated
proteins were washed three times with RIPA buffer and then
analyzed by 7.5% SDS–PAGE under non-reducing conditions.
The mouse-antihuman monoclonal R6G9, 6G11 (Santa Cruz
Biotechnology) which recognizes both phosphorylated and non-
phosphorylated ERK2, and anti-ERK mAb (12D4; Santa Cruz
Biotechnology) against phosphorylated forms of ERK1 ⁄ 2, were
used to detect the levels of b6, ERK2, and p-ERK2 on nitrocel-
lulose membranes, respectively.

Results

Inhibition of HT-29 cell proliferation by NCTD treatment. The
MTT assay showed that after treatment with NCTD (20, 40, 60,
80, 100, and 120 lmol ⁄ L) for 12, 24, 36, 48, 60, and 72 h, the
number of viable cells markedly decreased in a dose- and time-
dependent manner (Fig. 1).

NCTD suppresses HT-29 cell secretion and activity of gelatinase
B. In order to investigate whether NCTD interferes with the
secretion and activity of gelatinase B, a zymography assay and
MMPs activity were done. Figure 2a,b show that after HT-29
Cancer Sci | December 2009 | vol. 100 | no. 12 | 2303
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Fig. 2. Suppression of gelatinase B secretion and activity in HT-29
colon cancer cells treated with norcantharidin (NCTD). (a) Zymography
assay showed the secretion of MMP-9 and MMP-3 without or with
NCTD treatment; (b) MMP activity assay showed the activity of MMP-9
and MMP-3 without or with NCTD treatment; (c) inhibition rate curves
respectively indicate the MMP-9, MMP-3 activity inhibition rate and
HT-29 cell growth inhibition rate.
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Fig. 3. Certification of norcantharidin (NCTD)-induced apoptosis in
HT-29 cells through detection by Hoechst 33258. (a) Control group HT-
29 cells not treated with NCTD. (b) HT-29 cells treated with 60 lmol ⁄ L
NCTD for 12 h. (c) The cell apoptosis rate between the control group
and the NCTD group (*P < 0.01).
cells were treated with 20, 40, and 60 lmol ⁄ L NCTD for 12 h,
the secretion and activity of MMP-9 and MMP-3 decreased sub-
stantially in a dose-dependent manner. In Figure 2c, three inhi-
bition rate curves indicate that the MMP-3 activity inhibition
rate curve almost parallels with HT-29 cell growth inhibition
rate curve, but the MMP-9 activity inhibition rate was obviously
lower than MMP-3 activity and the cell growth inhibition rate.

NCTD induces HT-29 cell apoptosis. We treated HT-29 cells
with 60 lmol ⁄ L NCTD for 12 h to determine whether it could
induce apoptosis. The cells were examined using fluorescence
microscopy and Hoechst 33258 staining. We found significant
morphological changes in the cells’ nuclear chromatin (Fig. 3).
In the control group, the nuclei were stained light, bright blue,
and the color was homogeneous. In the NCTD-treated group,
the blue emission in the apoptotic cells was much brighter. The
condensed chromatin could also be found in parts of the treated
cells, some of them forming the structure of apoptotic bodies, a
classic characteristic of apoptotic cells. The percentage of
apoptotic cells in the counted fields in the control group was
2304
1.45 ± 0.67%, while in the NCTD-treated group it was
35.60 ± 1.84%. The apoptotic rate in the NCTD-treated cells
was significantly different from the control cells (P < 0.01).

NCTD reduces the expression of avb6 in HT-29 cells. FACScan
data for avb6, avb5, and avb3 expression are shown in
Figure 4a. The integrin avb6 was expressed at very high, high,
doi: 10.1111/j.1349-7006.2009.01320.x
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Fig. 4. FACScan and Western blotting assay
showed the suppression of b6-subunit expression
with norcantharidin (NCTD) addition in HT-29
cells. (a) FACScan analyses of b-integrin-subunit
expression in HT-29 cells with or without NCTD
treatment. (b) The Western blotting assay showed
the amount of av, b6, b5, and b3 in HT-29 cells
treated with or without NCTD. Data shown are
representative of at least three similar experiments.
moderate, or low levels with median intensity fluorescence val-
ues of 116, 87, 56, and 30, respectively, either without or with
NCTD at a concentration of 20, 40, or 60 lmol ⁄ L for 12 h
(P < 0.01). In contrast, in the control group the avb5 and avb3
expression did not substantially change (P > 0.05). Under the
same conditions, Western blotting assay also confirmed this
result. In Figure 4b, only the amount of b6 decreased accompan-
yed by the NCTD dose increase, but the amount of av, b5, and
b3 did not obviously change over time.

Effect of function-blocking antibodies on NCTD-treated HT-29
cells. The function-blocking antibodies against avb6, avb5, and
avb3 were used to investigate their effect on NCTD-treated HT-
29 cells. The IgG2a and IgG1 were used as negative controls.
The cells were first treated for 2 h with the antibodies 10D5
(100 lg ⁄ mL), F1P6 (10 lg ⁄ mL), LM609 (10 lg ⁄ mL), IgG2a

(100 lg ⁄ mL), and IgG1 (100 lg ⁄ mL). Next, the HT-29 cells
were incubated without or with 20 lmol ⁄ L NCTD for 12 h.
The inhibition rate of HT-29 cells is shown in Figure 5. The
avb6-function-blocking antibody, 10D5, could inhibit HT-29
Peng et al.
cell growth (P* < 0.01 vs other sole antibodies), and this sup-
pressing effect was obviously stronger when taken with 10D5
and NCTD together (P** < 0.01 vs other antibodies + NCTD).
The other antibodies, F1P6 and LM609, did not (P > 0.05).

MAPK expression in NCTD-treated HT-29 cells. In order to
avoid the severe cytotoxicity produced by high doses of NCTD,
we treated HT-29 cells with low and moderate doses of NCTD
(20, 40, and 60 lmol ⁄ L) for 24, 36, and 48 h to observe the
changes in the MAPK levels. The amount of ERK, JNK, p-JNK,
p38, and p-P38 did not change substantially over time. However,
as the NCTD dose increased, the p-ERK level decreased
(Fig. 6).

Effect of MAPK inhibitors on NCTD-treated HT-29 cells. In
order to explore the exact role of MAPK in NCTD-treated HT29
cells, the ERK inhibitor PD98059, JNK inhibitor SP600125,
and p38 inhibitor SB203580 were used. (PD98059 is a direct
inhibitor of MEK. As MEK was the kinase of ERK, PD98059
was used as an inhibitor of ERK in our study.) First, HT-29 cells
were treated with MAPK inhibitors PD98059 (20 lmol ⁄ L),
Cancer Sci | December 2009 | vol. 100 | no. 12 | 2305
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SP600125 (40 lmol ⁄ L), and SB203580 (40 lmol ⁄ L) for 2 h.
Next, the cells were incubated with 20 or 60 lmol ⁄ L NCTD for
12, 24, and 36 h. The ERK inhibitor PD98059 substantially
increased the inhibition of NCTD at all time points (P < 0.01 vs
the control), but the JNK inhibitor SP600125 and the p38 inhibi-
tor SB203580 did not have an effect (P > 0.05 vs the control)
(Fig. 7).

NCTD interferes with ERK binding to avb6. We have already
confirmed that the cytoplasmic domain of integrin avb6 only
bound to ERK2 in cells, and this linkage was the basis of the
configuration of the avb6–ERK signaling pathway.(9) Only
with an integrated configuration can the pathway transfer the
24 h

0

0.50

0.40

0.30

0.20

F
o

ld
s 

o
f 

G
A

P
D

H

F
o

ld
s 

o
f 

G
A

P
D

H

0.10

0.00

0.50

0.40

0.30

0.20

0.10

0.00
0 µmol/L 0 h 24 h 36 h60 µmol/L40 µmol/L20 µmol/L

p-ERK content of NCTD treatment for
36 h at various doses

p-ERK content of 40 µmol/L NC
at various time poin

20 40 60 0 20 40 60 0 20 40 60 NCTD (µm

ERK (42

JNK (46

p38 (38 K

p-ERK (

p-JNK (

p-p38 (3

GAPDH

36 h 48 h(a)

(b) (c)

0.00
10D5 IgG2a P1F6 LM609 IgG1 NCTD NCTD +

10D5
NCTD +
IgG2a

NCTD +
P1F6

NCTD +
LM609

NCTD +
IgG1

20.00

*

**

40.00

C
el

l g
ro

w
th

 in
h

ib
it

io
n

 (
%

)

60.00

Fig. 5. Cell inhibition assays were used to assess the effect of
function-blocking antibodies against avb6, avb5, and avb3 on HT-29
cells treated with or without norcantharidin (NCTD). 10D5 alone could
inhibit HT-29 cell growth (P* < 0.01 vs other sole antibodies), and this
suppressing effect was strengthened when combining 10D5 with
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2306
growth-enhancing signal to cancer cells. The co-immunoprecipi-
tation assay was taken to investigate whether NCTD could affect
the association of avb6 and ERK2. After HT-29 cells were trea-
ted with 40 lmol ⁄ L NCTD for 24 h, the association between
avb6 and ERK2 (both phosphorylated-ERK2 and non-phosphor-
ylated-ERK2) was barely detectable (Fig. 8).

Discussion

Primary carcinoma of the colon is one of the most common
digestive tract malignant tumors and is the second leading cause
of cancer death in developed countries.(13) The best curative
therapy for colon cancer is surgical resection. Nevertheless, as
its clinical symptoms are neither special nor typical, most
patients with this disease are diagnosed at an advanced and
unresectable stage. The 5-year survival rate of colon cancer is
still below 50%;(14) worse still, the 5-year survival rate in
patients with metastatic colon cancer is less than 10%.(15) Many
types of alternative and palliative treatments, such as chemo-
therapy and radiotherapy, have come into use, including some
Chinese traditional medicine. NCTD has been proven to be an
ideal choice, and it can substantially prolong patients’ survival
time with rare side effects.(16,17) Unfortunately, the exact mecha-
nism responsible for NCTD’s treatment of colon cancer has not
been thoroughly explained.

Apoptosis is a crucial mechanism for carcinoma cells to pre-
vent cancer cell invasion and metastasis, yet cancer cells fre-
quently escape from apoptosis.(18) Our previous study confirmed
that avb6 plays an important role in inhibiting apoptosis in
colon cancer cells.(8)

avb6 is a special subtype of integrin that is expressed in
epithelial cells only. In normal epithelial cells, the expression
of avb6 is rare and can hardly be detected,(19) but it increases
substantially in response to injury and ⁄ or inflammation, or in
epithelial tumors.(20) The de novo expression of avb6 integrin
has been shown to modulate several processes in colon carci-
noma cells, including cell adhesion and spreading on fibronec-
tin, proliferation within collagen gels, tumor growth, cell
apoptosis, and MMP secretion.(4,5) Bates et al.(21) have
48 h

TD treatment
ts

ol/L)

/44 KD)

 KD)

D)

42/44 KD)

46 KD)

8 KD)

 (36 KD)

Fig. 6. Norcantharidin (NCTD) substantially decrea-
sed the level of p-ERK. (a) Western blotting for MAPK
and p-MAPK after various doses of NCTD (0, 20, 40,
60 lmol ⁄ L) on HT-29 cells for 24, 36, and 48 h. (b,c)
The level of p-ERK decreased substantially with the
addition of NCTD in a dose- and time-dependent
manner. Identical results were obtained in three
independent experiments.
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suggested that the b6 integrin is a prognostic indicator of
aggressive colon cancer, and avb6 would be a useful target at
which to direct early therapy to prevent the spread of cancer.
The same results were found by our previous studies in gastric
carcinoma.(22)

MAPKs, including ERK, JNK, and p38, belong to a family of
serine–threonine kinases integral to a number of major cell-pro-
liferation signal pathways.(23) The ERK pathway plays a critical
role in the modulation of cell proliferation, and several key
growth factors and proto-oncogenes transduce the signals that
promote growth and differentiation through this kinase cas-
cade.(24) Aberrant activation of the ERK pathway is a feature of
many human cancers.(25) All the kinases participating in the
ERK pathway offer opportunities as targets for cancer treatment,
and a number of prospective therapeutics targeted to specific
components of the ERK pathway have entered clinical trials
recently.(26)

We have previously shown a direct linkage between ERK2
and the cytoplasmic domain of b6, and delineated the binding
domain for ERK2 within the cytoplasmic tail of the b6-inte-
grin subunit.(9) Through this physical interaction, integrin
avb6 transmits a growth-enhancing signal to cancer cells.
In vivo studies of colon cancer xenografts expressing a b6-
mutant lacking the ERK2 binding domain indicate that dele-
tion of the b6-ERK2 binding motif greatly compromises
tumor growth. Taken together, these results suggest that
tumor growth is, at least in part, dependent on direct
avb6–ERK binding.

Taking the above-mentioned factors into account, we inves-
tigated the effect of NCTD treatment on apoptosis, integrin
expression, and the phosphorylation of MAPKs. We found that
NCTD inhibited HT-29 cell growth in a time- and dose-depen-
dent manner. This result is compatible with other congener
studies on various types of cancer cells(27–29) that demon-
strated NCTD is a protein phosphatase type 2A inhibitor.(30)

In zymography and MMP activity assay, we choose MMP-3
as a negative control because both Haga(31) and Nah(32) indi-
cated that the secretion of MMP-3 may be regulated through
the JNK signaling pathway. These assays showed that NCTD
can substantially suppress the secretion and activity of gelati-
nase B. It is believed that these effects were mainly dependent
on the suppression of living cell, rather than the loss of cell
viability induced by NCTD, because the MMP-9 activity inhi-
bition rate was obviously lower than the MMP-3 activity and
cell growth inhibition rate, both due to the effect of NCTD
toxicity. This result is also similar to congener research.(2)

Meanwhile, Hoechst 33258 staining confirmed that the apopto-
sis of NCTD-treated HT-29 cells increased substantially in
contrast to the control group. Similar research results have
also been shown for SAS (human oral cancer),(33) A375-S2
(human melanoma),(34) and Hela (human cervical) cells.(35)

The FACScan and Western blotting experiment demonstrated
that the expression of avb6 decreased with increasing doses of
Peng et al.
NCTD. As integrins are a kind of cell membrane surface
adhesion molecule, their low expression will weaken the adhe-
sion of cells to the extracellular matrix; thus increasing cell
apoptosis. The decreased expression of avb6 definitely
increased cell apoptosis as observed in our study. Combining
the avb6 function-blocking antibody 10D5 with NCTD could
effectively inhibit HT-29 cell proliferation. Western blotting
indicated that only p-ERK levels changed substantially when
cells were treated with NCTD, and they were negatively corre-
lated with the dose of NCTD. ERK, JNK, p-JNK, p38, and
p-p38 levels did not change in the NCTD dose groups. Mean-
while, we also found that only the ERK inhibitor PD98059
could further promote cell apoptosis, while the other MAPK
inhibitors cannot. These results are not consistent with another
study,(36) in which NCTD as a kind of protein phosphatase
type 2A inhibitor could increase MAPK phosphorylation lev-
els. We presume that this discrepancy may be due to the dif-
ference between the cell-lines involved. In our present study,
the HT-29 colon cancer cell line is a kind of cell line which
highly expresses integrin avb6, but other tumor cells lack inte-
grin avb6 expression. As an inhibitor of PP2A, NCTD can
restrain one or more types of MAPK dephosphorylation. Based
on the above-mentioned points, we think it is in the dominant
status that NCTD can decrease avb6 expression and inhibit
ERK phosphorylation in HT-29 cells. Although we have
acquired different experimental results, we believe that this is
reasonable.

In light of the data and our previous results, we propose
that NCTD primarily decreases the expression of avb6 and
then interferes with the phosphorylation of ERK. Meanwhile,
the expression of avb6 is too low to form the avb6–ERK
direct linkage. As a result, the signal transmission is dis-
turbed, and the carcinogenic effect of avb6 is blocked.
Compared to our previously designed low-molecular-weight
Cancer Sci | December 2009 | vol. 100 | no. 12 | 2307
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peptides that simply competitive bind the avb6–ERK inter-
action site (data not shown), NCTD can produce multiple
inhibition effects in the avb6–ERK signaling pathway with
a better anticancer effect. At the same time, NCTD only
affects tumor cells with high selectivity. Meanwhile, we also
admit that there may be another signaling pathway partici-
pating in the NCTD anticancer mechanism of inducing cell
apoptosis, because some cancer cells do not express avb6;
this needs further investigation. In addition, this study
also confirms that drugs targeting integrin avb6 or the
2308
avb6–ERK direct signaling pathway are potential remedies
for epithelial cell cancers expressing avb6.
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