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Abstract: This study aimed to construct multi-site magnetic nanospheres to capture circulating tumor cells (CTCs) 
from peripheral blood specimens of laryngopharyngeal head and neck tumors. Separated CTCs were used to mea-
sure downstream molecular markers and to detect and analyze the disease status. A stable CTC multisite nano-
enrichment system was used to determine changes in CTCs levels in Programmed Death-Ligand-1 (PD-L1)-positive 
patients and to assess the extent of real-time changes in CTCs over the course of the disease in correlation with 
clinicopathological indicators. The results demonstrated that the constructed immunomagnetic spheres could ef-
fectively capture CTCs and that the constructed lipid nanoparticles exhibited high capture efficiency and low cytotox-
icity. The results of the concordance or complementarity analyses of PD-L1 expression at the CTC and tissue levels 
indicated good concordance between the two at up to 70%. The analysis of PD-L1 expression and the changes in 
CTCs in PD-L1-positive cells plays an auxiliary role in clinical diagnosis and can be used as a dynamic detection 
index for the course of head, neck, and throat tumor treatment and as a predictor of recurrence risk.
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Introduction

Head and neck cancer is the sixth most com-
mon cancer worldwide and primarily includes 
oral, nasopharyngeal, oropharyngeal, larynge-
al, and hypopharyngeal cancers [1, 2]. Most 
patients typically present with local lesions at 
diagnosis and progress to advanced stages. 
Tumor heterogeneity is the main cause of dif-
ferences and failures in tumor-targeted thera- 
py and immunotherapy responses [3-6]. Addi- 
tionally, tumor recurrence or distal metastasis 
caused by lymph node infiltration often leads to 
poor prognosis, and the 5-year survival rate of 
patients remains < 50% [7]. In recent years, 
tumor immunotherapy has developed rapidly. 
Commonly used clinical immunotherapy meth-
ods include immune vaccines, immune check-
point inhibitor (ICI) therapy, adoptive immune 
cell therapy, cytokine therapy, and others 

[8-10]. Treatment with immune checkpoint 
inhibitors can significantly improve the progno-
sis of patients with advanced cancer. ICI thera-
py has gained considerable attention in recent 
years. However, the proportion of patients 
responding to ICI therapy is not high [11]. This 
suggests that there is an urgent need for 
research to understand the high heterogeneity 
of tumors, the complexity of tumor formation, 
and the application of this information in the 
context of clinical practice.

Circulating tumor cells (CTCs) are tumor cells 
released from solid tumors or metastatic sites 
and enter the blood circulation, where they trav-
el through the bloodstream to reach distant 
organs [12-14]. CTCs propagate from the pri-
mary site and acquire a more aggressive phe-
notype and metastatic capacity through epithe-
lial-mesenchymal transition (EMT), and this 
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reflects the real-time status of the tumor geno-
type that exhibits a high degree of genetic het-
erogeneity in patients [15, 16]. Therefore, the 
analysis of individual CTCs is helpful for eluci-
dating tumor heterogeneity and analyzing the 
overall picture of genomic mutations during the 
tumor process [17, 18]. The main technical dif-
ficulty in conventional CTC capture research is 
that the number of CTCs in body fluids (e.g., 
blood) is very low [19]. In this study, we attempt-
ed to separate and enrich the number of tu- 
mor cells using multi-site immune magnetic 
nanoparticles and accurately analyzed the 
number of cells in body fluids, with good repeat-
ability and specificity [20, 21]. CTCs also exhibit 
better consistency and specificity than other 
blood tests such as serum tumor markers [22-
24]. CTC-based approaches can be used in the 
diagnosis and prognostic assessment of meta-
static breast, colorectal, lung, and prostate 
cancer [25-27].

Programmed Death-Ligand-1 (PD-L1) is a com-
mon molecular marker in tumor cells that fa- 
cilitates immune escape and has proven to be 
a key breakthrough in immunotherapy [28]. 
Certain investigators have reported high PD-L1 
expression in tumor cells of breast cancer 
patients, and similar results were observed in 
chronic lymphocytic leukemia, certain types of 
T/B-cell lymphomas, and gastric, esophageal, 
kidney, breast, and bladder cancers [29-35]. In 
light of these reports detailing the correlation 
of PD-L1 expression with lymph node metasta-
sis, tumor stage, and survival, we explored the 
value of PD-L1 in head, neck, and throat tumors 
to assess the risk of recurrence and metasta-
sis. We aimed to determine the clinical signifi-
cance of CTCs in patients with malignancies 
treated with PD-L1 immunotherapy by combin-
ing CTC and PD-L1 markers.

Our cell sorting system is based on the 
CellSearch system using a single anti-epithelial 
Cell Adhesion Molecule (EpCAM)-modified mag-
netic bead [36] combined with the addition of 
two other antibodies that include vimentin and 
epithelial growth factor receptor (EGFR). This 
system can be used to establish multi-targeted 
head, neck, and throat tumor CTC-sorting mag-
netic beads to achieve more comprehensive 
CTC capture. This study also explored the cor-
relation of PD-L1 positive CTCs captured using 

EpCAM, vimentin, and EGFR with the clinicopa-
thology of enrolled patients.

Materials and methods

Preparation of antibody-modified magnetic 
liposomes (MLs)

The immunomagnetic spheres were prepared 
using the reverse evaporation method. The 
specific preparation method can be found in lit-
erature regarding team cooperation [37]. First, 
5 mg each of dioleoyl phosphatidylcholine 
(DOPC) and cholesterol (Chol) were weighed 
and added to two 50 mL three-way flasks. Then, 
1.0 mL of the oil-soluble Fe3O4 solution was 
removed from ethanol and dissolved in 3.0  
mL of 1,2-dichloroethane (CH2Cl2), and Fe3O4/
CH2Cl2 was transferred to the three-mouth 
flask. The round-bottomed flask was emulsified 
in an ice bath for 6 min using a probe sonome-
ter, and 2 mg of anti-EpCAM, anti-vimentin, and 
anti-EGFR antibody derivatives were dissolved 
into 6 mL of double-steam water (ddH2O) and 
slowly added to the three-mouth flask. After 
ultrasound treatment, the residual CH2Cl2 was 
removed using a rotary evaporation apparatus, 
and the solution was magnetically separated 
and washed three times to obtain immunomag-
netic microspheres. The methods for construct-
ing the cluster of differentiation 8 (CD8) and 
CD4 antibody-modified magnetic beads were 
consistent with those described above.

Characterization of immunomagnetic lipo-
somes (IML)

The size and zeta potential of the EpCAM/
vimentin/EGFR-IMLs were measured using a 
Zetasizer Nano-ZS 90 (Malvern Instruments 
Ltd., UK). Atomic force microscopy (AFM) was 
used to observe the morphology of the nano-
magnetic spheres. The hysteresis loops of IMLs 
were measured using a PPMS-9 instrument 
(QUANTUM DESIGN, USA). An ultraviolet spec-
trophotometer was used to scan the ultraviolet 
absorption peaks of the solution of the nano 
magnetic sphere.

Cellular level analysis of the CTC capture sys-
tem

Cell lines: Head and neck tumor cell lines 
(HNE1, FaDu, and Hep-2) and the control cell 
line K562 were purchased from ATCC. DMEM 
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media, fetal bovine serum (FBS), and trypsin 
were purchased from Gibco.

Analysis of nano magnetic sphere cytotoxicity

HNE1, FaDu, and Hep-2 head and neck tumor 
cells used in this study were routinely cultured 
in DMEM complete culture medium containing 
10% fetal bovine serum (FBS) and 1% peni- 
cillin-streptomycin. The culture conditions were 
37°C and 5% CO2 under wet conditions. The 
volume of complete culture medium used for 
different culture plates was 2 ml for the 35  
mm dish, 3 ml for the 60 mm dish, and 8 ml  
for the 10 cm dish. CCK8 assay was used to 
determine the in vitro cytotoxicity of EpCAM-
IML (Ep-IML), vimentin (Vi-IML), and EGFR-IML 
(EG-IML). Absorbance was measured at 450 
nm using a multimode enzyme labeler (Sy- 
nergyTM HT, BioTek, USA).

CTC capture system for clinical sample analy-
sis

Sample collection: This study was conducted in 
accordance with the principles of the De- 
claration of Helsinki. This study was approved 
by the Ethics Committee of Fujian Medical 
University Union Hospital (2021WSJK011). 
Peripheral blood samples were collected from 
patients diagnosed with laryngopharyngeal 
head and neck cancers at the Department of 
Otolaryngology, Fujian Medical University Union 
Hospital. A total of 7.5 mL of peripheral whole 
blood was collected for counting and analyzing 
different fractions of CTCs, and clinicopatho-
logical data were recorded. Informed consent 
was obtained from all patients enrolled in the 
study.

Reagents: EpCAM, vimentin, and EGFR mono-
clonal antibodies were purchased from Abcam. 
Magnetic nanoparticle-based materials were 
purchased from Lieyuan Biomedicine Co., Ltd. 
DAPI staining solution was purchased from 
Sigma-Aldrich. CD45-PE was purchased from 
eBioscience. The fluorescence microscope that 
was used was an OLYMPUS B×61 (Olympus, 
Japan).

Enrichment, fluorescence identification, and 
counting of peripheral blood CTCs

Peripheral blood samples were collected from 
each patient for CTC counts at corresponding 

time points. CTCs were enriched and counted 
using EpCAM/Vimentin/EGFR-nano magnetic 
spheres. Intact cells with nuclei were identified 
using the fluorescent nucleic acid dye DAPI, 
and epithelial cells were distinguished from leu-
kocytes using fluorescent-labeled monoclonal 
antibodies against CD45 and CK 8, 18, 19 
using a multi-color fluorescence cell counter. 
Evaluation criteria for CTCs were determined. 
Cells that were FITC+, CK 8, 18, 19+, and DAPI+ 
were considered CTCs.

CTC PD-L1 immunofluorescence assay

After transmembrane centrifugation, the blood 
was centrifuged at 1,000 rpm, rinsed with PBS 
(800-1,000 µL), and transferred to a labeled 
centrifuge tube. EpCAM, vimentin, and EGFR 
magnetic spheres were used to capture CTCs. 
For fluorescence microscopy, 15 μL of DAPI 
staining solution, 10 μL of CK-FITC staining 
solution, and 20 μL of PD-L1 Alexa Fluor647 
antibody were added to each centrifuge tube 
and incubated for 30 min in the dark. After 
incubation, the samples were prepared and 
then counted by fluorescence microscopy. 
PD-L1 positive cells exhibited red fluorescence, 
DAPI exhibits blue fluorescence, and CK-FITC 
yields green fluorescence.

Immunohistochemical analysis of PD-L1

An appropriate amount of fixed fresh tissue was 
cleaned with ultrapure water, dehydrated using 
an alcohol gradient, treated with xylene, and 
dipped into wax to prepare wax blocks after 
embedding. The tissue was incubated over-
night at 4°C with PD-L1 antibody, and DAB 
working solution was then applied. Slides were 
obtained and examined after dehydration with 
hematoxylin and xylene. PD-L1 expression is 
brown, and the nuclei stained with DAPI appear 
blue upon fluorescence microscopy.

Statistical analysis

Data for each group were processed using 
SPSS 19.0 statistical software. The quantita-
tive data are expressed as mean ± s.d. The 
rank-sum test was used for statistical analysis. 
Diagnostic sensitivity, specificity, validity, posi-
tive predictive value, and negative predictive 
value were calculated, and P-value < 0.05 was 
considered statistically significant.
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Results

Preparation of magnetic nanospheres and CTC 
sorting

The establishment of a CTC enrichment sys- 
tem for head, neck, and throat tumors was car-
ried out according to the principle of antigen-
antibody binding, and the preparation process 
can be referred to the literature report. Briefly, 
the antibodies (anti-EpCAM, anti-vimentin, and 
anti-EGFR) were allowed to react with glycidyl-
hexadecyldimethylammonium chloride (GHDC) 
to form an antibody-GHDC composite deriva-
tive in which DOPC was the structural frame-
work, and cholesterol stabilized the lipid molec-
ular layer. The oxidation rate of the liposome-
encapsulated Fe3O4 bare magnetic spheres 
was slow. This CTC capture platform created  
for materialistic characterization and analysis 
was used for the processing and CTC analysis 
of the patient’s peripheral blood. Subsequen- 
tly, immunofluorescence staining of the isolat-
ed CTCs with antibodies, fluorescence micros- 
copy, and statistical analysis of the experimen-

IML was 166.31 ± 4.48 nm with a PDI of 0.141 
(Figure 2C). The zeta potential of CD8-IML was 
6.71 ± 4.16 mv (Figure 2B), and for CD4-IML it 
was 9.57 ± 5.26 mv (Figure 2D). Magnetic satu-
ration curve analysis demonstrated that CD8-
IML and CD4-IML possessed high saturation 
magnetization strengths and displayed relative-
ly good superparamagnetic properties (Figure 
2E). AFM observations of CD8-IML and CD4-
IML are presented in Figure 2F that indicates 
that the seeded magnetic spheres were spheri-
cal in size without agglomeration. FT-IR spec-
troscopic tests (Figure 2G) indicated a new 
peak at approximately 2,840-2,930 cm-1 that  
is due to the long carbon chains and methyl 
groups on the quaternary ammonium salt. The 
presence of GHDC on both IMLs indirectly sug-
gested that the antibody was coupled to the 
surface of the magnetic sphere. The results of 
UV testing demonstrated that several immuno-
magnetic spheres exhibited a broad absorption 
peak at approximately 280 nm, whereas no UV 
absorption peak was observed for the IMLs, 
indicating that the antibodies were coupled to 
the surface of the spheres (Figure 2H).

Figure 1. Experimental design and flow diagram. A. Peripheral blood collec-
tion and CTC enrichment analysis. B. Processing of peripheral blood samples.

tal results were performed. 
PD-L1 expression was ana-
lyzed in both blood and tis- 
sue samples for concordance 
and complementarity analy-
ses. The overall processes  
of CTC isolation, CTC count, 
and PD-L1 expression analy-
sis are presented in Figure 1A 
and 1B.

Performance validation and 
functional evaluation of IML

Ep-IML, Vi-IML, and EG-IML 
were constructed and charac-
terized materialistically, inclu- 
ding particle size, potential, 
and magnetic saturation cur- 
ves (Supplementary Figure 1). 
The particle sizes of the con-
structed CD8 antibody-modi-
fied IML (CD8-IML) and CD4 
antibody-modified IML (CD4-
IML) were tested. The average 
particle size of CD8-IML was 
177.22 ± 3.41 nm with a PDI 
of 0.118 (Figure 2A), and the 
average particle size of CD4-
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Analysis of the capture efficiency of magnetic 
spheres on cells

Fluorescence microscopy images of different 
target magnetic spheres combined with three 
different head, neck, and throat tumor cell lines 
(HNE1, FaDu, and Hep-2) are presented in 
Figure 3. It was observed that different IMLs 
could automatically search for tumor cells in 
solution and adhere to the cell surfaces. An 
increased number of immunomagnetic beads 
gradually aggregated around the tumor cells, 
and after some time, the entire cell surface was 
surrounded by a sufficient number of magnetic 
vesicles. The binding of the immunomagnetic 
beads to different head and neck cancer cells 
increased with time until the magnetic vesicles 

(Figure 4A). On this basis, the addition of CD8 
and CD4 IMLs for T lymphocyte enrichment 
was continued, and the results revealed that 
CD8 and CD4 possessed a high T lymphocyte 
enrichment ability that is important for diverse 
typing analyses in clinical diagnosis (Figure 
4B). Additionally, both PBS and blood samples 
were selected for capture efficacy analysis of 
the five magnetic beads in this project, and the 
results indicated that Ep-IML exhibited the 
highest CTC sorting efficiency, followed by 
Vi-CTC and EG-CTC. CD8-IML and CD4-IML 
exhibited a similar capture ability for T cells, 
indicating that they possess a similar capture 
ability for T lymphocytes in peripheral blood. 
(Figure 4C, 4D).

Figure 2. Characterization of the properties of antibody-modified magnetic 
nanospheres. A. CD8-IML particle size distribution. B. CD8-IML potential dis-
tribution. C. CD4-IML particle size distribution. D. CD4-IML potential distri-
bution. E. Magnetic saturation curve analysis of the immunolipid magnetic 
spheres. F. AFM plots of CD8-IML and CD4-IML. G. FT-IR spectra of the immu-
nolipid magnetic spheres. H. Ultraviolet absorption spectra of different IMLs.

no longer adhered to the cell 
surface (Figure 3A-C). Cell 
capture efficiency analysis of 
the three nanolipid magnetic 
beads in three tumor cells 
demonstrated that the cap-
ture ability of all three IMLs 
was higher in phosphate buff-
ered saline (PBS, 0.1 mol/l) 
than it was in blood. Among 
the three IMLs, Ep-IML exhib-
ited the best capture capaci-
ty, and among the three tu- 
mor cells, the most significant 
effect was observed in FaDu 
and HNE1 cells (Figure 3D, 
3E).

Analysis of captured CTCs

The collected peripheral bl- 
ood samples were analyzed 
using established IMLs for the 
sorting and identification of 
tumor cells. Ep-IML, Vi-IML, 
and EG-IML were used to cap-
ture CTCs from the blood sam-
ple aliquots. Captured CTCs 
were identified and character-
ized using fluorescence mic- 
roscopy. The results con-
firmed that the number of 
CTCs captured by the Ep-IML 
was the highest, and this was 
followed by that captured by 
the Vi-IML. EG-IML captured 
the lowest number of CTCs 
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CTC-derived PD-L1 positivity analysis

After sorting and identifying peripheral blood 
CTCs from clinical samples, we selected sam-
ples positive for PD-L1 expression for further 
determination of CTC quantity. Positive enrich-
ment for epithelial (EpCAM PD-L1+), mesenchy-
mal (Vimentin PD-L1+), and EGFR+ (PD-L1+) 
cells demonstrated that PD-L1+-type Ep-CTCs 
captured the most cells, and PD-L1+-type 
Vi-CTCs and PD-L1+-type EG-CTC captured sim-
ilar amounts (Figure 5B). Additionally, represen-

tative pictures of PD-L1+ versus PD-L1- are pre-
sented in Figure 5A. PD-L1 protein expression 
was defined as the percentage of positive 
membrane staining, and PD-L1(+) staining was 
defined as the average PD-L1 intensity above 
the cut-off (determined by summing the ne- 
gative control and background intensities). 
PD-L1(+) staining was significantly stronger in 
fully circumferential or partially linear plasma 
membrane than it was in cytoplasmic staining. 
This suggests that epithelial, mesenchymal, 
and EGFR antibody-modified nanomagnetic 

Figure 3. Cell capture efficiency experiment of different magnetic spheres. Fluorescence microscope images of Ep-
IML (A), Vi-IML (B), and EG-IML (C) bound to cells. (D) Capture efficiency analysis in PBS (D) and blood (E) samples.
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beads can be used to capture PD-L1 express-
ing CTCs more comprehensively and with high-

er sensitivity. The information carried by these 
CTCs is of great significance for the subsequent 

Figure 4. CTC counting and identification of clinical samples. (A) CTC capture ability of Ep-IML, Vi-IML, and EG-IML. 
(B) CTC capture after addition of CD8 and CD4 for T lymphocytes. Capture ability of Ep-IML, Vi-IML, EG-IML, CD8-IML, 
and CD4-IML in PBS (C) and blood (D) samples.

Figure 5. CTC counting and identification of clinical samples. A. Representative maps of PD-L1-positive and PD-L1-
negative staining patterns. B. PD-L1+ type Ep-CTC, PD-L1+ type Vi-CTC, and PD-L1+ type EG-CTC capture analysis.
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exploration of tumor markers and the interpre-
tation of EMT and malignant metastasis of 
tumors.

Correlation analysis of PD-L1 with CD8/CD4

Based on the above measurements of PD-L1 
and CD8/CD4 in clinical samples collected 
from pharyngeal head and neck tumors, we 
subsequently performed a correlation analysis 
between PD-L1 and CD8/CD4 to reveal the 
relationship between PD-L1 and CD8/CD4 in 
pharyngeal head and neck tumors. The results 
revealed a positive correlation between PD-L1 
and CD8 (Figure 6A) and a negative correlation 
with CD4 (Figure 6B). CD8 and CD4 counts 
were negatively correlated for CTC counts 
(Figure 6C). We analyzed whether there was a 
difference in PD-L1 expression between the  
PD and PR/SD sample populations, and the 
results indicated no significant difference in 
PD-L1 expression between the PD and PR/SD 
samples (Figure 6E). Additionally, PD-L1 ex- 
pression was assayed in the pharyngeal head 
and neck tumor cell lines, and the results 
revealed upregulated expression of PD-L1 in 
the pharyngeal head and neck tumor cell lines 
compared to levels in control K562 cells (Figure 
6D).

Effectiveness prediction and ROC analysis of 
this CTCs sorting system

Some of the samples underwent multiple 
dynamic peripheral blood sample collections at 
multiple time points and were used to analyze 
the role played by CTC in the treatment process 
and for efficacy evaluation. The results demon-
strated that samples with high CTC counts 
exhibited a poor prognosis (Figure 7A). After 
treatment, CTC counts decreased, and sam-
ples with high CTC counts still exhibited a poor-
er prognosis than that of those with low CTC 
counts (Figure 7B). Based on the above data, 
the utility of CTC for dynamic monitoring was 
determined, and the AUC curve was plotted 
using ROC analysis. The obtained AUC value 
was 0.887 (Figure 7C). Typically, an AUC value 
of higher than 0.7 is considered to possess 
clinical value, confirming that CTC is valuable 
for clinical efficacy monitoring and prognostic 
evaluation. A higher number of CTCs in a single 
sample resulted in a higher possible risk index 
(Figure 7D).

Analysis of PD-L1-related immune indexes

CTCs positive for PD-L1 expression in patient 
samples are presented in Figure 8A. It can be 

Figure 6. Correlation analysis of PD-L1-positive CTC with CD8/CD4 T cells. A. Correlation analysis of PD-L1+ CTC 
number with CD8+ T cells. B. Correlation analysis of PD-L1+ CTC number with CD4+ T cells. C. Correlation analysis 
of CD8+ with CD4+ T cells. D. Measurement of PD-L1 expression in pharyngeal head and neck tumor cell lines. E. 
Measurement of PD-L1 expression in PD and PR/SD samples.
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observed from the figure that the expression of 
PD-L1 in CTCs with different phenotypes was 
consistent. The sorted CTCs exhibited obvious 
cell morphology features, were enriched with 
black nanomagnetic spheres, and expressed 
CK (green fluorescence) and PD-L1 (red fluores-
cence) simultaneously. At the cellular level, we 
analyzed the target adsorption recognition abil-
ity. The pharyngeal tumor cell lines HNE1, 
FaDu, and Hep-2 were mixed with magnetic 
beads. Different IMLs automatically searched 
for and adhered to tumor cells when they were 
mixed (Supplementary Figure 2). The increas- 
ing number of immunomagnetic beads gradu-
ally aggregated around the CTCs, and after 
some time, the cell surface was surrounded by 
a sufficient number of magnetic vesicles that 
increased with time until the magnetic vesicl- 
es no longer adhered to the cell surface. 
Additionally, at the cell line level, PD-L1 expres-

sion assays and validation experiments focus- 
ed on the role of the effect on cytokine expres-
sion were performed. FaDu cells were first 
treated with a PD-L1 inhibitor and then co-cul-
tured with T cells. The culture supernatant 
exhibited a significant increase in TNF-α levels 
and a significant decrease in IL-10 levels when 
tested with ELISA (Figure 8B-D).

Discussion

In this study, a CTC capture system based on 
nanomaterials was developed from the periph-
eral blood of patients with head, neck, and 
throat tumors. This system is very effective for 
CTC capture, with a high capture efficiency and 
low cytotoxicity [37], thus making it an efficient 
and safe nanocarrier for targeted therapy. The 
addition of CD8 and CD4 nano-magnetic bead 
systems, the joint use of which exhibits a higher 

Figure 7. Effectiveness prediction and ROC analysis of this sorting system. A. Before treatment, analysis of the num-
ber of CTCs versus prognosis. B. After treatment, analysis of the number of CTCs versus prognosis. C. ROC analysis. 
D. Number of CTCs predicting the risk index.
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CTC capture capacity and confirms a very high 
correlation with PD-L1, is an effective aid for 
clinical dynamic monitoring. Strati A. et al. at 
the University of Athens reported that the 
expression of PD-L1 in CTC can provide feasi-
ble and important prognostic information for 
patients with head and neck squamous cell 
carcinoma. After treatment, patients whose 
CTCs overexpressed PD-L1 exhibited shorter 
progression-free survival (P=0.001) and overall 
survival (P < 0.001) [38]. Through the analysis 
of PD-L1 expression at the protein level, chang-
es in CTC in PD-L1 positive patients can be  
further determined, and this plays an auxiliary 
role in clinical diagnosis and can be used as a 
dynamic detection index for the course of head, 
neck, and throat tumor treatment and as a pre-
dictor of recurrence risk. Some samples in 
which the tissues that were not positive for 
PD-L1 exhibited positive CTC levels of PD-L1 in 

different subtypes, and this can exert a com-
plementary effect. Additionally, in the pre- 
sence of PD-L1 inhibition, monitoring revealed 
increased levels of the cytokine TNF-α and 
decreased levels of IL-10.

The limited predictive value of PD-L1 expres-
sion in primary tissues and the weak correla-
tion between matched primary tumors and dis-
tant metastases suggest that primary tumors 
are not suitable alternatives for detecting 
PD-L1 expression at the metastatic site [39-
41]. Magnetic beads were constructed by  
combining vimentin and EGFR antibody modifi-
cations in addition to the EpCAM single anti-
body-modified magnetic beads reported by 
CellSearch, aiming to capture CTCs from pa- 
tients with laryngeal cancer and characterize 
the expression of PD-L1 [42-44]. Immuno- 
histochemical assays are used to detect the 

Figure 8. Image analysis of different phenotypes CTCs and their relationship with serum markers. (A) Fluorescence 
microscope images of different phenotypes of CTC with positive PD-L1 expression in the blood of patients. (B) Analy-
sis of PD-L1 expression at different cell level. Measurement of inhibition of PD-L1 expression on the expression of 
the cytokines TNF-α (C) and IL-10 (D).
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presence of the PD-L1 protein in tumor tissues 
to aid in clinical treatment decisions by identify-
ing the PD-1/PD-L1 antibody regimen most 
likely to target tumors [45]. Additionally, PD-L1 
is expressed in the tumor cells of many impor-
tant cancer types, even in immune cells, and 
PD-L1 is also expressed in many components 
such as the cytoplasm or cell membrane, with 
wide variations in the expression levels of indi-
vidual cells [46-48]. Therefore, measurement 
of PD-L1 expression by CTCs complements tis-
sue PD-L1 analysis and assists in the develop-
ment of clinical protocols.

This project established a high-precision CTC 
isolation and detection system for patients with 
pharyngeal tumors based on the CellSearch 
system that is based on the EpCAM/Vimentin/
EGFR immunomagnetic sphere-positive sorting 
method for CTCs in patients with pharyngeal 
tumors [45]. It also incorporates for the first 
time two immune-related indicators, CD8 and 
CD4 that are comprehensive CTC capture sys-
tems. We performed analyses of PD-L1 that 
have also been rarely reported in studies 
focused on laryngeal cancer. Currently, our 
analysis includes only a small number of cases, 
and this is a shortcoming of this study. We will 
consider utilizing a larger sample size in subse-
quent studies to provide more theoretical sup-
port and a broader data base for clinical stud-
ies investigating this system.
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Supplementary Figure 1. Material characterization of antibody modified immunolipid magnetic nano-beads. A, B. 
Size distribution and zeta distribution of Ep-IML. C, D. Size distribution and zeta distribution of Vi-IML. E, F. Size dis-
tribution and zeta distribution of EG-IML. G. Ultraviolet absorption spectrum of immunolipid magnetic nano-beads. 
H. FT-IR spectrum of immunolipid magnetic nano-beads. I-K. AFM image of Ep-IML, Vi-IML and EG-IML.
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Supplementary Figure 2. Analysis of cell (HNE1, FaDu, and HNE1) binding state with different IMLs. Targeted iden-
tification of laryngeal cancer cells for EpCAM (A), Vimentin (B) and EGFR (C), respectively.


