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Objective: Cancer cells with stemness and epithelial-to-mesenchymal transition (EMT)
features display enhanced malignant and metastatic potential. This study aimed to introduce
a new methodology developed in order to investigate the co-expression of a stemness
(OCT4) and EMT markers on single circulating tumor cells (CTCs) of patients with localized
urinary bladder cancer and their potential prognostic prediction value.

Methods and Materials: Between April 2015 and July 2015, blood samples of 51 con-
secutive patients diagnosed with high risk bladder cancer (cT;3N¢Mg) were prospectively
investigated for CTCs. Peripheral blood (5 mL) was drawn before primary transurethral
resection. Detection of CTCs was performed using the CanPatrol™ system. Nucleic acid
probes were used to identify CTCs, and expression levels of epithelial and mesenchymal
genes in CTCs were examined by situ hybridization assay.

Results: All patients received radical cystectomy with pelvic lymph nodes dissection. CTCs
were detected in 44 of 51 (86.3%) patients, respectively. The overall mean number of CTCs
was 6.1 (range: 0~29; median: 4). A total of 311 CTCs were detected in PB. High OCT4
expression (OCT4"€") was detected more frequently in Epi Mes" cells (p=0.001). Patients
with pathological confirmed muscle-invasive bladder cancer (MIBC) had higher Epi Mes"
CTCs positive rates (p=0.001) and OCT4"€" CTCs positive rates (p=0.019) than pathological
confirmed non muscle-invasive bladder cancer (NMIBC). Regarding co-expression of these
markers, Epi Mes'/OCT4"" CTCs were more frequently evident in the MIBC setting
(30.4% vs 3.6% of patients, p = 0.016).

Conclusion: A differential expression pattern for these markers was observed both in
NMIBC and MIBC disease. A subgroup of CTCs showed a CTCs expressing high OCT4,
along with Mes were more frequently detected in patients with MIBC, suggesting that these
cells may prevail during tumor muscle invasion and disease progression.

Keywords: circulating tumor cells, epithelial-to-mesenchymal transition, OCT4, muscle-
invasive bladder cancer

Introduction

Bladder cancer (BC) is one of the most common urinary malignancies, ranking 4th
among expected new cancer cases in men in the United States in 2016, with 16,390
deaths estimated in both sexes." BC consists of two major clinicopathological
phenotypes: muscle-invasive bladder cancer (MIBC) and non-muscle-invasive
bladder cancer (NMIBC). MIBC frequently metastasizes and is associated with
an unfavorable prognosis.” To improve the outcome of patients with BC, it is
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important to investigate molecular pathways that are cri-
tical to the development of the disease, and to identify
novel targets for therapy.

The circulating tumor cells (CTCs) originate from the
primary tumor and migrate, adhere to, and propagate to
adjacent structures via the lymphatic and circulatory systems,
establishing new colonies at distant sites, which may ulti-
mately lead to an overt metastatic disease.> CTCs have been
identified in peripheral blood (PB) of patients with bladder
cancer and their presence has been associated with poor
disease outcome.*’ Therefore, further characterization of
CTCs at the single cell level will provide a powerful and
noninvasive approach for the detection of early disease,
assessing prognosis and therapeutic response in bladder can-
cers, and targeting metastatic precursor cells.®™®

A current hypothesis related to carcinogenesis suggests
that tumor growth is sustained by the cancer stem cells
(CSCs), a specific population of tumor cells with ability to
self-renew and metastasis.” Increasing evidence suggests that
MIBC comprises a small population of cancer stem cells
(CSCs), which may contribute to form new tumors in the
bladder or other organs and to therapeutic resistance.'®'?
OCT4 is generally considered as one of the CSC markers.
OCT4 transcription factors play an important role in main-
taining the pluripotent state of embryonic stem cells and may
prevent  expression of genes activated during
differentiation.'> 1t is confirmed that in BC, OCT4A stem
cells are strongly related to the clinicopathological aspects of
urothelial cancer malignancy.'* Thus, we wondered that this
“stemness phenotype” could be related to initiation and
metastases formation of BC.

Transitions between epithelial and mesenchymal states
have crucial roles in embryonic development. There is
growing evidence suggesting that both tumor growth and
metastatic dissemination take place through epithelial-to-
mesenchymal transition (EMT), a process by which tumor
cells lose their epithelial characteristics and acquire
a mesenchymal phenotype.'> Overexpression and activa-
tion of EMT genes including Snail, Slug, Twist, ZEB1/2,
and vimentin are suggestive of basal MIBC subtype gen-
erally responsive to chemotherapy.'® Alternatively, cancer
stem cells (CSCs) may arise from differentiated cancer
cells through EMT and an embryonic trans-differentiation
process.'” The presence of both stemness and EMT char-
acteristics on individual CTCs could potentially be
a determining factor of metastasis.

In the present study, we used a new method, the
CanPatrolTM system, to evaluate the protein expression

pattern of a putative stemness (OCT4) and the EMT
(EpCAM, CK&8/18/19, Twist and Vimentin) markers on
CTCs of bladder cancer patients. We aimed to investigate
the co-expression of these markers at the single CTC level
and to explore the correlation of distinct CTC subpopula-
tions with clinicopathological parameters in bladder carci-
nomas, with the hope that such correlation might provide
insights into the prognostic factors for survival in bladder
carcinogenesis.

Methods and Materials

Patients and Blood Samples

From April 2015 to July 2015, 51 patients primarily diag-
nosed with high risk bladder cancer (cT;3NoM,) were
recruited by Renji Hospital after an agreement from the
Research Board. Patients received their blood draw before
first transurethral resection (TUR). Five milliliters of per-
ipheral blood samples (anticoagulated with EDTA) were
collected after discarding the initial 2 mL to avoid poten-
tial skin cell contamination from the venipuncture site; the
samples were stored at 4°C for further analysis. Relevant
patient demographic data, tumor characteristics and patho-
logical findings were included in the analysis.

Cell Cultures

All cell lines were available from the Shanghai Institutes for
Biological Sciences, Chinese Academy of Sciences. The
SVHUC2 (Human Urothelial cell lines), and T24 and J82
(Human Urothelial Carcinoma cell lines) cells were cultured
in high glucose GlutaMAX™ Dulbecco’s Modified Eagle
Medium (DMEM) (GIBCO-BRL Co, MD, USA), supple-
mented with 10% fetal bovine serum (FBS) (GIBCO-BRL)
and 1% penicillin/streptomycin (GIBCO-BRL) MCEF-7 cell
culture medium was additionally supplemented with 0.28%
insulin. SKBR-3 cells were cultured in high glucose
GlutaMAX™ McCoys5SA medium (GIBCO-BRL) comple-
mented with 10% FBS and 1% penicillin/streptomycin. Cells
were maintained in a humidified atmosphere of 5% CO, —
95% oxygen at 37°C. Subcultivation of all cell lines was
performed using 0.25% trypsin and 5 mM ethylenediamine-
tetraacetic acid (EDTA) (GIBCO-BRL).

CTGCs Isolation by CanPatrolTM CTC

Enrichment Technique

The sample preservative tubes were centrifuged to collect the
cell pellets. The supernatant was discarded, and the cell
pellets were suspended by adding 5 mL PBS. Blood samples
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(collected within 4 h) were filtrated by a calibrated mem-
brane with 8-pum diameter pores (Millipore, Billerica, USA).
In order to meet the need to filtrate, we applied a filtration
system consist of a filtration tube containing the membrane
(SurExam, 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). Then the
pump valve was switched on to reach at least 0.08MPa and
the manifold vacuum plate valve was then switched on to
fulfill filtration. The circulating tumor cells were retained on
the filter, and the blood cells went through the pores based on
the fact that CTCs are larger than blood cells. Red blood cell
lysis buffer (154 mM NH4Cl, 10 mM KHCO3 and 0.1 mM
EDTA) was used to remove possible residual erythrocytes.
And the CTCs were fixed by the 2% formaldehyde retained

on it.

Tri-Color RNA in situ Hybridization (ISH)

Assay

Based on branched deoxyribonucleic acid (bDNA) signal
amplification technology, we used the RNA-FISH method
to detect the target sequence. Among which, we used
sequences of (EpCAM, CK&/18/19, vimentin, twist)
which have been published by Yu et al to help us distin-
guish epithelial, mesenchymal and hybrid CTCs. On the
membrane of the 24-well plate, cells were treated with
protease before hybridization with indicated capture
probe specific for EpCAM, CK8/18/19, vimentin, twist,
and CD45 (negative control, leukocytes stained for CD45
expression). After incubation at 42°C for 2 h, cells were
washed with buffer to remove the unbound probes. Then,
cells were incubated with preamplifier solution [30% horse
serum, 1.5% sodium dodecyl sulfate, 3mM Tris-HCI (pH
8.0) and 0.5 fmol of preamplifier]; at 42°C for 2 h for the
purpose of signal amplification. The membranes were
washed with 1000 pL of wash buffer (0.1 x SSC), and
then incubated with 100 pL of amplifier solution [30%
horse serum, 1.5% sodium dodecyl sulfate, 3mM Tris-HC1
(pH 8.0) and 1 fmol of amplifier]. Fluorescently labeled
probes, which had been conjugated with fluorescent dyes
Alexa Fluor 594 (for the epithelial biomarkers EpCAM
and CK&8/18/19), Alexa Fluor 488 (for the mesenchymal
biomarkers vimentin and twist), Alexa Fluor 750 (for
CD45), Alexa Fluor 647 (for OCT4), were added and
incubated at 42°C for 2 min. After staining with DAPI,

cells were analyzed with a fluorescence microscope
(Olympus BX53, Tokyo, Japan).

Statistical Analysis

Analyses were conducted using SPSS® version 21 (IBM
Corp., NY, USA). Categorical variables were reported as
counts (N) and percentages, and continuous variables as
mean and standard deviation. Receiver operating charac-
teristic (ROC) curve analysis with maximal Youden index
values was applied to identify best cut-off values for CTCs
count. Categorical variables were examined using
Pearson’s chi-squared and Fisher’s exact tests between
groups. A p-value <0.05 was considered as statistically

significant.

Results
CTCs Detection of Patients with BC

We identified 35 male and 16 female patients with a mean
age of 62.9 years. 44 (86.2%) of 51 patients were detected of
CTCs in their peripheral blood. A total of 311 CTCs were
detected in patients’ PB at a mean number of 6.1 (range:
0~29; median: 4). The clinical and pathological character-
istics of patients are shown in Table 1. The best cut-off was
3.5 for CTC count according to maximization of the Youden
index (CTC count: sensitivity=83.3% and specifi-
city=69.2%), area under the curve (AUC) values of 0.79
(95% CI: 0.66, 0.92; p<0.001) for CTC count (Figure 1).

EMT and OCT4 Expression in CTCs
Regarding the expression of epithelial and mesenchymal
gene at the CTC level, three different EMT expression status
(E+ CTCs, M+ CTCs and E+M+ CTCs) were detected.
CTCs expressing epithelial gene (E+ CTCs) were observed
in 227 (73.0%) of total CTCs while 236 (75.9%) detectable
CTCs expressed mesenchymal gene (M+ CTCs).
Particularly, nearly half of CTCs (48.9%, 152 of 311)
expressed both epithelial and mesenchymal gene (E+M+
CTCs) (Table 2). Two different phenotypes could be distin-
guished according to the expression of OCT4 at the single
CTC level. Low/negative OCT4 expression (OCT4'°V/"€)
CTCs were detected in 233 (74.9%) of total CTCs, whereas
in 78 (25.1%) high OCT4 expression (OCT4high) CTCs were
identified (Table 2).

In the CTC level, we evaluate OCT4 expression in four
different EMT expression status and three different EMT
phenotypes (Table 3). OCT4'°™¢ and OCT4"€" were
observed in 170 and 57 of E+ CTCs, respectively, whereas
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Table | Patient and Tumor Characteristics Table 2 CTCs Characteristics
Characteristics N (%) CTCs Characteristics N (%)
No. of Patients 51 Total CTCs amount, N 311
Gender, N (%) EMT phenotypes, N (%)
Male 35 (68.6) E+ CTCs 227 (72.9)
Female 16 (31.4) M+ CTCs 236 (76.8)
E+M+ CTCs 152 (48.9)
Age, meantSD 62.9+10.7
Transurethral resection, N (%) 14 (27.5) OCT4 expression status, N (%)
Radical cystectomy, N (%) 37 (72.5) Low/negative expression 233 (74.9)
High grade, N (%) 51 (100) High expression 78 (25.1)
Non-muscle invasive 28 (54.9)
Muscle-invasive 23 (45.1)
pT stage, N (%) Table 3 Different Levels of OCT4 Expression in Three CTCs
pTa 4(7.8) EMT Phenotypes
pTI 28 (54.9) .
bT2 9 (17.6) EMT Phenotypes | OCT4 Low/Neg | OCT4 High | p-value
pT3 8 (15.7) E+ 170 57 1.000
pT4 2 (3.9 E- 63 21
pN positive, N (%) 3 (5.9 M 67 69 0002
Concomitant Carcinoma in situ, N (%) 9 (17.6) M- i ’
E+M+ 104 48 0.001
E+M- 66 9
63 and 21 of E- CTCs (P=1.000). However, in M+ CTCs, E-M+ 63 21

OCT4"""¢ and OCT4"e" were detected in 167 and 69,
while 66 and 9 in M- CTCs (P=0.02). Comparing three
different EMT phenotypes, OCT4'°"™€ and OCT4"" were
identified in 104 and 48 of E+M+ CTCs, 66 and 9 of E+M-
CTCs, 63 and 21 of E-M+ CTCs (P=0.001).

ROC curve

0.8+ CTCs count

Reference

Sensibility

T T
00 02 04 06 o8 1.0

1 - Specificity

Figure 1 ROC curves for total CTCs count. The best cut-off was 3.5 for CTC
count according to the maximization of Youden index from the ROC curve analysis
(AUC=0.787, p<0.001).

Expression of EMT Markers and OCT4 in
Cell Lines

Twist is a transcription factor with pivotal role in EMT
induction, both in normal and cancer cells.'® As shown in
Figure 2, T24 expressed more EMT markers (vimentin and
twist), whereas J28 and SVHUC2 expressed weakly and
negatively, respectively. OCT4 is generally considered as
a universal marker of pluripotent stem cells.'* The result of
OCT4 expression in three cell lines is shown in Figure 3. It
demonstrates that T24 expressed more OCT4 while J28 and
SVHUC2 were weak expression and negative expression,
respectively.

Expression of EMT Markers and OCT4 in

CTCs of Patients with BC

CTCs were detected both in NMIBC and MIBC. In the
NMIBC group, 22 out of 28 (78.5%) patients were CTC+,
with a total of 130 CTCs identified. However, in the MIBC
group, the percentage and CTC number were 95.6% (22
out of 23 patients, P=0.112) and 181, respectively.
Epithelial gene was expressed in 22 out of 28 (78.5%)
patients with NMIBC and 22 out of 23 (95.6%) patients
with MIBC (P=0.112) while mesenchymal gene was
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T24

J28

SVHUC2

Figure 2 Expression of EMT markers in T24, J82 and SVHUC2 cell lines. Fluorescently labeled probes were performed for EpCAM and CK8/18/19 (red), vimentin and twist

(green). Cell nuclei were stained with DAPI (blue).

expressed in 20 out of 28 (71.4%) patients with NMIBC
and 20 out of 23 (86.9%) patients with MIBC (P=0.305).
In the CTC level, epithelial gene and mesenchymal gene
were expressed in 106 (81.5%) and 95 (73.1%) in the
NMIBC group, respectively. However, these two genes
were expressed in 121 (66.8%, P=0.004) and 141
(77.9%, P=0.327) in the MIBC group. Moreover, E+M+,
E+M- and E-M+ phenotypes were confirmed in 19
(67.9%), 16 (57.1%) and 9 (32.1%) of 28 patients with
NMIBC, respectively. Whereas these three phenotypes
were observed in 19 (82.6%, P=0.229), 16 (69.6%,
P=0.361) and 18 (78.3%, P=0.001) of 23 patients with
MIBC. E+M+, E+M- and E-M+ CTCs were identified in
71 (54.6%), 35 (26.9%) and 24 (28.5%) of total CTCs in
the NMIBC group while in 81 (44.8%), 40 (22.1%) and 60
(33.1%) in the MIBC group (P=0.016), respectively.
Regarding OCT4 expression, OCT4'°*™¢ CTCs and
OCT4Me" CTCs were detected in 13 (46.4%) and 9
(32.1%) of 28 patients with NMIBC while in 7 (30.4%,
P=0.244) and 15 (65.2%, P=0.019) of 23 patients with
MIBC. Furthermore, in NMIBC group, 104 (80.0%)
OCT4"*™¢ CTCs and 26 (20.0%) OCT4"E" CTCs were
observed while 129 (71.3%) OCT4'°¥™¢ CTCs and 52
(28.7%) OCT4"e" CTCs were detected in MIBC group
(P=0.08) (Table 4).

Evaluation of epithelial or mesenchymal gene and stem-
ness markers (OCT4) co-expression on single CTCs showed
that in NMIBC group, 20 (71.4%) patients harvested
E-OCT4 'V CTCs while 8 (28.6%) patients were E+
OCT4™e" CTCs. Whereas in MIBC group, 9 (39.1%) and
14 (60.9%) patients had detectable E-OCT4 '**/"°& CTCs

and E+ OCT4"&" CTCs, respectively (P=0.020). In the CTC
level, the phenotypes E-OCT4 '°*'™€ and E+ OCT4"€" were
confirmed in 106 and 24 of total CTCs in NMIBC group
while in 148 and 33 in MIBC group. Furthermore, compar-
ing the incidence of M- OCT4 V"¢ and M+ OCT4"e
CTCs, a significant difference (P=0.009) existed in
NMIBC group and MIBC group (Table 5).

Moreover, six different phenotypes could be distinguished
according to the co-expression of EMT and stemness (OCT4)
markers (Table 5). In NMIBC group, E+M+ OCT4o"ee
CTCs and E+M+ OCT4"€" CTCs were detected in 25
(89.3%) and 3 (10.7%) out of 28 patients while in MIBC
group, these two phenotypes were observed in 19 (82.6%)
and 4 (17.4%) out of 23 patients (P=0.687). Moreover, in the
CTC level, EAM+ OCT4""™¢ and E+M+ OCT4"€" pheno-
types were expressed in 31 and 4 of total CTCs in NMIBC
group while in 35 and 5 of total CTCs in MIBC group. The
frequency of the four other phenotypes (E+M- OCT4°*™¢ E
+M- OCT4"€" E-M+ OCT4"°"™¢ E-M+ OCT4"¢") among
patients and CTCs is also shown in Table 5.

Prognostic Significance of CTCs

Phenotypes

Figure 4 presents graphs of PFS in each of the group, Log
rank tests showed the progression-free survival rate was
significantly associated with CTC count (Figure 4A,
p=0.013), but not with OCT4 expression (Figure 4B,
p=0.3049). In addition, PFS was relatively better in the
M-OCT4- and E>M groups, compared with the M+OCT4+
and E<M group (Figure 4C and p=0.0483, Figure 4E and
p=0.0182, respectively). However, no significant differences
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Figure 3 Expression of OCT4 in T24, J82 and SVHUC2 cell lines. Fluorescently labeled probes were performed for OCT4 (purple). Cell nuclei were stained with DAPI

(blue).

in PFS were observed between the M+OCT4+ and M
+OCT4- group or between the E+OCT4- and E+OCT4+

group.

Discussion

The presence of circulating tumor cells (CTCs) in the
peripheral blood was first reported by Ashworth in
1869."” CTCs are considered to be the active source of
metastatic spread, they are detached from primary tumors

and then invade into the blood or lymphatic circulating.
Therefore, CTCs have emerged as a significant tool for
risk stratification and treatment monitoring. However, only
a few of these cells are able to establish metastatic deposit
in another organ far from the primary tumor. Actually,
although the presence of CTCs in patients with bladder
cancer is associated with poor prognosis,”’ many patients
do not relapse even when detected in their blood.
Therefore, further phenotypic characterization of CTCs at
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Table 4 Incidence of CTCs EMT and OCT4 Phenotypes
Between NMIBC and MIBC Patients

CTCs NMIBC MIBC p-value
CTCs detected 22 (78.5) 22 (95.6) 0.112
EMT expression
E+ 22 (78.5) 22 (95.6) 0.112
M+ 20 (71.4) 20 (86.9) 0.305
EMT phenotypes
E+M+ 19 (67.9) 19 (82.6) 0229
E+M- 16 (57.1) 16 (69.6) 0361
E-M+ 9 (32.1) 18 (78.3) 0.001
OCT4 expression
OCT4 low/neg 13 (46.4) 7 (30.4) 0.244
OCT4 high 9 (32.1) 15 (65.2) 0.019
Table 5 EMT Phenotypes Based on OCT4 Expression
CTGCs NMIBC | MIBC p-value
E+ OCT4 high non-detected 20 (71.4) | 9 (39.1) 0.020
E+ OCT4 high detected 8 (28.6) 14 (60.9)
M+ OCT4 high non-detected 20 (71.4) | 8 (34.8) 0.009
M+ OCT4 high detected 8 (28.6) 15 (65.2)
E+M+ OCT4 high non-detected | 25 (89.3) | 19 (82.6) | 0.687
E+M+ OCT4 high detected 3 (10.7) 4 (17.4)
E+M- OCT4 high non-detected | 21 (75.0) | 10 (43.5) | 0.022
E+M- OCT4 high detected 7 (25.0) 13 (56.5)
E-M+ OCT4 high non-detected | 27 (96.4) | 16 (69.6) | 0.016
E-M+ OCT4 high detected I (3.6) 7 (30.4)

the single cell level would be of utmost importance, it
might provide additional information for their metastatic
potential and prognostic prediction.

The metastatic cascade is a complex, high inefficient, but
deadly process. Therefore, cancer cells need to be highly
equipped in order to disseminate from the primary tumors
and enter into the circulation. CSCs are characterized by self-
renewal, heterogeneity, resistance to apoptosis and conven-
tional therapies. Moreover, EMT has been linked to cancer
progression and acquisition of stem cell-like properties.”’
Thus, CTCs co-expressing stem cell and EMT markers
could be actively involved in tumor progression. EMT
genes including Snail, Slug, Twist, ZEB1/2, and vimentin
have been extensively studied,'®*> Many embryonic stem
cell markers like OCT4, SOX2, NANOG, KLF4, have been
shown as potential CSC marker. Regarding the novel cancer
stem cell concept, the expression of such genes is potentially
correlated with tumorigenesis and can affect some aspects of
tumor behavior, such as tumor recurrence or resistance to

therapies. Here we choose OCT4 as CSC marker in this
study, because it has been highly expressed in bladder cancer.
Previous research suggested a strong correlation between the
expression of OCT-4 and tumor state of the tissues,** some
research suggested a strong correlation between the expres-
sion of OCT-4 and tumor state of the tissues. Both EpCAM
and CK are commonly used biomarkers for CTCs from
epithelial-derived neoplasms.”® Vimentin and Twist are ubi-
quitously expressed in mesenchymal cells.***> Previous
studies’®?’ have well established a quantifiable, dual-
colorimetric RNA-in situ hybridization (ISH) assay to ana-
lyze EMT in CTCs from different types of tumor cells. Based
on those above, we developed a new methodology to inves-
tigate the expression pattern of OCT4 and Mes on CTCs of
patients with urinary bladder cancer and to evaluate their co-
expression at the single CTC level.

The expression of OCT4 has been associated with drug
resistance and tumor recurrence in bladder cancer.?®
Moreover, differential OCT4 expression levels have been
demonstrated and a positive correlation has been suggested
between OCT4"E" and urothelial cancer malignancy.'
Therefore, in the present immunofluorescence assay,
a quantitative analysis of OCT4 expression levels by the
use of the CanPatrolTM system.

With the provided quantification method, the evalua-
tion of OCT4 expression in two urothelial carcinoma cell
lines (T24 and J82) and a urothelial cell line (SVHUC2)
confirmed the presence of OCT4ME" OCT4°™ and
OCT4"°¢, respectively.

In our study, although OCT4-expression CTCs were
detected in most CTC-positive patients, the pattern of
OCT4 expression differed among CTCs in clinical set-
tings. Moreover, OCT4™&" CTCs were more frequently
observed in patients with MIBC (P=0.019) while
OCT4"*°e CTCs were detected more in NMIBC patients
(P=0.244). Previous studies have reported that MIBC has
a high metastatic potential and an unfavorable prognosis.”
Therefore, this observation suggests that OCT4"€" CTCs
predominate during disease progression and leads to the
hypothesis that CTCs bearing stemness characteristics may
have an important role in the metastatic process and be
associated with poor prognosis.

EMT has been proposed as a key event during cancer
progression and metastasis development. Moreover, it
becomes potentially destructive and enables the transit of
cancer cells from primary tumor site through the systemic
circulation to distal sites when inappropriately activated. In
the present study, we further analyzed epithelial gene,
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Figure 4 Kaplan-meier curves for the association of OCT4 and EMT phenotypes with prognosis. (A) Low CTCs count versus High CTCs count; (B) OCT4'**/"*¢ versus
OCT4"e"; (C) M+OCT4"e" versus M+OCT4'°"/"8; (D) M-OCT4"°"" ¢ versus M+OCT4"e"; (E) E<M versus M>E; (F) E+OCT4'°"/"8 versus E+OCT4"e",

mesenchymal gene and different EMT phenotypes expres-
sion level. The data showing that epithelial gene, mesenchy-
mal gene and three different EMT phenotypes including E
+M+, E+M- and E-M+ were both detected in NMIBC and
MIBC. Moreover, epithelial gene expressed more in CTCs of
NMIBC than MIBC (P=0.004) while patients with MIBC

had higher E-M+ CTCs positive rates (p=0.001) than patients
with NMIBC. Here, we did not identify the exact difference
in oncological prognosis between the E+OCT4 '€ and E+
OCT4"€" group or between M+OCT4 '“™°¢ and M+
OCT4"e" group, the survival curves of them were similar
respectively. Also, the OCT4 V™€ group did not differ
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significantly from the OCT4hieh group. However, we ana-
lyzed differences between M+ OCT4"€" group and M-
OCT4 ™€ In agreement with previous studies,*** all
findings suggest that EMT, together with expression of
OCT4, would provide predictive capability of underlying
invasion and progression.

Using the present assay, six different CTC phenotypes
were identified according to the simultaneous evaluation of
both markers. High OCT4 expression was detected more
frequently in E-M+ CTCs (p=0.004). A differential distribu-
tion of phenotypes was evident comparing the NMIBC and
MIBC. E-M+ OCT4"¢" CTCs were more prominent among
patients with MIBC (P=0.016), whereas E+M- OCT4"°"/e¢
CTCs predominated in patients with NMIBC.

The higher prevalence of OCT4 and EMT markers in
muscle invasive bladder cancer patients suggests that they
could possibly distinguish a subpopulation of CTCs with
aggressive biological properties. Therefore, phenotypic
characterization of CTCs according to the expression of
OCT4 and EMT merits further evaluation in a larger
cohort of patients, in order to investigate the clinical sig-
nificance of the above findings. In addition, epithelial-
mesenchymal-mixed CTCs comprised 48.9% of all
CTCs, which indicated the importance of EMT transition
in the formation and progression of CTCs. Compared to
mesenchymal CTCs, which is a predictor of distant metas-
tasis or local recurrence, mixed CTCs might have the
potential to be an indicator of initiative progression, all
above need to be further verified in future research.

Conclusions

Our study provides a new methodology for the evaluation
of OCT4 and EMT markers co-expression on single CTCs
of patients with bladder cancer. Using this assay, distinct
CTC phenotypes, according to OCT4 expression levels
and EMT phenotypes, were designated in patients with
muscle-invasive and non-muscle-invasive bladder cancer.
The higher incidence of CTCs bearing putative stem cell
and EMT traits in metastatic disease, suggests that these
characteristics may prevail on CTCs during disease pro-
gression. A correlation between stemness and EMT fea-
tures was further confirmed on single CTCs.
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