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Abstract: Background: Raf kinase inhibitor protein (RKIP) is thought to be an inhibitor of multiple cellular signaling
pathways and a suppressor of cancer metastasis in a variety of human cancers. However, function of RKIP in non-
small cell lung cancer (NSCLC) is not yet completely understood. The purpose of this study was to investigate the
relationship between the RKIP expression in tumor tissues of NSCLC and the prognosis of NSCLC patient following
radiotherapy (RT). Methods: The level of RKIP expression in tumor tissue samples from 77 NSCLC patients was ret-
rospectively determined by using immunohistochemistry. Survival rate was estimated by Kaplan-Meier curves. Log-
rank univariate analysis was used to identify the factors with prognostic significance and the results were verified
by multivariate Cox proportionate hazard regression analysis. Results: Among the 77 NSCLC patients, 62 (80.5%)
patients had low RKIP expression and 15 (19.5%) had high expression. The 1-, 2- and 3- year survival rates were
62.3% (48/77), 40.3% (24/77) and 27.3% (4/77), respectively. The Cox regression model showed that patients in
low RKIP expression group had a significantly higher risk of death (RR = 2.141) than those in high RKIP expression
group (P < 0.05). Multivariate analyses revealed RKIP expression was an independent factor that affected overall
survival (P < 0.05). Conclusion: RKIP could be a potential biomarker for the prognosis of NSCLC patients after RT.
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Introduction

Raf kinase inhibitor protein (RKIP) is a member
of phosphatidylethanolamine-binding protein
(PEBP) family. The most thoroughly explored
biological role of RKIP is that RKIP mediated a
number of intracellular signaling pathways.
RKIP inhibits the signaling pathway of Raf-1-
MEK1/2-ERK1/2 and restrain the signal con-
duction process of G protein-coupled receptor
kinase [1-3]. Its activity is regulated by phos-
phorylation [4]. Expressions of RKIP in some
cancer tissues, such as breast cancer, prostate
cancer, melanoma, lung squamous cell carci-
noma, esophageal, carcinoma of rectum and
liver cancer, are lower than those in normal tis-
sues [5-8]. Some scholars believe that RKIP
expression may improve the radiosensitivity of
nasopharyngeal cells [9], but no studies to date
have investigated whether RKIP expression
correlates with the prognosis of non-small cell
lung cancer (NSCLC) following radiotherapy
(RT).

RT is the main therapy for NSCLC patients who
are not suitable candidates for surgery [10].
However, the overall survival rate of NSCLC over
5 years is lower than 15% [11] and the 5-year
overall survival after RT was about 10% [12].
The main reasons for this low survival rate
include uncontrolled growth of the primary
tumor, recurrence and metastasis; the rate of
occurrence of uncontrollable primary tumor
growth is 70% [13]. Radiation resistance is the
principal biological factor that influences the
efficacy of RT [14]. Therefore, looking for an
indicator of RT outcome is the key to achieve
individualized and efficient treatments for
patients with NSCLC. For this reason, the
search for biomarkers of radiation efficacy has
been a pressing concern in clinical radiation
oncology [15].

This study investigated RKIP expression levels
in NSCLC pathological specimens and followed
up the patients after RT, aiming to discover an
independent prognosticator, in order to provide


http://www.ijcem.com

RKIP for radiotherapy prognosis of NSCLC-Yangyang Yu

Table 1. Distribution of general materials and
Comparability Test of 77 NSCLC Patients Receiv-
ing Radiotherapy

Low High , P

Factor RKIP RKIP value
Gender
Male 13 47 0.317 0.573
Female 2 15
Age
<60 8 32 1.896 0.905
> 60 7 30
Smoking status
Yes 3 21 0.533 0.465
No 12 4
KPS
<80 2 13 0.094 0.759
>80 13 49
Pathological
type SC 11 42 0.012 0.913
AC 4 20
Clinical
stage Stage Il 3 17 0.068 0.795

Stagelll 12 45

NSCLC: non-small cell lung cancer; RKIP: Raf Kinase
inhibitor protein; KPS, Karnofsky Performance Status; SC:
squamous cell carcinoma; AC: Adenocarcinoma.

useful information for the correct evaluation of
the patients’ prognosis, with the ultimate goal
of providing suitable individualized treatment.

Materials and methods
Patients and specimens

This study was subject to approval by the
Research Ethics Committee of the First
Affiliated Hospital of China Medical University,
China.

NSCLC patients whose karnofsky performance
status (KPS) were all above 70 and who were
accepted three-dimensional (3D) conformal RT
between Jan 2007 and Dec 2010 at the
Department of Radiotherapy, First Affiliated
Hospital of China Medical University, were
included in this study. Patients were excluded
from the study if they had had a break from RT
for more than five days, radiation with inconsis-
tent doses and a total radiation dose < 50 Gy.
Thus, a total of 77 patients enrolled in this
study and they were prospectively followed up
after the RT was completed. The clinical data of
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patients were retrospectively reviewed by
authors. The NSCLC tissue samples those were
embedded in paraffin were used for reapprais-
ing of the pathological type (squamous cell car-
cinoma or adenocarcinoma) and clinical stage
by two pathologists according to the AJCC lung
cancer TNM stage in 2009.

Immunohistochemistry analysis

Expression of RKIP was investigated by immu-
nohistochemistry according to the previous
study [16]. The sections (4 um) were dewaxed
in a graded ethanol series. Subsequently, the
activity of endogenous peroxidase was sup-
pressed through incubating the sections with
0.3% hydrogen peroxidase and methanol for 20
min at room temperature. After washed in
phosphate buffered saline (PBS), the slides
were incubated with the rabbit monoclonal
anti-RKIP antibody (Santa Cruz, CA, USA) over-
night at 4°C. Then the secondary anti-rabbit
IgG antibody (Sigma, St. Louis, MO, USA) were
added. The sections were developed with a
DAB (diaminobenzidine) detection kit.

Independent scoring of immunohigtochistry
was conducted according to the study of Yu et
al. [17] by two pathologists who were blinded
design of this study. Any disagreement was
dissolved by reexamination. RKIP protein was
found to be predominantly cytoplasmic,
although some nuclear staining was noted. The
criteria for the scoring were as follow: the total
score was the product of percentage of positive
cells and the intensity of staining. Samples with
total score > 3 scores were identified as high
RKIP expression, while those < 3 scores were
identified as low RKIP expression.

Radiation treatment and follow-up

The procedures of 3D conformal RT was similar
with those described in previous study [18].
Briefly, localization of the gross tumor volume
(GTV) was the total volume of the primary and
nodal tumor masses determined by computed
tomography (CT) scans, while the clinical target
volume (CTV) was obtained by the addition of a
0.6 cm x 0.8 cm margin to GTV. The planning
target volume (PTV) equals to the volume that a
0.5 cm x 1.0 cm edge plus to the outside of
CTV. The prescribed dose per fraction for
patients received only RT was 62.5-65 Gy, and
those for patients who underwent concurrent
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Table 2. Distribution of clinical materials

Factors Cases Drugs for chemotherapy
Initial treatment without surgery 64

Postoperative recurrence 13

Only radiotherapy 28

Radiotherapy and chemotherapy 49

Sequential chemotherapy and radiotherapy 21 DP or NP
Concurrent chemotherapy and radiotherapy 20 EP or NP
Consolidation chemotherapy > 2 cycles 11 DP or NP

DP for Docetaxel and cisplatin, docetaxel (75 mg/m? on day 1) and cisplatin (20-25 mg/m?
on days 1-3); NP for Vinorelbine and cisplatin, vinorelbine (20 mg/m? on day 1 and 5) and
cisplatin (20 mg/m? on days 1-3); EP for Etoposide and cisplatin, etoposide (100 mg/m? on

variate Cox regression
analysis. P < 0.05 was
used as the threshold
of significance.

Results

Immuonohistochemical
findings in RKIP

RKIP expression was
mainly in the NSCLC
tissue cytolymph, whi-
ch are often yellow

days 1-5) and cisplatin (20-25 mg/m? on days 1-3).

Table 3. Causes of death

granules. Among the
77 NSCLC tissues, the
number of samples

Causes of death

Cases Percentage with low RKIP expres-

Uncontrolled growth of the primary tumor
Distant metastasis

Uncontrolled growth of the primary tumor & distant metastasis 28 46.70%

Interstitial pneumonia or lung fibrosis
Unrelated to NSCLC

sion was 15 (19.5%)
and it was 62 (80.5%)
with high RKIP expres-
sion (Table 1). There we-
re no significant differ-

16 26.70%
13 21.70%

1 1.70%
2 3.30%

NSCLC: non-small cell lung cancer.

Table 4. The median survival time

Median survival

Groups time (months)
Radiation dose > 60 Gy 34.2
Radiation dose < 60 Gy 14.3
RKIP low expression 9.5
RKIP high expression 20.0

RKIP: Raf Kinase inhibitor protein.

or sequential chemoradiotherapy was 2.0-2.5
Gy with a total dosage of 60-62.5 Gy. The treat-
ment plan usually consisted of five or six RT
sessions in one week in four or five fields.

All patients were followed up by their treating
radiation oncologist monthly in the first three
months after RT and then every three months
until the deadline December 2012.

Statistical analysis

SPSS 19.0 (Chicago IL, USA) and SAS 9.1 (Cary,
NC, USA) were used for statistical analyses.
The associations of RKIP expression to the clin-
ical factors was evaluated by x? test. The over-
all survival of NSCLC patients were estimated
by Kaplan-Meier method and compared using
log-rank univariate test. The results of univari-
ate analysis were further verified by a multi-
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ences in gender, age,
smoking status, KPS,
pathological type, clini-
cal stage between low RKIP group and high
RKIP group (P > 0.05). Table 2 showed the dis-
tribution of clinical treatment for the patients.
Most of the patients were initial treatment with-
out surgery (64/77), and 28 of 77 patients
received only radiotherapy.

Survival time of NSCLS patients after RT

At the last follow-up date in December 2012,
60 patients (77.92%) had died. The median
follow-up was 17.5 months (3-52 months).
Three cases were lost. After RT, the 1-, 2- and
3-year survival rates were 62.3% (48/77),
40.3% (24/77) and 27.3% (4/77), respectively.
The overall median survival time was 17.2
months. Causes of death are shown in Table 3,
The prominent cause is uncontrolled growth of
the primary tumor & distant metastasis
(46.70%). Table 4 shows that patients accepted
high dose radiation (> 60 Gy) and those with
high RKIP expression survived longer than
those with low radiation dose and low RKIP
expression.

Single factor analysis
The results above were further verified by Log-

rank single factor analysis (Table 5). The find-
ings suggested that several factors such as
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Table 5. The Log-rank analysis of 77 NSCLC Patients after

radiotherapy

Survival rate (%)

Factor Cases X2 P value
1year 2year 3year

Gender

Male 60 61.7 40.0 30.0 0.082 0.774
Female 17 64.7 412 176
Age

<60 year 40 55.0 275 20.0 3426 0.064
> 60 year 37 703 541 35.1
Smoke

No 53 69.8 472 358 5205 0.023
Yes 24 458 250 83

KPS

<80 15 60.0 333 0.0 0.696 0.404
> 80 62 629 419 339

Pathological type

SC 53 585 453 30.2 0418 0.518
AC 24 70.8 29.2 20.8
Clinical stage

Stage Il 20 85.0 65.0 35.0 5.447 0.02
Stage lll 57 544 31.6 246

RKIP

Low 15 46.7 26.7 6.7 5815 0.016
High 62 66.1 435 323
T state

T, 56 73.2 50.0 35.7 18.886 <0.001
T, 21 333 143 438

N state

N, 23 826 56.5 304 8495 0.014
N, 39 590 410 30.8

N, 15 400 13.3 133

Radiation dose

<60 Gy 50 54.0 26.0 18.0 14.67 <0.001
> 60 Gy 27 778 66.7 44.4

Chemotherapy*

Yes 49 55.1 28.6 224 5669 0.017
No 28 75.0 60.7 35.7

Operation

Yes 13 615 538 385 0.282 0.595
No 64 625 375 25.0

*Chemotherapy more than 2 cycle; RKIP: Raf Kinase inhibitor protein; SC:

squamous cell carcinoma; AC: Adenocarcinoma.

clinical stage, smoking status, RKIP expres-
sion, clinical staging, staging T, staging N, RT
dose and chemotherapy were correlated with
the prognosis of NSCLC after RT (P < 0.05),
while the pathological type, surgical treatment,
KPS, age and gender had no correlation with

the prognosis.

3505

Multiple factor analysis

Cox analyses (Table 6) showed that
smoking status, RKIP expression
and RT dose were independent prog-
nosis factors (P < 0.05). Survival
graphs for smoking status, RKIP
expression and RT dose were shown
as stratified factors (Figure 1).

Discussion

Downregulation of RKIP expression
in patients with NSCLC correlates
with poorer differentiation and
advanced pathologic TNM stage
[19]. RKIP is a metastasis suppres-
sor for a number of cancers [20].
Recent reports have confirmed that
RKIP can inhibit Raf-1/MEK/ERK
pathway [21] and involve in the
adjustment of the NF-KB signal
transduction pathway [22]. The
abnormal activation of these signal-
ing pathways is closely related to the
development of tumors [4, 23, 24].
RKIP expression in various tumor tis-
sues is lower than in normal tissue
[7, 8]. Downregulation of RKIP
expression is related to metastasis
and poorer prognosis in colorectal
cancer, pancreatic cancerand other
malignancies [25, 26]. In this study,
we found RKIP is an independent
prognostic factor of NSCLC patients
following RT.

After RT, the survival rate of NSCLC
patients with high level of RKIP
expression is higher than those with
low RKIP, suggesting that RKIP
expression level predicts the out-
comes of NSCLC patients following
RT. However, Houben et al. reported
that the RKIP was expressed homo-
geneously in virtually all melanoma
samples, and the level of RKIP
expression had no relation with pri-
mary melanoma patients’ 5-year

survival rate [27]. The discrepancy in finding
could be caused by the different expression
state of RKIP in different tumor, so more study

is needed.

Xu et al. reported [28] the relationship between
RKIP and the prognosis of hepatocellular carci-
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Table 6. Multivariate Cox regression analysis for 77 NSCLC Pa-

tients survival after radiotherapy

which is related to the regula-
tion of phosphorylation in sig-

P

2
Factors B SE X Value

Lower Upper

nal pathways MEK and Raf-1/
MEK/ERK, thereby regulating

95% Cl

RKIP expression 0.761 0.349 4.770 0.029 2.141 1.081 4.240
Total Dose 1.110 0.376 8.724 0.003 3.033 1.452 6.333
376 0.207 .683
.581 0.280 1.206
Chemotherapy* 0.560 0.336 2.778 0.096 1.751 0.906 3.384

Smoke -0.979 0.305 10.297 0.001
Clinical stage -0.544 0.373 2.126 0.145

the radiosensitivity of NPC
cells. These basic research
results mentioned above sug-
gest that the absence of RKIP
influences the efficacy of RT for
malignant tumors by increas-

RKIP: Raf Kinase inhibitor protein; *Chemotherapy more than 2 cycle.

noma (HCC) patients after surgery. Their result
shows that expression of RKIP in HCC patients
is low and that the level of expression corre-
lates with the invasiveness of the tumor. Thus,
they concluded that RKIP may be a predictor of
post-operative recurrence for HCC patients.
They further suggested that decreased RKIP
expression levels may lead to changes in the
MAPK signal conduction pathway, thereby
causing cell apoptosis. However, the exact role
of RKIP in apoptosis pathways requires further
study.

RKIP is able to improve the sensitivity of a vari-
ety of malignant cells to the presence of anti-
cancer drugs [29-31]. Chemotherapeutic
agents could rapidly induce RKIP expression by
reducing the signal of NF-KB and RAF1, thereby
inducing tumor cell apoptosis [32]. Recently,
Cross et al. have indicated that phosphoryla-
tion of RKIP is related to the effects of chemo-
therapeutics and the prognosis of colon cancer
[33]. However, we do not yet understand how
an increase of RKIP expression could lead to
an increase of the sensitivity of tumors to che-
motherapeutic agents.

It is important to emphasize that some
researchers [34] have experimentally manipu-
lated the level of RKIP expression in C4-2B PCa
prostate cancer cells. By transplanting the
recombinant prostate cancer cells into mice
and irradiating, the authors found that the cells
in which RKIP expression was increased
showed increased radiosensitivity. They specu-
lated this may be caused by cell apoptosis
through poly adenosine diphosphate ribose
polymerase (PARP) cleavage. Other scholars
[9] did a similar study using a nasopharyngeal
carcinoma (NPC) cell line, and the result illus-
trates that reducing RKIP expression in the
NPC cells can improve the resistance of cells to
cell cycle arrest, death or apoptosis during RT,
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ing radiation resistance of
tumor cell.

Exploring the influence of RKIP expression in
NSCLC RT prognosis may lead to changes in
aspects of treatment strategies for patients
with NSCLC. This will lead to development of
improved, individualized and efficient RT thera-
pies for NSCLC patients, while, also providing
the theoretical basis for understanding chang-
es in radiosensitivity to specific markers in
NSCLC. Nevertheless, the specific mechanisms
need further study.

Conclusion

The present study indicates that smoking, RKIP
expression, clinical stage, T stage, N stage and
radiation dose are related to RT prognosis in
NSCLC, while pathological type, surgical treat-
ment, KPS, age and gender have no relation-
ship to the RT prognosis of NSCLC. Importantly,
smoking, RKIP expression and RT dose are
independent prognostic factors in NSCLC
patients, however the exact mechanisms need
more study.
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Figure 1. Overall Survival (OS) curve for NSCLC Patients after Re-
ceiving RT according to (A) RKIP expression status: low or high RKIP
expression levels (P = 0.016); (B): radiation dose: total dose < 60 Gy
or > 60 Gy (P < 0.001); (C): smoking or not (P = 0.023).

IntJ Clin Exp Med 2017;10(2):3502-3509



RKIP for radiotherapy prognosis of NSCLC-Yangyang Yu

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Keller ET. Role of Raf kinase inhibitor protein in
pathophysiology of prostate cancer. in Forum
on immunopathological diseases and thera-
peutics. For Immunopathol Dis Therap 2011;
2:89-94.

Al-Mulla F, Bitar MS, Al-Maghrebi M, Behbehani
Al, Al-Ali W, Rath O, Doyle B, Tan KY, Pitt A and
Kolch W. Raf kinase inhibitor protein RKIP en-
hances signaling by glycogen synthase kinase-
3B. Cancer Res 2011; 71: 1334-1343.
Odabaei G, Chatterjee D, Jazirehi AR, Goodglick
L, Yeung K and Bonavida B. Raf-1 kinase in-
hibitor protein: structure, function, regulation
of cell signaling, and pivotal role in apoptosis.
Adv Cancer Res 2004; 91: 169-200.

Zeng L, Imamoto A and Rosner MR. Raf kinase
inhibitory protein (RKIP): a physiological regu-
lator and future therapeutic target. Expert Opin
Ther Targets 2008; 12: 1275-87.
Huerta-Yepez S, Yoon NK, Hernandez-Cueto A,
Mah V, Rivera-Pazos CM, Chatterjee D, Vega
MI, Maresh EL, Horvath S and Chia D.
Expression of phosphorylated raf kinase inhib-
itor protein (pRKIP) is a predictor of lung can-
cer survival. BMC Cancer 2011; 11: 259.

Gao C, Pang L, Ren C and Ma T. Prognostic
value of raf kinase inhibitor protein in esopha-
geal squamous cell carcinoma. Pathol Oncol
Res 2012; 18: 471-477.

Akaishi J, Onda M, Asaka S, Okamoto J,
Miyamoto S, Nagahama M, Ito K, Kawanami O
and Shimizu K. Growth-suppressive function of
phosphatidylethanolamine-binding protein in
anaplastic thyroid cancer. Anticancer Res
2006; 26: 4437-4442.

Xinzhou H, Ning Y, Ou W, Xiaodan L, Fumin Y,
Huitu L and Wei Z. RKIP inhibits the migration
and invasion of human prostate cancer PC-3M
cells through regulation of extracellular matrix.
Mol Biol 2011; 45: 921-928.

Ruan L, Wang GL, Yi H, Chen Y, Tang CE, Zhang
PF, Li MY, Li C, Peng F and Li JL. Raf kinase in-
hibitor protein correlates with sensitivity of na-
sopharyngeal carcinoma to radiotherapy. J Cell
Biochem 2010; 110: 975-981.

Kodym E, Kodym R, Reis AE, Habib AA, Story
MD and Saha D. The small-molecule CDK in-
hibitor, SNS-032, enhances cellular radiosen-
sitivity in quiescent and hypoxic non-small cell
lung cancer cells. Lung Cancer 2009; 66: 37-
47.

Schuurbiers OC, Kaanders JH, van der Heijden
HF, Dekhuijzen RP, Oyen WJ and Bussink J. The
PI3-K/AKT-pathway and radiation resistance
mechanisms in non-small cell lung cancer. J
Thorac Oncol 2009; 4: 761-767.

Mauguen A, Le Pechoux C, Saunders M, Schild
SE, Turrisi AT, Baumann M, Sause WT, Ball D,

3508

(14]

[15]

(16]

(17]

(19]

[20]

[21]

[22]

(23]

Belani CP, Bonner JA, Zajusz A, Dahlberg SE,
Nankivell M, Mandrekar SJ, Paulus R, Behrendt
K, Koch R, Bishop JF, Dische S, Arriagada R, De
Ruysscher D and Pignon JP. Hyperfractionated
or accelerated radiotherapy in lung cancer: an
individual patient data meta-analysis. J Clin
Oncol 2012; 30: 2788-2797.

Ahmed KM and Li JJ. NF-kB-mediated adaptive
resistance to ionizing radiation. Free Radic Biol
Med 2008; 44: 1-13.

Pawlik TM and Keyomarsi K. Role of cell cycle
in mediating sensitivity to radiotherapy. Int J
Radiat Oncol Biol Phys 2004; 59: 928-942.
Park JK, Jung HY, Park SH, Kang SY, Yi MR, Um
HD and Hong SH. Combination of PTEN and
y-lonizing Radiation Enhances Cell Death and
G 2/M Arrest Through Regulation of AKT
Activity and p21 Induction in Non-Small-Cell
Lung Cancer Cells. Int J Radiat Oncol Biol Phys
2008; 70: 1552-1560.

Gao C, Pang L, Ren C and Ma T. Decreased ex-
pression of Nedd4L correlates with poor prog-
nosis in gastric cancer patient. Med Oncol
2012; 29: 1733-1738.

Yu L, Zhang J, Guo X, Li Z and Zhang P.
MicroRNA-224 upregulation and AKT activa-
tion synergistically predict poor prognosis in
patients with  hepatocellular carcinoma.
Cancer Epidemiol 2014; 38: 408-413.

Dang J, Li G, Zang S, Zhang S and Yao L.
Comparison of risk and predictors for early ra-
diation pneumonitis in patients with locally ad-
vanced non-small cell lung cancer treated with
radiotherapy with or without surgery. Lung
Cancer 2014; 86: 329-333.

Wang Q, Wu X, Wu T, Li GM and Shi Y. Clinical
significance of RKIP mRNA expression in non-
small cell lung cancer. Tumor Biol 2014; 35:
4377-4380.

Lee J, Yun J, Yeung KC and Rosner MR. Abstract
3433: Molecular regulation of RKIP, a tumor
metastasis suppressor in breast cancer.
Cancer Research 2012; 72: 3433.

Beshir AB, Ren G, Magpusao AN, Barone LM,
Yeung KC and Fenteany G. Raf kinase inhibitor
protein suppresses nuclear factor-kB-depen-
dent cancer cell invasion through negative
regulation of matrix metalloproteinase expres-
sion. Cancer Lett 2010; 299: 137-149.

Tang H, Park S, Sun SC, Trumbly R, Ren G,
Tsung E and Yeung KC. RKIP inhibits NF-kB in
cancer cells by regulating upstream signaling
components of the IkB kinase complex. FEBS
Lett 584: 662-668.

Klysik J, Theroux SJ, Sedivy JM, Moffit JS and
Boekelheide K. Signaling crossroads: the func-
tion of Raf kinase inhibitory protein in cancer,
the central nervous system and reproduction.
Cell Signal 2008; 20: 1-9.

Int J Clin Exp Med 2017:10(2):3502-3509



[24]

[25]

[26]

[27]

(28]

[29]

3509

RKIP for radiotherapy prognosis of NSCLC-Yangyang Yu

Lee HC, Tian B, Sedivy JM, Wands JR and Kim
M. Loss of Raf kinase inhibitor protein pro-
motes cell proliferation and migration of hu-
man hepatoma cells. Gastroenterology 2006;
131: 1208-1217.

Lin BR, Huang MT, Chen ST, Jeng YM, Li YJ,
Liang JT, Lee PH, Chang KJ and Chang CC.
Prognostic significance of TWEAK expression
in colorectal cancer and effect of its inhibition
on invasion. Ann Surg Oncol 2012; 19: 385-
394.

Song SP, Zhang SB, Li ZH, Zhou YS, Li B and
Bian ZW. Reduced expression of Raf kinase in-
hibitor protein correlates with poor prognosis
in pancreatic cancer. Clin Transl Oncol 2012;
14: 848-852.

Houben R, Vetter-Kauczok CS, Ortmann S,
Rapp UR, Broecker EB and Becker JC. Phospho-
ERK staining is a poor indicator of the muta-
tional status of BRAF and NRAS in human
melanoma. J Invest Dermatol 2008; 128:
2003-2012.

Xu YF, YiY, Qiu SJ, Gao Q, Li YW, Dai CX, Cai MY,
JuMJ, Zhou Jand Zhang BH. PEBP1 downregu-
lation is associated to poor prognosis in HCC
related to hepatitis B infection. J Hepatol 2010;
53: 872-879.

Baritaki S and Bonavida B. Viral infection and
cancer: the NF-kappaB/Snail/RKIP loop regu-
lates target cell sensitivity to apoptosis by cyto-
toxic lymphocytes. Crit Rev Immunol 2010; 30:
31-46.

[30]

[31]

(32]

[33]

(34]

Chatterjee D, Sabo E, Tavares R and Resnick
MB. Inverse association between Raf Kinase
Inhibitory Protein and signal transducers and
activators of transcription 3 expression in gas-
tric adenocarcinoma patients: implications for
clinical outcome. Clin Cancer Res 2008; 14:
2994-3001.

Wu K and Bonavida B. The activated NF-
kappaB-Snail-RKIP circuitry in cancer regu-
lates both the metastatic cascade and resis-
tance to apoptosis by cytotoxic drugs. Crit Rev
Immunol 2009; 29: 241-254.

Chatterjee D, Bai Y, Wang Z, Beach S, Mott S,
Roy R, Braastad C, Sun Y, Mukhopadhyay A
and Aggarwal BB. RKIP sensitizes prostate and
breast cancer cells to drug-induced apoptosis.
J Biol Chem 2004; 279: 17515-17523.
Cross-Knorr S, Lu S, Perez K, Guevara S,
Brilliant K, Pisano C, Quesenberry PJ, Resnick
MB and Chatterjee D. RKIP phosphorylation
and STAT3 activation is inhibited by oxaliplatin
and camptothecin and are associated with
poor prognosis in stage Il colon cancer pa-
tients. BMC Cancer 2013; 13: 463.

Ignatoski KMW, Grewal NK, Markwart SM,
Vellaichamy A, Chinnaiyan AM, Yeung K, Ray
ME and Keller ET. Loss of Raf kinase inhibitory
protein induces radioresistance in prostate
cancer. Int J Radiat Oncol Biol Phys 2008; 72:
153-160.

Int J Clin Exp Med 2017:10(2):3502-3509



