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Abstract

Objectives: The relationship between the molecular profiling of circulating
tumor cells (CTCs) and clinical factors is a challenge. In this study, we
performed molecular detection and characterization of CTCs in patients with
head and neck squamous cell carcinoma (HNSCC).

Materials and methods: CTCs captured by microfilter were analyzed for the
expression of multiple epithelial markers (EPCAM, MET, KRT19, and EGFR)
by RT-qPCR. The CTCs-positive samples were further analyzed for the
expression of 10 genes (PIK3CA, CCNDI1, SNAII, VIM, CD44, NANOG,
ALDHIA1L, CD47, CD274, and PDCDILG2). Finally, we analyzed whether
the molecular profiling of CTCs was associated with clinical factors.

Results: Twenty-eight (63.6%) of the 44 HNSCC patients were positive for at
least one epithelial-related gene. CTC-positivity was significantly correlated
with treatment resistance (p=0.0363), locoregional recurrence (p=0.0151),
and a shorter progression-free survival (PFS) (p=0.0107). Moreover, the
expression of MET in CTCs was associated with a shorter PFS (p=0.0426).
Notably, patients with CD274positive CTC showed prolonged PFS
(p=0.0346) and overall survival (»p=0.0378) compared to those with CD274
negative CTC. Conclusion' Our results suggest that molecular profiling
characterized by the gene expression of CTCs influences clinical factors in

patients with HNSCC.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) accounts for around 5% of
all cancers and is the sixth most frequent cancer in the world.[1, 2] Despite
advances in diagnosis techniques and treatment modalities, over 50% of
HNSCC patients develop locoregional recurrence and/or distant metastasis.
Even after complete, margin-negative resection, the recurrence rate remains
around 20%.[3, 4] For the prevention, as well as early detection, of tumor
recurrence and distant metastasis, the development of new diagnostic,
predictive and/or prognostic tools is urgently needed. To this end, liquid
biopsy using circulating tumor cells (CTCs), cell-free DNA (cfDNA), and

exosome has been recently attracting attention.

For the clinical application of CTCs in HNSCC, evidence has shown that the
existence or enumeration of CTCs 1s associated with various clinical factors,
such as clinical stage, treatment response, and prognosis.[5-9] In a previous
study, we demonstrated the feasibility of the detection and quantification of
CTCs using microfilter and a low-pressure filtration system;[10] however, the
characterization of CTCs is a problem that remains to be solved. Similar to
tumor cells within tumor tissue, isolated CTCs also consist of heterogeneous
cell populations with different functional and phenotypic characteristics.
Their comprehensive characterization is indispensable for evaluating the
clinical significance of CTCs. Despite the development of various
methods,[11] it is generally agreed that the molecular characterization of

CTCs 1s difficult, especially due to the fact that samples are contaminated
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with normal leukocytes. A number of studies regarding the molecular
analysis of CTCs have estimated gene expression in CTCs as the relative gene
expression level quantified by the control samples obtained from healthy
donors.[12-14] However, leukocytes, as well as CTCs, from cancer patients
have also been exposed to various factors caused by tumor burden; therefore,
the molecular characteristics of leukocytes are likely to change with the
disease condition compared to that of healthy donors. For a more accurate
evaluation of the molecular profiling of CTCs, we first captured CTCs using
a low-pressure filtration system equipped with precision microfilters, as
described previously.[10] The remaining sample was then passed through a
second microfilter to capture the control leukocytes. Using this
microfiltration-based RT-qPCR method, we first performed the molecular
detection of CTCs in HNSCC patients using four epithelial-related genes
(KRT19, EPCAM, EGFR, and MET). Then, we analyzed the molecular
characteristics of CTCs. For the molecular analysis of CTCs in each patient,
four phenotypic analysis (cell growth, epithelial-mesenchymal transition
(EMT), cancer stemness, and immune regulatory) were performed. Finally,
we analyzed whether the molecular profiling of CTCs was associated with

clinical factors.
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Materials and Methods
Cell line

SAS human tongue cancer cell line was used for the preliminary experiments.
SAS was maintained in DMEM supplemented with 10% heat-inactivated
fetal calf serum, 2 mM L-glutamine, 100 p/ml penicillin, and 100 pg/ml

streptomycin (Gibco-BRL).
Patients and blood sample collection

A total of 44 patients with pathologically and clinically confirmed HNSCC
were enrolled in this study. Staging was undertaken according to the Union
Internationale Contre le Cancer/American Joint Committee on Cancer TNM
classification, 8th edition.[15] We evaluated several clinical factors, including
age, sex, primary tumor, T status, N status, stage, response to initial
treatment, locoregional recurrence, and distant metastasis. This study was
approved by the Institutional Review Board of Gunma University (No.12-12).
Written informed consent was obtained from each patient. Patients did not
receive any anticancer drugs, radiotherapy, or surgery before blood collection.
Blood samples were collected with K2EDTA Vacutainer® (BD Bioscience)
from the middle of the vein in order to avoid contamination of the blood
sample with epithelial cells from the skin. Samples were analyzed within 4

hours of collection.

Isolation of CTCs and control leukocytes
Peripheral blood samples (7.5 mL) were diluted 2x PBS, placed into a 30-mL

syringe, and passed through the CellSieve™ microfilter with 7-um diameter
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pores. The filter was then washed 3x PBS and transferred into a new tube,
labelled as CTCs. The blood sample passed through the first filter was passed
through the second filter to capture the control leukocytes. The second filter
was washed 3x PBS and transferred into another tube, labelled as control

leukocytes.
Immunocytochemistry and spike-in experiments

To confirm the presence of CTCs on the microfilter and for the establishment
of the experimental systems, the immunocytochemistry of the CTCs captured
by microfilters and the spiked-in experiment using SAS were performed as
previously described.[10, 16] Briefly, the CTCs captured by the microfilter
were stained with an antibody cocktail (FITC-conjugated anti-CK 8, 18, and
19, PE-conjugated anti-EpCAM, and cyanine 5-conjugated anti-CD45
antibodies; Creatv MicroTech, Inc.). The filter was then washed with
PBS+0.1% Tween-20 and PBS, placed onto a microscope slide, and mounted
using Fluoromount-G with DAPI to obtain an image of the filter by using
Zeiss Axioskop2 plus instrument (Carl Zeiss Microscopy GmbH, Jena,
Germany). Likewise, SAS was spiked into 7.5 ml of whole blood from a
healthy donor with 10, 100, and 1000 cells. Each sample was passed through
the microfilter. After washing the microfilter, gene expression analysis was

performed.
Gene expression analysis

Gene expression analysis was conducted as previously described [16]. The

total RNA from the CTCs and control leukocytes was extracted using the
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RNeasy micro kit (QTAGEN) according to the manufacturer’s instructions.
Each RNA sample was treated with DNase to remove contaminating genomic
DNA. c¢DNA synthesis was performed using the QuantiTect Reverse
Transcription Kit (QIAGEN). A further pre-amplification step was performed
using the TagMan™ PreAmp Master Mix kit (Applied Biosystems) for 14
cycles. The pre-amplified products were then analyzed by RT-qPCR (Applied
Biosystems) for target gene expression. Firstly, the expression of four
epithelial-related genes (EPCAM, MET, KRT19, and EGFR) in the CTC
filters was determined. When at least one gene out of the four epithelial-
related genes was detected, the sample was defined as positive for CTCs. The
CTCs-positive samples were further analyzed for the expression of the
following 10 genes, grouped into 4 gene signatures; cell growth (PIK3CA and
CCNDI), EMT (SNAI1 and VIM), cancer stemness (CD44, NANOG, and
ALDHIAI), and immune regulatory (CD47, CD274, and PDCDI1LG2). A total
of fifteen primers for the fourteen targets and the ACTB (B-actin) control were
purchased from Applied Biosystems (TagMan™ Gene Expression Assays).
The information regarding the PCR primers for the fifteen genes tested is
shown in Supplementary Table 1. The Ct value of the control leukocytes
captured by the second microfilter was used as the control in each sample.
The Ct values of the target genes were normalized to a reference gene (ACTB),
and the expression levels of each target molecule in the CTCs was estimated
as the fold change compared to the control leukocytes by the relative

quantification 244Ct method.[17]

Statistical analysis
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GraphPad Prism version 6.0 for Windows (GraphPad Software, San Diego,
CA, USA) was used for the statistical analyses. Chi-squared test for
independence and Fisher’s exact test were used to examine differences in
categorical variables. Kaplan-Meier curves were plotted and compared using
the Logrank test. Two-sided FPvalues < 0.05 were considered to be
statistically significant. To divide the patients into two groups (high-
expressing CTCs and low-expressing CTCs), CTC-positive patients were
clustered into 2 groups according to k-means clustering based on the fold
change of the 8 gene expression levels using the cluster package in R (R

Foundation for Statistical Computing, Vienna, Austria).
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Results
Preliminary experiments

To confirm whether the CTCs were captured by the microfilter,
immunocytochemistry was performed using the blood sample obtained from
the patient with hypopharyngeal cancer. As shown in Figure 1A, DAPI+, CK+,
EpCAM+, and CD45- cells were successfully detected as CTCs. Thus, we
confirmed that CTCs exist in the peripheral blood of patients with HNSCC,

and are capturable by microfilter.

In another preliminary experiment, we spiked a low number of SAS cells (10,
100, and 1000 cells) into 7.5 ml of whole blood from a healthy donor. Each
sample was passed through the microfilter in the same way as the patient
samples. We then extracted mRNA from the microfilter, synthesized the
cDNA, pre-amplified the cDNA, and performed RT-qPCR. Four epithelial
markers were successfully detected in all spiked-in blood samples (Fig. 1B).
The diagnostic specificity of this assay using peripheral blood samples from

healthy donors has been previously shown.[16]

Detection of CTCs and correlation with clinical factors in patients with

HNSCC

The detection of CTCs and their epithelial-related markers expression are
summarized in Fig. 2A. Twenty-eight (63.6%) of the 44 patients with HNSCC
were positive for at least one epithelial-related gene. Among the 44 patients
tested, EPCAM was detected in 6 (13.6 %), METin 12 (27.3 %), KRT19in 21

(47.7 %), and EGFRin 7 (15.9 %) patients. In 28 patients with CTCs, three
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(10.7 %) patients were positive for all four markers, 1 (3.6 %) for three

markers, 7 (25.0 %) for two markers, and 17 (60.7 %) for one marker.

Next, we analyzed whether the presence of CTCs in HNSCC is correlated with
clinical factors (Table 1). Among the clinical factors assessed, CTC-positive
patients significantly showed a non-complete response after the initial
treatment (p=0.0363). Moreover, during the follow-up period, CTC-positive
patients had a significantly higher rate of locoregional recurrence (p=0.0151)
and a trend toward distant metastasis (p=0.0891). Most importantly, CTC-
positive patients had a poorer prognosis in terms of progression-free survival
(PFS) (p=0.0107), but not in overall survival (OS) (p=0.1653) (Fig. 2B and 2C);
therefore, next, we analyzed which epithelial marker contributed to the
clinical outcome of HNSCC. Of note, patients with MET positive CTCs had a

shorter PFS than those with METnegative CTCs (p=0.0426) (Table 2).
Gene expression of CTCs and correlation with clinical outcome

The CTCs obtained from 28 HNSCC patients were further investigated for
the expression of 10 genes grouped into 4 gene signatures: cell growth
(PIK3CA and CCNDI), EMT (SNAI1 and VIM), cancer stemness (CD44,
NANOG, and ALDHIAI, and immune regulatory (CD47, CDZ274, and
PDCDILG2). If the 244Ct yalue is more than 1, the sample was assessed as
positive for the expression of the molecule. As shown in Fig. 3A, the CTCs
obtained from each HNSCC patient showed variable expression levels and
the positive rate of each gene expression ranged from 28.6% to 57.1%,

suggesting the phenotypic heterogeneity of CTCs among patients. We
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investigated whether the expression of each gene in the CTCs was associated
with the clinical outcome. Interestingly, patients with CDZ274-positive CTC
showed prolonged PFS (p=0.0346) and OS (p=0.0378) compared to those with
CD274negative CTC (Table 3). The corresponding Kaplan-Meier survival
curves are shown in Fig. 3B and 3C. The expression of the three genes
PIK3CA, CCND1, and CD44 in the CTCs was not significantly but weakly
correlated with a worse clinical status. CTC-positive patients were further
divided into two groups (high expressing CTCs and low expressing CTCs)
according to k-means clustering based on the expression of 8 genes, not
including CD274 or PDCDI1LG2 (Supplementary Fig. 1). The resulting
association between these groups and the clinical factors was analyzed.
Although there was no significant difference in prognosis (Supplementary Fig.
2), patients with high expression levels of CTCs progressed to significantly

advanced disease stages (p=0.0228) (Supplementary Table 2).
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Discussion

The detection and/or enumeration of CTCs in cancer patients has been
reported to be associated with clinical factors, including prognosis.[18-20] The
CellSearch system, based on the positive immunomagnetic enrichment of
EpCAM positive cells, is currently the only CTC detection method available
for clinical use.[21-23] In this study, four representative epithelial-related
markers were used for the detection of CTCs in HNSCC. As previously
reported, the detection rate of CTCs increased by multiple gene markers, with
variations in its expression pattern. Importantly, although the presence of
CTCs was not statistically significance with distant metastasis, a significant
relevance was found with two important clinical factors: the response to
initial treatment and locoregional recurrence. Thus, our results suggest that,
in HNSCC, the presence of CTCs at initial diagnosis have the potential to be
used as predictive markers for therapeutic effects. Four epithelial-related
markers are known to play various important roles in cell regulation, cell
biology, and signal transduction in tumor cells. Therefore, next, we analyzed
whether the expression of epithelial-related markers was associated with the
clinical outcome. From the 4 epithelial-related markers, patients with MET*
positive CTCs showed a poorer clinical outcome. c-Met is the receptor of
hepatocyte growth factor, and has been reported to regulate cell proliferation,
migration, and invasion through its tyrosine kinase function.[24, 25] The
meta-analysis of c-Met expression in head and neck cancer showed that
patients with higher c-Met expression levels had a poor OS and PFS.[26]

Furthermore, in several malignancies, c-Met has been used as a maker for
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the detection of CTCs, and has been associated with having a clinical
impact.[27-29] These findings suggest that c-Met is an attractive marker for
the detection, as well as assessment, of malignant potential in the clinical
application of CTCs. Compared to the presence of CTCs or epithelial marker
expression in CTC, determining the relationship between molecular profiling
of CTCs and clinical significance remains a challenge. So far, numerous
methods for the isolation and detection of CTCs have been developed; however,
leukocyte contamination cannot be avoided due to the overlapping of cell size
and characteristics between leukocytes and CTCs. Thus, leukocyte
contamination has become a hurdle to the evaluation of more precise
molecular characteristics of CTCs. To minimize the effect of gene expression
in leukocytes, we used the gene expression in leukocytes on a second

microfilter in serial filtration as a background.

In 28 patients with CTCs, the expression levels of 10 genes based on 4 gene
signatures were investigated, and their associations with clinical outcome
were analyzed. Interestingly, CD274 expression in CTCs was significantly
correlated with a better prognosis in both PFS and OS. In HNSCC, a number
of studies concerning the prognostic role of CD274 (PD-L1) expression on
tumor cells within the tumor microenvironment have been reported;[30-34]
however, the results obtained so far are controversial. Yang et al.
demonstrated that PD-L1 expression detected by immunohistochemistry
(IHC) was not recommended to predict survival in HNSCC patients through
a systemic review and meta-analysis.[35] In general, the mechanisms of PD-

L1 expression in tumor cells consist of two different pathways: the oncogenic



Tada et al 14

pathway, and a reflection of the immune responses mediated by JAK/STAT
signaling.[36] In particular, the latter could cause the heterogeneity and the
longitudinal fluctuation of PD-L1 expression associated with disease activity
and the treatment modalities in cancer patients. Compared to IHC in tumor
tissue, the assessment of PD-L1 expression in CTCs may provide a more
comprehensive and precise evaluation. However, little is currently known
about the relationship between PD-L1 expression in CTCs and clinical
outcomes. With regards to HNSCC, Strati et al. recently demonstrated that
PD-LL1 mRNA expression in EpCAM-positive CTCs predicts the clinical
outcomes when collected from patients with HNSCC after curative
treatment.[37] The results also indicated that patients who had PD-L1
overexpression in the EpCAM-positive CTCs prior to initial treatment did not
have significantly different PFS and OS compared with those without PD-L1
overexpression, which does not correlate with our findings. This is most likely
due to the different CTC detection methods used. In the tumor
microenvironment, IFN-y secreted from cytotoxic T lymphocytes and NK cells
as antitumor immune responses induces PD-L1 on tumor cells. Moreover, it
is generally well-recognized that patients with a high number of tumor-
infiltrating lymphocytes have a favorable prognosis for many types of
tumors.[38-40] Thus, PD-L1 expression on CTCs may partially reflect the
tumor immune microenvironment, that is, increased immune cell infiltration
and PD-L1 overexpression in tumor cells. Besides HNSCC, findings regarding
the clinical significance of PD-L1 expression in CTCs in non-small cell lung

cancer have also been reported.[41-45] Several studies have demonstrated
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that longer PFS and OS were observed in patients with PD-L1 expression in
CTCs,[41, 43, 45] while other studies have found that patients with PD-L1-
positive CTCs had a shorter PFS compared to those with PD-L1 negative
CTCs.[42, 44] Interestingly, recent reports have suggested that PD-L1
expression on CTCs or alteration of PD-L1 expression on CTCs along with
treatment may be a predictive marker for patient response to immune
checkpoint inhibitors in several solid tumors.[44-47] For future clinical
application of PD-L1 in CTCs, not only a sufficiently large sample size, but

also validation at the both protein and mRNA levels will be needed.

The expression of three genes, PIK3CA, CCND1, and CD44, in CTCs was
found to be weakly correlated with a worse clinical status. As such, CTC-
positive patients were clustered into two groups (high- and low-expressing
groups) based on the expression of 8 genes, not including CDZ274 or
PDCDILG2. These two genes were excluded since they are regulated by
interferon receptor signaling pathways, in particular, interferon gamma
signaling,[48] and their biological functions in the tumor cells remain unclear.
As expected, the CTCs highly expressing these targets were significantly
observed in patients with advanced disease, but were not considered a
predictive marker of clinical outcome. This result suggests that the molecular
characterization of CTCs by combining the expression of several genes may
be useful for predicting the clinical outcome of tumors, as well as improving
our understanding of circulating tumor cell biology; however, the selection of

target genes in various types of gene signatures is crucial.
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Despite using a small sample size, this study suggested that molecular
profiles characterized by the gene expression of CTCs indicated their effects
on clinical factors, including clinical outcome in patients with HNSCC.
Although further studies with a larger number of patient samples are
necessary to determine whether molecular profiling of CTCs contribute to the
development of personalized cancer treatment, CTC-relating technologies are
a promising tool for predicting treatment response and prognosis in patients
with HNSCC. In addition to the detection and enumeration of CTCs, the
molecular profiling of CTCs at the single-cell and bulk-cell level may provide
a new avenue to fully realize the potential of precision medicine in cancer

patients.
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Figure legends

Figure 1. Immunocytochemistry of CTC in a patient with HNSCC and
detection of tumor cells spiked into peripheral blood sample from a healthy
donor. (A) CTCs were detected in the form of DAPI+, CK+, EpCAM+, and
CD45- cells in a blood sample obtained from a patient with HNSCC
(magnification x40). (B) Standard curve of the cycle threshold (Ct) values
calculated from serial dilutions of tumor cells using RT-qPCR. The Ct values

shown represent the mean values of triplicate reactions.

Figure 2. Detection of CTCs and correlation with clinical factors in patients
with HNSCC. (A) Heat map depicting the expression of 4 epithelial-related
genes in patients with HNSCC. The orange-red and light-blue squares denote
positive and negative for gene expression, respectively. Kaplan-Meier
survival analysis in HNSCC patients according to the CTCs status. (B)
Progression-free survival based on CTCs positive and negative. (C) Overall

survival based on CTCs positive and negative.

Figure 3. Gene expression of CTCs and correlation with clinical outcome. (A)
Heat map depicting fold change of 10 genes compared to control
leukocytes. The red square indicates positive for each gene expression. Genes
were grouped into 4 gene signatures: cell growth (PIK3CA and CCNDIJ),
EMT (SNAII and VIM), cancer stemness (CD44, NANOG, and ALDHIAI),
and immune regulatory (CD47, CD274, and PDCDILG2. Kaplan-Meier

survival analysis in HNSCC patients with CTCs according to CD274
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expression status. (B) Progression-free survival based on CD274 expression

on CTCs. (C) Overall survival based on CD274 expression on CTCs.

Supplementary Figure 1. Heat map depicting fold change of 8 genes compared
to control leukocytes. CTC-positive patients were divided into two groups
(high- and low-expressing CTCs) by k-means clustering based on the

expression of 8 genes, not including CD274 or PDCDI1LG2.

Supplementary Figure 2. Kaplan-Meier survival analysis patients with
HNSCC. A: Progression-free survival based on high and low expressing CTCs.
B: Overall survival based on high- and low-expressing CTCs. CTCs were
divided into two groups (high- and low-expressing CTCs) by clustering based

on 8 gene expression levels.
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Figure 1
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Figure 2
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Supplementary Figure 1
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Supplementary Figure 2
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Tablel. Patient demographics and clinical characteristics.
CTC (+) CTC ()

Clinical variable P -value
n=28 n=16
Age < 66 14
(median 66 y.0.) > 66 14 0.7606
Male 26 15
Sex 1
Female 2 1
nasal cavity 2 1
oral cavity 3 1
. _ nasopharynx 0 2
Primary site 0.2878
oropharynx 10 7
hypopharynx 9 5
larynx 4 0
T1-2 9 4
T factor 0.7385
T3-4 19 12
NO 6 4
N factor 1
N1-3 22 12
MO 25 16
M factor 0.2896
M1 3 0
-1 7 3
Stage 0.7237
I - v 21 13
i + 12 1
Locoregional (+) 0.0151
recurrence ¢) 16 15
i + 11 2
Distant ™) 0.0891
metastasis ) 17 14
. CR 18 15
Initial treatment 0.0363
PR/SD/PD 10 1

CTC: circulating tumor cell, CR: complete response, PR: partial
response, SD: stable disease, PD: progressive disease
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Table 2. Prognostic value of the epithelial-related markers in CTCs.
Progression-free survival

Gene symbol P -value HR 95% CI
+ 6

EPCAM (( )) 38 0.7886 0.7613 0.1277-4.742
(+) 12

MET 0.0426  2.746 1.065-13.68
) 32
(+) 21

KRT19 0.8873 0.93 0.3374-2.557
) 23
(+) 7

EGFR 0 37 0.4712 1.582 0.3947-7.530

Overall survival

Gene symbol P -value HR 95% ClI
+ 6

EPCAM (()) 38 0.0972  4.787 0.6006-2225
(+) 12

MET 0.6003  1.543 0.2616-10.21
) 32
(+) 21

KRT19 0 >3 0.8129 0.8296 0.1681-3.971
(+) 7

EGFR 0.1989 2.771 0.4705-40.80
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Table 3. Prognostic value of the gene expression in CTCs.
Progression-free survival

Gene symbol P -value HR 95% ClI
(+) 14

PIK3CA 0 14 0.0776 0.3677 0.1234 - 1.097
(+) 14

CCND1 0 12 0.6755 1.258 0.4262 - 3.755
(+) 10

SNAIL 0.8211 1.137 0.3663 - 3.554
) 18
(+) 12

VIM 0.6402 1.294 0.4299 - 3.961
) 16
(+) 15

CD44 0.3007 1.781 0.6011 - 5.304
) 13
(+) 10

NANOG 0 18 0.325 1.713 0.5651 - 5.670
(+) 14

ALDH1A1l 0 12 0.7388 0.8327 0.2795 - 2.460
(+) 16

CD47 0.446 1.56 0.5135 - 4.686
) 12
(+) 11

CD274 0 17 0.0346 0.289 0.0982 - 0.8643
(+) 8

PDCD1LG2 0.7434 0.8079 0.2395 - 2.766

() 20




Overall survival
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Gene symbol P -value HR 95% ClI
(+) 14

PIK3CA 0 12 0.6999 1.414 0.2452 - 8.184
(+) 14

CCND1 0 14 0.4544 1.951 0.3357 - 11.53
(+) 10

SNAI1 0.191 3.069 0.5447 - 22.77
) 18
(+) 12

VIM 0.8723 1.139 0.2007 - 6.912
) 16
(+) 15

CD44 0.5706 1.661 0.2888 - 9.665
) 13
+) 10

NANOG 0 18 0.9691 0.966 0.1621 - 5.739
(+) 14

ALDH1A1 0 12 0.842 1.191 0.2063 - 7.037
(+) 16

CD47 0.4503 2.209 0.3331-12.97
©)] 12
(+) 11 . .

CD274 0 7 0.0378 Undefined Undefined
(+) 8

PDCD1LG2 0 20 0.966 1.048 0.1137 - 9.697

CTCs: circulating tumor cells



Supplementary Table 1. PCR primers used in this study

Gene symbol

ACTB
EPCAM
MET
KRT19
EGFR
PIK3CA
CCND1
SNAI1
VIM
CD44
NANOG
ALDH1A1
CD47
CDh274
PDCD1LG2

Assay ID

Hs01060665 g1

Hs00158980_m1
Hs01565576_m1
Hs00761767_s1

Hs01076090_m1
Hs00907957_m1
Hs00765553_m1l
Hs00195591_m1
Hs00958111_m1
Hs01075861_m1
Hs04399610 g1

Hs00946916_m1
Hs00179953_m1
Hs01125301_m1
Hs01057777_m1
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Supplementary Table 2. The relation between high/low

expressing CTCs and clinical characteristics.

Gene expression
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Clinical variable _ P -value
High Low
T1-2 4 5
T factor 0.4319
T3-4 12 7
NO 5 1
N factor 0.1965
N1-3 11 11
MO 14 11
M factor 1
M1 2 1
I-11 1 6
Stage 0.0228
H-1v 15 6
” CR 10 8
Initial treatment 1
PR/SD/PD 6 4
' + 8 4
Locoregional (+) 0.4589
recurrence ¢) 8 8
i + 8 3
Dlstant. (+) 0.953
metastasis ) 8 9
+ 10 4
Recurrenge/ (+) 0.9510
Metastasis ) 6 8

CTCs: circulating tumor cells, CR: complete response, PR:
partial response, SD: stable disease, PD: progressive disease



