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Cisplatin is an effective anticancer drug used to treat many types of cancer, including non-small cell lung carcinoma
(NSCLCs), but development of resistance is the primary impediment in cancer treatment. Insulin-like growth factor-
binding protein 7 (IGFBP7) is a secreted tumor suppressor that is inactivated in human lung cancer. IGFBP7 is known to
alter sensitivity to interferon-based anticancer therapy, and here, we examined loss of IGFBP7 as a potential contributor
to chemo-resistance to cisplatin. The transcriptional level of IGFBP7 was decreased in cisplatin-resistant human cancer
cell lines and NSCLC xenografts. IGFBP7 knock-down increased cellular resistance to cisplatin and increased the level of
mitogen-activated protein kinase phosphatases (MKP) 3 levels. The expression of MKP3 increased in a cisplatin-resistant
NSCLC cell line and lung xenografts. MKP3 knock-down increased IGFBP7 level, indicating that MKP3 regulates IGFBP7.
These findings suggest a novel molecular mechanism responsible for the tumor suppressive function of IGFBP7 in
cisplatin-resistant human lung cancer and could lead to the development of IGFBP7 as a cisplatin-sensitizing agent.

Introduction

Lung cancer is a major cause of cancer mortality, and accounts for
about 20% of all cancer deaths worldwide. The high mortality of
lung cancer mostly results from being diagnosed at a highly
disseminated stage with rare curative therapeutic options. Most
therapies for lung cancer are currently focused on chemotherapy
with drugs. Although chemotherapy modalities are widely used,
many advanced cases are resistant to anticancer drugs.

Cis-diamminedichloroplatinum (II) (CDDP, cisplatin) is one
of the most potent anticancer drugs, and widely used in human
epithelial cancers (e.g., ovarian, head/neck and lung). It is
included in most protocols for the treatment of advanced non-
small-cell lung carcinomas (NSCLCs), the most frequent and
therapy-refractive sub-class of lung cancer. However, the deve-
lopment of drug resistance is a major obstacle to the cisplatin-
based therapy, and ultimately limits the life expectancy of the
patient for a median survival time of approximately 1 y from the
time of diagnosis. Like other anticancer agents, cisplatin induces a
constitutive activation of the mitogen-activated protein (MAP)
kinases, N-terminal-c-Jun kinase (JNK) and p38.1

Insulin-like growth factor-binding protein 7 (IGFBP7) is one
of the 16 IGFBP superfamily members, a large group of secreted
proteins.2 IGFBP7 regulates various cellular processes such as cell
proliferation, cell adhesion, cellular senescence, differentiation,
and angiogenesis. IGFBP7 is a downstream target of p53,3 and
loss of IGFBP7 is a critical step in the development of human
tumors.4-7 IGFBP7 acts through autocrine/paracrine pathways
to inhibit BRAF-MEK-Erk signaling to induce senescence or
apoptosis.4 In BRAF-positive human primary melanoma, IGFBP7
is epigenetically silenced, and restoration of IGFBP7 function by
the addition of recombinant IGFBP7 (rIGFBP7) induces cell
growth inhibition and apoptosis.4,8 In human metastatic mela-
nomas, IGFBP7 is also epigenetically silenced at an even higher
frequency than that found in primary melanomas.5 Systemic
administration of rIGFBP7 in mouse xenografts suppresses the
growth of BRAF-positive primary and metastatic melanoma,4

indicating that rIGFBP7 can function as an anticancer agent for
human malignancy. IGFBP7 depletion renders cells more resis-
tant to apoptosis,9 and IGFBP7 alters sensitivity to interferon-
based anticancer therapy;10 however, few studies on IGFBP7 in
cisplatin resistance have been reported to date.
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Mitogen-activated protein kinase (MAPK) phosphatases
(MKPs) are dual specificity phosphatases that negatively regulate
MAPK activity by dephosphorylating the essential threonine and
tyrosine residues in the activation loop.11,12 The different MKPs
have distinct substrate specificities enabling the cell to control
different MAPK pathways.12 Repression of MKP1, a negative
regulator of JNK/SAPK, increases sensitivity of NSCLC cells to
cisplatin,13,14 and dephosphorylation and inactivation of JNK by
MKP1 results in protection against cisplatin-induced apoptosis.1

MKP3, a negative regulator of Erk, increases resistance to
tamoxifen treatment in breast cancer,15 but little is known about
MKP3 in cisplatin resistance in lung cancer. Both MKP1 and
MKP3 inhibit transcriptional activation of c-Jun, the principal
physiological substrate of JNK.16

In this study, we investigated the role of IGFBP7 in cisplatin-
resistance. The expression of IGFBP7 decreased in cisplatin-
resistant human cancer cell lines, and IGFBP7 gene knock-down
increased cellular resistance to cisplatin. In contrast to IGFBP7,
the expression of MKP3 increased in a cisplatin-resistant NSCLC
cell line, and MKP3 gene knock-down increased IGFBP7
expression. These findings will contribute to our understanding
of the molecular mechanism responsible for tumor suppressive
function of IGFBP7 in cisplatin-resistant human lung cancer.

Results

IGFBP7 is downregulated in primary and metastatic lung
cancers. To compare IGFBP7 expression between patients with
lung cancer (LT) and non-cancer patients (NN), we assessed
transcriptional level of IGFBP7 by qRT-PCR. At a
cut-off set at relative expression value of 1, the level
of IGFBP7 displaying over the cut-off was observed
in 8 of 9 NN (88%) and in 5 of 14 LT (35%)
(p = 0.029, Fisher’s exact test) (Fig. 1A). We then
examined IGFBP7 level in cDNA prepared from
tumor (PT) and corresponding normal tissues (PN)
of individual lung cancer patients. We observed
downregulation of IGFBP7 in 4 of 5 cases of lung
cancer patients compared with their matched PN
(Fig. 1B), indicating a specific decrease of IGFBP7
transcription in lung cancer. To further investigate
IGFBP7 level in advanced lung cancer, we
examined IGFBP7 level in primary and metastatic
tissue cDNA prepared from a lung cancer patient.
We found a 4-fold decrease of IGFBP7 level in
metastatic lung cancer compared with primary
cancer (p = 0.047) (Fig. 1C). These results indicate
that alteration of IGFBP7 expression might be
involved in advanced lung cancer progression.

Downregulation of IGFBP7 is associated with
cisplatin resistance. To investigate the expression
level of IGFBP7 in cisplatin resistance, we per-
formed qRT-PCR in nine pairs of parental
cisplatin-sensitive (CP-S) and isogenic, cisplatin-
resistant (CP-R) cell lines derived from human head
and neck, cervix, ovary, and lung cancers. Although

no correlation was observed in 22DCt values (DCt = Ct,IGFBP7 -
Ct,β-actin) between two groups of cell lines (p = 0.798, Pearson
correlation coefficients), a significant decrease of IGFBP7 level
was observed between seven out of nine pairs of CP-R and CP-S
cells when a relative IGFBP7 expression (fold-change) calculated
by DDCt methods (22DDCt) was compared between each pair of
CP-S and CP-R cells (Fig. 2A). To investigate whether IGFBP7
level was modulated by cisplatin treatment, we treated cells
derived from NSCLC (PC-9, PC-9/CP, PC-14 and PC-14/CP)
and small cell lung cancer (SCLC) (SBC-3 and SBC-3/CP) with
cisplatin at approximate IC50 of each parental cells (2 mg/ml for
PC-9, 5 mg/ml for PC-14 and 4 mg/ml for SBC-3) (Fig. 3).
Cisplatin significantly increased IGFBP7 level in all sensitive lung
cancer cell lines tested, but not in the cisplatin-resistance NSCLC
cells (Fig. 2B), indicating depletion of IGFBP7 in the NSCLC
cells with acquired resistance to cisplatin. However, no significant
difference of IGFBP7 level between SBC-3 and SBC-3/CP cells
was observed. In addition, increase of IGFBP7 by cisplatin was
observed in SBC-3/CP cells, indicating that IGFBP7 is not
depleted in the SCLC cell line by cisplatin.

IGFBP7 knock-down renders cells resistance to cisplatin. To
examine the role of IGFBP7 in cisplatin resistance, we transfected
the PC-9 and PC-14 cells with control or IGFBP7 siRNA
(10 nM) for 24 h, and then exposed cells to increasing con-
centrations of cisplatin (0~10 mg/ml) for 48 h. IGFBP7 knock-
down itself had little effect on the cell growth (data not shown),
but shifted the cell survival curve from the left to the right
(Fig. 3A), indicating that downregulation of IGFBP7 confers
cellular resistance to cisplatin. In addition, we examined the

Figure 1. IGFBP7 expression in normal and tumor lung. IGFBP7 expression was examined
in cDNAs prepared from patients with lung cancer (LT) and without cancer (NN) (A), in
pairs of normal and tumor cDNAs from five lung cancer patients (B), and in primary and
metastatic lung tumor cDNAs from a patient with metastatic lung cancer (C) by qRT-PCR.
2^-(), expression of IGFBP7 relative to b-actin calculated based on the threshold cycle (Ct)
as 22DCt (DCt = Ct,IGFBP7 - Ct,b-actin). Experiments were done in duplicate, and values
indicate means ± SD *p , 0.05 in t-test.
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cellular growth after cisplatin treatment for 3 d. We observed a
significant increase of cell growth in the PC-9 and PC-14 cells
with IGFBP7 knock-down (Fig. 3B and D). To further examine
the effect of IGFBP7 on cisplatin resistance, we treated the PC-9/
CP and PC-14/CP cells with rIGFBP7 with cisplatin (0~50 mg/
ml). rIGFBP7 alone (100 ng/ml) had a negligible effect on cell
growth in both cell lines (Fig S2), but clearly enhanced drug
sensitivity to cisplatin at the concentration of 50 mg/ml (Figs. 3E
and S2).

IGFBP7 and MKP3 are inversely regulated in cisplatin
resistant cell lines. Basal expression of IGFBP7 protein was clearly
observed in the PC-14 (Fig. 4A) and PC-9 cells (data not shown),
but downregulated in the PC-14/CP (Fig. 4A) and PC-9/CP cells
(data not shown). Increased IGFBP7 protein level after cisplatin
treatment in the PC-14 cells but not in the PC-14/CP cells was
also observed (Fig. 4A). The basal expression of MKP3 protein in
the PC-14 cells was clearly observed, but that of MKP1 was not.
Both MKP1 and MKP3 levels increased in the PC-14/CP cells
compared with those in the PC-14 cells, but under cisplatin
treatment, MKP1 and MKP3 were regulated in a different way.
MKP1 was increased in the PC-14 cells and decreased in the PC-
14/CP cells by cisplatin, whereas MKP3 was decreased in the PC-
14 cells, and not changed in the PC-14/CP cells by cisplatin.
Decreased MKP3 level by cisplatin was also observed in the PC-9

and SBC-3 cells (data not shown), indicating that IGFBP7 and
MKP3 protein levels are inversely regulated in cisplatin resistance.
In spite of the increased MKP3 expression, Erk phosphorylation
in the PC-14/CP cells was higher than in the PC-14 cells. In
addition, cisplatin treatment in the PC-14 cells increased
phosphorylation of Erk, but not in the PC-14/CP cells, indicating
that Erk may not be regulated by MKP3 in the PC-14/CP cells
that acquired resistance to cisplatin.

Activation of Stat is found in a variety of human cancers, and
high expression of Stat3 is associated with cisplatin resistance in
certain types of human cancer.17,18 Transcriptional level of Stat3
increases in cisplatin-resistant human NSCLC cell lines,19 suggest-
ing that Stat3 mediates cisplatin resistance in NSCLC. However,
in our results, the level of both Stat3Y705 phosphorylation that
induces Stat3 activation (dimerization, nuclear translocation, and
DNA binding)20,21 and total Stat3 level in the PC-14/CP cells
were downregulated compared with those in the PC-14 cells.
Moreover, cisplatin decreased Stat3Y705 phosphorylation in both
cell lines, implicating that cisplatin resistance at least in the PC-
14/CP cells may involve inactivation of Stat3.

MKP3 knock-down increases IGFBP7 expression. The
inverse regulation of MKP3 and IGFBP7 protein in cisplatin
resistance prompted us to investigate whether MKP3 regulates
IGFBP7 expression. We found that MKP3 knock-down increased

Figure 2. Downregulation of IGFBP7 in cisplatin resistant cell lines. (A) Expression of IGFBP7 was compared between the parental, cisplatin-sensitive
(CP-S) and isogenic, cisplatin-resistant (CP-R) cell lines by qRT-PCR. H and N, cells derived from head and neck cancer. (B) Cells were treated with cisplatin
for 48 h and qRT-PCR was performed. NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer. Experiments were done in duplicate, and values
indicate means ± SD *p , 0.05 in t-test.
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both IGFBP7 mRNA and protein levels in the PC-14/CP cells
(Fig. 4B and C), indicating that IGFBP7 may be directly or
indirectly regulated by MKP3. The IGFBP7 promoter contains a
consensus binding site for the dimeric AP-1 (c-Jun/c-Fos) which
stimulates IGFBP7 transcription.4 Transcriptional activity of

c-Jun is regulated by phosphorylation at Ser63
and Ser73 of c-Jun.16 Significantly, c-Jun is
activated through RAF-MEK-Erk signaling22 as
IGFBP7,4 and physically interacts with Stat3 and
binds to the AP-1 site together.23 In our results,
MKP3 depletion increased Stat3Y705 and c-JunS73

phosphorylation (Fig. 4C), suggesting that the
interplay of Stat3 and c-Jun on the AP-1 site may
be responsible for the increase of IGFBP7 trans-
cription. In contrast, Erk phosphorylation was
not affected by MKP3 depletion, confirming that
Erk may not be under the control of MKP3 in the
PC-14/CP cells.

IGFBP7 and MKP3 are inversely regulated
in primary lung xenografts. Directly implanted
human low passage xenografts have been shown
to retain key features of the original tumor
including drug sensitivity, and accurately repres-
ent the heterogeneity of the disease.24 To
investigate whether IGFBP7 downregulation in
the cisplatin-resistant cells could be validated in
tumor samples from patients, we initially tested
the response to cisplatin of the four patient-
derived lung xenografts (BML-1, BML-5, BML-7
and BML-11) that were directly xenografted into
nude mice. While tumor size of the BML-1, -7
and -11 under cisplatin treatment (1.5 mg/kg,
i.p., for 3~4 weeks) were bigger than or similar to
that of the control under no treatment (Fig. 4D),
tumors of the BML-5 was relatively smaller than
the control (tumor growth inhibition, 22%),
indicating that the BML-5 responds to cisplatin
with moderate sensitivity. Then, we determined
the expression of IGFBP7, MKP1 and MKP3
in protein lysates extracted from those BMLs.

Among four BMLs, IGFBP7 level was highest but MKP1 and
MKP3 were lowest in the BML-5 (Fig. 4E). In addition, an
inverse expression of IGFBP7 and MKP3, but not MKP1, was
clearly observed in the lung xenografts. Among BML-5, -7 and
-11, the highest Erk and Stat3 phosphorylation were also observed

Figure 3. Increased resistance to cisplatin by IGFBP7
knock-down in the parental cell lines. (A) PC-9 and
PC-14 cells were transfected with non-targeting
control (Cont siR) or IGFBP7 siRNA (IGFBP7 siR) for
24 h, and then treated with cisplatin for 48 h. The MTT
assay was performed to assess cellular sensitivity to
cisplatin. (B) Cells were treated with cisplatin at IC50 for
3 d after transfection with non-targeting control or
IGFBP7 siRNA. Cell growth was assessed by the MTT
assay. (C) IGFBP7 knock-down was confirmed by
qRT-PCR. Experiments were done in duplicate, and
values indicate means ± SD *p , 0.05 in t-test.
Pictures of PC-14 (D), PC-9/CP and PC-14/CP cells
(E) on tissue culture plates were taken after DMSO
was added to dissolve MTT crystals. Growth curves of
PC-9/CP and PC-14/CP cells after rIGFBP7 treatment is
shown in Figure S2 .
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in the BML-5, implicating that Erk and Stat3 are inactivated in
intrinsic resistance to cisplatin.

Discussion

In this study, we showed that loss of IGFBP7 was associated with
chemo-resistance to cisplatin in human cancer cell lines and lung
xenografts. To the best of our knowledge, this is the first study
to explore the alterations of IGFBP7 in cisplatin resistance. A
previous study reported decreased expression of IGFBP7 in most
cancer cell lines and over 46% primary lung tumor tested,25 which

examined the IGFBP7 level in lung cancer cell lines and tissue.
In our study, we included normal tissue derived from patients
without cancer (NN) and matched tumor (PT) and normal (PN)
lung tissues in addition to lung tumor (LT). We determined
IGFBP7 transcription by qRT-PCR, and found that IGFBP7
expression decreased in human primary and metastatic lung
cancer compared with normal lung tissues. We also observed
downregulation of IGFBP7 in the isogenic, cisplatin-resistant
NSCLC cells compared with the parental sensitive cells. Although
information about whether lung cancer patients received
chemotherapy is not available, we could compare average values

Figure 4. Decreased IGFBP7 expression in cisplatin-resistant NSCLC. (A) Whole protein lysates were extracted from PC-14 and PC-14/CP cells with or
without treatment with cisplatin (5 mg/ml), and immunoblot analysis was performed with the indicated antibodies. The PC-14/CP cells were transfected
with non-targeting control or MKP siRNA for 48 h, and qRT-PCR (B) and immunoblot (C) analyses were performed. Experiments were done in duplicate,
and values indicate means ± SD *p , 0.05 in t-test. (D) Tumor growth was monitored for 25 d after cisplatin injection in nude mice bearing the human
NSCLC xenografts (1.5 mg/Kg, i.p.), and tumor volume was calculated. (E) Whole protein lysates were extracted from human lung xenografts (BML-1, -5, -7
and -11), and immunoblot analysis was performed. Erk and Stat3 levels were not examined in BML-1 due to insufficient quantity of protein.
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of 22DCt (DCt = Ct,IGFBP7 - Ct,β-actin) in each group of tissues
with those in lung CP-S and CP-R cell lines. The average level of
IGFBP7 in NN was highest among groups, and the average
IGFBP7 levels of primary tumors (LT and PT) and CP-S cell lines
were higher than that of CP-R cell lines (Fig. S1). Therefore,
downregulation of IGFBP7 may be involved in cisplatin-
resistance and can serve as a biomarker for aggressive lung
behavior, which needs our further study with a large numbers of
tissue cohorts.

IGFBP7 is inactivated by DNA hypermethylation in human
lung cancer.25 We recently reported that methylation and
transcriptional silencing of certain genes are associated with the
development of cisplatin resistance.26 We thus analyzed the
methylation status of IGFBP7 in the parental and cisplatin-
resistant cells derived from ovarian and lung cancer by bisulfite-
sequencing analysis. We examined a CpG island region near the
transcription start site (TSS) in the IGFBP7 promoter. The
IGFBP7 promoter region was densely methylated in all cell lines
tested (data not shown), indicating that DNA methylation in the
IGFBP7 promoter, at least in the region near the TSS, is not
involved in the decrease of IGFBP7 expression during develop-
ment of cisplatin resistance.

In our search in literature for proteins that could be differ-
entially expressed by IGFBP7, MKP3 attracted our attention;
overexpression of MKP3 increases tumor growth and resistance
to cisplatin-mediated cell death in human glioblastomas.27 MKP3
is a cytoplasmic dual-specificity phosphatase 6 (DUSP6) specific
for the MAP kinases Erk1/2, and the MEK-Erk axis exerts a
negative feedback control on its own signaling through regula-
tion of MKP3.28 The MEK-Erk pathway plays a pivotal role in
various cellular responses, including cellular growth, differenti-
ation, survival and motility. Constitutive activation of the Erk
pathway has been linked to the development and progression of
human cancers. IGFBP7 is also regulated through MEK- Erk
signaling and inhibits the signaling to induce senescence or
apoptosis.4 In our results, MKP3 and IGFBP7 proteins were
inversely regulated in the NSCLC cell lines and lung xenografts,
and MKP3 depletion increased the level of IGFBP7 protein.
An inverse regulation of IGFBP7 and MKP3 in the mRNA level
was observed between PC-14 and PC-14/CP cell lines, which
was statistically significant (data not shown). Although no
significance was observed, similar trends were also observed in
other CP-S and CP-R cell lines (data not shown). In addition,
knock-down of IGFBP7 gene in the PC-14 cells also increased
transcriptional level of MKP3 (data not shown). These results
suggest that MKP3 and IGFBP7 reciprocally regulate each
other during the development of cisplatin resistance in NSCLC.
The involvement of Erk pathway in the reciprocal regulation
between MKP3 and IGFBP7 will be investigated in our future
study. Moreover, decreased Stat3 activation in a cisplatin-
resistant NSCLC cell line and xenografts in our results challenges
previous reports that high expression of Stat3 is associated
with cisplatin resistance in human cancer,17,18 which will be also
clarified.

In our study, loss of IGFBP7 expression had a functional role
in cisplatin resistance in human lung cancer, which may represent

a possible basis for therapeutic strategies. Further studies are
warranted to demonstrate an association of IGFBP7 expression in
cisplatin resistance in a large cohort, which will lead to the
development of IGFBP7 as a novel biomarker for cisplatin-
resistant, human NSCLC. Elaboration of the biological role and
the molecular mechanism of IGFBP7 in cisplatin resistance will
also result in identification of IGFBP7 as a chemo-sensitizing
agent in cisplatin resistant human cancer, which will benefit
research on cisplatin resistance.

Materials and Methods

Cell lines and tissues. cDNAs of primary and metastatic cancer
tissue derived from a patient with lung cancer were purchased
from BioChain Institute, Inc. (C8235152-p.m.). cDNA derived
from patients with lung cancer (n = 14) and patients without
cancer (n = 9) were described previously.29 The human squamous
carcinoma cell lines SCC-25 and its derivative SCC-25/CP were
described previously.26,30 The human epidermoid carcinoma cell
line KB-3-1, a subclone of the human HeLa cervical adenocarci-
noma cell line, and two clones of cisplatin-resistant KB-CP cells
were described previously.26,31 Three human ovarian cancer cell
lines resistant to cisplatin (IGROV1/CP, A2780/CP and 2008/
CP) and their parental cell lines were kindly provided by
Dr. Stephen B. Howell (Moores UCSD Cancer Center). Three
human lung cancer cell lines resistant to cisplatin (PC-9/CDDP,
PC-14/CDDP and SBC-3/CDDP) and their parental cell lines
were generously provided by Dr. Fumiaki Koizumi (National
Cancer Center Research Institute, Japan). Human lung xenografts
were provided by Champions Biotechnologies. This study was
approved by the Institutional Review Board of the Johns Hopkins
University.

Quantitative real-time PCR (qRT-PCR) analysis. One micro-
liter of each cDNA was used for real-time RT-PCR using
QuantiFast SYBR Green PCR Kit from Qiagen (204052), and
PCR condition was followed as described previously.32 Results
were normalized to the β-actin level using the comparative Ct

method, and fold changes of mRNA levels were calculated by
the equation 22DDCt (DDCt methods).32 IGFBP7 primers were
5'-CACTGGTGCCCAGGTGTACT-3' (forward) and 5'-TTG-
GATGCATGGCACTCATA-3' (reverse) and β-actin primers
were 5'-TGGCACCACACCTTCTACAATGAGC-3' (forward)
and 5'- GCACAGCTTCTCCTTAATGTCACGC-3' (reverse).

Knockdown of IGFBP7 and MKP3, and in vitro drug
sensitivity assay. ON-TARGETplus SMARTpool control small
interfering RNA (siRNA), and siRNAs targeting IGFBP7 (L-
008675-00-0005) or MKP3 (L-003964-00-0005) were purchased
from Dharmacon. Cells were plated at a density of 3,000 per well in
96-well plates. The following day, cells were transfected with
siRNAs as manufacturer’s instructions and incubated for 24 h.
Cells were then treated with increasing concentrations of cisplatin
for 48 h after the removal of transfection media, and cellular
sensitivity to cisplatin was examined by the MTT assay.32 In order
to plot cell growth curve, cisplatin was treated every day for 3 d.
The results were expressed as a percentage of MTT reduction in
samples compared with control.32
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Protein gel blot analyses. Whole cell lysates extracted in RIPA
buffer were separated on 4–12% gradient SDS-PAGE and trans-
ferred to nitrocellulose membrane. The blots were incubated with
specific antibodies for each protein for 2 h at room temperature or
4°C overnight. After antibody washing, the blots were reacted with
their respective secondary antibody and detected with enhanced
chemiluminescence reagents (Amersham) according to the supplier’s
protocol. All antibodies were purchased from Cell Signaling except
for the anti-IGFBP7 (Abcam, ab51392), anti-Erk (sc-135900) and
anti-p-Erk (sc-81492) antibodies (Santa Cruz Biotechnologies)

Statistical analysis. All data were statistically analyzed using
the two-tailed t-test from at least three independent experiments
for comparison with the control group. Data were expressed as
the mean ± SD p values less than 0.05 were considered significant.

All statistical analyses were conducted using STATA Version 9
(STATA Inc.).
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