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Abstract

Objective: To clarify the clinical significance of breast cancer anti-estrogen resistance protein | (BCARI) expression in
circulating tumor cells (CTCs) in the peripheral blood and tumor tissues in patients with early stage lung adenocarcinoma
(ES-LUAD). Methods: The study cohort included 60 patients with stage | LUAD (50 IA and 10 IB) who underwent surgery from
November 2015 to November 2018 and 31 healthy controls. The expression levels of BCARI and markers of epithelial-
mesenchymal transition (EMT) in peripheral blood CTCs were detected using CanPatrol™" technology before surgery, and
immunohistochemical analysis was used to detect BCARI expression in tumor tissues collected from 40 patients. The predictive
power of BCARI expression in CTCs and tumor tissues on disease-free survival (DFS) was analyzed. The Cancer Genome Atlas
(TCGA) database was used to study BCARI expression and overall survival as validation. The Gene Expression Profiling
Interactive Analysis online tool was used to analyze the correlations between the expression levels of BCAR| and EMT molecular
markers. Results: Both the number and detection rates of BCAR | -negative CTCs and BCAR | -positive CTCs in peripheral blood
of lung cancer patients were significantly higher as compared with healthy controls (p < 0.05). BCARI-positive CTCs more
commonly co-expressed both epithelial and mesenchymal markers. Kaplan—Meier analysis demonstrated that patients with
BCARI (++) CTCs in peripheral blood before surgery were more prone to recurrence or metastasis after 2 years. COX analysis
showed that patients with higher abundance of BCARI(++) CTCs had a poorer prognosis (hazard ratio [HR] = 1.712, 95%
confidence interval [CI] = 1.077-2.272, p = 0.023). Furthermore, high BCARI expression in tumor tissues was predictive of a
poor prognosis (HR = 2.654, 95% Cl = 1.239-5.686, p = 0.012), as validated by TCGA database (HR =2.217, 95% Cl = 1.069—
4.595, p = 0.032). In addition, BCARI expression in LUAD tissues from TCGA was significantly positively correlated with the
expression of both epithelial markers (e.g., ck8/18/19) and mesenchymal markers (e.g., vimentin and twist). Conclusion: BCAR|
may have a “dual impact” on EMT markers in tumor tissues and CTCs due to micro-environmental disparities, resulting in
important clinical significance, which can potentially guide accurate treatment of LUAD.
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Introduction

Lung cancer (LC) is the leading cause of cancer-related death
worldwide, with lung adenocarcinoma (LUAD) accounting for
about 39.5% of all cases.! The average 5-year survival rate of
stage I LC is only 58%—73%.? Therefore, the assessment of risk
factors associated with survival is critical for accurate and
personalized treatment of LC. Currently, liquid biopsy tech-
niques, including detection of circulating tumor cells (CTCs)
that shed from the primary lesion and enter the peripheral
blood, are widely applied for the diagnosis of LC.?

Breast cancer anti-estrogen resistance protein 1 (BCARI1),
also known as pl130cas, is a member of the Crk-associated
substrate (CAS) protein family and participates in multiple
signaling pathways and various carcinogenic behaviors of can-
cer cells, including growth, differentiation, apoptosis, transmi-
gration, and chemotaxis.* Our previous study found that
BCARI can enhance the epithelial-mesenchymal transition
(EMT) process and the aggressive ability of LC cells.” EMT
is a cell biological program naturally occurring in a broad range
of tissue types and developmental stages that has been impli-
cated in carcinogenesis, and confers metastatic properties upon
cancer cells by enhancing mobility, invasion, and resistance to
apoptosis and chemotherapy.®

Therefore, the aim of the present study was to determine
the clinical significance of high expression of BCARI1 in the
regulation of EMT of CTCs and potential roles in cancer
metastasis.

Materials and Methods

Patients

The study protocols were reviewed and approved by the
Ethics Committee of Daping Hospital (Army Medical Univer-
sity, Chongqing, China) [(2019) No.183], and informed con-
sent was obtained from all patients who agreed to participate
in the study.

To exclude the influence of confounders on the prognosis of
advanced LC, the focus of this study was limited to early stage
lung adenocarcinoma (ES-LUAD). The data of patients with
stage | LUAD who underwent surgery from November 2015 to
November 2018 were retrospectively analyzed. The inclusion
criteria were as follows: (1) postoperative pathologically con-
firmed stage I LUAD; (2) CTC detection in peripheral blood
prior to surgery; (3) no distant metastasis detected either pre-
operatively or intraoperatively; (4) no anti-tumor therapy prior

to surgery; (5) age >18 years; and (6) Eastern Cooperative
Oncology Group performance status score of 0 or 1.

The study cohort of 60 patients (23 males and 27 females;
mean age, 60.05 + 9.14 years) included 50 with a tumor
stage of IA and 10 with IB. The mean tumor diameter was
2.11 4+ 0.95 cm. Due to an inadequate mean follow-up period
(722.03 + 322.85 days), disease-free survival (DFS), rather
than overall survival (OS), was used to assess prognosis.
Patients were followed-up every 3 months in the outpatient
clinic or by telephone. Chest computed tomography, abdom-
inal ultrasonography, and tumor marker analysis were con-
ducted every 6 months to identify potential recurrence or
metastasis.

Additionally, the control group consisted of 31 healthy
volunteers (13 males and 18 females; mean age, 31.27 +
8.85 years) who met the following inclusion criteria: (1) age
>18 years; (2) exclusion of occult tumors by physical examina-
tion, chest computed tomography, abdominal ultrasonography,
and tumor marker analysis; and (3) no chronic disease.
Although there was no statistically significant difference in the
ratio of males to females between the 2 groups (p > 0.05), the
healthy volunteers were remarkably younger than the LC
patients (p < 0.05).

CTC Detection by CanPatrol™

As per our previously published protocol,” 10 ml of blood was
collected from healthy controls or cases at 1-2 days prior to
surgery. The CanPatrol ™ CTC analysis system (SurExam Bio-
Tech Co., Ltd., Guangzhou, China) was used to detect CTCs
and relative biomarkers in accordance with the following pro-
tocol: (1) erythrocytes were lysed and CD45+ leukocytes
depleted from the blood samples using a magnetic bead separa-
tion method; (2) CTCs were enriched by filtering with the use
of calibrated membrane filters with 8 um-diameter pores; and
(3) CTCs were identified and characterized by RNA in situ
hybridization based on amplification of branched DNA signals.
EMT markers, including cytokeratins (CK) 8, 18, and 19,
epithelial cell adhesion molecule (EpCAM), vimentin, and
twist, were detected in accordance with published protocols.’
CD45 (+) cells were defined as leukocytes, while cells positive
for 4’,6-diamidino-2-phenylindole (DAPI) staining and mar-
kers of EMT, but negative for CD45 were defined as CTCs.
The following gene-specific primers (5'—3’) and probes were
designed for detection of BCAR1: CAC GTC GTA GAG GTC
AGG AG, GCA TAC ACA CCA CTG TCG AC; CAG AAG
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GTG GGC AAC GGT GG; CAG ATG TGT GGG CAG CAT
TG; TGT AGG TGG ACG TAG TCA TA; TGT TCC AGT
CGT TCA AAC TG; CAC TGC TCC AGG TAG AAG AG;
and CGG TAA AGA AGG CGT CCA CG.

The CTC detection rate was calculated as the number of
patients with detectable CTCs / number of total patients x
100%.

Immunohistochemical Analysis of BCAR|

Among the 60 patients, 40 (66.7%) had adequate cancer tissues
for tissue microarray construction and further immunohisto-
chemical detection of BCARI (anti-BCAR1 antibody: catalog
no. 13846S; Cell Signaling Technology, Inc., Danvers, MA,
USA; dilution, 1:100), which were performed in accordance
with previously published protocols.® The mean integrated
optical density of the expression levels of proteins was calcu-
lated using Image-Pro Plus software (version 6.0; Media
Cybernetics, Inc., Bethesda, MA, USA).

Validation Using The Cancer Genome Atlas (TCGA)

Data were retrieved from TCGA (https://www.cancer.gov/) for
analyses of BCAR1 gene expression and OS of stage I LUAD
patients using various combinations of the following search
terms: “stage la,” “stage 1b,” “stage 1,” “adenoma,”
“adenocarcinoma,” “bronchus,” “lung,” “TCGA,” “TCGA-
LUAD,” “HTseq-counts,” “transcriptome profiling,” “gene
expression quantification,” and “RNA-seq.” Furthermore, the
Gene Expression Profiling Interactive Analysis online tool
(http://gepia.cancer-pku.cn/detail.php) was used to retrieve
data from TCGA database and analyze the correlations
between BCARI1 expression and the following markers of
EMT: (epithelial markers) CK8 (KRT8), CK18 (KRT18),
CK19 (KRT19) EpCAM, (mesenchymal markers) vimentin
(vimentin), and twist.

Statistical Analysis

All data analyses were performed using IBM SPSS Statistics
for Windows, version 23.0. (IBM Corporation, Armonk, NY,
USA) and GraphPad Prism software (GraphPad Software, Inc.,
San Diego, CA, USA). The 2 independent samples #-test was
used for between-group analyses. Detection rates were com-
pared using the y? test. The influence of age and tumor stage on
prognosis were determined using the multivariate COX model.
A Kaplan—Meier curve was generated for survival analysis. A
2-sided probability (p) value of <0.05 was considered statisti-
cally significant.

Results
BCAR [-Positive CTCs Were Detected in the Peripheral
Blood of Patients With ES-LUAD

As shown in Figure 1A, BCAR1 (purple dots) was expressed by
the CTCs. Additionally, the CTCs were divided based on the

expression of epithelial markers (red dots) and mesenchymal
markers (green dots), as well as DAPI staining (blue field).
Therefore, CTCs were classified as BCAR1 negative or posi-
tive. Furthermore, BCAR1-positive CTCs were classified
according to the extent of BCARI expression as BCARI1(+)
CTCs (containing one purple signal point) or BCAR1(++)
CTCs (containing 2 or more purple signal points).

Of the 60 patients, 259 CTCs were detectable in 48 (80.0%)
cases. Among them, 175 BCARI1-negative CTCs and 84
BCARI-positive CTCs were detected in 47 (78.3%) and 38
(63.3%) cases, respectively. Among the BCAR1-positive
CTCs, 65 BCARI1(+) CTCs and 19 BCAR1(++) CTCs were
found in 26 and 12 cases, respectively. The quantity of CTCs
and BCAR1-positive CTCs seemed to have no statistical cor-
relation with tumor size or stage (data not shown).

BCARI-negative CTCs were detected in 4 (12.9%) of the 31
controls, while BCAR1-positive CTCs were undetectable. In
terms of BCAR1-negative and BCARI1-positive CTCs, the
number and detection rate were significantly higher in LC
patients than the healthy controls (Figure 1B).

BCAR [-Positive CTCs Were More Prone to Co-Expression
of Epithelial and Mesenchymal Markers

As shown in Figure 1C, the incidence of epithelial and
mesenchymal markers in BCAR1(+4) CTCs was signifi-
cantly higher than that in BCAR1-negative CTCs (31/65
vs. 73/175, respectively, p < 0.05). Intriguingly, with the
enhancement of BCAR1 expression, the incidence of epithe-
lial and mesenchymal markers was significantly higher in
BCARI1(++) CTCs than BCAR1(+) CTCs (15/19 vs. 31/65,
respectively, p < 0.05).

High Abundance of BCARI(++) CTCs Is Indicative
of a Poor Prognosis of Patients With ES-LUAD

Kaplan—Meier curve analysis showed that the 2 curves repre-
senting the presence or absence of BCAR1(++) CTC prior to
surgery were clearly separated after 2 years, demonstrating
cases with BCAR1(++) CTCs were more prone to relapse or
metastasis (Figure 2A). This trend was more obvious in cases
with 2 or more BCAR1 (++4) CTCs before surgery (Figure 2B).

Indeed, as shown in Figure 2E, the results of the COX model
showed that patients with a higher abundance of BCAR1(++)
CTCs had a worse prognosis (hazard ratio [HR] = 1.712, 95%
confidence interval [CI] = 1.077-2.722, p = 0.023). In addi-
tion, BCARI(+4) CTCs and BCAR1-negative CTCs were not
significantly correlated with prognosis.

In LC Tissues, High BCARI Expression Is Indicative

of a Poor Prognosis and Positively Correlated to
Expression of Both Epithelial and Mesenchymal Markers
High and low BCARI1 expression levels were found in a patient

with short DFS (302 days) and a second with long DFS (1240
days), respectively (Figure 2C and 2D). Additionally, as shown
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Figure 1. Expression patterns of BCAR1 and EMT markers in CTCs. A, BCARI, epithelial markers, and mesenchymal markers were detectable
in one CTC. B, The number and detection rate of BCAR1-negative CTCs and BCAR1-positive CTCs in LUAD patients were significantly
higher as compared with the healthy controls (*p < 0.05, **p <0.01, ***p < 0.001). C, The incidence of epithelial and mesenchymal markers in
BCARI1(+) CTCs was significantly higher than that in BCAR1-negative CTCs (p < 0.05). Intriguingly, the incidence of epithelial and
mesenchymal markers of BCAR1(++) CTCs was significantly higher than that of BCAR1(+) CTCs (p < 0.05).

in Figure 2E, COX analysis suggested that high BCAR1
expression in LC tissues was predictive of a poor prognosis
of ES-LUAD, as confirmed in the present study (HR =
2.654,95% CI = 1.239-5.686, p = 0.012) and TCGA database
(HR =2.217,95% CI = 1.069-4.595, p = 0.032) (combing age
as a covariant: HR = 1.110, 95% CI = 1.023-1.204, p =
0.012). BCARI expression seemed to have no significant cor-
relation with tumor size or stage (data not shown). In addition,
BCARI expression in TCGA was significantly positively cor-
related with both epithelial markers (e.g., CK8/18/19) and
mesenchymal markers (e.g., vimentin and twist) (Figure 3).

Discussion

CTC detection is minimally invasive and highly reproducible,
and thus, has been gradually and increasingly applied in the
field of tumor diagnosis and efficacy assessment.” Tumor cells
can shed from the primary lesion, enter the peripheral blood,
spread to remote sites, and metastasize in appropriate micro-
environments.'® Formation of aggressive CTCs in the periph-
eral blood is closely related to the occurrence of EMT.'!
During the process of EMT, epithelial and mesenchymal mar-
kers of tumor cells are down- and up-regulated, respectively,
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Figure 2. BCARI expression in CTCs and LC tissues and survival of ES-LUAD cases. A and B, Kaplan—-Meier curve showing that cases with
BCARI1(++) CTCs prior to surgery were prone to relapse or metastasis after 2 years. C, A case with high BCAR1 expression in cancer tissues
had short DFS (302 days). D, A case with low BCAR1 expression had long DFS (1240 days). E, COX model showing that patients with higher
BCARI1 expression levels in CTCs and tumor tissues had a worse prognosis.

resulting in more aggressive and invasive abilities. Following
EMT, CTCs can be positive for both epithelial and mesenchy-
mal markers, leading to enhanced resistance to apoptosis in the
peripheral blood."?

CTC detection mainly includes 2 steps: enrichment and
identification. CTC enrichment is mostly based on tumor cell
morphology, while sorting is based on surface markers. For
example, CellSearch enriches CTCs through sorting based on
the surface marker EpCAM with the use of magnetic beads.
The isolation by size of epithelial tumor cells (ISET) method
enriches cells by filtering through membranes based on cell
size. Ficoll’s test enriches cells by density gradient centrifuga-
tion based on different cell densities. CTC identification is
often performed by polymerase chain reaction, immunofluor-
escence, and RNA in situ hybridization.'® In the present study,
CTCs were enriched using CanPatrol™ technology with an 8-
micron filter membrane and the captured cells were identified

via multiple RNA in situ hybridization. CanPatrol™ technol-
ogy does not destroy the integrity of cells during the enrich-
ment process. Therefore, subsequent positioning and detection
of EMT markers can be performed,'*'> as well as BCARI
identification via an expanded channel.

BCAR1/p130Cas is a scaffold protein involved in cell signal
transduction that can promote the assembly of multi-protein
complexes, is involved in signal transduction of many major
oncogenic kinases (e.g., Abl, FAK, and Src), and plays roles in
carcinogenesis (e.g., migration, invasion, proliferation).'®
Moreover, BCARI is overexpressed in a variety of malignant
tumors, including cancers of the breast, lung, liver, and brain. 7

In the present study, CTCs were detected in 4 healthy con-
trols. A prior study reported that CTCs can be recognized as
“sentinels” in some cases with inflammatory diseases, such as
chronic obstructive pulmonary disease.'® Indeed, the 4 healthy
controls with CTCs in their blood were all smokers. Moreover,
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Figure 3. TCGA database indicated that BCAR1 expression in LC tissues was significantly positively correlated with the expression levels of

epithelial and mesenchymal markers.

the number and detection rate of BCAR1-positive CTCs in
LUAD cases were significantly higher as compared with
healthy controls. Patients with high levels of BCAR1(++)
CTCs or high BCARI expression in tumor tissues had poor
prognoses. Given the previous evidence of the carcinogenetic
roles of BCARI, we postulated that CTCs with high BCAR1
expression may be more aggressive and invasive to promote
metastasis of LC. It also reminds us that those cases with high
BCARI1 expression in CTCs or tissues should receive rein-
forced postoperative follow-ups or intensive treatment.
BCARI1 can promote EMT by inhibiting transforming
growth factor 1 (TGF-B1), activating Smad3, and enhancing
the coupling of TGF-B1 with mitogen-activated protein kinases
(p38)."? Our previous research indicated that RNA interference
of BCARI in A549 cells significantly reduced the extent of
phosphorylation of p38, and subsequently inhibited the EMT
process.?’ The results of the present study showed that BCAR1
in tumor tissues was significantly positively correlated with the
expression levels of both epithelial and mesenchymal markers,
as validated by TCGA database. In primary tumor tissues, an
epithelial marker (e.g., EpCAM) can promote tumor prolifera-
tion and, thus, be considered as a biomarker of cancer stem
cells.?! Additionally, epithelial markers (e.g., CK8/18/19) can
inhibit tumor cell apoptosis.>> However, in CTCs, the EMT

process can down- and up-regulate the expression levels of
epithelial and mesenchymal markers, respectively, thereby
enhancing resistance to anoikis® and drug therapy,”* while
promoting invasion and migration.>> Also, in BCARI-
positive CTCs, co-expression of epithelial and mesenchymal
markers was increased, while solo expression of epithelial mar-
kers was decreased, demonstrating a “limited” EMT in these
cells. Recently, CTCs with “limited” EMT were reported to
possess stronger survival and carcinogenic abilities.!’ There-
fore, we speculated that BCARI1 in CTCs may promote the
EMT process to promote tumor metastasis.

BCARI can have a “dual impact” on EMT markers in tumor
tissues and CTCs due to disparities in micro-environments. In
tumor tissues, high BCARI1 expression may elevate the expres-
sion of both epithelial and mesenchymal markers to promote
cell proliferation in primary sites. However, in CTCs, high
BCARI1 expression may trigger “limited” EMT leading to
up- and down-regulation of epithelial and mesenchymal mar-
kers, respectively, to enhance the metastatic ability of CTCs.

Due to the limited follow-up time in this study, only DFS
data were obtained, thus further studies are needed to access
OS. In addition, our next step is to conduct a large-scale multi-
center study of BCAR1-positive CTCs for risk stratification of
early LC.



Jiang et al

Authors’ Note
Shasha Jiang, Chunguo Mao, and Bin Jiang, contributed equally.

Acknowledgments

We thank International Science Editing (http://www.internationals
cienceediting.com) for editing this manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This study
was financially supported by the National Natural Science Founda-
tions of China (grant no. 81572285), the Natural Science Foundation
of Chongqing City (grant no. cstc2018jcyjAX0592), and the Army
Medical University Clinical Medical Research Talent Training
Program (grant no. 2018XLC3062).

ORCID iD
Bo Deng @https://orcid.org/0000-0002-5112-9221

References

1. Hirsch FR, Scagliotti GV, Mulshine JL, et al. Lung cancer:
current therapies and new targeted treatments. Lancet (London,
England). 2017;389(10066):299-311. doi:10.1016/s0140-
6736(16)30958-8

2. Woodard GA, Jones KD, Jablons DM. Lung cancer staging and
prognosis. Cancer Treat Res. 2016;170:47-75. doi:10.1007/978-
3-319-40389-2_3

3. Marcuello M, Vymetalkova V, Neves RPL, et al. Circulating
biomarkers for early detection and clinical management of color-
ectal cancer. Mol Aspects Med. 2019;69:107-122. doi:10.1016/j.
mam.2019.06.002

4. Keller L, Pantel K. Unravelling tumour heterogeneity by single-
cell profiling of circulating tumour cells. Nat Rev Cancer. 2019;
19(10):553-567. doi:10.1038/s41568-019-0180-2

5. Jin XR, Zhu LY, Qian K, Feng YG, Tan QY. Circulating tumor
cells in early stage lung adenocarcinoma: a case series report and
literature review. Oncotarget. 2017;8(14):23130-23141.

6. Zhang Y, Weinberg RA. Epithelial-to-mesenchymal transition in
cancer: complexity and opportunities. Front Med. 2018;12(4):
361-373. doi:10.1007/s11684-018-0656-6

7. Dong J, Zhu D, Tang X, et al. Detection of circulating tumor cell
molecular subtype in pulmonary vein predicting prognosis of
stage I-III non-small cell lung cancer patients. Front Oncol.
2019;9:1139. doi:10.3389/fonc.2019.01139

8. Deng B, Huang W, Tan QY, et al. Breast cancer anti-estrogen
resistance protein 1 (BCAR1/p130cas) in pulmonary disease tis-
sue and serum. Mol Diagn Ther. 2011;15(1):31-40.

9. Chuan-Jiang D, Fu-Qiang D, Kai Q, et al. Clinical updates of
approaches for biopsy of pulmonary lesions based on systematic
review. BMC Pulm Med. 2018;18(1):146.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Dive C, Brady G. SnapShot: circulating tumor cells. Cell. 2017,
168(4):742-742.el. doi:10.1016/j.cell.2017.01.026

Liu X, Li J, Cadilha BL, Markota A, Wang H. Epithelial-type
systemic breast carcinoma cells with a restricted mesenchymal
transition are a major source of metastasis. Sci Adv. 2019;5(6):
eaav4275.

Brabletz T, Kalluri R, Nieto MA, Weinberg RA. EMT in cancer.
Nat Rev Cancer. 2018;18(2):128-134. doi:10.1038/nrc.2017.118
Geeurickx E, Hendrix A. Targets, pitfalls and reference materials
for liquid biopsy tests in cancer diagnostics. Mol Aspects Med.
2020;72:100828. doi:10.1016/j.mam.2019.10.005

Yin W, Han Y, Li ZL, Huang ZX, Huang L, Zhong XG. Clinical
significance of perioperative EMT-CTC in rectal cancer patients
receiving open/laparoscopic surgery. Neoplasma. 2020;67(5):
1131-1138. doi:10.4149/neo_2020_190709N611

Wu S, Liu S, Liu Z, et al. Classification of circulating tumor cells
by epithelial-mesenchymal transition markers. PLoS One. 2015;
10(4):e0123976.

Alwanian WM, Tyner AL. Protein tyrosine kinase 6 signaling in
prostate cancer. Am J Clin Exp Urol. 2020;8(1):1-8.

Heumann A, Heinemann N, Hube-Magg C, et al. High BCAR1
expression is associated with early PSA recurrence in ERG neg-
ative prostate cancer. 2018;18(1):37. doi:10.1186/s12885-017-
3956-3

Ilie M, Hofman V, Long-Mira E, et al. “Sentinel” circulating
tumor cells allow early diagnosis of lung cancer in patients with
chronic obstructive pulmonary disease. PLoS One. 2014;9(10):
e111597. doi:10.1371/journal.pone.0111597

Kang YS, Jeong DE, Lee EK, SongWK, Kim W. p130Cas con-
trols the susceptibility of cancer cells to TGF-B-induced growth
inhibition. Biochem Biophys Res Commun. 2013;438(1):116-121.
doi:10.1016/j.bbrc.2013.07.037

Deng B, Tan QY, Wang RW, Jiang YG, Zhou JH, Huang W.
P130cas is required for TGF-B1-mediated epithelial-mesenchymal
transition in lung cancer. Oncol Lett. 2014;8(1):454-460.
doi:10.3892/01.2014.2123

Huang L, Yang Y, Yang F, et al. Functions of EpCAM in phy-
siological processes and diseases (Review). Int J Mol Med. 2018;
42(4):1771-1785. doi:10.3892/ijmm.2018.3764

Yang ZY, Zhang HY, Wang F, et al. Expression of cytokera-
tin(CK)7, CK8/18, CK19 and p40 in esophageal squamous cell
carcinoma and their correlation with prognosis [in Chinese].
Zhonghua bing li xue za zhi = Chinese J Pathol. 2018;47(11):
834-839. doi:10.3760/cma.j.issn.0529-5807.2018.11.004

Cao Z, Livas T, Kyprianou N. Anoikis and EMT: lethal “liaisons”
during cancer progression. Crit Rev Oncog. 2016;21(3-4):
155-168. doi:10.1615/CritRevOncog.2016016955

Du B, Shim JS. Targeting epithelial-mesenchymal transition
(EMT) to overcome drug resistance in cancer. Molecules (Basel,
Switzerland). 2016; 21(7). doi:10.3390/molecules21070965
Battaglia RA, Delic S, Herrmann H, Snider NT. Vimentin on the
move: new developments in cell migration. F1000Res. 2018;7:
F1000. doi:10.12688/f1000research.15967.1


http://www.internationalscienceediting.com
http://www.internationalscienceediting.com
https://orcid.org/0000-0002-5112-9221
https://orcid.org/0000-0002-5112-9221
https://orcid.org/0000-0002-5112-9221


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


