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Abstract Raf kinase inhibitory protein (RKIP, also PEBP1)
is involved in regulation of multiple cellular signaling
processes and suppressing metastasis in animal models.
Downregulation of RKIP expression has been shown to
promote tumor progression in a variety of human cancers.
However, its role and clinical significance in resectable
esophageal squamous cell carcinoma (ESCC) is still scanty.
The purpose of this study was to investigate the prognostic
significance of RKIP expression by immunohistochemistry
in a group of patients with ESCC treated with surgical
resection. RKIP expression in 233 surgically resected ESCC
specimens and 49 cases of adjacent normal tissues was
detected by using immunohistochemical staining. The
clinical and prognostic significance of RKIP expression
was statistically analyzed. Kaplan-Meier analysis was used
to compare the postoperative survival between groups.
Significant downregulation was noted for RKIP protein in
ESCCs, compared to adjacent normal tissues (»p<0.001). A
lower disease-free survival and overall survival of ESCC
was found in patients whose tissues had low RKIP
expression (both P<0.001). In addition, RKIP expression
could stratify the patient survival (disease-free survival/
overall survival) in stage I (P=0.01 and 0.02, repectively).
The Cox proportionate hazard regression model also
established that low expression of RKIP was significantly
correlated with increased risk (RR=3.572) of recurrence
compared with high RKIP expression (P<0.001). Further-
more, the results of multivariate analysis suggested that
RKIP expression (P<0.001) was an independent factor that
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affected overall survival. These findings suggest that the
low expression of RKIP be associated with poor survival in
resectable ESCC patients.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is one of the
most malignant diseases of the digestive tract. It has a high
incidence in China. ESCC is characterized by late clinical
presentation, rapid progression and poor survival [1].
Surgical resection is still the major therapeutic strategy
used for operable ESCC. Nevertheless, disease recurrence
often occurs even after curative resection, and the overall
survival remains low. The tumor-node-metastases (TNM)
classification based on pathologic examination of resected
specimens is the most reliable information to predict
clinical outcome [2]. However, substantial differences in
survival are observed for the same TNM stage, and these
differences are likely attributable to the inherent heteroge-
neity in the biologic behavior of the tumors [3]. Thus,
prediction of tumor carcinogenesis by the analysis of novel
molecular prognostic markers might aid in developing more
effective therapeutic strategies for better prognosis.

Raf kinase inhibitor protein (RKIP), also known as
phosphatidylethanolamine-binding protein 1 (PEBP1), is a
member of the PEBP family [4]. It is a conserved, small,
cytosolic protein firstly purified from bovine brain by
Bernier group [5]. It has wide tissue expression in a variety
of different mammalian species such as monkey, rat,
chicken and human. RKIP was originally identified as an
endogenous inhibitor of Raf and it negatively regulates the
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Raf/MEK/ERK-signaling cascade [6]. It has been well-
established that RKIP suppresses the metastatic spread of
tumor cells, moreover, the down-regulated expression of
RKIP is observed in a number of human cancers including
highly metastatic prostate carcinoma, lung cancer, breast
carcinoma, colon cancer and hepatocellular carcinoma
[7-10]. The importance of RKIP in metastasis was
demonstrated by the finding that the restoration of RKIP
expression inhibits prostate cancer metastasis in a murine
model and, hence, RKIP was identified as a metastasis
suppressor gene [11]. In addition, over-expression of
RKIP reverses tumor cell resistance to apoptosis by both
chemotherapeutic drugs and by TRAIL. RKIP has also
been implicated as an immune surveillance cancer gene in
these studies.

However, the significance of RKIP expression in clinical
settings and in the prognosis of ESCC is still elusive.
Therefore, we performed the present study to investigate
the clinical/prognostic implication of RKIP expression in
233 ESCC patients treated with surgical resection.

Materials and Methods
Patients and Tissue Samples

Prior informed consent was obtained from the patients for
the collection of specimens in accordance with the guidelines
of Department of Gastroenterology, Huai’an No.1 Hospital,
Affiliated to Nanjing Medical University, P.R.China, and the
study protocols were approved by the Ethics Committee of
Department of Gastroenterology, Huai’an No.l Hospital,
Affiliated to Nanjing Medical University, P.R.China. All
specimens were handled and made anonymous according to
the ethical and legal standards.

A total of 65 females and 168 males, aged from 31 to
80 years (median 56.8 years), were included in the study.
The patients underwent surgery at the Department of
Gastroenterology, Huai’an No.1 Hospital,Affiliated to
Nanjing Medical University, between October 2001 and
April 2008. The cases selected in this study fulfilled these
criteria: (i) newly diagnosed cancer of the esophagus
without previous treatment; (ii) histologically confirmed
primary ESCC; (iii) underwent a complete surgical resec-
tion (RO) at our cancer center; (iv) adequate clinical
information and follow-up data were available. The
histologic grade and clinical stage of the tumors were
defined according to the 7th edition of the TNM classifi-
cation of the International Union Against Cancer (2009)
[12]. Patients with noncurative resection (R1) or died from
postoperative complications were excluded from the study.
Patients with neoadjuvant or adjuvant therapy were also
excluded. The tumor specimens and adjacent normal tissue
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samples were obtained as paraffin blocks from the Bank of
Tumor Source at our cancer center. Clinical data were
obtained from hospital records after surgery. All the patients
were followed up in March 2011 to determine their current
status. The clinicopathological characteristics of the 100
patients studied are summarized in Table 1.

Immunohistochemistry Analysis

The specimens were fixed in 10% neutral buffered formalin
and subsequently embedded in paraffin. The paraffin-
embedded tissues were cut at 3 pm and stained following
being dried on ProbeOn Plus (Fisher Scientific International,
Hampton, NH, USA). Staining was done using avidin- biotin
complex with a microprobe manual stainer (Fisher Scientific
International). The slide to which a paraffin section was
attached went through deparaffinization and hydration, and
was then treated with a solution of Peroxidase-blocking
reagent (Dako, Glostrup, Denmark) to exhaust endogenous
peroxidase activity. It was put in citric acid solution and
heated for 10 min in a microwave and then left at room

Table 1 Correlation between immunoreactivity of RKIP and clinical
features of patients with ESCC

Features Cases RKIP expression pattern (n,%)

High Low P’
Age (years)
<55 " 139 31 (22.3) 108 (77.7) 0.7
>55 94 23 (24.5) 71 (75.5)
Sex
Male 168 38 (22.6) 130 (77.4) 0.7
Femal 65 16 (24.6) 49 (75.4)
Location
Upper 12 3 (25.0) 9 (75.0) 0.9
Middle 160 38 (23.8) 122 (76.2)
Lower 61 13 (21.3) 48 (78.7)
WHO grade
Gl 56 11 (19.6) 45 (80.4) 0.6
G2 147 34 (23.1) 113 (76.9)
G3~4 30 9 (30.0) 21 (70.0)
T status
T2~3 230 52 (22.6) 178 (77.4) 0.9
T4 3 2 (67.7) 1(33.3)
N status
NO 123 28 (22.8) 95 (77.2) 0.3
N1 110 26 (23.6) 84 (76.4)
TNM stage
I 8 1(12.5) 7 (87.5) 0.4
I 133 28 (21.1) 105 (78.9)
I 92 25 (27.2) 67 (72.8)

* Chi-square test
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temperature for 20 min to expose antigen hidden inside the
tissue due to formalin fixation, and the process was repeated
three times. To inhibit non-specific antigen-antibody reac-
tions possible in immunohistochemical staining, reaction
was done using a protein blocker (Research Genetics,
Huntsville, AL, USA) for 5 min and the slide was washed
thoroughly with water. The slides were incubated overnight
with polyclonal rabbit RKIP antibody (1:160 dilution; Santa
Cruz Biotechnology) at 4°C. Secondary antibodies for the
detection of primary antibodies were reacted for 10 min
using anti- rabbit IgG (Sigma, St. Louis, MO, USA) to which
biotin was attached, and then washed with buffer solution
and reacted with horseradish peroxidase for 10 min. It was
washed thoroughly with buffer solution; chromogen AEC
(3-amino-9-ethylcarvazole; Zymed, San Francisco, CA,
USA) was then applied and reddish brown response was
examined. After hematoxylin contrast staining, the slide was
enclosed with Universal Mount (Research Genetics) and
examined. In each immunohistochemistry run, negative
controls were carried out by replacing the primary antibody
with mouse IgG. Known immunostaining-positive slides
were used as positive controls.

Following a hematoxylin counterstaining, immunostaining
was scored by two independent experienced pathologists, who
were blinded to the clinicopathological parameters and
clinical outcomes of the patients. The staining results were
scored based on these criteria: (i) percentage of positive tumor
cells in the tumor tissue: 0 (<10%), 1 (11 ~ 25%), 2 (26 ~
50%), 3 (51 ~ 75%), and 4 (76 ~ 100%); and (ii) staining
intensity: 0 (no signal), 1 (weak), 2 (moderate), 3 (marked).
The immunoreactivity score (IRS) was calculated by multi-
plying the score for the percentage of positive cells by the
intensity score (range 0 ~ 12). The average IRS for each case
was assigned as the staining result for the patient. The
specimens were rescored if the difference between the
scores determined by the 2 pathologists was greater than
3. The final score was stratified as - (0 score, absent), +
(14 score, weak), ++ (5-8 score, moderate), +++ (9-12
score, strong), in this study, - to + was considered low
expression, and ++ to +++ was considered high expres-
sion. To evaluate the reliability of the scoring method, all
sections were reviewed three times.

Statistical Analysis

The software of SPSS version 16.0 for Windows (SPSS Inc,
IL, USA) and SAS 9.1 (SAS Institute, Cary, NC) was used
for statistical analysis. Continuous variables were expressed
as X + 5. The associations between protein expression and
different clinical parameters were evaluated using Fisher’s
exact test or X* test. Disease-free survival (DFS) was
defined as the time from surgery to regional relapse or
distant metastasis. Overall survival (OS) was defined as the

time from surgery to death. DFS and OS were assessed
using the Kaplan-Meier method and compared by the log-
rank test. Multivariate survival analysis was performed for
all of the parameters that were significant in the univariate
analysis using the Cox regression model. Differences
were considered statistically significant when p was less
than 0.05.

Results

Immunohistochemical Expression and Cellular Distribution
of RKIP

In the present study, the protein expression of RKIP was
examined by immunohistochemistry in 233 cases of
primary ESCC and in 49 cases of adjacent normal
esophageal mucosa. The positive expression of RKIP in
normal esophageal mucosa cells and ESCC exhibited a
primarily cytoplasm pattern (Fig. 1). Using the criteria
described previously, low expression (— to +) of RKIP was
observed in 76.8% (179 of 233) and high expression (++
to +++) of RKIP was 23.2% (54 of 233) of the ESCC.
In addition, the low expression (— to +) of RKIP was
observed in 18.4% (9 of 49) and high expression (++ to +++)
of RKIP was 81.6% (40 of 49) of the adjacent normal
esophageal mucosa. The RKIP expression was significantly
down-regulated in tumors compared to that in the adjacent
normal esophageal mucosa (p<0.001) (Fig. 2).

There was no significant statistical correlation between
RKIP expression and gender, age, tumor location, WHO
grade, tumor status, nodal status, and TNM staging, as seen
in Table 1.

Correlation of RKIP Expression with ESCC Patient
Survival

Of the 233 ESCC patients, none were lost to follow-up. The
median observation period was 65.0 months (6—
112 months), and 122 patients were deceased and 111 were
alive at the end of the follow-up. The 5-year DFS and OS
for the entire cohort were 48.6% and 51.3%, with median
survival times of 51.0 and 65.0 months, respectively.

Patients with low expression of RKIP showed shorter
OS compared with those with high expression of RKIP (P=
0.001, Fig. la, Table 2). A similar result was obtained for
DFS (P<0.001, Fig. 1b, Table 2). In the subgroup analysis,
RKIP expression distinguished the OS and DFS well for
pathological stage II patients (Fig. 1c and d, P=0.01 and
0.02, respectively), but not in stage III patients (P=0.10 and
0.22, respectively).

Univariate analysis using Cox’s proportional hazard
model showed that the following parameters correlated
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Fig. 1 RKIP expression by
immunohistochemical staining
(magnification: 400x). a Normal
esophageal mucosa demonstrated
high expression of RKIP
protein in the cytoplasm of
esophageal squamous cells. b
Low expression level of RKIP
was detected in ESCC

significantly with DFS and OS: T status (both £<0.001), N
status (both P<0.001), WHO grade (P=0.01 and 0.03,
respectively), TNM stage (both P=0.001) and RKIP
expression (both P<0.001) (Table 2). When the aforemen-
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Fig. 2 Disease-free survival (DFS) and overall survival (OS) curves
for esophageal squamous cell carcinoma patients according to their
RKIP expression status. A, B DFS and OS curves: patients with low
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tioned parameters were included in multivariate analysis,
the results suggested that N status (P=0.02) and RKIP
expression (P<0.001) were independent factors that affected

OS (Table 3).
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Table 2 Predictive variables for patient survival in ESCC

Features Cases DFS (Months) OS (Months)
Median P Median P

Age (years)

<557 139 52.6 0.7 63.8 0.7

>55 94 41.9 55.6

Sex

Male 168 40.2 0.3 55.3 0.2

Femal 65 65.6 63.9

Location

Upper 12 19.8 0.5 25.7 0.5

Middle 160 55.2 63.9

Lower 61 53.6 67.8

WHO grade

Gl 56 66.3 0.01 68.0 0.03

G2 147 522 54.8

G3~4 30 19.7 26.6

T status

T2~3 230 54.6 <0.001 58.9 <0.001

T4 3 2.9 6.7

N status

NO 123 NR <0.001 NR <0.001

N1 110 15.2 18.3

TNM stage

1 8 66.9 0.001 70.3 0.001

I 133 429 45.1

11 92 9.7 11.2

RKIP expression

Low 179 18.0 <0.001 22.5 <0.001

High 54 67.0 72.9

Discussion

This is the first study to analyze RKIP expression in human
ESCC tissues using immunohistochemical methods. Here,
the staining pattern of RKIP was mainly cytoplasmic in
both ESCC tissues and adjacent normal esophageal mucosa.
Studies conducted in hepatocellular carcinoma, lung cancer,
prostate cancer, gastric cancer and urinary bladder cancer
have shown the same results with us [7-10, 13, 14]. In

Table 3 Multivariate Cox regression analysis for patient survival

Features DFS (ON]

Relative risk P Relative risk P

T status 1.376 0.08 1.393 0.08
N status 1.482 0.06 2.011 0.02
TNM stage 1.539 0.06 1.135 0.10
WHO grade 1.241 0.10 1.546 0.06
RKIP expression  3.572 <0.001  3.496 <0.001

addition, the analyses of the expression levels of RKIP
revealed its prognostic significance in patients with ESCC.
Specifically, individuals whose tumors had relatively higher
RKIP expression survive longer as compared to patients
with relatively lower levels. It is also interesting to note that
the prognostic power of RKIP is somewhat stronger in
early stage cancer (stage II). Although we do not yet know
the mechanistic basis for this subgroup bias, we do
acknowledge that such stratification might be relevant for
future targeted therapy and/or early predictions of ESCC
patients’ survival.

RKIP, a member of the PEBP family, was originally
identified as a negative regulator of the Raf and nuclear
factor-kB (NF-kB) survival signaling pathways [15]. It is a
highly species-conserved ubiquitously expressed protein
involved in growth and differentiation signaling regulation.
RKIP disrupts the Raf-1-MEK1/2-ERK1/2 and NF-kB
signaling pathways, via physical interaction with Raf-1-
MEK1/2 and NIK or TAK1, respectively, thereby, abrogat-
ing the survival and antiapoptotic properties of these
signaling pathways either by promoting or by inhibiting
the formation of productive signaling complexes through
protein-protein interactions [16]. In addition, RKIP expres-
sion in many different organs enables it to play a role in a
variety of processes sucha as reproduction, cardiology and
neurology. Moreover, it also involves in the progression of
human cancers. In 2003, Fu et al. [17] identified a novel
anti-metastasis function for RKIP in prostate cancer. They
compared levels of RKIP expression in non-metastatic
prostate cancer cell lines and metastatic prostate cancer cell
lines. The metastatic prostate cancer cells had much less
RKIP expression than non-metastatic prostate cancer cells.
Biewenga et al. [18] showed differential expression of
RKIP between tumour samples from patients of early stage
cervical cancer with and without lymph node metastasis.
Ruan et al. [19] reported that downregulation of RKIP was
significantly correlated with advanced clinical stage, lymph
node metastasis and radioresistance of patients with
nasopharyngeal carcinoma. In human breast cancer, Li et al.
[9] demonstrated that the expression level of RKIP is
decreased in invasive breast carcinoma and significantly
reduced or lost in the metastasis lymph node matched to the
invasive breast carcinoma compared with the normal breast
epithelia, benign breast epithelia, or in situ ductal carcinoma.
To explore the potential role of RKIP in breast cancer
metastasis, they also studied the effect of RKIP on the
malignant phenotypes of the breast cancer cells with
ectopically overexpression or knockdown of RKIP. Conse-
quently, RKIP has no effect on in vitro proliferation rate or
colony-forming ability of breast cancer cell lines. In vitro cell
invasion and migration assays indicated that the RKIP
expression was inversely associated with the invasiveness
of cancer cells. Consistent with these results, in the
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orthotopic murine models, they observed that overexpression
of RKIP in breast cancer cells impaired invasiveness and
metastasis, whereas down-regulation of RKIP expression
promoted invasiveness and metastasis. These observations
define RKIP as a metastasis suppressor gene which, by
definition, suppress metastasis without affecting tumorige-
nicity. Although, increasing evidences that RKIP is lost
during tumour progression and especially in metastasis, the
mechanism responsible for the down-regulation of RKIP
remains to be elucidated. One study reported that in
colorectal cancer completely lacking RKIP expression, the
promoter region of RKIP was methylated, suggesting that
CpG methylation of the RKIP promoter may be a possible
mechanism of silencing of the RKIP gene [20]. However,
another study failed to find RKIP promoter methylation in all
28 colorectal carcinoma cases examined [21]. In a study
using hepatocellular carcinoma samples, RKIP expression
was not induced by exposure to the demethylating agent,
S-azacytidine, indicating that promoter methylation does
not account for RKIP down-regulation [22]. Therefore,
further investigation on the mechanism for the abnormal
expression of RKIP and its function in cancer progression
should be continued.

Lack of RKIP expression is associated with poor
survival in hepatocellular carcinoma, gastrointestinal stro-
mal tumors, rectal cancer, and gastric cancer, and its
expression has been shown to inhibit metastasis in prostate
and breast cancer [7-10, 13, 14]. It has also been shown to
promote invasiveness and migration of breast cancer cells
[23]. In malignant melanoma cells, downregulation of
RKIP correlates with enhanced invasion and progression
of the disease [24]. Furthermore, up-regulated RKIP
sensitizes cancer cells to drug-induced apoptosis and its
loss induces radioresistance, most probably by protection
against radiation-associated apoptosis. As a surgical
oncologist, a pervasive question on the minds is how to
identify patients with locoregional ESCC patients who
could benefit from surgical resection. In this study, our
results showed that high expression of RKIP was
significantly correlated with a shorter survival time,
accounting for a higher recurrence rate in ESCC patients.
In this regard, RKIP can stratify DFS and OS in different
subsets of the patients, especially with stage II patients,
but not with stage III. This finding suggests that the
prognosis with stage II patients may be predominantly
affected by tumor malignant potentiality, whereas that of
stage 11l may be rather influenced by anatomical staging.
Therefore, adjuvant therapy should be recommended to
these patients with high expression of RKIP in stage II.
Meanwhile, it may help us understand the heterogeneity
in the prognosis of ESCC patients, even with the same
stage. The examination of RKIP expression by IHC,
therefore, could be used as a biomarker to aid selection
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of the most appropriate therapy to improve clinical
outcome and minimize ESCC recurrence.

In conclusion, in our study, we describe for the first time
the the downregulation of RKIP expression in resectable
ESCC is unfavorable for survival, indicating that RKIP
could play an important role in tumor aggressiveness; thus
RKIP may be a new therapeutic target.
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