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Abstract The purpose of this study was to investigate the
expression of Raf kinase inhibitor protein (RKIP) and epi-
thelial cadherin (E-cadherin) in lung squamous cell carcino-
ma tissue and its correlation with the clinical pathology of
lung squamous cell carcinoma. RKIP and E-cadherin
mRNA (by RT-PCR) and protein (by western blotting)
levels were monitored in carcinoma tissues and surrounding
normal tissues from 86 lung squamous cell carcinoma cases,
and their positive rates were calculated. The rates of positive
RKIP and E-cadherin mRNA expression were significantly
lower in lung squamous cell carcinoma than in the surround-
ing normal tissues (P<0.05). The positive expression rates
were significantly lower in those with lymph node metasta-
sis than in those without (P<0.05). The lower the degree of
tumor differentiation, the lower the E-cadherin mRNA pos-
itive expression rate (P<0.05). The rates of positive RKIP
and E-cadherin mRNA expression were significantly lower
in patients at advanced (III, IV) stages than in patients at
early (I, II) stages (p<0.05); this rate, however, was inde-
pendent of gender, age, and tumor size (P>0.05). The
protein levels of RKIP and E-cadherin were significantly
lower in lung squamous cell carcinoma than in the surround-
ing normal tissues (P<0.05). The levels were significantly
lower in patients with lymph node metastasis than in those
without it (P<0.05). The lower the degree of tumor differ-
entiation, the lower the protein level of E-cadherin (P<
0.05). Both RKIP and E-cadherin are tumor suppressors,
their low expression levels may be associated with

initiation, invasion and/or metastasis, as well as with the
inhibition of lung squamous cell carcinoma differentiation.
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Introduction

Raf kinase inhibitor protein (RKIP), a recently discovered
novel tumor metastasis suppressor, is a member of the
phosphatidylethanolamine binding protein (PEBP) family.
It is named RKIP because PEBP was found to be able to
specifically inhibit the Raf-1-MEK1/2-ERK1/2 signaling
pathway [1]. PEBPs family members from different species
have similar domain structures composed of a large β-sheet
connected with smaller β-sheets on both sides and two α-
helixes in the C terminus. In this structure, there is a highly
conserved phosphate binding pocket, which is very impor-
tant for the function of PEBP [2]. The human RKIP gene is
located on chromosome 12q24.23, and its mRNA of
1507 bp is produced from four exons. Being abundant in
the mammalian brain, heart, liver, lungs and testicles, RKIP
is involved in the biosynthesis of the plasma membrane,
neurodevelopment, spermatogenesis, apoptosis and other
physiological and pathological processes. Recent studies
have shown that RKIP can interfere with the Raf-1-MEK1/
2-ERK1/2 signaling pathway, and that it can also inhibit the
NF-κB and G protein-coupled receptor kinase signal trans-
duction pathways [3, 4], which are closely related to cell
growth, proliferation, differentiation, tumorigenesis and sev-
eral other processes. Since PKIP was found to be able to
inhibit metastasis of tumor cells in 2003 by Fu et al. [5], it
has become a hot topic in tumor research. Recent research
has also shown that the weakening or loss of RKIP
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expression is related with to the initiation, progression,
invasion and metastasis of a variety of tumors. Its expres-
sion relative to normal control groups is reduced in prostatic
carcinoma, melanoma, colorectal cancer, hepatocarcinoma,
breast cancer and related metastatic carcinomas[5–9], sug-
gesting that RKIP is a novel tumor metastasis suppressor
gene.

Epithelial cadherin (E-cadherin), a classic inhibitor of
metastasis, is a transmembrane protein isoform belonging
to the cadherin molecule family. It is found mainly in the
epithelial cells of humans and other animals. It is mostly
expressed in focal adhesions, it plays an important role in
maintaining the morphological and structural integrity of
epithelial cells, primarily by mediating adhesion between
cells of same type. Located on chromosome 16 near q22.1,
the human E-cadherin gene is composed of 723–748 amino
acids, and has a hydrophobic domain located in the trans-
membrane area. Toward the outside of the cell membrane,
its amino-terminus has a calcium binding site with high
affinity for Ca2+. Its carboxyl-terminus, which is in the
cytoplasm and is composed of α, β, γ subunits (catenins)
and some other connecting proteins, is connected with actin
and plays important roles in maintaining cell morphology
and regulating cell adhesion [10]. Low or absent expression
of E-cadherin can cause the loss of contact inhibition of
tumor cells, leading to unrestricted cell proliferation and loss
of differentiation. This occurs because E-cadherin cannot
form an intact protein complex with catenin in the cyto-
plasm and fails to link to the actin cytoskeleton, causing the
connections between cells to be lost. In this case, tumor cells
can easily come off of the primary tumor and travel to
adjacent tissues, blood and lymphatic vessels, which leads
to invasion and metastasis. Studies on malignant tumors
including thyroid carcinoma, pancreatic cancer and gastric
cancer have shown that the lymph node metastasis rates of
tumors with down-regulated E-cadherin expression are sig-
nificantly higher than those of tumors with normal E-
cadherin expression [11–13].

To date, no study of associations between RKIP/E-cad-
herin and the occurrence and development of lung squa-
mous cell carcinoma has been reported in the literature.
China is the country with the largest number of lung cancer
patients in the world, and its morbidity and mortality are
continuously increasing. In recent years, although there has
been great progress in the treatment of lung cancer, the
survival rate of lung cancer is still not favorable [14]. The
main reason is that the biological characteristics of lung
cancer are very complex. It is highly malignant, and Non-
small cell lung cancer (NSCLC) accounts for approximately
80 % of all cases of lung cancer. Such patients have reached
an advanced stage when they are diagnosed, and most
patients have metastases and a very poor prognosis. There-
fore, more accurate and efficient molecular markers for the

early discovery of tumors must be found. In this study, the
expression levels of RKIP and E-cadherin were monitored
by RT-PCR and western blotting in lung squamous cell
carcinoma and surrounding normal tissues. The relationship
of RKIP and E-cadherin with the initiation, progression,
invasion, metastasis and differentiation of lung squamous
cell carcinoma was assessed in order to provide scientific
data for predicting the prognosis of and developing targeted
treatments for lung squamous cell carcinoma.

Materials and Methods

Specimens

Fresh surgical resection tissue specimens were collected
from 86 patients with lung squamous cell carcinoma in our
hospital from June 2006 to June 2009. Tumor tissues and
adjacent normal tissues were collected from each case. The
samples were preserved in liquid nitrogen immediately and
stored for later testing. Including 52 males and 34 females,
the patients ages ranged from 27 to 91 with a mean of 56.6;
53 patients were younger than 60, and 33 patients were 60
or older. Lacking any preoperative treatment, the 86 cases
were all pathologically diagnosed as squamous cell carcino-
ma. Regarding the degree of differentiation, 25 cases were
well differentiated, 28 cases were moderately differentiated
and 33 cases were poorly differentiated. Thirty-nine cases
had lymph node metastasis and 47 cases lacked lymph node
metastasis. The primary tumor was less than 3 cm in 46
cases and greater than or equal to 3 cm in 40 cases.

Reagents

The reagents included but were not limited to: A Trizol kit
(INVITROGEN), an RT-PCR kit (GIBCO-BRL), RIPA ly-
sate buffer [150 mM NaCl, 1 % NP40, 0.5 % sodium
deoxycholate, 0.1 % SDS, 50 mM Tris (pH 7.9), 10 mM
NaF, PMSF and 1×protease inhibitors (Complete cocktail
tablets, Roche)], TBST (10 mM Tris–HCl, pH 7.5, 150 mM
NaCl, and 0.1 % Tween-20), RKIP (NM_002567.2) up-
stream primer: 5′-AAGAATAGACCCACCAGCAT-3′,
downstream primer: 5′-CTCGTAAACCAGCCAGACAT-
3 ′ ; E-cadherin (NM_001796.3) upstream primer:
5′-CTTCACCGACTTACCTACT-3′, downstream primer:
5 ′ -GTGCCATACACTTAATTCTC - 3 ′ ; GAPDH
(NG_007073.2) upstream primer: 5′-AATCCCATCAC
CATCTTCC-3′, downstream primer: 5′-AGTCCTTCCAC
GATACCAA-3′. All primer sequences were provided by
Shanghai Invitrogen Biotechnology Co. Ltd. The primary
RKIP antibody was a rabbit anti-human polyclonal antibody
(Invitrogen, USA), the secondary antibody was HRP labeled
goat anti-rabbit polyclonal antibody (Abcam, UK); the
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primary E-cadherin antibody was a mouse anti-human poly-
clonal antibody (Abcam, UK), the secondary antibody was
HRP labeled goat anti-mouse polyclonal antibody (Abbiotec
Co., USA); the primary GAPDH antibody was a mouse anti-
human monoclonal antibody (Abcam, UK), the secondary
antibody was HRP labeled goat anti-mouse polyclonal anti-
body (Abbiotec Co., USA). ECL chemiluminescence
reagents were used for western detection (Pierce Co.,
USA), and the BCA protein concentration assay kit
was a product of the domestic Beyotime Institute of
Biotechnology.

RT-PCR

Carcinoma tissues and the surrounding tissues were
obtained, with 100 mg of each. For each sample, 1 ml Trizol
reagent was added and the sample was homogenized. After
transferring to a 1.5 ml centrifuge tube, 0.2 ml chloroform
was added, and the preparation was shaken for 20 s and then
incubated for 3 min. After centrifuging at 12 000 g for
10 min, the aqueous upper phase was taken; 0.5 ml of
isopropanol was added and mixed gently. After incubation
at room temperature for 10 min, it was centrifuged at
15,000 r/min for 10 min, and the supernatant was discarded.
After adding 1 ml 75 % ethanol, the precipitate was gently
washed and centrifuged, and the supernatant was discarded.
After air drying, the precipitate was dissolved in 20 μl of
DEPC water (65 °C dissolution for 10–15 min). Then, the
RT reaction was performed. In a 20 μl reaction volume,
1.0 μg of total RNA was added and incubated at 37 °C for
1 h. The samples were inactivated at 95 °C for 5 min and
then immediately incubated on ice. They were stored at
−20 °C for later use. Then, primers were designed followed
by a PCR reaction. To a 25 μl PCR reaction system, 5 μl of
cDNAwas added. The amplification conditions were: initial
denaturing at 94 °C for 3 min, denaturing at 94 °C for 30 s,
annealing at 56 °C for 30 s, extension at 72 °C for 30 s; after
30 cycles, final extension at 72 °C for 10 min. The
PCR products were detected by 1.5 % agarose gel
electrophoresis.

Western Blotting

After 100 mg of tissue sample was preserved in liquid
nitrogen, ground and then homogenized with 1 ml of RIPA
lysate buffer, the homogenate was transferred to a 1.5 ml
centrifuge tube and centrifuged at 16 000 g for 30 min. The
supernatant was saved and its protein concentration was
determined by the BCA method. Protein samples of lung
squamous cell carcinoma were obtained by mixing 10 μg of
carcinoma tissue from each patient; protein samples of tis-
sues surrounding the tumor were similarly obtained by
mixing 10 μg of surrounding tissue from each patient. The

lymph node metastasis positive group was a mixture of
10 μg samples from all the patients with positive lymph
node metastasis; the lymph node metastasis negative group
was a mixture of 10 μg samples from all the patients with
negative lymph node metastasis. The high differentiation
group was a mixture of 10 μg samples from all the patients
with high differentiation; the moderate differentiation group
was a mixture of 10 μg samples from all the individual
patients with moderate differentiation; the low differentia-
tion group was a mixture of 10 μg samples from all the
individual patients with low differentiation. After a 6 %
stacking gel and a 12 % separating gel were cast, 50 μg of
total protein was applied to each lane and electrophoretic
separation was performed. The protein from the gel was
then transferred to a PVDF membrane by semi-dry transfer
(Amresco, USA). The PVDF membrane was blocked with
TBST solution containing 5 % skim milk at room tempera-
ture for 1 h. Then, rabbit anti-human polyclonal RKIP
antibody (1:1000 dilution), mouse anti-human polyclonal
E-cadherin antibody and mouse anti-human GAPDH mono-
clonal antibody (1:1000 dilution) were added one by one,
and incubation proceeded overnight at 4 °C. Then, HRP
labeled goat anti-rabbit IgG (1:2000 dilution) and HRP
labeled goat anti-mouse polyclonal antibody (1:2000 dilu-
tion) were added and incubation proceeded at 37 °C for 1 h.
After TBST washing, the ECL chemiluminescence reagent
was used for autoradiography. The relative levels of RKIP
and E-cadherin were assessed as grayscale RKIP/GAPDH
and E-cadherin/GAPDH ratios. The grayscale values were
analyzed with QuantityOne software (Bio-Rad, USA).

Statistical Analysis

Stata 7.0 software was used for the statistical analysis with
the χ2 test and t test statistical methods. Statistical signifi-
cance was established at P<0.05.

Results

Our RT-PCR results showed that the positive rate of RKIP
mRNA expression was 47.7 % (41/86) in lung squamous
cell carcinoma and 76.7 % (66/86) in the tissues surrounding
the tumor, indicating that RKIP mRNA expression in lung
squamous cell carcinoma tissues was significantly lower
than that in the surrounding tissues (P<0.001). The positive
rate of RKIP mRNA expression was 30.8 % (12/39) in those
with lymph node metastasis and 61.7 % (29/47) in those
without lymph node metastasis, and this difference was
significant (P00.004). Moreover, the mRNA expression of
RKIP was unrelated to gender, age or tumor size (P>0.05)
(Table 1). The positive rate of E-cadherin mRNA expression
was 41.9 % (36/86) in lung squamous cell carcinoma and
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81.4 % (70/86) in the surrounding tissues, indicating that E-
cadherin mRNA expression in lung squamous cell carcino-
ma tissues was significantly lower than that in the surround-
ing tissues (P00.000). The positive rate of E-cadherin
mRNA expression was 23.1 % (9/39) in those with lymph
node metastasis and 57.4 % (27/47) in those without lymph
node metastasis, and this difference was significant (P0
0.001). The lower the degree of tumor differentiation, the
lower was the positive rate of E-cadherin mRNA expression
(P00.010). The rates of positive RKIP and E-cadherin
mRNA expression were significantly lower in patients at
advanced (III, IV) stages than in patients at early (I, II)
stages (P00.009, 0.007). The mRNA expression of E-
cadherin was unrelated to gender, age or tumor size
(P>0.05) (Table 1).

Western blotting results showed that the protein levels of
RKIP and E-cadherin were also significantly lower in lung
squamous cell carcinoma than in the surrounding normal
tissue (P<0.05). These levels were significantly lower in
those with lymph node metastasis than in those without
lymph node metastasis (P<0.05). The lower the degree of
tumor differentiation, the lower was the expression of E-

cadherin protein (P<0.05). However, the correlation be-
tween RKIP expression and the degree of tumor differenti-
ation was not obvious (Figs. 1 and 2).

Discussion

The early diagnosis and treatment of lung cancer has been the
focus of many researchers [15–21]. Investigations of the path-
ogenesis and early warning signs of lung cancer will provide
new ideas for the early diagnosis and clinical treatment of lung
cancer [16–18]. Currently, research into lung cancer focuses
on trying to find tumor markers involved in the regulation of
the cell cycle, apoptosis and tumor angiogenesis [16]. It is
expected that uncovering their roles in the development of
lung cancer will provide the scientific data needed for the
early diagnosis and targeted treatment of lung cancer.

RKIP, a recently discovered tumor metastasis suppressor,
is widely expressed in the mammalian brain, heart, liver,
lungs, testicles and other tissues. It is involved in the bio-
synthesis of the plasma membrane, neurodevelopment, sper-
matogenesis, apoptosis and other physiological and

Table 1 Relationships between
RKIP and E-cadherin mRNA
expression in lung squamous
cell carcinoma and clinical
pathological parameters

Pathologic
parameter

No. RKIP mRNA
positive rate(%)

χ2 P E-cadherin mRNA
positive rate(%)

χ2 P

Normal
tissue

86 66 (76.7) 15.4565 <0.001 70 (81.4) 28.4208 <0.001

Carcinoma
tissue

86 41 (47.7) 36 (41.9)

Sex

Male 52 25 (48.1) 0.0085 0.926 21 (40.4) 0.1177 0.732
Female 34 16 (47.1) 15 (44.1)

Age

<60 53 27 (50.9) 0.5917 0.442 22 (41.5) 0.0070 0.933
≥60 33 14 (42.4) 14 (42.4)

Size of primary carcinoma (cm)

<3 46 21 (45.7) 0.1621 0.687 20 (43.5) 0.1064 0.744
≥3 40 20 (50.0) 16 (40.0)

Degree of differentiation

Well
differentiat
ed

25 16 (64.0) 5.4524 0.065 16 (64.0) 9.2552 0.010

Moderately
differentiat
ed

28 14 (50.0) 12 (42.9)

Poorly
differenti
ated

33 11 (33.3) 8 (24.2)

Lymph nodes metastasis

Negative 47 29 (61.7) 8.1753 0.004 27 (57.4) 1.3453 0.001
Positive 39 12 (30.8) 9 (23.1)

Staging of tumor

I–II 55 32 (58.2) 6.7529 0.009 29 (52.7) 7.4033 0.007
III–IV 31 9 (29.0) 7 (22.6)
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pathological processes. Recent studies have shown that
RKIP can interfere with the Raf-1-MEK1/2-ERK1/2 signal-
ing pathway, and also that it can inhibit the NF-κB and G
protein-coupled receptor kinase signal transduction path-
ways [3, 4], which are closely related to cell growth, prolif-
eration, differentiation, tumorigenesis and other processes.
Because PKIP was found to be able to inhibit tumor cell
metastasis in 2003 by Fu et al. [5], it has become a hot topic
in tumor research. Lee et al. found that RKIP expression was
significantly lower in hepatocarcinoma tissue than in the
surrounding normal liver tissue, and that increased expres-
sion of RKIP can reduce the proliferation and migration of
hepatocarcinoma cells [6, 22]. The expression of RKIP is
highest in normal melanocytes, lower in melanoma and the
very low or missing in metastatic melanoma. Overexpressed
RKIP can inhibit the metastatic potential of highly metastatic

melanoma cells [7]. The expression of RKIP in thyroid cancer
is lower than that in normal thyroid tissue, and exogenous
RKIP can inhibit the growth of thyroid cancer cells [23].
Studies have found that PKIP is highly expressed in primary
breast cancer lesions. This expression is unrelated to the tumor
type, degree of differentiation, size or ER expression of the
breast cancer. However, low or no expression has been
detected in metastatic lymph nodes [9, 24]. Recently, by using
immunohistochemical RKIP staining of a tissue microarray of
non-cancerous prostate tissue and primary and metastatic
prostate cancer, Fu et al. [25] found that the expression of
RKIP in the non-cancerous prostate tissue, primary and meta-
static prostate cancer was reduced by 5 %, 48 % and 89 %,
respectively. In this study, the mRNA and protein levels of
RKIP were monitored in lung squamous cell carcinoma and
the surrounding normal tissues. We found that the rate of

Fig. 1 I: The expression of
RKIP protein in lung squamous
cell carcinoma and in
surrounding tissues; II: The
relative expression of RKIP
protein in lung squamous cell
carcinoma and in surrounding
tissues (A: surrounding tissue,
B: lung squamous cell
carcinoma, C: lymph node
metastasis negative, D: lymph
node metastasis positive, E: low
differentiation, F: moderate
differentiation, G: high
differentiation, * indicates
P<0.05)

Fig. 2 I: The expression of E-
cadherin protein in lung squa-
mous cell carcinoma and in
surrounding tissues; II: The
relative expression of E-
cadherin protein in lung squa-
mous cell carcinoma and in
surrounding tissues (A: sur-
rounding tissue, B: lung squa-
mous cell carcinoma, C: lymph
node metastasis negative, D:
lymph node metastasis positive,
E: low differentiation, F: mod-
erate differentiation, G: high
differentiation, * indicates
P<0.05)
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positive RKIP mRNA expression was significantly low-
er in lung squamous cell carcinoma than in the sur-
rounding normal t issue (P < 0.05) , and i t was
significantly lower in patients with lymph node metas-
tasis than those without lymph node metastasis (P<0.05);
moreover, it was independent of gender, age and tumor size
(P>0.05). The protein expression of RKIP was also signifi-
cantly lower in lung squamous cell carcinoma than in the
surrounding normal tissue (P<0.05), and its expression was
significantly lower in patients with lymph node metastasis
than in those without it (P<0.05); The rates of positive RKIP
and E-cadherin mRNA expression were significantly lower in
patients at advanced (III, IV) stages than in patients at early (I,
II) stages (p<0.05). These results suggest that the expression
of RKIP in lung squamous cell carcinoma is consistent with its
expression in other cancers.

In recent years, lung cancer incidence and mortality have
risen significantly. The cause of death is usually tumor
invasion and metastasis. The important role of E-cadherin
in tumor invasion and metastasis has became a research
focus. E-cadherin, a transmembrane glycoprotein with a
molecular weight of 120 kDa, is a member of the cadherin
superfamily. It is an important molecule for the regulation of
adhesion between cells and between cells and matrix. Its
expression level and its functional activity affect the detach-
ment and reattachment of tumor cells, which plays a key
role in the process of tumor invasion and evolution [10].
Researchers have found that the amount of E-cadherin
expressed in brain metastatic tumor tissue is also signifi-
cantly decreased [26]. Showing high expression in sur-
rounding normal liver tissue, E-cadherin expression in
hepatoma carcinoma cells has been associated with the
degree of differentiation; its expression decreases as the
degree of differentiation degreases. It has also been reported
that E-cadherin expression is negatively correlated with the
lymph node metastasis of liver cancer. Wang et al. [27]
found that E-cadherin expression was significantly lower
in metastatic lung cancer tissue than in primary lung cancer
tissue. The results of this study revealed that the rate of
positive E-cadherin mRNA expression in lung squamous
cell carcinoma was significantly lower than that in the
surrounding normal tissues (P00.000), and this rate was
significantly lower in patients with lymph node metastasis
than in those without it (P00.001). Moreover, the lower the
degree of tumor differentiation, the lower was the E-
cadherin mRNA positive expression rate (P00.010). The
results regarding E-cadherin protein expression were simi-
lar. These results basically agree with those of Sulzer et al.
[28]. The loss of adhesion function is the key for tumor cells
to achieve dedifferentiation and to become highly invasive
[29].

RKIP can disrupt the complex formed between Raf-1 and
MEK-1, thereby separating Raf-1 from MEK-1. RKIP can

individually bind to Raf-1 or MEK-1. This binding with
either one of them is sufficient to inhibit downstream sig-
naling [30]. This study found that the expression of RKIP
was significantly reduced or missing in lung squamous cell
carcinoma, and this significantly suppressed RKIP’s inhibi-
tion of the Raf-1-MEK1/2-ERK1/2 signaling pathway. As a
result, cell growth and development were promoted, which
might be involved in the initiation of squamous cell carci-
noma. In addition, RKIP can also interact with the four
kinases in the NF-κB activation pathway, including NIK
(NF-κB inducing kinase), TAKI (TGF-β activated kinase
1), IKKα (IκB kinase α) and IKKβ (IκB kinase β); thus
NF-κB activation was inhibited and the anti-apoptotic prop-
erties of the cells were weakened [2]. The expression of
RKIP was significantly reduced or missing in lung squa-
mous cell carcinoma. This could promote the activation of
the NF-κB pathway and enhance the anti-apoptotic proper-
ties of cells, which might be related to the initiation and
progression of lung squamous cell carcinoma. Beshir et al.
[3] found that RKIP could control the expression of matrix
metalloproteinase 1/2 (MMP-1/2), which could promote the
invasion and metastasis of tumor cells. Silencing of RKIP
was found to enhance the invasive and metastatic abilities of
tumor cells and increase the expression of MMP-1/2. Over-
expression of RKIP was found to reduce the invasive and
metastatic abilities of tumor cells and reduce the expression
of MMP-1/2. This study found that the positive rate of RKIP
expression was significantly lower in tumor tissues with
lymph node metastasis than in those without lymph node
metastasis. In this case, the expression of MMP-1/2 might
be increased, thus promoting the invasion and metastasis of
lung squamous cell carcinoma. The specific mechanism
needs to be further verified.

This study also found that the expression of RKIP was
positively correlated with the expression of E-cadherin,
suggesting that with the decreased expression of RKIP in
lung squamous cell carcinoma, E-cadherin expression also
decreased, resulting in decreased adhesion between cells
and efficient release of tumor cells, thus enhancing the
invasion and metastasis of tumor cells in lung squamous
cell carcinoma. Research has shown that, after being trans-
fected with the Raf-1 gene, immortalized mouse hepatoma
cells show significantly down-regulated E-cadherin protein
expression. After the above cell line was treated with inhib-
itors of MAPK, p38 MAPK and c-Src tyrosine kinase, the
expression of proteins related to cell adhesion and tight
junctions increased, showing that Raf-1 may be involved
in regulating E-cadherin expression by affecting multiple
signaling pathways mediated by MAPK, p38 MAPK and
c-Src tyrosine kinase [31]. Another study found that TGF-β
can reduce the expression of E-cadherin by enhancing the
activity of the transcriptional repressors slug and Snail [32].
The above results indicate that Raf-1 and TGF-β are
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involved in the regulation of E-cadherin expression. Thus,
we speculate that RKIP may regulate the expression of E-
cadherin by inhibiting the Raf-1 and TGF-β signaling path-
ways, among others. The exact regulatory mechanism needs
to be further investigated.

The above results suggest that both RKIP and E-cadherin
are tumor suppressors. Their low expression may be associ-
ated with the initiation, progression, invasion, metastasis
and differentiation inhibition of lung squamous cell carci-
noma. It is possible that they could serve as targets for the
treatment of lung squamous cell carcinoma.
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