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Epithelial-Mesenchymal Transition Status of Circulating
Tumor Cells Is Associated With Tumor Relapse
in Head and Neck Squamous Cell Carcinoma
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Abstract. Background/Aim: We aimed to elucidate the clinical
implication of the epithelial-mesenchymal plasticity of
circulating tumor cells (CTCs) in patients with head and neck
squamous cell carcinoma (HNSCC). Patients and Methods:
CTCs isolated from 44 patients with non-recurrent/metastatic
HNSCC and 42 with recurrent/metastatic (R/IM) HNSCC were
classified into four epithelial-mesenchymal transition (EMT)
statuses based on the expression of epithelial (keratin 19) and
mesenchymal (vimentin) markers and the relationships between
EMT status in CTCs and clinical factors were investigated.
Results: EYM~ CTC phenotype was more frequent in patients
without recurrence/metastasis (p=0.0468) and was also more
frequent in those with a complete response (p=0.0346). The
E*M™ phenotype constituted the major proportion of the CTCs
detected in patients with RIM HNSCC (p=0.0374). Conclusion:
CTCs may play unique roles at various stages of metastasis
through transitioning from epithelial to mesenchymal
phenotypes.

Despite continued improvements in surgical techniques and
the development of new chemotherapeutic agents for the
treatment of head and neck squamous cell carcinoma
(HNSCC), patients with locoregional recurrence or distant
metastasis still have less satisfactory outcomes (1, 2).
Accumulating evidence has indicated that circulating tumor
cells (CTCs) that are shed into the bloodstream from a
primary tumor play pivotal roles as metastasis-initiating cells
in metastatic dissemination (3-5); however, the mechanisms
involved in metastasis are not fully understood.
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Epithelial-mesenchymal transition (EMT) is a complex
transitional process causing the transformation from
epithelial to mesenchymal states and enabling tumor cells
to acquire migration and invasive potential (6, 7). In
general, a subpopulation of cells in the primary tumor
undergo EMT, facilitate intravasation into the bloodstream,
and circulate as CTCs. Mesenchymal—epithelial transition,
which is the reverse process to that of EMT, may be needed
by such cells in order to regain the ability to proliferate and
colonize at secondary sites (8, 9). Moreover, recent studies
indicated that tumor cells with partial EMT or hybrid
epithelial/mesenchymal phenotype have greater survival
advantage and metastatic potential compared to other types
of tumor cells (10, 11). In HNSCC, Puram et al.
demonstrated, by single-cell transcriptomic analysis, high
partial EMT scores were an independent predictor of nodal
metastasis, grade, and adverse pathological features and
were associated with metastasis (12).

Thus far, we have reported that molecular characteristics
of CTCs isolated from two cohorts, namely patients with
previously  untreated HNSCC and those  with
recurrent/metastatic (R/M) HNSCC, correlated with clinical
factors including disease progression and prognosis (13, 14).
In order to elucidate the relationships between epithelial—
mesenchymal plasticity of CTCs and tumor relapse, CTCs
isolated from these cohorts were divided into four different
phenotypic groups based on the expression of keratin 19
(KRT19) as epithelial marker and vimentin (VIM) as
mesenchymal marker, and the correlation of this status with
clinical factors was investigated. Our findings may provide
new insights into the role of epithelial-mesenchymal
plasticity of CTCs in HNSCC.

Patients and Methods

Selection of CTC-positive patients. Molecular analysis data from
CTCs isolated in previous studies were used (13, 14). Blood
samples were collected from 44 previously patients with untreated
HNSCC and 42 with R/M HNSCC. CTCs were isolated using
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CellSieve™ microfilter (Creatv MicroTech, Inc., Potomac, MD,
USA) for the untreated group and CD45-negative selection for the
R/M group. Total RNA was extracted from CTCs using RNeasy
micro kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. cDNA synthesis was performed using
the QuantiTect Reverse Transcription Kit (Qiagen). A further
preamplification step was performed using the TagMan™ PreAmp
Master Mix kit (Applied Biosystems, Waltham, MA, USA) for 14
cycles. The preamplified products were then analyzed by real-time
quantitative polymerase chain reaction (RT-qPCR) (Applied
Biosystems) for the expression of four epithelial-related genes:
epithelial cell adhesion molecule (EPCAM) (Hs00158980_ml),
MET proto-oncogene, receptor tyrosine kinase (MET)
(Hs01565576_m1), KRT19 (Hs00761767_s1), and epidermal growth
factor receptor (EGFR) (Hs01076090_m1). When at least one of the
four epithelial-related genes were detected, the sample was defined
as positive for CTCs. Finally, 25 patients with untreated HNSCC
and no distant metastases and 35 with R/M HNSCC were enrolled
in this study. Their characteristics are shown in Table I. This study
was approved by the Ethical Committee of the Gunma University
hospital (No. 12-12) and written informed consent was obtained
from each patient.

Gene-expression analysis and EMT phenotypic classification. The
CTC-positive samples were further analyzed for the expression of
various genes including VIM (Hs00958111_m1) (14). The threshold
cycle (Ct) value for control leukocytes was used as the control in
each sample. Control leukocytes were obtained from use of a second
filter that the blood sample passed through for the untreated group
and from healthy donors using CD45-negative selection for the R/M
group (13, 14).

The Ct values of the target genes were normalized to the
reference gene actin beta (ACTB; Hs01060665_gl), and the
expression level of VIM in the CTCs was estimated as the fold
change compared to the control leukocytes by the relative
quantification 2-8ACt method (15). Based on the expression of
epithelial marker (E) KRT19 and mesenchymal marker (M) VIM,
CTC-positive patients were divided into four groups: E-M-
(KRT19- and VIM~), E¥M~ (KRT19* and VIM~), E-M* (KRT19- and
VIM*), E*M* (KRT19* and VIM™*) phenotypes.

Statistical analysis. Data were analyzed using GraphPad Prism
version 8 (GraphPad Software, San Diego, CA, USA). The chi-
squared test of independence was used to examine differences in
categorical variables. Two-sided p-values of less than 0.05 were
considered statistically significant. Survival curves were analyzed
by the Kaplan—-Meier method and compared using the log-rank test.

Results

Expression of KRTI19 and VIM in CTCs and EMT status in
the non-R/M HNSCC cohort. Twenty-five patients previously
untreated and without distant metastasis of HNSCC were
CTC-positive. Among them, 20 (80.0%) and 11 (44.0%)
patients were positive for KRT19 and VIM, respectively
(Figure 1). The CTC phenotype for each patient was
classified as ETM~ in one patient (4.0%), E*M™ in 13
patients (52.0%), ETM™ in four patients (16.0%), and E*M™*
in seven patients (28.0%).

3560

Table 1. Patient characteristics.

Non-R/M HNSCC
cohort (n=25)

R/M HNSCC
cohort (n=35)

Clinical variable

Age, years
Median (range) 65 (47-86) 69 (53-86)

Gender, n
Male 23 32
Female 2

Tumor site, n
Sinonasal cavity 1 4
Oral cavity 3 3
Nasopharynx 0 1
Oropharynx 8 5
Hypopharynx 9 16
Larynx 4 5
Parotid 0 1

R/M HNSCC: Recurrent/metastatic head and neck squamous cell
carcinoma.

Correlations between EMT status and clinical factors.
Next, we investigated whether the EMT status of CTCs was
associated with clinical factors. There was no relationship
with T classification, N classification, stage, local
recurrence, and distant metastasis. Interestingly, the E*M~
CTC phenotype was more frequent in patients without
recurrence/metastasis (p=0.0468, Table II). Regarding
treatment response, the E*M~ CTC phenotype was also
more frequent in those with a complete response
(p=0.0346). To evaluate the prognostic significance of EMT
status of CTCs, Kaplan—Meier survival analyses were
performed among three groups E*M~, E*M™* and E"M*
(Figure 2). However, there was no significant difference
among the three groups.

EMT status of CTCs in the R/M HNSCC cohort and
comparison with that in the HNSCC cohort without R/M.
Finally, we investigated the EMT status of CTCs from
patients with locoregional or distant metastasis of HNSCC
and compared it to that in previously patients with untreated
HNSCC and without metastasis. In patients with R/M, 29 out
of 35 (82.9%) had KRT19-positive CTCs. The percentage of
VIM-positive CTCs in the R/M cohort was significantly
higher than that in the non-R/M cohort (74.3% vs. 44.0%,
p=0.0303; Table III). EEM™ CTCs were found in two patients
(5.7%), EYM™ in seven (20.0%), E"M™ in four (11.4%), and
E*M™ in 22 (62.9%). The distribution of CTC EMT status in
patients with R/M HNSCC was found to be significantly
different from that in patients without R/M of HNSCC
(p=0.0374; Table IV); the E*M™ phenotype constituted the
major proportion of the CTCs detected in patients with R/'M
HNSCC.
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Figure 1. The expression pattern of keratin 19 (KRT19) and vimentin (VIM) in circulating tumor cells (CTCs) detected in patients without (A) and
with (B) recurrent/metastasis (R/IM) of head and neck squamous cell carcinoma (HNSCC). The red and blue squares denote positive and negative
gene expression, respectively. CTCs were isolated by microfilter-based or CD45-depletion methods and analyzed by real-time quantitative polymerase
chain reaction for the expression of four epithelial-related genes (epithelial cell adhesion molecule, MET proto-oncogene receptor tyrosine kinase,
KRT19, and epidermal growth factor receptor). When at least one out of the four epithelial-related genes were detected, the sample was defined as

positive for CTCs. All patients were classified as having CTCs.
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Figure 2. Kaplan—Meier survival analysis in patients with non-recurrent/metastatic head and neck squamous cell carcinoma. Progression-free (A)
and overall (B) survival based on the epithelial-mesenchymal transition phenotype of circulating tumor cells (CTCs). Phenotype was defined by
the expression pattern of epithelial marker keratin 19 (KRT19) and mesenchymal marker vimentin (VIM): E¥YM~: KRT19% and VIM~, E-M*:

KRTI19~ and VIM*, EYM*: KRT19% and VIM*.

Discussion

Although EMT is known to contribute to many of the steps in
the invasion—metastasis cascade, it is difficult to evaluate the
EMT status accurately because of the existence of various
epithelial and mesenchymal markers and constant fluctuations
in the tumor environment. To date, as epithelial markers for
CTC identification in HNSCC, epithelial cell adhesion
molecule (EpCAM) and cytokeratin have been well-studied
(16-19). However, these epithelial markers may be down-
regulated or lost during EMT. As previously reported, we
firstly detected CTCs by expression of multiple epithelial-
related gene (KRT19, EPCAM, EGFR, and MET), and then
analyzed the molecular characteristics of CTCs. Our study
revealed that of the four epithelial-related genes tested,
expression of KRT19 was most frequent (14). Additionally,
McMullen et al. described cytokeratin as being more sensitive
in the detection of CTCs in head and neck cancer (20).
Vimentin found in mesenchymal cells is recognized as a

classical EMT marker and its expression in tumor cells is
associated with cancer invasion and poor prognosis in
numerous types of cancer, including HNSCC (21-25). Based
on these findings, EMT status was defined as the combination
of expression of both KRT19 and VIM in the present study.

In the non-R/M HNSCC cohort, CTC EMT status did not
affect the prognosis; however, the number of E¥YM™ patients
was significantly higher in the subgroups without R/M and
complete response. These results suggest that EFM~ CTCs
(i.e. those with epithelial phenotype) may have a low
tumorigenic potential and be more sensitive to therapy. In
general, EMT links various malignant traits, such as cancer
stemness, immune suppression, and treatment resistance (26-
28); therefore, CTC EMT status prior to treatment might be
an important indicator for treatment outcomes in patients
with HNSCC.

Our study demonstrated that in the R/M HNSCC cohort, the
population of VIM-positive CTCs was significantly higher than
in the non-R/M HNSCC cohort. E*M* was the predominant
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Table II. Associations between epithelial-mesenchymal transition (EMT) phenotype of circulating tumor cells (CTCs) and clinical factors in the
cohort without recurrence/metastasis of head and neck squamous cell carcinoma. EMT phenotype was defined by the expression pattern of epithelial
marker keratin 19 (KRT19) and mesenchymal marker vimentin (VIM).

Clinical variable n EMT phenotype, n (%) p-Value
E-M- E*M- E-M* EtM*

T Classification T1-2 8 0 (0.0%) 5 (62.5%) 1 (12.5%) 2 (25.0%) 0.838
T3-4 17 1(5.9%) 8 (47.1%) 3 (17.6%) 5(29.4%)

N Classification NO 5 0 (0.0%) 2 (40.0%) 1 (20.0%) 2 (40.0%) 0.8478
N+ 20 1 (5.0%) 11 (55%) 3 (15.0%) 5 (25.0%)

Stage I-11 7 0 (0.0%) 5 (71.4%) 0 (0.0%) 2 (28.6%) 0.4486
II-1V 18 1(5.6%) 8 (44.4%) 4 (22.2%) 5 (27.8%)

Local recurrence Yes 9 1 (11.1%) 3 (33.3%) 3 (33.3%) 2 (22.2%) 0.137
No 16 0 (0.0%) 10 (62.5%) 1(6.3%) 5(31.3%)

Distant metastasis Yes 8 1 (12.5%) 3 (37.5%) 2 (25.0%) 2 (25.0%) 0.3569
No 17 0 (0.0%) 10 (58.8%) 2 (11.8%) 5(29.4%)

Recurrence/metastasis Yes 11 1(9.1%) 4 (36.4%) 4 (36.4%) 2 (18.2%) 0.0468
No 14 0 (0.0%) 9 (64.3%) 0 (0.0%) 5 (35.7%)

Treatment response CR 18 0 (0.0%) 11 (61.1%) 1 (5.6%) 6 (33.3%) 0.0346
Non-CR 7 1 (14.3%) 2 (28.6%) 3 (42.9%) 1 (14.3%)

CR: Complete response; ETM~: KRT19~ and VIM—, E*M~: KRT19* and VIM~, E-M*: KRT19~ and VIM*, E*M*: KRT19* and VIM*. Bold values
indicate statistical significance.

Table II1. Epithelial-mesenchymal transition phenotype as defined by the expression pattern of keratin 19 (KRT19) and vimentin (VIM) in circulating
tumor cells in cohorts with and without recurrence/metastasis (R/IM) of head and neck squamous cell carcinoma.

n KRTI9, n (%) VIM, n (%)
HNSCC cohort Positive Negative p-Value Positive Negative p-Value
Non-R/M 25 20 (80.0%) 5 (20.0%) >0.9999 11 (44.0%) 14 (56.0%) 0.0303
R/M 35 29 (82.9%) 6 (17.1%) 26 (74.3%) 9 (25.7%)

Bold value indicates statistical significance.

Table IV. Epithelial-mesenchymal transition (EMT) phenotype of circulating tumor cells in cohorts with and without recurrence/metastasis (R/M)
of head and neck squamous cell carcinoma. EMT phenotype was defined by the expression pattern of epithelial marker keratin 19 (KRT19) and
mesenchymal marker vimentin (VIM).

HNSCC cohort n EMT phenotype (%) p-Value
E-M- E*M- E-M+ EtM+

Non-R/M 25 1 (4.0%) 13 (52.0%) 4 (16.0%) 7 (28.0%) 0.0374

R/M 35 2 (5.7%) 7 (20.0%) 4 (11.4%) 22 (62.9%)

E-M~: KRT19- and VIM-, EYM~: KRT19* and VIM—, E-M*: KRT19~ and VIM*, EtM*: KRT19+ and VIM™*. Bold value indicates statistical
significance.

CTC phenotype in the R/M HNSCC cohort. The following two
possibilities should therefore be considered. Once metastasis has
been established, CTCs are shed from metastatic sites, circulate
in the bloodstream, and the heterogeneity among CTCs at the
EMT level would be increased. EMT is essential to
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dissemination into the bloodstream, whereas re-acquisition of
epithelial characteristics following EMT is required for
metastatic establishment at the secondary site. In fact, several
studies have indicated that epithelial markers are expressed at
metastatic sites as well as at primary sites. Chao et al., using
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paired primary and metastatic tumors from breast and prostate
cancer patients, demonstrated that metastases exhibited
increased expression of the epithelial marker E-cadherin
compared to primary tumors, whereas the expression of the
mesenchymal marker vimentin was mostly unchanged (29).
Similarly, samples of brain metastases from various primary
tumor sites have been reported to coexpress E-cadherin and
vimentin as markers for MET and EMT (30). Thus, some
populations of E*fM* CTCs may be derived from metastatic
lesions. Another possibility is that E¥M* CTCs may be a
subpopulation which has acquired resistance over the course of
various treatments. Recent data on CTC EMT status have
shown that CTCs exhibiting both epithelial and mesenchymal
phenotypes are able to form CTC clusters, responsible for
treatment resistance, and have a higher metastatic potential (31).
In metastatic breast cancer, Papadaki et al. showed that CTCs
with stemness and partial EMT represent a chemoresistant
subpopulation and their detection is an independent factor
predictive of an increased risk of relapse, and as expected, the
incidence of such CTCs was increased after first-line
chemotherapy (32). Since the patients with R/M HNSCC tested
in this study had already received various treatments, CTCs
have been exposed to various extrinsic pressures such as
nutrient deprivation, irradiation/chemothera-peutic agents and,
therefore, most of the CTCs might be expected to have the
E*M™ phenotype while other CTC types would disappear.

Our results suggest that CTCs may play unique roles at
various stages of metastasis through transitioning from
epithelial to mesenchymal phenotype. In particular, CTCs
with E¥YM* status may be the cause of treatment resistance
or relapse of disease. Therapeutic strategies targeting EMT
processes in CTCs are urgently needed to control the
metastatic dissemination of tumor cells.
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