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Rafl1 is a prognostic factor for progression in patients
with non-small cell lung cancer after radiotherapy
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Abstract. Raf-1 proto-oncogene, serine/threonine kinase
(Rafl) acts as a part of the RAS/RAF/MEK/ERK signaling
pathway and regulates cell migration, apoptosis and differen-
tiation. However, few studies are available on the expression
and clinical significance of Rafl in non-small cell lung
cancer (NSCLC). This study investigated the clinical value
and prognostic significance of Rafl in NSCLC patients,
following radiotherapy. We evaluated the Rafl expression
using immunohistochemical analyses of samples from 110
NSCLC patients who received radiotherapy. The association
between Rafl expression and clinicopathological variables
was also analyzed. The multivariate Cox proportional hazard
model was used to determine the prognostic value of Rafl in
regards to progression and 3-year survival. Significant asso-
ciations between Raf1 expression and invasion and metastasis
capability in lung cancer A549 and H1299 cell lines were
identified. Results showed that 44.5% (49/110) of the NSCLC
patient specimens demonstrated Rafl expression, which was
found to be positively correlated with lymph node metastasis
(P=0.014), T stage (P=0.038) and poor histological differen-
tiation (P=0.029). Later progression was observed in patients
with negative or low Rafl expression than in patients with high
Rafl expression (P=0.002). The multivariate analysis indi-
cated that Rafl is an independent prognostic factor for time
to progression (TTP) (HR, 1.94; 95% CI, 1.16-3.25; P=0.01).
A high Rafl expression was found to result in a poor 3-year
overall survival (OS)(HR, 1.64; 95% CI, 0.98-2.75; P=0.06).
Rafl overexpression was correlated with early progression
in NSCLC. Rafl may serve as a novel prognostic factor and

Correspondence to: Dr Xia He, Department of Radiation
Oncology, The Affiliated Jiangsu Cancer Hospital of Nanjing
Medical University, 42 Bai Zi Ting Road, Nanjing, Jiangsu 210000,
P.R. China

E-mail: hexiabm@163.com

“Contributed equally

Key words: Raf1, non-small cell lung cancer, radiotherapy

potential target for improving the long-term outcome of
NSCLC patients.

Introduction

Lung cancer is a malignancy with high morbidity and
mortality; approximately 80-85% of all lung cancers are
non-small cell lung cancer (NSCLC) (1). Significant prog-
ress has been observed in NSCLC treatment, yet the 5-year
survival rate of NSCLC patients is <15% (2) and represents
more than one-quarter (27%) of all cancer deaths due to lung
cancer in the US (3). Currently, low- and middle-income
countries account for >50% of lung cancer-related deaths
annually (4). Many NSCLC patients are at an advanced stage
at initial diagnosis due to its aggressive and early metastatic
potential, thereby leading to a poor long-term prognosis.
Thus, identification of effective strategies to predict and
control NSCLC is essential.

Raf-1 proto-oncogene, serine/threonine kinase (Raf1) is an
important part of the human RAS/RAF/MEK/ERK signaling
pathway and is an important signaling molecule. Rafl is
closely associated with the regulation of cell proliferation
and differentiation (5). Abnormal activation is found in many
types of tumors and is mainly related to Rafl expression.
An association between Rafl and tumor invasion is found in
prostate (6), colorectal (7,8) and thyroid cancer (9).

We found that the prognosis of NSCLC after radiotherapy
varies, even with the same stage and treatment. Rafl plays a
critical role in many types of tumors, but its expression and
clinical significance remain to be reported in NSCLC primary
tissues. Considering these findings, the present study aimed
to determine the clinical value and prognostic significance of
Rafl in NSCLC patients following radiotherapy.

Materials and methods

Sample collection. In the present study, 110 samples of
formalin-fixed paraffin-embedded NSCLC tissue were
obtained between December 2011 and April 2014 from the
Affiliated Jiangsu Cancer Hospital at the Nanjing Medical
University in China. The tissue samples were collected from
diagnosed patients by puncture or bronchoscopy biopsy.
All cases were classified into the clinical types of NSCLC
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according to the American Joint Committee on Cancer
(AJCC, 2010). All patients only received radiotherapy due to
the financial concerns regarding targeted therapy and rejected
other treatments.

Ethics statement. This study was approved by the Ethics
Committee of Jiangsu Cancer Hospital. Written informed
consent was obtained from all patients before treatment
initiation.

Immunohistochemistry. Immunohistochemistry was
performed using the standard streptavidin-peroxidase tech-
nique to determine Raf1 expression. Paraffin-embedded tissues
were cut into 4-ym sections, dewaxed, and rehydrated using
routine methods. All slides were subjected to heat-induced
antigen retrieval using Tris buffer (0.01 mmol/l, pH, 6.0) in a
pressure cooker. Then, the slides were placed in 3% hydrogen
peroxide for 10 min to quench endogenous peroxidase. The
sections were further incubated with anti-Rafl (ab32025,
GR176309-2; 1:1,000 dilution; Abcam, Hong Kong) overnight
at 4°C after thoroughly rinsing thrice with phosphate-buffered
saline (PBS) for 1 min each time. After washing in PBS, the
sections were incubated with biotinylated secondary antibodies
(Dako Denmark A/S, Glostrup, Denmark) for 30 min at room
temperature and stained with freshly prepared 3,3'-diami-
nobenzidine and light hematoxylin as counterstain. Known
positive controls were included in each staining procedure.
PBS was used to replace primary antibodies in the negative
control.

Immunohistochemical evaluation. Rafl expression was quan-
tified simultaneously by two independent observers who were
blinded to the patient data. If the results of the two independent
observers were different, then we would request for an additional
pathology expert. In each case, four representative areas were
selected, and =400 tumor cells were observed at x400 magni-
fication. The percentage of positive cells was evaluated
according to the number of positive cells divided by all cancer
cells under a microscope at four selected foci. The following
scale was adopted: 0, no positive tumor cells; 1, 1-10% positive
tumor cells; 2, 11-50%; and 3, 51-100%. The staining intensity
was evaluated by the presence of yellow- or brown-colored end
product at the target antigen site. Furthermore, the staining
intensity (no staining, mild, moderate, and intense) was graded
as 0, 1, 2, or 3 points, respectively (0, no detectable staining;
1, mild staining-light yellow; 2, moderate-yellow; and 3,
intense-brown). Final scores were obtained by multiplying the
positive tumor grade by the staining intensity score (0, 1, 2, 3,
4,6 and 9). The final scores <4 and =6 were considered tumors
with low and high expression levels, respectively.

Cell culture. Human pulmonary carcinomacell lines H1299 and
A549 and transfected cell lines A549-7/Pb and A549-7/Rafl
were obtained from the Research Center of Clinical Oncology
of the Affiliated Jiangsu Cancer Hospital, Nanjing Medical
University, Nanjing, China and maintained in Dulbecco's
modified Eagle's medium (DMEM) (Corning, Manassas,
VA, USA) containing 10% fetal bovine serum (FBS) (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA USA).
Cultures were grown at 37°C in an atmosphere with 5% CO,.

1967

Cell lines A549-7/Pb and A549-7/Rafl were established with
transfected Pb-puro empty vector and Pb-puro-Rafl plasmid
using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.), respectively.

Cell transfection.Raf1-siRNA and NC-siRNA were purchased
from RiboBio (Guangzhou, China). The Lipofectamine 2000
transfection reagent was used to transfect the H1299 cell lines
according to the manufacturer's instructions.

Western blot assay. Cells transfected after 48 h were extracted
and prepared in RIPA buffer (Beyotime, Shanghai, China).
BCA protein assay kit (Beyotime) was used to detect the protein
concentration. The primary antibodies were purchased from
Cell Signaling Technology, Inc. (Danvers, MA, USA USA).
The anti-Rafl was obtained from Abcam. (3-actin was used
as the loading control. Immunoreactive bands were measured
with ECL detection reagent (Millipore, Billerica, MA, USA).

RNA isolation using quantitative RT-PC reaction (qRT-PCR).
Fold changes for Rafl/p-actin expression levels were calcu-
lated using the 222 method. The total RNA from cells was
extracted with TRIzol (Invitrogen; Thermo Fisher Scientific,
Inc.). The PrimeScript First Strand cDNA Synthesis kit
(Takara, Dalian, China) was used to synthesize first-strand
cDNA. The SYBR-Green qRT-PCR was performed on
an ABI7300 real-time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The primer pairs were 5-GGG
AGCTTGGAAGACGATCAG-3' and 5-ACACGGATAGTG
TTGCTTGTC-3' for Rafl and 5-TTCTACAATGAGCTG
CGTCTG-3' and 5-CAGCCTGGATAGCAACGTATC-3' for
[B-actin. Each experiment was performed in triplicate.

Wound healing assay. Approximately 1.5x10° cells were plated
in 6-well dishes and subsequently transfected with siRNA.
An incision was created at the center of the cell monolayer as
an artificial wound. Images of the wound area were captured
using an optical microscope (Olympus Corp, Tokyo, Japan)
with a magnification of x100 36 h after injury.

Invasion assay. Cell invasion was measured using 24-well BD
Matrigel Invasion Chambers (BD Biosciences, Franklin Lakes,
NIJ, USA) according to the manufacturer's instructions. The
A549 and H1299 cells were seeded into the upper well of the
invasion chamber resuspended (1.5x10* cells per well) in 200 ul
serum-free medium after transfection. The lower chamber well
containing 500 u1 DMEM and 20% FBS was used to stimulate
invasion. After 36 h of incubation, the invading cells were
fixed with 4% paraformaldehyde and subsequently stained
with crystal violet, whereas non-invading cells were removed.
Cells were counted on optical microscope in x40 magnification
fields.

Statistical analysis. All statistical analyses were conducted
using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA).
Overall survival (OS) was defined as the interval between
the date of definite diagnosis and the date of death or last
follow-up. Progression-free survival was defined as the time
between the date of first recurrence and the last follow-up. The
relationships between Raf1 and clinicopathological parameters
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Table I. Clinicopathological characteristics of 110 non-small cell lung cancer patients.

Raf1
Clinical parameter No. of cases Negative Low High P-value
Sex 0.995
Male 67 37 17 13
Female 43 24 11 8
Age (years) 0.740
<70 31 19 7 5
>70 79 42 21 16
Smoking status 0.955
Non-smoker 69 39 17 13
Smoker 41 22 11 8
Lesion 0.837
Peripheral 78 42 21 15
Central 32 19 7 6
Histology 0.437
SQCC 78 43 16 13
ADC 32 18 12 8
Differentiation 0.029
Moderate 71 46 14 11
Poor 39 15 14 10
N stage 0014
cNO 68 45 14 9
cN1/N2 42 16 14 12
T stage 0.038
T1 22 16 4 2
T2 53 33 11 9
T3-4 35 12 13 10
Radiotherapy 0.074
CR 45 31 9 4
PR 40 20 10 10
SD 25 10 9 7

SQCC, squamous cell carcinoma; ADC, adenocarcinoma; CR, complete response; PR, partial response; SD, stable disease.

were analyzed using the Chi-square test. For survival data,
Kaplan-Meier curves were generated, and analysis was
performed using the log-rank test. A prognostic analysis was
performed using the univariate and multivariate Cox regression
models. P<0.05 was considered statistically significant.

Results

Protein expression of Rafl in NSCLC. Immunohistochemical
staining of Rafl was performed in 110 samples of primary
NSCLC. Rafl immunoreactivity was predominantly detected
in the membrane, although weak cytoplasmic staining
was observed. A total of 21 (19.1%) and 28 (25.5%) of the
110 samples exhibited high and low Rafl expression levels,
correspondingly. In addition, 61 (54.6%) of the 110 specimens
were assumed to have no staining (intensity score 0) (Table I
and Fig. 1).

Correlations between Raf1 expression and clinicopathological
parameters. The clinicopathological characteristics of the
patients are summarized in Table I. The immunohistochemical
analyses of NSCLC tissues showed that Rafl protein expres-
sion was significantly correlated with lymph node metastasis
and T stage and was associated with poor histological differ-
entiation (P=0.014, 0.038 and 0.029, respectively). However,
no significant correlations were observed between Rafl
expression and age, gender, smoking status, tumor location,
and lesion (P>0.05).

Univariate and multivariate analyses of prognostic factors.
We analyzed the effect of Rafl expression on clinical outcomes
in these patients. According to the univariate analysis
(Table II), histological differentiation (P<0.05 and P<0.05),
T stage (P<0.05 and P<0.05), lymph node metastasis (P<0.05
and P<0.05), and Rafl expression (P<0.05 and P<0.05) were
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Table II. Univariate prognostic factor analyses for various clinical endpoints.

TTP (0N

Factor N (Median, M) P-value % (3-year) P-value

Sex 0.734 0.689
Male 67 11 9.8
Female 43 12 279

Age (years) 0.642 0.536
<70 31 14 10.1
>70 79 11 15.0

Smoking status 0.600 0.537
Non-smoker 69 12 150
Smoker 41 10 10.9

Lesion 0.194 0.655
Peripheral 78 11 14.1
Central 32 13 12.5

Histology 0.651 0.680
SQCC 72 10 152
ADC 38 11 13.7

Differentation 0.000 0.000
Mederate 71 14 52.1
Poor 39 7 324

N stage 0.000 0.000
cNO 68 14 479
cN1/N2 42 9 22.7

T stage 0.000 0.000
Tl 22 27 44 4
T2 53 13 35.1
T3-4 35 8 27.0

Radiotherapy 0.000 0.000
CR 45 16 22.0
PR 40 11 10.0
SD 25 7 03

Raf1 0.002 0.009
Negative or low 89 13 109
High 21 8 0.1

TTP, time to progression; OS, overall survival; M, months; Y, years; SQCC, squamous cell carcinoma; ADC, adenocarcinoma; CR, complete
response; PR, partial response; SD, stable disease.

Figure 1. Immunohistochemical expression of Rafl in human primary non-small cell lung cancer tissues. Raf1 protein was mainly expressed in the membrane
with high (a), moderate (b), mild (c), and negative (d) expression levels with brownish-yellow staining. Images (a, b, ¢, and d) show high-power fields of the

boxed areas in (A, B, C and D), respectively. Significantly increased Rafl expression was detected in lung adenocarcinoma cells. (a-d), magnification x100;
(A-D), magnification x400.




1970

ONCOLOGY REPORTS 39: 1966-1974, 2018

Table III. Multivariable prognostic factor analyses for various clinical endpoints.

TTP oS
Factor HR 95% CI P-value HR 95% CI P-value
Differentation 4.02 2.35-6.85 0.00 2.83 1.70-4.72 0.00
N stage 1.35 0.85-2.16 0.20 1.24 0.77-1.99 0.38
T stage 2.63 1.78-3.87 0.00 2.19 1.52-3.16 0.00
Radiotherapy 1.80 1.32-2.47 0.00 1.40 1.04-1.88 0.03
Rafl expression 1.94 1.16-3.25 0.01 1.64 0.98-2.75 0.06

TTP, time to progression; OS, overall survival; HR, hazard ratio; CI, confidence interval.
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Figure 2. Survival curves of 110 patients with lung NSCLC after radiotherapy. (A) TTP and (B) 3-year survival time of patients with Raf1 high expression
displayed a worse outcome compared with the patients with low or negative expression after radiotherapy (log-rank test, P=0.002 and P=0.034), respectively.

P-value was analyzed by the log-rank test. TTP, time to progression.

A 3.0 =

25 =

2.0 =

Raf1 relative mRNA expression level

0.5=

0.0

) #5490
[ RS

H1299

A549

Figure 3. Raf1 expression in lung cancer cell lines with different metastatic potential. (A) Relative Raf]l mRNA expression in lung cell lines A549 and H1299.
(B) Relative Rafl protein levels in lung cell lines A549 and H1299. Data showed that Rafl exhibited a relatively high expression in the highly metastatic
potential lung cancer cell line H1299 but relatively low in the lower metastatic potential lung cancer cell line A549.

significantly associated with time to progression (TTP) and
OS. The prognoses obtained were better in patients with
Rafl-negative expression than in patients with positive expres-
sion. Abnormal Rafl expression was associated with disease
progression in patients with NSCLC. In the multivariate
analysis (Table IIT), Rafl expression was an independent risk
factor for TTP (HR, 1.94, 95% CI 1.16-3.25, P=0.01) and OS
(HR, 1.64,95% CI 0.98-2.75, P=0.06). Survival curves showed
that the TTP was earlier in the Rafl low and negative group

than in the high group (P=0.002). Moreover, the cumulative
3-year survival rate was higher in the Rafl low and negative
group than in the high group (P=0.034) (Fig. 2). These data
showed that Rafl overexpression may lead to early TTP in
patients with NSCLC after radiotherapy.

We selected the poor and strong metastatic capabilities of
lung cancer cell lines A549 and H1299 to further investigate
the prognostic value of Rafl in NSCLC after radiotherapy. The
relationship between Raf1 expression and the proliferation and
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Figure 4. Raf1 expression in lung cancer cell lines A549 and H1299 after transfection. (A and C) Rafl expression was increased in the A549 cells compared
with the vector control. (B and D) Rafl expression was decreased in the H1299 cells compared with the negative control (NC). Error bars represent the mean

+ SD of three independent experiments, “P<0.05.

invasion of lung cancer cells was also studied by the following
methods.

Rafl expression in lung cancer A549 and HI1299 cells. The
qRT-PCR and western blot assay were conducted to determine
the Rafl expression in pulmonary carcinoma cell lines. The
results showed that Rafl was expressed in both cell lines and
was higher in H1299 cells than in A549 cells (Fig. 3). The Rafl
expression in A549 and H1299 cells were upregulated and
downregulated, respectively, after being transfected (Fig. 4).

Rafl promotes pulmonary carcinoma cell invasion and
migration. We performed a gain-of-function analysis in vitro
to examine the effect of Rafl on the invasion and migration of
pulmonary carcinoma cells. The wound healing assay showed
that the lateral migration capability was increased in the Rafl-
overexpressing A549 cells and decreased in the Rafl-silenced
H1299 cells (Fig. 5). Vertical migration capability with the
same result was observed in the Transwell migration assay
(Fig. 6). In the Transwell invasion assay, the invasion capa-
bility was enhanced in the Rafl-overexpressing A549 cells
and decreased in the Rafl-silenced H1299 cells (Fig. 7).
Collectively, these results suggest that Rafl accelerated the
migration and invasion of pulmonary carcinoma cells.

Discussion

In the present study, we examined the Raf1 expression in NSCLC
patients, analyzed the correlations between Rafl expression and
clinicopathological parameters and assessed the value of the
Rafl expression and predicted the prognosis in NSCLC patients
with radiotherapy. The effect of Raf1 on the metastasis and inva-
sion of lung cancer A549 and H1299 cells was also confirmed.
Rafl is the main transmitter of cell growth and reproduction
signal conversion (10). It guides the receptor signals from the cell
membrane to the nucleus (11). Once activated, Raf1 phosphory-
lates and activates the RAF/MEK/ERK signaling pathway,
which then regulates the cell cycle, proliferation, apoptosis,

and migration (12-15). Extensive studies have shown that Rafl
is overexpressed in various types of cancers, and Rafl plays
important roles in conferring resistance to erlotinib in NSCLC
cell lines (16), disease risk in oral squamous cell carcinoma (17)
and osteosarcoma progression (18). Truncated Rafl expression
was found to confer resistance to mesenchymal-epithelial
transition factor inhibition (19), and the Rafl/ERK tyrosine
kinase pathway was found to be involved in regulating the
gene expression of multidrug resistance protein in pancreatic
cancer cells (20). The Raf1 gene is expressed in prostate cancer
samples (6) and potential clinically actionable fusions in pros-
tate cancer cases (21). Rafl fusions have also been reported to
stimulate a mitogen-activated kinase-like protein in pilocytic
astrocytoma (22). Activated Rafl can phosphorylate activated
protein kinases MEK1 and MEK?2, which consequently
phosphorylate to activate the serine/threonine-specific protein
kinases ERK1 and ERK2 (23); these protein kinases play an
important role in controlling the gene expression involved in
cell division, apoptosis, differentiation, and migration (24). In
a transgenic mouse model, overexpression of Rafl kinase was
found to induce genetic events associated with dysplasia in a
genetic model of lung cancer (25). These findings suggest that
Rafl may play a role in human malignancies.

Recent studies have shown that Raf1 is positively expressed
in thyroid cancer compared with adjacent normal tissues (9).
Rafl signals were detected in 28 (15%) of 186 Chinese prostate
cancer samples. High Rafl genomic copy (>2 copies) was found
to be correlated significantly with old age (>65 years) and high
baseline PSA (>50 ng/ml) (6). In the present study, we determined
the Rafl expression in 110 NSCLC specimens. The percentage
of Rafl-positive expression was 44.5% (49/110), and the rates of
high and low expression were 19.1% (21/110) and 25.5% (28/110),
respectively. The univariate analyses showed that Raf1 expres-
sion was significantly correlated with histological differentiation,
lymph node metastasis, and T stage. The patients with Rafl
expression displayed early TTP and poor OS. The multivariate
analyses showed that Rafl was an independent risk factor for
TTP in these patients, and Rafl overexpression also played an
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important role in a poor 3-year OS compared with the patients
with low and negative Rafl expression. Yet, the difference
was statistically insignificant (P=0.06). Significant results may
have been obtained if the follow-up period was extended or the
number of patients was increased. Furthermore, pcDNA3.1-Raf1
and Raf1-siRNA were used to transfect the A549 and H1299 cell
lines, respectively, to further confirm the evidence linking Raf1
expression with metastasis or NSCLC recurrence. The wound
healing and Transwell assays showed that Raf1 high-expressing
cells showed strong invasion and migration capabilites when
compared with the low expressing A549 and H1299 cells. These
results agree partially with the findings that Rafl is associated
with cancer cell proliferation and invasion in pancreatic and
colorectal cancer types (20,26). Studies have also shown that
histone deacetylase inhibitors through transcriptional downregu-
lation of Rafl suppressed c-Jun/Fra-1-mediated proliferation
in neuroblastoma cells (27). Blocking Rafl expression with
microRNAs was found to inhibit the proliferation and invasion
of thyroid and colorectal cancer types (9,28). The molecular
mechanisms related to the participation of Raf1 in the invasive
process in NSCLC remain elusive. Therefore, further studies are
required to clarify these mechanisms.

In conclusion, our results demonstrated that the high level of
Rafl expression in NSCLC tissue samples was associated with
an early TTP and an adverse prognosis in patients with NSCLC.
Rafl expression was positively correlated with the invasion and
migration capabilities of lung cancer A549 and H1299 cells.
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