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ARTICLE INFO ABSTRACT

Objectives: Circulating tumor cells (CTCs) are cells that have shed from tumor tissue into the bloodstream, and
the detection and characterization of CTCs in head and neck squamous cell carcinoma (HNSCC) still remain a
challenge.

Materials and methods: CTCs were isolated from 30 patients with HNSCC with recurrent and/or distant metas-
tasis, via the depletion of CD45-positive cells with magnetic beads and the expression of multiple epithelial
markers (CK19, EpCAM, EGFR, and c-Met) was analyzed by RT-qPCR with a low concentration of RNA from the
CTC population. We next investigated the expression of the immune-regulatory molecules, PD-L1, PD-L2, and
CD47, in CTC-positive patients and the PD-L1 expression in CTCs was compared with that in tumor tissues.
Results: Twenty-four (80.0%) of the 30 patients were positive for at least one epithelial-related gene. Among the
24 CTC-positive patients, 19 (79.2%), 20 (83.3%), and 17 (70.8%) patients were positive for CD47, PD-L1, and
PD-L2, respectively. Interestingly, the expression of these three immune-regulatory molecules was positively
correlated to each other. As expected, PD-L1 expression in the tumor tissue did not correspond completely with
that in the CTCs.

Conclusion: Although clinical application and/or characterization of CTCs are still developing, our findings
suggest that the CTCs are rapidly becoming a powerful tool in cancer treatments that involve the use of immune
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checkpoint inhibitors.

Introduction

Circulating tumor cells (CTCs) are cells that have shed from the
tumor tissue into the bloodstream, and technological advances in de-
tection and enumeration of such cells have resulted in a new type of
blood test referred to as ‘liquid biopsy’, for cancer detection, diagnosis,
treatment efficacy, and monitoring of disease [1-3]. Several studies
including our previous study have demonstrated the existence of CTCs
in head and neck squamous cell carcinoma (HNSCC) [4-7]. Liquid
biopsy has several advantages over tissue biopsy. Liquid biopsy is re-
cognized as an easily accessible, less invasive, and repeatable ex-
amination. More importantly, it allows comprehensive analysis of
tumor tissue profile.

The emergence of immune checkpoint inhibitors has been drasti-
cally changing the cancer treatment paradigm for certain cancers such
as melanoma, non-small cell lung carcinoma, renal cell carcinoma, and

head and neck carcinoma [8,9]. PD-L1 expression is recognized as a
useful biomarker for the efficacy of immune checkpoint inhibitors, and
therefore, the precise evaluation of PD-L1 expression on tumor cells is
an urgent requirement. To date, although the expression of PD-L1 in
tumor cells has been assessed using immunohistochemistry, the type of
antibody, evaluation method, and cutoff value are still controversial
[10,11]. Furthermore, the heterogeneity of PD-L1 expression in the
tumor tissue samples and the longitudinal fluctuation of PD-L1 ex-
pression associated with disease activity and the treatment modalities
in cancer patients render the assessment even more complicated.
HNSCC is well-known as one of the malignancies with a high level
of PD-L1 expression [12]. However, whether the high level of PD-L1 in
tumor cells is associated with better response to immune checkpoint
inhibitors still remains unclear. Recently, another ligand of PD-1, PD-
L2, has been shown to not only be highly expressed in HNSCC, but also
to significantly correlate with PD-L1 expression [13]. Importantly, PD-
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L2 status was a significant predictor of the progression-free survival
after treatment with an anti-PD-1 antibody, pembrolizumab, suggesting
that the clinical response to pembrolizumab might be related to the
blockade of PD-1/PD-L2 interaction. Another complicated issue to note
is that PD-L1 is expressed not only in tumor cells but also in a variety of
stroma cells including T cells, macrophages, fibroblasts, and endothelial
cells; and moreover, PD-L1 expression in tumor-infiltrating immune
cells, but not tumor cell has been reported to be a favorable prognostic
factor in resected HNSCC [14].

In this study, firstly, we investigated whether CTCs could be de-
tected in the bloodstream of patients with recurrent and/or metastatic
HNSCC, using the CD45-depletion method. Secondly, the expression of
the immune-regulatory molecules, PD-L1, PD-L2, and CD47, in the
CTCs and the correlation between those gene expressions were ana-
lyzed. Finally, in regard to PD-L1, its expression in primary tumors was
compared with that in CTCs.

Materials and methods
Patients

A total of 30 patients with HNSCC with recurrent and/or distant
metastasis (R/M HNSCC) were enrolled in this study. This study was
approved by the Ethical Committee of the Gunma University hospital
(No. 12-12) and a written informed consent was obtained from all the
patients. Patients’ characteristics are shown in Table 1. The origin of the
tumors was as follows: oral cavity (n = 3), nasopharynx (n = 1), or-
opharynx (n = 3), hypopharynx (n = 12), larynx (n = 4), and para-
nasal sinuses (n = 6), and parotid gland (n = 1). The median age of the
cancer patients was 70.5 years (range 53-86). The numbers of recur-
rence at the local, regional, and distant sites, including the overlapping
cases, were 12 (50.0%), 17 (70.8%), and 20 (83.3%), respectively.

Table 1
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Cell line

The human tongue cancer cell line, SAS was used for preliminary
experiments. SAS was cultured in DMEM supplemented with 10% heat
inactivated fetal calf serum, 2 mM t-glutamine, 100 u/ml penicillin, and
100 pg/ml streptomycin (all from Gibco-BRL).

CTC isolation and gene expression analysis

Blood samples were collected with K2EDTA Vacutainer® (BD
Bioscience) at the middle of vein puncture in order to avoid con-
tamination of the blood sample with epithelial cells from the skin, and
were analyzed within 4 h. The peripheral blood (7.5 ml) obtained from
patients was layered over the Ficoll-Paque PLUS (GE Healthcare).
Following the centrifugation, the layer containing peripheral blood
nuclear cells (PBMCs) was harvested, washed, and the contaminating
erythrocytes were further lysed with the red blood cell lysis buffer
(Roche). The cell suspension was incubated with human CD45 deple-
tion cocktail for 15min, and then with magnetic particles for 10 min
(EasySep™ Human CD45 Depletion Kit, STEMCELL TECHNOLOGIES).
Tubes containing the PBMCs were placed in a magnet for 10 min twice
and the unbound cells were transferred into a new tube labelled as
CTGCs.

Total RNA from CTCs was extracted using the RNeasy micro kit
(QIAGEN) according to the manufacturer’s instruction. Each RNA
sample was treated with DNase to remove contaminating genomic
DNA. cDNA synthesis was performed using the QuantiTect Reverse
Transcription Kit (QIAGEN), and further pre-amplification step was
performed using the TagMan™ PreAmp Master Mix kit (Applied
Biosystems) with 14 cycles. The preamplified products were then ana-
lyzed by RT-qPCR (Applied Biosystems) for the eight target genes. Eight
primers for the seven targets (CK19, EpCAM, EGFR, c-Met, PD-L1, PD-
L2, and CD47) and the beta actin as control, were purchased from

Patient characteristics tested in this study and PD-L1 expression in tumor tissue and CTCs.

Pt. # Age/sex Primary site Recurrence/metastasis Initial treatment PD-L1 expression
Local Regional Distant Surgery Radiotherapy Chemotherapy Tumor tissue CTCs

1 73M maxillary - + + - + + + +
2 69M oropharynx - + + + + + + -
3 67M hypopharynx - - + + + + - +
4 67M oropharynx - - + - - + + +
5 57M hypopharynx + + - + + + +
6 86M maxillary + - - - + + + +
7 75M hypopharynx - - - - - - - +
8 68M larynx - + + + + + + -
9 72F larynx - + + + + + — +
10 77M maxillary + - - - + + + +
11 69M parotid gland - + + + + - +
12 66M hypopharynx - - + + + + + -
13 54F hypopharynx - + + - + + - +
14 72M hypopharynx - - + + + + - +
15 55M hypopharynx - + + - - + + +
16 71M larynx + - + - + + + +
17 59M larynx + - - + + + - +
18 71M hypopharynx + + + - + + - +
19 70M oral cavity - + + + + + + +
20 69M nasopharynx - + + - + + + +
21 53M maxillary + - - - + + - +
22 60M hypopharynx - - + + + - +
23 68M oropharynx - + - - + + +
24 72M oral cavity + + - - - + NA -
25 85M maxillary + - - + - + ND NA
26 55M hypopharynx + + - - + ND NA
27 61M maxillary + + - + + + ND NA
28 75M hypopharynx - + - + + - ND NA
29 69F oral cavity + + + + + + ND NA
30 68M hypopharynx - + + + + + ND NA

NA. not available; ND, not done; CTCs, circulating tumor cells.
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Applied Biosystems (TagMan™ Gene Expression Assays) for this study.
All samples were analyzed in triplicate. Only samples that were positive
for beta actin were enrolled in this study. For every PCR run, positive
control (SAS cells) and no-template control (a water control) were in-
cluded. The information regarding the PCR primers for the eight genes
tested is shown in Supplementary Table 1. Target gene expression in the
CTCs was determined using a relative quantification method. When at
least one gene out of the four epithelial related genes was detected, the
sample was defined as positive for CTCs. The CTC-positive samples
were further analyzed for the expression of the immune-regulatory
molecules, PD-L1, PD-L2, and CD47. Since samples obtained by nega-
tive selection are invariably contaminated with leukocytes, the average
Ct value of 20 healthy donor samples which were processed and ana-
lyzed in exactly the same way as patient samples was used as a baseline
of the control group. Ct values of PD-L1, PD-L2, and CD47 were nor-
malized to a reference gene (beta actin), and the expression levels of the
immune-regulatory molecules in CTCs was estimated as the fold change
compared to that in healthy donor samples, by the relative quantifi-
cation 2-deltadelta Ct method [15].

Immunohistochemistry for PD-L1

PD-L1 expression in tumor tissues was evaluated by im-
munohistochemistry with anti-PD-L1 monoclonal antibody (PD-L1 ITHC
28-8 pharmDx, Dako). Briefly, sections were deparaffinized, and the
antigen retrieval was performed by immersion in citrate buffer at 97 °C
for 20 min. The slides were then stained using Dako Autostainer Link 48
(Agilent). An experienced pathologist assessed quantitatively the PD-L1
expression in tumor cells as the percentage of cells with moderate to
strong membranous staining. PD-L1-positive was defined as membra-
nous PD-L1 expression in 1% or more.

Statistical analyses

Data were analyzed using the Statistical Package for Social Science
version 22.0 (SPSS, IBM, Armonk, NY, USA). Correlation between the
expression of immune-regulatory molecules in CTCs was determined by
the Spearman’s rank test and correlation between PD-L1 tumor tissue
expression and the presence of PD-L1-positive CTCs was determined by
the Fisher’s exact test. Significance was defined at p < 0.05.

Results
Preliminary experiments using a HNSCC cell line and healthy donor samples

First, for the establishment of the experimental systems, we ex-
tracted mRNA, synthesized cDNA, preamplified cDNA, and performed
RT-qPCR using the HNSCC cell line, SAS. Four epithelial markers,
EpCAM, CK19, EGFR, and c-Met, were selected for the detection of
CTCs. These four target genes and the internal control gene, beta actin,
were investigated to confirm whether the serial dilution of cell number,
from 1 to 1000, could be detected by RT-qPCR. As shown in Fig. 1A, Ct
values were inversely correlated with the number of tumor cells.

Next, SAS was spiked into 7.5 ml of whole blood from a healthy
donor with 10, 100, and 1000 cells. Each sample was processed with
Ficoll density gradient, red blood cell lysis, and depletion of CD45+
cells. We then extracted mRNA from the enriched fraction, synthesized
cDNA, preamplified 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 was evaluated by peripheral
blood samples from 20 healthy donors. Only 1 of 20 (5%) samples was
positive for CK-19, whereas any other epithelial-related genes were not
detected in these healthy donors (data not shown).
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Detection of CTCs in patients with R/M HNSCC

Twenty-four (80.0%) of the 30 patients with R/M HNSCC were
positive for at least one target gene. Among the 24 CTC-positive pa-
tients, EpCAM was detected in 10 (41.7%), CK-19 in 19 (79.2%), EGFR
in 10 (41.7%), and c-Met in 16 (66.7%) patients (Fig. 2). Only one
(4.2%) patient was positive for all the four markers, 12 (50.0%) for
three markers, 4 (16.7%) for two markers, and 7 (29.2%) for one
marker.

Immune-regulatory molecule expression in CTCs

Next, we investigated the expression of the immune-regulatory
molecules, PD-L1, PD-L2, and CD47, by molecular analysis of the CTCs.
It is previously known that these molecules are also expressed in var-
ious hematopoietic cells beside the tumor cells [16,17], and the CTC
samples obtained from PBMCs by the CD45-depletion method are in-
variably contaminated with leukocytes. To eliminate the background
arising from the contaminating leukocytes, the average of delta Ct va-
lues (Ctearget — Ctpeta actin) Of CD45-depleted samples from 20 healthy
donors was used as the control, and the expression levels of the im-
mune-regulatory molecules were calculated using the 2-deltadelta Ct
method. If the 2-deltadelta Ct value is more than 1, the sample was
assessed as positive for the expression of the molecule.

Among the 24 CTC-positive patients, 19 (79.2%), 20 (83.3%), and
17 (70.8%) patients were positive for CD47, PD-L1, and PD-L2, re-
spectively (Fig. 3). Interestingly, the expression of these three immune-
regulatory molecules was positively correlated with each other (Fig. 4).

Comparison of PD-L1 expression between tumor tissue and CTCs

The PD-L1 expression was assessed by immunohistochemistry (IHC)
in 23 patients with HNSCC who were positive for CTCs in their per-
ipheral blood (Fig. 5). Clinical utility of PD-L1 IHC 28-8 pharmDx has
been approved as a companion diagnostic assay for nivolumab in
HNSCC. Therefore, the PD-L1 expression in the primary tumors was
assessed by IHC and compared with that in CTCs. CTCs expressed PD-L1
in 20 of the 23 patients, while PD-L1 expression in tumor tissue was
detected in 13 of the 23 patients (Table 1). Concordance of the PD-L1
expression between the tumor tissue and the CTCs was observed in 10
(43.5%) of the 23 patients; whereas, in the remaining 13 patients, the
PD-L1 expression in the tumor tissue did not correspond with that in the
CTCs (Table 2). There was no significant correlation between tumor
tissue and CTCs PD-L1 expression (p = 0.23).

Discussion

The objective of this study was the detection and immune-char-
acterization of CTCs in patients with R/M HNSCC. We succeeded in this
objective, and the following findings are particularly important: (1)
increased detection rate of CTCs using multiple epithelial markers, (2)
the assessment of immune-regulatory molecules in CTCs, and (3) the
comparison of PD-L1 expression between tumor tissue and CTCs.

To date, various techniques for CTC detection have been developed
and their effectiveness has been validated as a new tool for cancer
detection, diagnosis, and treatment [1-3]. In the present study, for
molecular analysis of CTCs, we chose the negative selection method
involving the depletion of CD45-positive cells with magnetic beads. We
previously reported the feasibility of detection and quantification of
CTCs in patients with HNSCC, using a low-pressure filtration system
equipped with precision microfilters [7]. CTCs could be detected in
around 90% of the patients tested; however, there were some areas of
concern, which are the presence of false positive cells and the presence
of cells with no epithelial cell markers. Similarly, the positive selection
system such as the CELLSEARCHZ® system could not enrich the cells that
lost the epithelial cell-specific molecules and/or acquire mesenchymal
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Fig. 1. Standard curve of the cycle threshold (Ct) values calculated from serial dilutions of tumor cells using real time RT-qPCR. Ct values shown are mean values for
triplicate reactions. Plots represent cycle threshold versus the number of tumor cells. (A) SAS cells alone and (B) SAS cells spiked into blood sample from a healthy
donor. *, as the Ct value of c-Met gene from one SAS culture was not determined, Ct value is indicated as 40.

Fig. 2. Heat map depicting the expression of four epithelial-related genes in CTC-positive patients. The red square indicates positive for each gene expression. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

phenotypes, as compared to the negative selection system. To increase
the real-CTCs detection rate, we performed mRNA expression analysis
of multiple epithelial-related markers by RT-qPCR. Four genes used in
this study have been previously reported to be predominantly epithe-
lial-specific genes [18] and used for the detection of CTCs in various
cancers including HNSCC [19-22]. As shown in Fig. 1A, Ct values ob-
tained with RT-qPCR exhibited excellent correlation with the serially
diluted tumor cells. Moreover, 10, 100, and 1000 tumor cells spiked in
whole blood were also detected (Fig. 1B). Finally, CTCs were detected
in 24 (80.0%) of the 30 patients with R/M HNSCC by our system. Al-
though CTC detection rate by single gene expression in 30 patients
tested ranged from 33.3% to 63.3% (EGFR, 33.3%; EpCAM, 33.3%; c-
Met, 53.3%; CK-19, 63.3%), the combination of four genes increased
the detection rate up to 80.0%. So far, a number of reports have shown
that the RT-PCR method using multi-marker gene analysis is superior to
that using single gene analysis in various cancers [21,23,24]. Similarly,
our results demonstrated the usefulness of multigene test in the detec-
tion of CTCs.

CTCs have different malignant potential even in the same patient;
especially, the presence of CTCs harboring EMT phenotype would play
an important role in the determination of the clinical outcome of cancer

patients. Therefore, the combination of multiple epithelial-specific
genes not only increases the sensitivity, but also may enables the as-
sessment of the malignant phenotype.

Next, we were able to detect three immune-regulatory molecules,
PD-L1, PD-L2, and CD47, in the CTCs. Strati et al. have earlier in-
vestigated PD-L1 expression in EpCAM-positive CTCs in patients with
locally advanced HNSCC and PD-L1 expression was found in 24
(25.5%) out of the 94 patients [25]. Moreover, PD-L1 overexpression at
the end of the treatment was an independent prognostic factor. The
difference in positive rate of PD-L1 expression in CTCs may be due to
difference in the objectives and methodology. PD-L2 is also known to
bind to PD-1 on T cell and inhibit T cell functions such as T cell pro-
liferation and cytokines production. Yearly et al. have demonstrated
certain important findings concerning PD-L2 expression in HNSCC [13];
firstly, more than half of the HNSCC samples expressed PD-L2 and it
showed the highest percentage among the tumor types assessed. Al-
though it was evaluated by a scoring system using combined expression
in both tumor and non-tumor cells, the overall expression of PD-L1 and
PD-L2 were significantly correlated. Similar to that in tumor tissue, our
findings showed that there was a significant correlation between PD-L1
and PD-L2 expression in CTCs, suggesting that the characteristics of

#1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 [#10#11#12[#13[#14[#15[#16 |#17 |#18 [ #19|#20 [#21|#22 [#23 [#24] total (%)
CD47 19 (79.2)
PD-L1 20 (83.3)
PD-L2 17 (70.8)

[
<1.0 2.0<

Fig. 3. Heat map depicting the mRNA expression level of the immune-regulatory molecules, CD47, PD-L1, and PD-L2 in CTCs. The red square indicates positive for
each gene expression. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 4. The mRNA expression level of each immune-regulatory molecule correlated positively with each other.

p = 0.0005; (C) PD-L2 vs CD47, p = 0.0003.

CTCs may closely resemble those of tumor cells from the tumor tissue.
As another immune-regulatory molecule, CD47 expression in CTCs was
also assessed. CD47 is an integrin associated protein and is expressed in
hematopoietic cells as well as in various types of cancers including
HNSCC, as previously described [26]. CD47 on tumor cells binds signal-
regulator protein alpha (SIRPa) on the phagocytic cells such as mac-
rophages, and inhibits phagocytosis, and functions as an innate immune
checkpoint [27]. Therefore, blocking the CD47 checkpoint enhances the
engulfment of tumor cells by the antigen-presenting cells, and results in
enabling the efficient processing and presentation of the tumor antigens
to CD8™ effector T cells [28]. CD47 expression in CTCs was found in 19
(79.2%) out of the 24 patients who were detected with CTCs, and this
frequency is higher than that in a previous report using im-
munohistochemistry [26]. Notably, the expression of each immune-
regulatory molecule in CTCs was correlated with each other. Regarding
the expression of CD47 and PD-L1 in tumor cells, Casey et al. have
demonstrated that MYC, which plays critical roles in stem cell main-
tenance and tumorigenesis, directly binds to the promoters of the Cd47
and Pd-11 genes [29]. Meanwhile, as the expression of PD-L1 and PD-L2
was regulated by the interferon receptor signaling pathways, particu-
larly the interferon gamma signaling [30], it might suggest that the
expression of PD-L1 and PD-L2 in tumor cells is correlated. Thus, CTCs
in some patients may evade, by the expression of multiple immune-
regulatory molecules, both innate and acquired immune responses and
lead to an immune-resistant phenotype.

Finally, we compared the expression of PD-L1 in CTCs with that in
tumor tissue. As expected, PD-L1 expression in tumor tissue did not
correspond to that in CTCs. It is known that PD-L1 expression on tumor
cells not only shows localization within the tumor tissue, but also

A

(A) PD-L1 vs PD-L2, p = 0.0285; (B) PD-L1 vs CD47,

Table 2
Comparison of PD-L1 expression between tumor tissue and CTCs.
CTCs Total
+ _
Tumor tissue + 10 (43.5) 3(13.0) 13 (56.5) p=023
- 10 (43.5) 0 (0.0) 10 (43.5)
Total 20 (87.0) 3(13.0) 23 (100.0)

Parentheses indicate percentage. CTCs, circulating tumor cells.

changes dramatically through the treatment process. Ock et al. have
shown that PD-L1 expression in HNSCC cell lines is significantly up-
regulated after cisplatin treatment [31]. Leduc et al. have also shown
that TPF induction chemotherapy increases the PD-L1 expression on
both tumor cells and immune cells in HNSCC [32]. Alternatively, PD-L1
expression in several cancer cell lines has been reported to be up-
regulated in response to ionizing radiation in a time- and dose-depen-
dent manner [33]. Thus, the expression of PD-L1 in tumor cells varies
with different conditions including disease progression, treatment
modality, and the immune status and temporal changes. For the de-
velopment of effective approaches to immune checkpoint inhibitors,
precise evaluation of PD-L1 expression would be mandatory and the
evaluation of PD-L1 expression in CTCs may enable real-time assess-
ment as well as the continuous monitoring of the PD-L1 status in tumor
cells.

In conclusion, our study shows that it is possible to detect CTCs and
assess the immunological characteristics of CTCs in patients with R/M
HNSCC by real time RT-qPCR. Although clinical application and/or

Fig. 5. Representative microphotograph of immunohistochemical staining of PD-L1 using PD-L1 IHC 28-8 pharmDx. (A) a PD-1-negative case (pt-14; magnification

% 100) and (B) a PD-1-positive case (pt-19; magnification x 100).
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characterization of CTCs are still developing, our findings suggest that
CTCs are rapidly becoming a powerful tool in cancer treatment.
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