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Abstract

Objective: Ras-related C3 botulinum toxin substratel(Racl) and epithelial mesenchymal transition
(EMT) are key therapeutic targets in cancer. We investigated the clinical significance of Racl and
markers of EMT expression in non-small cell lung cancer (NSCLC), and their possible correlation with
EMT phenotype.

Methods: Immunohistochemistry was used to assess the expression of Racl, Snaill, Twistl,
N-cadherin (N-cad), Vimentin (Vim), and E-cadherin (E-cad) in 153 NSCLC paraffin-embedded
specimens and 45 normal specimens adjacent to tumors. The correlation of Racl and EMT markers
with clinicopathological characteristics and the relationship between the protein levels and
progression-free survival (PFS) and overall survival (OS) were analyzed.

Results: Compared with non-tumor tissues, the NSCLC tissues showed marked elevation in the levels
of Racl, Snaill, Twistl, N-cad, and Vim levels, whereas the E-cad levels were significantly decreased (P
< 0.05). The aberrant expression of Racl and EMT markers was significantly associated with TNM stage
and metastasis (P < 0.05). Increased expression of Racl may be associated with poor OS and PFS
compared with low expression (P<0.001 and P=0.004). Significant correlations were observed between
the EMT markers expressed and OS or PFS(P<0.01). In addition, multivariate analysis indicated that the
expression of Racl, Snaill, Twistl, N-cad, Vim, and E-cad was an independent prognostic factor in
NSCLC. Interestingly, Racl expression was positively correlated with Snaill, Twistl, N-cad, and Vim
levels (r=0.563, r=0.440, r=0.247 r=0.536, P<0.01, respectively) and negatively correlated with E-cad
levels (r=-0.464, P<0.001) in NSCLC tissues. Racl, Twist, Snaill, Vim and N-cad were highly expressed
in lung cancer patients resistant to radiotherapy, while E-cad was poorly expressed.

Conclusion: Racl may promote NSCLC progression and metastasis via EMT, which may be
considered as a potential therapeutic target.

Key words: non-small cell lung cancer; Racl; epithelial-mesenchymal transition; prognosis; markers;
radiotherapy.

Introduction

Lung cancer is the most prevalent human adenocarcinoma and squamous cell carcinoma [2].
malignancy with the highest incidence and mortality =~ Despite recent advances in clinical and experimental
rates [1]. Non-small-cell lung cancer (NSCLC) is the = oncology, the prognosis of patients with NSCLC is
predominant form of lung cancer, which includes  still poor with a 5-year survival rate of about 15 % [3],
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mainly due to invasion and metastasis. Therefore,
elucidation of the molecular mechanisms underlying
metastasis and tumor progression is essential for the
development of treatment strategies. Patients may
benefit from molecular therapy, which specifically
targets biological markers of metastases and tumor
progression.

Epithelial-mesenchymal transition (EMT) is a
reversible embryonic process and is abnormally
activated in tumor progression, metastasis and
resistance to chemoradiotherapy [4]. Activation of
EMT is associated with altered expression of many
genes, including down-regulation of epithelial
markers such as E-cadherin (E-cad) and zonula
occluden-1 (ZO-1); up-regulation of mesenchymal
marker genes, including N-cadherin (N-cad) and
Vimentin (Vim), and transcription factors or
activation of Snail and Twist [5]. Many studies have
shown that EMT is a critical process in tumor invasion
and metastatsis in NSCLC [6-8]. Studies found that
ionizing radiation (IR) increases resistance to
radioactivity by inducing EMT changes in tumor cells,
and promotes tumor relapse and metastasis [4, 9, 10].
However, the underlying mechanism still needs to be
elucidated.

TGF-B/Smad, Ras/MAPK, Notch and
Wnt/ B-catenin signal transduction pathways regulate
the EMT [11]. Recent studies involving Rac GTP
enzyme (Rho protein family member) regulation of
EMT in tumor cells attracted much concern [12-14].
Ras-related C3 botulinum toxin substratel(Racl)
plays a key role in regulating the recombination of
cytoskeletal proteins as well as malignant
transformation, adhesion, migration, invasion,
proliferation, differentiation and apoptosis of tumor
cells [15]. Similar to most of the GTP enzymes, the
biological function of Racl depends on activation and
inactivation. After Racl activation, the signal is
transmitted to down-stream p2l-activating kinase
(Pak 1) [15] that regulates the balance between
phosphorylation and de-phosphorylation of actin
depolymerizing factor (ADF/Cofilin) and cytoskeletal
reorganization, which further promotes EMT [16].
Racl is over-expressed in many tumors, and is closely
associated with tumor invasion [17]. The Racl
expression level is positively correlated with tumor
progression, metastases and poor prognosis of
specific carcinomas [18]. Inhibition of Racl expression
or disruption of its function may significantly inhibit
cancer cell proliferation and metastasis [17, 19].
Studies show that Rho GDI2 up-regulated the
expression of epithelial marker E-cad by inhibiting
Raclexpression, down-regulated the expression of
Slug, Snail and a-SMA, and further inhibited EMT
changes in lung cancer cells [20]. However, the

expression and correlation of Racl and EMT
molecular markers in lung cancer specimens as well
as resistance to radiation requires further
investigation. In our study, we found that the
expression of Racl and EMT was abnormal. The
expression of Racl and EMT markers showed
significant correlation with TNM stage, metastasis,
prognosis, and radiotherapy resistance. Racl and
EMT markers are potential molecular markers for
prognosis and efficacy monitoring in lung cancer.

Materials and methods

Tumor samples

Lung cancer samples (153 cases) and normal
tissues adjacent to the cancer site (45 cases) were
excised from patients admitted to the Hunan Cancer
Hospital/The Affiliated Cancer Hospital of Xiangya
School of Medicine, Central South University (China)
during 2002 to 2004. A follow-up survival analysis
was conducted after four to 95 months, over an
average follow-up period of 57 months. The
clinicopathological characteristics are listed in Table 1.
All the patients were selected and treated with
radiotherapy with a total cumulative dose ranging
from 40-66 Gy, with 2 Gy per fraction administered
over 5 days per week after surgery. None of the
patients received any neoadjuvant therapy. They were
all diagnosed pathologically. Patients” name, sex, age,
pathological diagnosis, tumor, nodal status,
metastasis and TNM classification were recorded.

As previously described [21], the main criterion
of grouping was overall survival, calculated from the
date of radiotherapy to the time of death (from any
cause). The secondary criterion was local or distant
recurrence rate. Local recurrence was defined as
cancer growth in the same lung or in the
mediastinum. A new peripheral contralateral lesion
was classified as distant recurrence. According to
these criteria, the patients were divided into two
groups: radiotherapy sensitive (54, 35.3%) and
resistant (99, 64.7%).

Immunohistochemistry (IHC)

IHC studies were performed using the standard
streptavidin/peroxidase  staining method, as
described previously [22]. The following antibodies
were used: anti-Rac1(1:1000), anti-Snaill(1:200),
anti-N-cad  (1:500), anti-Twist1(1:1000) (Abcam,
Cambridge, UK), anti-E-cad, and anti-Vim (Maxin,
Fuzhou, China). All known positive sections served as
positive controls. Negative mouse serum and PBS
were used instead of the first antibody as a negative
control and blank control, respectively.
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Table 1. Relationship between Racl expression and clinical
pathology.

Variable N Racl
High Low P Value
Age (years)
<60 57 39 18
> 60 96 72 24 0.378
Gender
Male 141 103 38 0.634
female 12 8 4
Smoking
Yes 128 95 33 0.295
No 25 16 9
Histology
Squamous cell 108 77 31 0.841
carcinoma
Adenocarcinoma 26 20 6
others 19 14 5
Histology grade
Well 14 9 5 0.254
Moderate 117 83 34
Poor and Unknown 22 19 3
TNM stage
1 18 6 12 0.001
1I 53 42 11
111 68 52 16
v 14 11 3
Metastasis 111 87 24
No metastasis 42 24 18 0.009

Immunohistochemical evaluation

A semiquantitative scoring criterion for IHC was
used in which the staining intensity and positive areas
were recorded as reported previously [23]. Briefly, the
percentage of positive cells was determined by
counting 500 cells in five randomly selected fields per
section. The intensity of staining was scored on a 0-3
scale: zero (no staining), 1 (weak staining), 2
(moderate staining) and 3 (strong staining). The
percentage of reactivity was scored as follows: 0 (no
positive tumor cells), 1 (<10% positive tumor cells), 2
(10-50% positive tumor cells) and 3 (>50% positive
tumor cells). Next, the score was obtained by
multiplying the intensity and reactivity rates. Scores
of < 4 suggested low expressions, and the remainder

2102
were classified as high expression. The
immunostaining results were confirmed

independently by two pathologists in a blinded
manner.

Statistical analysis

Statistical procedures were analysed using the
SPSS version 15.0 (SPSS, Chicago, IL, USA). The
expression of Racl and EMT markers, and their
correlation with clinicopathological parameters was
analyzed using the chi-square test. Spearman’s rank
test was used to determine the correlation between
Racl and EMT markers. Survival was estimated using
the Kaplan-Meier method and compared with
log-rank test. Univariate and multivariate analysis
was conducted using Cox’ regression model after
adjusting for baseline characteristics. P < 0.05 was
considered statistically significant.

Results

Racl protein was highly expressed in lung
cancer, and showed significant positive
correlation with TNM stage and metastasis.

Immunohistochemistry was used to detect Racl
expression in lung cancer tissues. Racl was positively
expressed mainly in the cytoplasm, and significantly
expressed in lung cancer tissues (Fig. 1), with a
positive expression rate of 72.55% (111/153). In
tissues adjacent to lung cancer, the Racl expression
was only 26.67% (12/45). Statistical analysis showed
that Racl expression in the lung cancer tissue was
significantly higher than in the adjacent tissue (X2
=31.11, P=0.000). Racl expression in lung cancer
(Table 1) was not correlated with sex, age, smoking,
pathological phenotype or degree of differentiation,
but showed significant correlation with TNM stage
(P=0.001) and metastasis (P=0.009).

Figure 1. Expression of Racl in lung carcinoma tissues. IHC of Racl expression in lung carcinoma tissues (magnification %100, % 400).
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Racl expression correlated with poor
prognosis

Kaplan-Meier survival analysis showed that
patients with high Racl expression had significantly
shorter progression-free survival (PFS) and overall
survival (OS) than those with low expression
(27.17£11.178 vs. 19.00+1.717, P=0.001; 49.51+10.520
vs. 24.21+£2.482, P=0.000) (Fig. 2). Univariate and
multivariate regression analysis showed (Table 2) that
Racl expression was closely related to OS in lung
cancer patients. The prognosis of patients with high
Racl protein expression was significantly poorer than
those with low expression (P <0.001), and HR was
2.347 and 2.06, respectively. Univariate analysis
indicated that higher TNM stage was associated with
poorer prognosis (P=0.034, HR 1.271). Patients with
metastatic lung cancer showed poorer prognosis
without any statistical significance (P=0.063). Other
parameters were not correlated with OS. Racl is a
potential prognostic marker of lung cancer.
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EMT markers were abnormally expressed in
lung cancer tissues, and showed significant
correlation with TNM stage and metastasis

IHC was used to analyze the expression of EMT
molecular markers such as Snaill, N-cad, Twistl,
Vim, and E-cad in lung cancer tissues. Compared with
normal tissues adjacent to lung cancer, the cancer
tissues significantly expressed Snaill, N-cad, Twistl,
and Vim, whereas E-cad was poorly expressed in
most of the lung cancer tissues (Fig. 3). The positive
expression rates were 86.27%(132/153),
79.08%(121/153), 78.43%(120/153), 61.44%(94/153),
45.75%(70/153) (P < 0.05), respectively. The analysis
of EMT and lung cancer clinicopathology showed that
Snaill, N-cad, Twistl, Vim, and E-cad expression
showed significant correlation with lung cancer TNM
stage and metastasis. Twistl expression showed
significant correlation with smoking. E-cad expression
was significantly correlated with differentiation of
lung cancer. The EMT markers had no correlation
with sex, age, smoking, pathological phenotype or
degree of tumor differentiation (Table 3).
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Figure 2. Racl expression was significantly correlated with survival in NSCLC. Kaplan-Meier estimated progression-free survival (PFS) and overall survival
(OS) in NSCLC patients based on Racl expression pattern. P values were obtained using the log-rank test.

Table 2. Univariate and multivariate analysis of factors associated with overall survival in non-small cell lung cancer(NSCLC).

Variables Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P
Age (<60/>60 years) 1.051 0.736-1.501 0.784 0.712 0.328-1.546 0.391
Gender (Female/Male) 1.244 0.685-2.261 0.473 1.239 0.505-3.037 0.640
Smoking (Yes/No) 0.987 0.624-1.561 0.955 0.922 0.474-1.792 0.810
Histology (Squamous cell 0.866 0.613-1.222 0.413 0.776 0.552-1.090 0.144
carcinoma/Adenocarcinoma/others)
Histology grade 1.323 0.895-1.957 0.160 1.181 0.781-1.785 0.431
(Well/Moderate/Poor and Unknown)
Stage(I/I/ITI/IV) 1.271 1.018-1.587 0.034 1.166 0.908-1.497 0.228
Metastasis(Yes/No) 1.445 0.980-2.132 0.063 1.246 0.798-1.947 0.333
Racl(High/Low) 2.347 1.531-1.598 0.000 2.206 1.413-3.444 0.000

HR: Hazard ratio; CI: confidence interval.
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Figure 3. Expression of EMT markers in lung carcinoma tissues. IHC detection of the expression of Snaill, N-cad, Twistl, Vim, and E-cad in lung carcinoma

tissues (magnification x 100, x 400).

Abnormally expressed EMT molecular
markers predicted poor clinical prognosis

Kaplan-Meier survival analysis showed that the
expression of Snaill, N-cad, Twistl, Vim, and E-cad
was closely related to PFS and OS in lung cancer
patients. Increased expression of Snaill, N-cad,
Twistl, and Vim resulted in shorter PFS and OS.
While E-cad was highly expressed, PFS and OS were

significantly lengthened (Fig. 4). As shown in Table 4,
multivariate regression analysis indicated that Snaill,
N-cad, Twistl, Vim, and E-cad expression was closely
related to OS. The prognosis of patients with high
Snaill, N-cad, Twistl, and Vim expression was
significantly poor compared with those exhibiting low
expression (P < 0.05). Patients with low E-cad
expression had significantly poorer prognosis
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compared with high E-cad expression (P < 0.05). The
results demonstrated that EMT molecular markers
served as potential molecular markers for monitoring
prognosis of lung cancer.

Racl expression was positively correlated with
Snaill, N-cad, Twistl, Vim expression, and
negatively correlated with E-cad expression

The correlation of Racl with EMT molecular
markers was analyzed. The results indicated that Racl
expression was significantly associated with the
expression of EMT molecular markers. Racl
expression showed a positive correlation with Snaill,
N-cad, Twistl, and Vim expression, and a negative
correlation with E-cad expression (Table 5). In lung
cancer tissues, Vim expression was negatively
correlated with E-cad expression (r=-0.487, P < 0.001).
The results suggested that Racl promoted the
progression, invasion, and metastasis or relapse of
lung cancer by inducing EMT.

Correlation of Racl and EMT expression with
lung cancer radiosensitivity

In order to explore the role of Racl and EMT in
resistance to radiotherapy, a total of 153 lung cancer
patients were divided into radiotherapy-sensitive and
radiotherapy-resistant groups. As shown in Table 6, a
high expression of Racl was closely related to
resistant lung cancer. In the radiotherapy-resistant
group, Racl was highly expressed, and in the
sensitive group, Racl expression was lower
(X2=24.950, P < 0.001). The expression of EMT markers
was also correlated with radiosensitivity. Compared
with the sensitive group, the levels of Twist, Snaill,
Vim, and N-cad expression in the resistant group
were significantly increased, and E-cad expression
was significantly decreased. It indicated that
increased Racl expression and altered EMT
contributed to radioresistant lung cancer. Racl and
EMT molecular markers represent predictive factors
for radiotherapy-resistant lung cancer.

Table 3. Relationship between EMT phenotype and clinicopathologic characteristics.

Variable N Snaill N-cad

Twistl Vim E-cad

High Low P Value

High Low P Value

High Low P Value High Low P Value High Low P Value

Age (years)

<60 57 49 8 0.932 45 12 0974
> 60 96 83 13 76 20

Gender

male 141 122 19 0.758 111 30  0.706
female 12 10 2 10 2

Smoking

Yes 128 113 15 0.103 101 27 0.902
No 25 19 6 20 5
Histology

Squamous cell carcinoma 108 93 15 0916 86 21 0715

Adenocarcinoma 26 23 3 19

others 19 16 3 15 4
Histology grade

Well 14 14 0 0.263 13 1 0.413
Moderate 117 98 19 91 26

Poor and Unknown 22 10 2 17 5

TNM stage

1 18 10 8 0.010 9 9 0.010
I 53 47 6 44 9

111 68 61 7 55 13

v 14 14 0 13 1
Metastasis 111 101 10 0.006 94 17 0.006
No metastasis 42 31 11 27 15

45 12 0.905 36 21 0.736 27 30  0.757
75 21 58 38 43 53

108 33 0.058 85 56 0.315 65 76 0.767
12 0 9 3 5 7

96 32 0.020 75 53 0.102 62 66 0131
24 1 19 6 8 17

82 26 0.396 62 46 0.271 50 58 0.111

21 5 18 8 15 11
17 2 14 5 5 14

11 3 0.106 7 7 0.085 9 5 0.03
88 29 69 48 58 59
21 1 18 4 3 19

9 9 0.020 4 14 0.002 13 5 0.012

44 9 32 21 28 25
56 12 48 20 26 42
11 3 10 4 3 11
93 18 0.009 76 35 0.004 45 66 0.035
27 15 18 24 25 17

Table 4. Cox regression analyses of EMT markers associated with OS in NSCLC.

Variables Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P
Snaill 2.262 1.291-3.962 0.004 2117 1.181-3.793 0.012
N-cad 1.949 1.243-3.056 0.004 1.867 1.167-2.988 0.009
Twistl 2.171 1.388-3.396 0.001 2.076 1.304-3.303 0.002
Vim 1.885 1.314-2.706 0.001 1.776 1.209-2.579 0.003
E-cad 0.506 0.354-0.724 0.000 0.518 0.352-0.763 0.001

HR: Hazard ratio; CI: confidence interval.
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Figure 4. Expression of EMT markers was significantly correlated with survival of NSCLC patients. Kaplan-Meier curves for estimation of
progression-free survival (PFS) and overall survival (OS) in NSCLC patients based on the expression levels of EMT markers. P values were obtained using the log-rank

test.

Discussion

In our study, we found that Racl and EMT
mesenchymal markers Snaill, Twistl, N-cadherin,
and Vimentin were highly expressed in lung cancer
tissues. The EMT epithelial marker E-cadherin was
poorly expressed. Racl protein expression showed
positive correlation with Snaill, Twistl, N-cadherin,

Vimentin expression and negative correlation with
E-cadherin expression. The abnormal expression of
Racl and EMT molecular markers was closely related
to TNM stage, metastasis and prognosis.
Furthermore, the elevated expression of Racl,
Vimentin, N-cadherin, Twistl and Snaill, and
suppression of E-cadherin expression were positively
correlated with radiotherapy resistance.
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Table 5. Correlation between Racl expression and EMT

markers.

EMT markers N Racl r P
High expression Low expression

Snaill 111 42 0.563  0.000

High expression 132 109 23

Low expression 21 2 19

N-cad 0.440  0.000

High expression 121 100 21

Low expression 32 11 21

Twistl 0.247  0.002

High expression 120 94 26

Low expression 33 17 16

Vim 0.536  0.000

High expression 94 86 8

Low expression 59 25 34

E-cad -0.464 0.000

High expression 70 35 35

Low expression 83 76 7

Table 6. Expression of Racl, Twistl, Snaill, Vimentin,

N-cadherin, and E-cadherin in radioresistant and radiosensitive
NSCLC.

N High Low X2 P Value
Racl
Radiosensitivity 54 26 28 24.950 0.000
Radioresistance 99 85 14
E-cadherin
Radiosensitivity 54 14 40 13.216 0.000
Radioresistance 99 56 43
Twist
Radiosensitivity 54 34 20 11.804 0.001
Radioresistance 99 86 13
Snail
Radiosensitivity 54 40 14 10.490 0.001
Radioresistance 99 92 7
Vimentin
Radiosensitivity 54 26 28 6.221 0.013
Radioresistance 99 68 31
N-cadherin
Radiosensitivity 54 36 18 7.781 0.005
Radioresistance 99 85 14

Rac GTP enzyme (Rho protein family member)
regulated EMT of tumor cells and promoted tumor
metastasis [12]. The Rac GTP enzyme sub-family
includes Racl, Rac2, Rac3 and Raclb (spliced variant
of Racl). Racl has been the main focus of recent
studies. Racl is abnormally expressed and activated
in stomach and ovarian cancers. The high expression
of Racl is positively correlated with highly invasive
cancer and poor prognosis [17, 18, 25]. We found that
Racl was significantly expressed in lung cancer
tissues, and was positively correlated with TNM
stage, metastasis and poor prognosis, which was
consistent with Yuan K's report [26]. Knockdown of
Racl expression or inhibition of Racl signal
significantly attenuated the invasion and migration of
lung cancer cells [19, 27]. Therefore, up-regulation of
Racl expression may promote lung cancer initiation

and progression. Racl is a potential molecular marker
associated with lung cancer prognosis. It represents a
potential molecular target for the prevention and cure
of lung cancer.

Numerous studies suggest that metastasis is one
of the most decisive factors influencing patient
prognosis. Current studies suggest that EMT broadly
regulates cancer metastasis [28, 29]. Reduced
E-cadherin expression increases the expression of
Vimentin, N-cadherin, Snaill, and Twistl. The study
showed that high expression of Racl induced EMT in
tumor cells in vitro and in vivo [17, 18], and promoted
invasion and metastasis of tumor. The inhibition of
Racl expression significantly up-regulated the
expression of E-cadherin, down-regulated the
expression of N-cadherin and Vimentin, and
significantly inhibited EMT in cancer cells [21].
However, the correlation between Racl and EMT is
still unclear in lung cancer tissues. Therefore, IHC was
used to analyze the expression of EMT molecular
markers including Snaill, N-cadherin, Twistl,
Vimentin, and E-cadherin in lung cancer tissues, and
correlate their levels with Racl expression. The results
showed that Snaill, N-cadherin, Twistl, and Vimentin
were highly expressed, and E-cadherin was poorly
expressed. The abnormal expression of EMT
molecular markers was closely related to TNM stage,
metastasis and prognosis. Racl expression was
positively correlated with Snaill, Twistl, N-cadherin
and Vimentin expression, and negatively correlated
with E-cadherin expression. The result suggested that
EMT molecular markers can be used as potential
molecular markers for lung cancer prognosis, and
Racl improved the progression, invasion, metastasis
or relapse of lung cancer by inducing EMT in lung
cancer cells.

The results indicated that EMT not only played a
key role in tumor invasion and metastasis, but also
was closely related with tolerance of tumor cell
therapy [4, 30]. Tumor cells resistant to radiotherapy
displayed EMT characteristics, resulting in tumor
invasion and metastasis [10, 31]. Ho et al. [32]
reported that radiotherapy increased the invasion and
EMT of remaining tumor cells via STAT3-mediated
BCL-XL expression. The study indicated that EMT
was closely related to radiotherapy resistance in lung
cancer [33]. Knocking down the expression of lung
cancer cell line TBK1 significantly down-regulated the
transcriptional activation of ZEB1 and reversed EMT
induced by ionizing radiation, which further
increased the radiotherapy sensitivity of lung tumor
cells [34]. Abnormal Racl expression and activation
were related to radiotherapy resistance of various
tumors. Skvortsov et al. reported that Racl was a
potential marker of radiotherapy resistance in head
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and neck cancer [35]. Rac1 was significantly expressed
and activated in radiotherapy resistant head and neck
squamous cell carcinoma, decreasing the activation of
Racl cell migration and invasion [36]. Yan et al. [37]
found that Racl was the key molecule activated in
G2/M of breast cancer induced by y rays, increasing
the tolerance to gamma radiation. Racl plays a key
role in the acquired resistance of pancreatic cancer to
ionizing radiation. Treatment with Racl-specific
inhibitors or Racl signal blockers significantly
increased the sensitivity of pancreatic cancer to
ionizing radiation [38]. Therefore, the relationship
between Racl expression, EMT and sensitivity of lung
cancer radiation was analyzed. The results showed
that Racl, Twistl, Snaill, Vimentin, N-cadherin were
highly expressed in lung cancer patients with
radiotherapy resistance, and E-cadherin was poorly
expressed. Racl and EMT predict resistance to
radiotherapy of lung cancer. The highly expressed
Racl and altered EMT contribute to resistance. The
mechanisms underlying the resistance need further
elucidation.

In summary, our results suggest that Racl and
EMT protein expression levels are associated with
cancer progression, metastasis and resistance to
radiotherapy. Racl may promote NSCLC progression
and metastasis via EMT, which may be considered a
potential therapeutic target in NSCLC. However,
large prospective studies are required to further
confirm our findings.
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