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Abstract: Non-small cell lung cancer (NSCLC) causes many cancer related deaths worldwide. The migration ability 
of circulating tumor cells (CTCs) is enhanced by TAZ. In this study we aimed to investigate the correlation of TAZ ex-
pression with clinicopathological features of different phenotypical CTCs from NSCLC patients. Thirty-nine patients 
with newly diagnosed NSCLC who could tolerate radical resection were included. Blood samples were obtained 
from patients during the operations. RNA in situ hybridization (RNA-ISH) was applied to identify CTCs and detect TAZ 
expression. CTC-positive rate reached 89.5% in all patients. We found that higher TNM stage was significantly cor-
related with higher number of epithelial CTCs. TAZ-positive rate in CTCs from EGFR mutation-negative patients was 
higher than that in EGFR mutation-positive patients (60.0% vs. 46.2%, P=0.016), and these patients displayed posi-
tive mediastinal lymph nodes (49.1% vs. 29.8%, P=0.047), high TNM stage (49.1% vs. 29.8%, P=0.047), and high 
CEA (60.0% vs. 22.7%, P=0.014) and NSE levels (63.8% vs. 47.0%, P=0.042). TAZ expression in CTCs decreased 
after surgery. Kaplan-Meier survival analysis showed that higher TAZ expression was associated with a worse overall 
survival (OS, P < 0.001), worse first progression (FS, P=0.001) of NSCLC patients. In conclusion, our study suggests 
that TAZ expression in CTCs could be used as a potential predictor of survival of NSCLC patients.
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Introduction

Lung cancer caused approximately 158,040 
deaths during 2015, which was the largest 
death toll of any cancer [1]. Lung cancer was 
the leading cause of cancer-related deaths in 
women (26%) and men (26%) during 2015 in 
the United States. Approximately 85-90% ca- 
ses of lung cancer are non-small cell lung can-
cer (NSCLC). Tumor metastasis is the major 
cause of morbidity and mortality in patients 
with NSCLC [2]. Although the reasons for tumor 
metastasis remain a mystery, several studies 
have shown that circulating tumor cell (CTC) for-
mation is crucial for metastasis [3]. Therefore, 
we could potentially monitor CTC to determine 
the state of NSCLC and its response to therapy 
[3, 4].

Numerous studies have shown that epithelial-
mesenchymal transition (EMT) plays a critical 
role in both tumor metastasis and CTC origina-
tion [5, 6]. Recent studies have demonstrated 

that EMT can stimulate epithelial CTCs to trans-
form into mesenchymal CTCs or biphenotypic 
CTCs. These changes weaken cell-cell cohe-
sion, favor matrix-degrading abilities, and mod-
ify cytoskeleton, all of which facilitate cell motil-
ity [6]. The migration and invasiveness of CTCs 
were enhanced by EMT in breast cancer [7]. 
EMT is controlled by many transcription factors, 
signaling pathways, microRNAs, and cell micro-
environmental factors. The Hippo pathway is a 
key pathway in EMT progression that consists 
of a large network of proteins that control the 
growth of different tissues during development 
and regeneration as well as in pathological 
states, such as cancer [8, 9]. TAZ (transcription-
al coactivator with PDZ-binding domain, also 
known as WWTR1) and its paralog YAP (YES 
associated protein) are the two main down-
stream effectors in Hippo signaling pathway. 

In this study we aimed to investigate the corre-
lation of TAZ expression with clinicopathologi-
cal features of different phenotypical CTCs from 
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NSCLC patients. We chose to use the CanPatrol 
System to better isolate CTCs with different 
phenotypes compared to the traditional Cell- 
Search System. After capturing CTCs, we de- 
tected the expression of TAZ in CTC cells of dif-
ferent phenotypes by multiplex RNA in situ 
hybridization (RNA-ISH) assay. We analyzed the 
relationships between clinicopathological fea-
tures of NSCLC patients and different pheno-
typical CTCs and TAZ expression. In addition, 
we examined the effects of surgery on CTCs 
with different phenotypes and TAZ expression.

Patients and methods

Patients

Between April 2015 and November 2015, 39 
patients with newly diagnosed NSCLC at our 
institution were included in this study. The pa- 
tients met all the following criteria: 1) patients 
were diagnosed with NSCLC; 2) imaging such 
as positron emission tomography-computed 
tomography (PET-CT) and chest-enhancement 
CT indicated that the patients could tolerate 
radical resection; 3) none of the patients re- 
ceived chemotherapy or radiotherapy before 
surgery; and 4) no postoperative complications 
occurred after the operation. Blood samples 
from the selected patients were acquired on 
the day before surgery and on the fifth day after 
surgery, and analyzed with a CanPatrol System 
(Surexam Biotech, Guangzhou, China). 

CTC isolation using CanPatrolTM system

Peripheral blood samples (2 × 5 mL) were col-
lected in EDTA tubes from each NSCLC patient 
by venipuncture. An 8-μm diameter pore cali-
brated membrane (Millipore, Billerica, MA, USA) 
was used to filter the blood samples over 4 
hours. The required filtration system included a 
filtration tube containing the membrane (Sur- 
Exam, Guangzhou, China), a manifold vacuum 
plate with valve settings (SurExam, Guangzhou, 
China), an E-Z 96 vacuum manifold (Omega, 
Norcross, USA) and a vacuum pump (Auto 
Science, Tianjin, China). Erythrocytes from the- 
se samples were removed using a red blood 
cell lysis buffer (Sigma, St. Louis, MO, USA). The 
cell suspension was transferred to the filtration 
tube. Filtration began when the valve pressure 
reached at least 0.08 MPa.

CTC classification and TAZ detection

A multiplex RNA-ISH assay based on branched 
DNA (bDNA) signal amplification technology 
was employed. Four groups of RNA-ISH assays 
were used to classify phenotypes and detect 
TAZ expression in CTCs, following the proce-
dures previously described [10]. Group 1 pro- 
bes were for four epithelial biomarkers: kera-
tins (KRT) 8/18/19 and EpCAM. Group 2 probes 
were for two mesenchymal biomarkers (Vi- 
mentin and Twist). Group 3 probe was for a leu-
kocyte CD45 biomarker to distinguish leuko-
cytes and CTCs. Group 4 probe was for TAZ. The 
cells were incubated with the probes at 42°C 
for 20 min, then stained with 4’,6-diamidino-
2-phenylindole (DAPI) for 5 min. Finally, the 
cells were analyzed with a fluorescence micro-
scope using a 100 × oil objective (Olympus 
BX53). 

Statistical analysis

Follow-up data were obtained for 39 patients 
with NSCLC. Two patients were removed be- 
cause of extreme values and distorted statisti-
cal data. We chose the postoperative data as 
the clinical baseline. Since the CTC number 
showed a skewed distribution, we used the 
median value to compare the overall differenc-
es. Mann-Whitney U and Kruskal-Wallis H tests 
were used to analyze the relationship between 
CTC counts and clinical data. The association 
between the CTC positivity and TAZ expression 
was analyzed by the chi-square test. Kaplan-
Meier survival analysis for the relationship 
between survival and TAZ expression in NSCLC 
was performed using the online tool (http://
kmplot.com/analysis/). Statistical analysis was 
performed using the Statistical Package for the 
Social Sciences for Windows version 20.0 
(SPSS, Chicago, IL, USA). P < 0.05 was consid-
ered significant. 

Results

Patient demographics

A total of 39 patients with NSCLC were enrolled 
in this study between April 2015 and November 
2015 at Nanfang Hospital, Southern Medical 
University. All the patients received radical 
resection. The tumors were staged according to 
the 7th edition of the international tumor-node-
metastasis (TNM) system. Patient demograph-
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ics are listed in Table 1. After removing two 
extreme values, 22 patients (59.5%) had posi-
tive CTC counts at baseline with ≥ 3 CTCs in 10 
mL of the blood.

CTCs number and clinicopathological features

According to our RNA-ISH assay results, the 
three phenotypes of CTCs were epithelial, mes-

enchymal and biphenotypic. The red dots and 
green dots corresponded to epithelial and mes-
enchymal CTCs, respectively. CTCs displaying 
both red and green dots were biphenotypic 
CTCs (Figure 1). TAZ expression in CTCs was 
detected as purple and divided into high, medi-
um and low expression categories (Figure 2).

The positive CTC rate had no significant differ-
ences based on the different clinical character-
istics. As shown in Table 2, there were no sig-
nificant differences between the number of all 
CTCs based on the gender, age, tumor size, 
EGFR mutation status, histological type, smok-
ing status, pleural invasion, and serum levels of 
CEA, CYFRA21-1 and SCC. We found that lower 
TNM stage corresponded to fewer number of all 
CTCs in the blood, although there was no signifi-
cant difference (2.0 vs. 4.5 vs. 6.0, P=0.176). 
However, when the TNM stage was higher, there 
were significantly more epithelial CTCs (0.5 vs. 
1.5 vs. 5.0, P=0.037). The numbers of all CTCs 
and epithelial-type CTCs in the blood were high-
er in patients with visceral pleural tumor inva-
sion, although this was not statistically signifi-
cant (2.0 vs. 6.0, P=0.053). The number of epi-
thelial-type CTCs in patients with mediastinal 
lymph node metastasis and subject to radical 
resection was significantly higher than that in 
patients without mediastinal lymph node meta- 
stasis (1.0 vs. 5.0, P=0.026). This also occurred 
in individuals with abnormal NSE levels (1.0 vs. 
3.0, P=0.023).

TAZ expression and clinicopathological fea-
tures

TAZ expression in post-surgery samples and 
the associations with clinical characteristics 
are shown in Table 3. There was no significant 
difference in TAZ expression in CTCs from pa- 
tients based on age, gender, tumor size, posi-
tive or negative mediastinal lymph node metas-
tasis, TNM stage, pleural tumor invasion, smok-
ing status, or serum CEA, CYFRA 21-1 and SCC 
levels. TAZ positive rate was higher in EGFR 
mutation-negative patients than in EGFR muta-
tion-positive patients (60.0% vs. 46.2%, P= 
0.016). Additionally, TAZ positive rate was sig-
nificantly lower in patients with normal NSE lev-
els than in patients with abnormal NSE levels 
(45.8% vs. 63.8%, P=0.027).

TAZ expression was analyzed according to the 
three CTC types. TAZ expression in epithelial 

Table 1. Characteristics of NSCLC patients
Characteristic Number %
Age, years
    ≤ 60 17 45.9
    > 60 20 54.1
Gender
    Male 26 70.3
    Female 11 29.7
Histologic subtype
    Squamous cell carcinoma 5 18.5
    Adenocarcinoma 29 78.4
    Other 3 8.1
Smoking status
    Never-smoker    22 59.5
    Current/Former smoker 15 40.5
Lymph nodes
    Negative 28 75.7
    Positive 9 24.3
TNM stage
    IA 10 27.0
    IB  18 48.6
    IIIA 9 24.4
Pleura invasion
    No 22 59.5
    Yes 15 40.5
EGFR mutations
    Negative 22 75.7
    Positive 15 24.3
CEA
    < 5 ng/ml 29 78.4
    ≥ 5 ng/ml 8 21.6
Cyfra 21-1
    < 3.3 ng/ml 22 59.5
    ≥ 3.3 ng/ml 15 40.5
NSE
    < 13 µg/ml 17 45.9
    ≥ 13 µg/ml 20 54.1
SCC
    < 5 µg/L 29 78.4
    ≥ 5 µg/L 8 21.6
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and mesenchymal CTCs displayed no signifi-
cant differences in different clinical conditions. 
In biphenotypic CTCs, there was no significant 
difference between TAZ expression in CTCs 
from patients based on age, gender, tumor 
size, positive or negative mediastinal lymph 
node metastasis, TNM stage, pleural tumor 
invasion, smoking status, or serum CEA, CYFRA 
21-1 and SCC levels. TAZ positive rate in biphe-
notypic CTCs from EGFR mutation-negative 
patients was higher than in EGFR mutation-
positive patients (77.8% vs. 46.5%, P=0.05). 
TAZ positive rate in biphenotypic CTCs in 
patients with normal NSE levels was signifi-
cantly lower than in patients with abnormal 
NSE levels (41.9% vs. 88.9%, P < 0.01). 

The effects of surgery on CTCs and TAZ expres-
sion

We assessed the impact of surgery on the 
patients according to the changes in CTC-
positive rate, mesenchymal CTC-positive rate, 
TAZ expression in all CTCs, TAZ expression in 
biphenotypic type CTCs and TAZ expression in 
mesenchymal CTCs. The effects of surgery on 

CTC positive rate and TAZ expression in mesen-
chymal-type CTCs had no significant differenc-
es (P > 0.05) compared with different clinical 
data. Mesenchymal CTCs in patients with vis-
ceral pleural tumor invasion (53.3% vs. 20.0%, 
P=0.058) and patients who smoked (53.3%  
vs. 20.0%, P=0.058) decreased significantly 
before and after surgery, although the differ-
ences were not statistically significant. TAZ 
expression in all CTCs after surgery decreased 
in patients with positive mediastinal lymph 
nodes (49.1% vs. 29.8%, P=0.047), higher TNM 
stages (49.1% vs. 29.8%, P=0.047), and higher 
CEA (60.0% vs. 22.7%, P=0.014) and NSE lev-
els (63.8% vs. 47.0%, P=0.042).

We performed Kaplan-Meier survival analysis 
and found that higher TAZ expression was asso-
ciated with a worse overall survival (OS, P < 
0.001), worse first progression (FS, P=0.001) 
of NSCLC patients, while there was no signifi-
cant difference in Post Progression Survival 
(PPS) of NSCLC patients (P=0.084) (Figure 3). 
These data suggest that TAZ could be used as 
a potential predictor of survival of NSCLC 
patients.

Figure 1. Detection of three types of CTCs. A: Epithelial CTCs; B: Biphenotypic CTCs; C: Mesenchymal CTCs. 

Figure 2. Different TAZ expression level in CTCs. A. Blank control; B. Low expression; C. Medium expression; D. High 
expression. TAZ was stained purple.
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Discussion

It is considered that CTCs from solid tumors are 
associated with metastasis [11]. Monitoring 

CTCs in the blood will provide a powerful and 
noninvasive approach for the detection of dis-
ease [12]. The change from epithelial to mesen-
chymal or biphenotypic CTCs makes CTCs more 

Table 2. Association of CTCs number with clinical characteristics

Characteristic Total 
CTC P Epithelial 

CTC P Biphenotypic 
CTC P Mesenchymal 

CTC P

Age, year
    ≤ 60 3 0.471 1 0.652 0 0.424 0 0.277
    > 60 4.5 1.5 1 0.5
Gender
    Male 3.5 0.412 1 0.235 1 0.957 0 0.731
    Female 6 4 0 0
Histologic subtype
    Squamous cell carcinoma 2 0.592 2 0.277 0 0.051 0
    Adenocarcinoma 4 1 1 0
    Other 2 2 0 0
Smoking status
    Never-smoker 4.5 0.913 2 0.133 0.5 0.486 0 0.227
    Current/Former smoker 4 0 1 1
Tumor Size
    ≤ 3 cm 2 0.117 1 0.083 0 0.451 0
    > 3 cm 5 2 1 0
Lymph nodes
    Negative 3 0.176 1 0.026 1 0.134 0 0.254
    Positive 6 5 0 1
TNM stage
    IA 1 0.026 0.5 0.037 0 0.148 0 0.276
    IB  3.5 1.5 1 0
    IIIA 6 5 0 1
Pleura invasion
    No 2 0.053 1.5 0.077 0.5 0.507 0 0.270
    Yes 6 3 1 1
EGFR mutations
    Negative 3 0.116 1 0.602 0 0.267 0 0.318
    Positive 6 2 1 0
CEA
    < 5 ng/ml 4 0.349 1 0.338 1 0.626 0 0.060
    ≥ 5 ng/ml 5 3 0 2
Cyfra 21-1
    < 3.3 ng/ml 3 0.204 1 0.204 1 0.406 0 0.490
    ≥ 3.3 ng/ml 5.5 2 0 0.5
NSE
    < 13 ug/ml 2 0.142 1 0.023 0 0.562 0
    ≥ 13 ug/ml 5 3 1 0
SCC
    < 5 ug/L 4 0.406 1 0.270 1 0.538 0 0.624
    ≥ 5 ug/L 7 4 2 1
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aggressive and more likely to form distant 
metastases [10, 13]. TAZ has been shown as a 
novel oncogene in NSCLC by promoting EMT 
[14, 15]. To our knowledge, our study is the first 
to detect TAZ expression in CTCs of NSCLC 
patients and analyze the correlation of TAZ 
expression with clinicopathological features of 
NSCLC patients. 

Because of the rarity of CTCs, different meth-
ods have been developed to detect them. The 
CellSearch system is considered the most reli-
able FDA-approved technique for CTC enumera-
tion [16]. Although the CellSearch system is a 
powerful method, it is unable to detect mesen-
chymal CTCs, whose main biomarker is vimen-
tin [5]. Compared with other methods, the 

Table 3. Association of TAZ expression with clinical characteristics

Characteristic Total 
CTC P Epithelial 

CTC P Biphenotypic 
CTC P Mesenchymal 

CTC P

Age, year
    ≤ 60 60.5 0.135 68.3 0.346 60.7 0.471 33.3 1.000
    > 60 49.5 51.8 51.5 38.9
Gender
    Male 54.5 0.964 62.7 0.402 57.1 0.743 28.6 0.321
    Female 54.1 54.3 52.6 55.6
Smoking status
    Never-smoker 60.0 0.06 59.4 0.184 65.4 0.191 53.3 0.130
    Current/Former smoker 46.2 57.1 48.6 20.0
Tumor Size
    ≤ 3 cm 53.5 0.887 73.3 0.336 47.8 0.523 28.6 0.952
    > 3 cm 54.5 56.1 60.5 39.1
Lymph nodes
    Negative 56.4 0.361 65.5 0.099 54.4 0.778 33.3 0.643
    Positive 49.1 48.7 75.0 41.7
TNM stage
    IA 60.0 0.579 100.0 0.579 47.6 0.546 25.0 0.831
    IB  55.2 59.6 57.1 35.7
    IIIA 49.1 48.7 75.0 41.7
Pleura invasion
    No 54.0 0.361 58.5 0.969 59.4 0.548 28.6 0.631
    Yes 54.5 58.9 51.7 43.8
EGFR mutations
    Negative 60.0 0.016 64.6 0.249 77.8 0.05 46.2 0.346
    Positive 46.2 53.1 46.5 29.4
CEA
    < 5 ng/ml  54.5 0.648 60.6 0.525 57.4 0.642 26.3 0.180
    ≥ 5 ng/ml  60.0 50.0 100 62.5
Cyfra 21-1
    < 3.3 ng/ml 59.4 0.182 61.5 0.672 62.5 0.535 47.1 0.321
    ≥ 3.3 ng/ml 48.2 56.8 44.4 20.0
NSE
    < 13 ug/ml  45.8 0.027 60.7 0.839 41.9 0.003 23.1 0.294
    ≥ 13 ug/ml 63.8 58.3 88.9 50.0
SCC
    < 5 ug/L 55.3 0.980 61.9 0.293 55.6 0.083 37.5 1.000
    ≥ 5 ug/L 55.0 46.2 100 33.3
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CanPatrol CTC enrichment technique can cap-
ture mesenchymal and biphenotypic CTCs. 
Moreover, the captured CTCs are still alive. 
Therefore, we can observe EMT of CTCs and 
monitor their changes in each patient to evalu-
ate the treatment effect. 

In previous studies, different CTC phenotypes 
have been correlated with the prognosis in sev-
eral cancer types [17, 18]. Lower TNM stages 
correspond to lower numbers of all CTCs and 
epithelial-type CTCs in the blood, and increased 
numbers of CTCs correspond to a poorer prog-
nosis [19, 20]. The number of CTC was closely 
correlated with the TNM staging. In this study, 
we found significantly more epithelial CTCs 
when the TNM stage was higher. Therefore, we 
suggest that the detection of epithelial CTCs 
can be applied in any stage of NSCLC patients 

to indicate the severity of illness. In recent 
years, NSE was proposed as a diagnostic mark-
er for non-small cell lung cancer [21-23]. 
Individuals with abnormal NSE levels had sig-
nificantly more epithelial CTCs. NSE was shown 
as an independent predictor of survival in 
NSCLC patients [24]. Thus we speculate that 
CTCs and NSE could be combined to predict the 
prognosis of NSCLC patients.

Interestingly, we found that TAZ-positive rate in 
all CTCs and biphenotypic CTCs from EGFR 
mutation-negative patients was higher than in 
EGFR mutation-positive patients. Thus treat-
ment with tyrosine kinase inhibitor (TKI) drugs 
will lead to a better prognosis for individuals 
with EGFR mutation than those without EGFR 
mutation [25]. In addition, TAZ-positive rate in 
all and biphenotypic CTCs with normal NSE lev-

Figure 3. Kaplan-Meier survival analysis of 
the patients. A. Higher TAZ expression was 
associated with worse overall survival (OS, 
P < 0.001). B. Higher TAZ expression was 
associated with worse first progression (FS, 
P=0.001). C. Higher TAZ expression was not 
associated with Post Progression Survival 
(PPS) (P=0.084).
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els was significantly lower than in patients with 
abnormal NSE levels. Since mesenchymal 
CTCs or biphenotypic CTCs are more invasive 
than epithelial CTCs. This may explain why 
patients with abnormal NSE level have worse 
prognosis.

In a study of 56 patients who had undergone 
radical surgery for previously untreated NSCLC, 
CTC-positive rate was significantly lower one 
month after surgery (32.1% vs. 51.8% before 
surgery, P=0.034) [26]. In our study, some 
patients presented this kind of trend, but there 
were no statistical significances. However, the 
number of CTCs in some patients increased. 
This could be due to systematic mediastinal 
lymphadenectomy or disturbance of the solid 
tumor during the lung operation. Such an oper-
ation could lead to CTCs spreading into the 
blood. Many postoperative CTCs can undergo 
apoptosis. It is noteworthy that the number of 
mesenchymal CTCs in patients who smoked 
and patients with visceral pleural tumor inva-
sion or with high CEA level decreased signifi-
cantly after surgery. Additionally, TAZ expres-
sion in all CTCs decreased after surgery in 
patients with positive mediastinal lymph 
nodes, high TNM stage, and high CEA and NSE 
levels. These results demonstrate therapeutic 
effects of surgery. 

In summary, this is the first report on TAZ 
expression in three distinct CTCs in NSCLC 
patients. Kaplan-Meier survival analysis sho- 
wed that higher TAZ expression in CTCs was 
associated with worse overall survival and 
worse first progression of NSCLC patients. Our 
study suggests that TAZ expression in CTCs 
could be used as a potential predictor of sur-
vival of NSCLC patients.
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