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Abstract. Exosomes play an important role in the individual 
immune regulation in patients with head and neck squamous 
cell carcinoma (HNSCC) as part of the tumor microenviron‑
ment. Patients with HNSCC with advanced tumor stages 
reveal significantly increased levels of plasma derived CD16+ 
(FcRIIIA) total exosomes as demonstrated in our previous 
study. Furthermore, increased individual abundances of 
peripheral blood CD16+ non‑classical monocytes have been 
shown to correlate with increased monocytic programmed 
death ligand 1 (PD‑L1) and CD4+ T cell disturbances in 
oropharyngeal cancer. However, the context of plasma derived 
CD16+ exosomes in patients with HNSCC and their role in 
the immune‑regulation of circulating monocyte subsets has 
not been investigated so far. In the present study, exosomes 
were isolated from plasma samples of healthy donors and 
patients with HNSCC and evaluated for their morphology, 
size and protein composition using transmission electron 
microscopy, western blotting and bead‑based flow cytometry. 
Monocyte subset abundances were analyzed in whole blood 
measurements in terms of the CD14/CD16 cell surface expres‑
sion patterns, different monocytic adhesion molecules and 
checkpoint molecule PD‑L1 using flow cytometry. Isolated 
exosomes were positive for the tetraspanins CD63 and CD9 
as well as the endosomal marker TSG101, but negative for 
the non‑exosomal marker glucose‑regulated protein 94 and 
apolipoprotein ApoA1. Plasma derived CD16+ exosomes and 
exosome size distribution were significantly correlated with 
abundances of CD16+ non‑classical monocytes and CD16+ 
intermediate monocytes, respectively. Furthermore, the data 

revealed significant correlations between CD16+ plasma 
derived exosomes and adhesion molecules CD29 (integrin 
β1) and CX3CR1 on certain monocyte subsets. These data 
suggested that CD16 positive exosomes and exosome size 
distribution were potential surrogates to characterize the 
composition of monocyte subsets in patients with HNSCC. 
Overall, both CD16‑positive exosomes and CD16‑positive 
monocyte subsets are potential liquid biomarkers that could 
be used to characterize the individual immunological situation 
of patients with HNSCC.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the 6th 
most common human cancer and develops from the mucosal 
epithelium in the oral cavity, pharynx, and larynx (1). Various 
cellular and molecular parameters influence individual immu‑
nological behaviors as well as different responses to therapeutic 
treatments in patients with head and neck cancer (2,3). In this 
context extracellular vesicles (EVs), especially exosomes, have 
gained increasing attention (4‑6). Exosomes are small‑sized 
(30‑150 nm) EVs that are released by almost all types of cells 
and can be found in all body fluids. Tumor‑derived exosomes 
play an important role for the intercellular communication and 
promote tumor progression and immune suppression (6,7).

We have recently shown that HNSCC patients with 
advanced tumor stages reveal significantly increased levels 
of plasma derived CD16+ total exosomes, suggesting CD16 
positive exosomes as potential liquid biomarkers to charac‑
terize the individual situation of HNSCC patients (8). CD16 
(FcRIIIA) is part of the Fc receptor (FcR) family and is known 
to be expressed on different immune cells such as natural killer 
(NK) cells, neutrophils and certain monocyte subsets (9,10). 
It has also been shown that cells of the human monocyte 
leukaemia cell line THP‑1 (Tohoku Hospital Pediatrics‑1) 
as well as THP‑1 derived exosomes are strongly positive for 
CD16 (8).

Furthermore, our recent data revealed individual hetero‑
geneous distributions of CD14/CD16 monocyte subset 
abundances in the peripheral blood of HNSCC patients 
compared to healthy donors, with elevated monocytic expres‑
sion of checkpoint molecule PD‑L1 in CD16+ non‑classical 
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monocytes in certain individuals  (11). Briefly, peripheral 
blood monocytes can be subdivided based on their CD14 
(a lipopolysaccharide co‑receptor) and CD16 cell surface 
expression  (10,12,13). CD14++CD16‑ ‘classical’ monocytes 
have their origin in the bone marrow from where they enter 
the periphery. The so called ‘intermediate’ (CD14+CD16+) and 
‘non‑classical’ (CD14dim+CD16+) monocytes are considered 
as pro‑inflammatory and more differentiated subtypes with 
specialized immune functions such as viral defense (14,15). 
Under normal conditions in healthy individuals, these subsets 
comprise each an amount of 5‑10% of the entirety of peripheral 
blood monocytes. Increased abundances of these pro‑inflam‑
matory subsets have been identified in different acute and 
chronic inflammatory diseases (16‑18). In cholangiocarcinoma 
as well as in colorectal cancer increased percentages of CD16+ 
blood monocytes were associated with higher densities of 
tumor‑associated macrophages (TAM) (19,20). Similarly, it 
has recently been observed that exosomes have an important 
impact on the communication between TAMs and cancer 
cells and therefore might be a promising target for innovative 
immunotherapeutic approaches (21).

However, the origin of plasma derived CD16+ exosomes in 
HNSCC patients and their role within the immune‑regulatory 
network of circulating monocytes has not been investigated 
so far. This study aimed to investigate the context of CD16+ 
plasma‑derived exosomes in terms of the differentiation 
patterns of peripheral blood CD14/CD16 monocyte subsets 
and the clinicopathological parameters in HNSCC patients. 
Furthermore, monocyte subsets were analyzed with regard 
to the expression patterns of adhesion molecules CD29 and 
CX3CR1 as well as immune checkpoint molecule programmed 
death ligand 1 (PD‑L1) to broaden our understanding of the 
interplay of circulating monocyte subsets and exosomes as 
potential bioliquid mediators and indicators of tumor infiltra‑
tion and progression.

Materials and methods

Ethics statement. All patients were subjected to standard 
clinical and surgical treatment between April and September 
2021 at the Department of Otorhinolaryngology, University 
Hospital Schleswig‑Holstein, Campus Luebeck, and have 
given their written informed consent for the following investi‑
gations. The study was approved by the local ethics committee 
of the University of Luebeck (approval number 16‑278) and 
conducted in accordance with the ethical principles for medical 
research formulated in the WMA Declaration of Helsinki.

Exosome isolation. Exosomes were isolated from plasma 
samples of healthy volunteers and head and neck cancer 
patients by size exclusion chromatography as described previ‑
ously (22). In short, freshly thawed plasma was sequentially 
centrifuged at 2,000 x g for 10 min and 10,000 x g for 30 min at 
4˚C. Following, the supernatant was filtered through 0.22 µm 
syringe‑driven filters (Millipore, Burlington, MA, USA). 1 ml 
aliquots were loaded on pre‑packed sepharose columns and 
eluted with PBS. Sequential 1 ml fraction #4 was collected 
and used for downstream analyses. Total exosome protein 
concentration was measured using Pierce BCA Protein Assay 
(Thermofisher Scientific, Waltham, MA, USA) according to 

manufacturer's instructions. Exosomes were concentrated 
using 100 kDa cutoff centrifugal filters (Millipore).

Characterization of exosomes. Exosomes were characterized 
by western blot, nanoparticle tracking analysis and transmis‑
sion electron microscopy. These methods are in line with 
the minimal information for studies of extracellular vesicle 
(MISEV) 2018 guidelines (23) and are routinely performed 
as described in our previous publication (8) (EV‑TRACK ID: 
EV200068).

Bead‑based flow cytometry of exosomes. Immune capture 
and bead‑based flow cytometry were carried out as described 
previously (8,24,25). In short, 10 µg exosomes in 100 µl PBS 
were incubated with 1  µg biotin‑labeled anti‑CD63 (Cat: 
353018, Biolegend, San Diego, CA, USA) for 2 h at room 
temperature on a shaker. Next, 10 µl ExoCap Streptavidin 
magnetic beads (MBL Life Science, Woburn, MA, USA) were 
added and incubated for another 2 h at room temperature on a 
shaker. Samples were washed using a magnetic rack and subse‑
quently stained with the following antibodies/isotype controls 
for 1 h at room temperature on a shaker: CD14‑PE (0.5 µg, 
Cat: 12‑0149‑42) and IgG1‑PE (0.5  µg, Cat: 12‑4714‑42) 
(both from eBioscience/Thermofisher Scientific), CD16‑APC 
(0.8 µg, Cat: 36076) and IgG1‑APC (0.8 µg, Cat: 400122) 
(both from Biolegend), CD44v3‑APC (10 µl, FAB5088A) and 
IgG2b‑APC (10 µl, IC0041A) (both from R&D, Minneapolis, 
MN, USA). The stained complexes were washed twice using 
a magnetic rack and finally resuspended in 300 µl PBS for 
flow cytometry. Detection was performed using a Gallios flow 
cytometer with Kaluza 1.0 software (Beckman Coulter, Brea, 
CA, USA) and 10000 events were acquired. Data are presented 
as relative fluorescent intensity (RFI) which is the mean fluo‑
rescence intensity of the stained sample divided by the mean 
fluorescence intensity of the corresponding isotype control.

Blood collection and patient data. All blood donors have 
signed an informed written consent, and were clarified about 
the content of the proposed study. Blood (8 ml per patient) 
was drawn by venipuncture into a sodium citrate containing 
S‑Monovette (Sarstedt; Nümbrecht, Germany). Blood samples 
were collected from healthy donors (n=10; 6 female/4 male; 
mean age of 59, range from 22 to 84) and head and neck cancer 
patients (n=25; 7 female/18 male; mean age of 64, range from 
50 to 86). All analyzed HNSCC patients were treatment naïve. 
Blood samples were centrifuged at 1,000 x g for 10 min. 
Plasma specimens were stored in aliquots at ‑80˚C. The clini‑
copathological characteristics of patients are listed in Table I.

FACS analysis of monocyte subsets. For FACS analyisis, 20 µl 
of citrate blood was diluted in 80 µl PBS within 4 h after 
blood collection. Staining of blood cells was performed with 
the following antibodies (diluted 1:50) for 25 min staining 
in the dark: CD45‑PE (Cat: 368510), CD14‑FITC (Cat: 
367116), CD16‑BV‑510 (Cat: 302048), HLA‑DR‑APC‑Cy7 
(Cat: 307618), PD‑L1‑APC (Cat: 329708), CD29‑PE‑Cy7 
(Cat: 303026) and CX3CR1‑BV421 (Cat: 341620) (all from 
Biolegend, San Diego, USA). Afterward, 650 µl RBC Lysis 
Buffer (Biolegend) were added to the samples for another 
20 min before the samples were centrifuged (400 x g for 
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5 min) and supernatants were discarded. Cell pellets were 
resuspended in 100 µl fresh PBS and flow cytometry measure‑
ments were performed using a MACSQuant 10 flow cytometer 
(Miltenyi Biotec, Bergisch‑Gladbach, Germany). Measured 
data were analyzed using the FlowJo software version 10.0 
(FlowJo, LLC, Ashland, USA). All antibody titrations and 
compensations were performed beforehand. For whole blood 
measurements, at least 100 000 CD45+ leukocytes were 
analyzed. Gating of monocyte subsets was performed as 
described before (26).

Immunohistochemistry and Evaluation. IHC staining was 
performed according to the manufacturer's instructions, using 
the Ventana Discovery (Ventana Medical System, Roche, 
Basel, Switzerland) automated staining system. In brief, slides 
were stained with the anti‑PD‑L1 antibody (rabbit monoclonal 
antibody, clone E1L3N, RTU; Cell Signaling, Danvers, MA, 
USA) and samples were evaluated by two independent pathol‑
ogists. The tumor positivity score (TPS) was calculated as 
the percentage of tumor cells with positive PD‑L1 membrane 
staining (range 0‑100%).

Statistical analysis. GraphPad Prism Version 7.0f (GraphPad 
Software, Inc., San Diego, CA, USA) was used for unpaired 
student's t‑Tests for statistical analysis of all data presented 
here. Analyses of patients samples were performed once per 
sample. The mean and standard errors (SEM) are presented. 

P<0.05 was considered to indicate a statistically significant 
difference. Correlation analysis between different parameters 
was calculated using multivariate regression with the Pearson 
correlation coefficient. P<0.05 (*), P<0.01 (**), and P<0.001 
(***).

Results

Characterization of exosomes from plasma of healthy donors 
and HNSCC patients. Exosomes isolated from plasma of 
healthy donors and HNSCC patients were evaluated for 
morphology, size and protein composition by transmission 
electron microscopy, nanoparticle tracking and western blot 
analysis. Isolated vesicles had a circular shape (Fig. 1A) and 
ranged from 30 to 200 nm with median diameters around 
90 nm (Fig. 1B). Exosome preparations were positive for the 
tetraspanins CD63 and CD9 as well as the endosomal marker 
TSG101 but negative for the non‑exosomal marker Grp94 and 
apolipoprotein ApoA1 (Fig. 1C). According to the MISEV 
2018 guidelines (23), the described results allow for exosome 
nomenclature. Exosomal surface levels of CD44v3, used as 
tumor marker, were higher in HNSCC patients compared to 
healhty donors (HD) (Fig. 1D), indicating the presence of 
tumor‑derived exosomes (TEX). Analysis of exosomal CD16 
and CD14 surface values revealed no significant overall differ‑
ences in HNSCC patients compared to healthy volunteers, but 
individual patients with increased levels of plasma derived 
CD16+ exosomes (Fig. 2).

CD14/CD16 monocyte subsets of the HNSCC cohort. 
Circulating monocytes were divided into the three subsets 
CD14++CD16‑ (classical), CD14++CD16+ (intermediate) and 
CD14dim+CD16+ (non‑classical) using flow cytometry (27). 
Briefly, CD45 was used as a pan leukocyte marker for whole 
blood measurement and monocytes were first roughly gated 
by their FSC/SSC characteristics and the positivity for 
CD14 and CD16. Neutrophil granulocytes and NK‑cells 
were excluded by their missing HLA‑DR expression. 
Remaining B cells were excluded by the help of their lack of 
CD14 expression. Remaining monocytes were subgated into 
CD14++CD16‑ (classical), CD14++CD16+ (intermediate) and 
CD14dim+CD16+ (non‑classical) monocytes. HNSCC patients 
revealed similar median percentages of both classical and 
non‑classical monocyte subsets compared to healthy donors, 
but stronger dispersions of individual distributions. Our 
measurements identified significantly increased percent‑
ages of intermediate monocytes in healthy donors and a 
drop of classical monocytes accompanied by an increase 
of non‑classical monocytes in four HNSCC patients 
(Fig. 3). Further Pearson's correlation analyses between the 
pathological records of the intra‑tumoral PD‑L1 evaluation 
(tumor positivity score, TPS) and CD16 positive exosomes 
and monocytes revealed no significant correlations (Fig. S1).

Correlation of CD16+ exosomes and monocyte subset altera‑
tions. Our data revealed heterogeneous abundances of both 
plasma derived CD16+ exosomes and circulating monocyte 
subsets in the analysed HNSCC patients. Correlation analysis 
between these parameters revealed a significant positive 
correlation (P=0.0312) between CD16+ exosomes and CD16+ 

Table I. Clinicopathological parameters.

	 Patients (n=25)
	-------------------------------------------
Characteristics	 n	 %

Sex		
  Male	 18	 72
  Female	 7	 28
Age (years)		
  ≤65	 12	 48
  >65	 13	 52
Tumor site		
  Pharynx	 13	 52
  Larynx	 5	 20
  Oral cavity	 7	 28
Tumor stage		
  T1‑t2	 16	 64
  T3‑t4	 9	 36
HPV status		
  Positive	 11	 44
  Negative	 14	 56
Alcohol abuse		
  Yes	 5	 20
  No	 20	 80
Tobacco consumption		
  Yes	 16	 64
  No	 9	 36



THEODORAKI et al:  LIQUID BIOMARKERS IN HEAD AND NECK CANCER4

non‑classical monocytes but not CD16+ intermediate mono‑
cytes in head and neck cancer patients (Fig. 4A). Additional 
correlation analysis between exosomal CD14, revealed no 
significant correlation (Fig. 4B). In contrast, correlation analy‑
isis of both plasma derived CD14+ and CD16+ exosomes and 
circulating monocyte subsets in the analyzed healthy donors 
revealed no significant correlations (Fig. 5). Analysis of CD16+ 
exosomes from HPV positive and HPV negative patients 
revealed no significant differences (Fig. S2).

In addition, correlation analyses between exosomal CD16 
percentages and CD16 expression of natural killer (NK) cells 
and neutrophils were performed. Our data revelaed no signifi‑
cant correlation, which corroborates the conection between 
circulating CD16+ monocytes and plasma CD16 exosomes in 
HNSCC patients (Fig. 6). Furthermore, expression of adhesion 
molecules CD29 (integrin β1) and CX3CR1 was measured 
in all three monocyte subsets and correlated with the abun‑
dances of plasma derived CD16+ exosomes. Our data revealed 
significant positive correlations between CD16 plasma derived 
exosomes and CD29 expression on classical (P=0.0338) and 
non‑classical monocytes (P=0.0474) monocytes as well as a 
significant correlation between CX3CR1 and CD16 plasma 
derived exosomes expression on intermediate monocytes 
(P=0.0192) (Fig. 7).

Of note, the four patients with the strongest monocyte 
subset alterations all suffer from oropharyngeal cancer, thus 
located in a lymphoid‑tissue‑rich anatomical region that may 
have a systemic influence on the immune regulation in the 
peripheral blood.

Next, the PD‑L1 expression of monocytes was analyzed and 
correlated with exosome CD16 expression, exosome diameter 

values (nm) and total exome protein (µg/ml). Our data indi‑
cated significantly increased monocytic PD‑L1 expression 
in HNSCC patients compared to healthy donors (P=0.0014) 
(Fig. 8A). Correlation analysis revealed no significant corre‑
lations between monocytic PD‑L1 expression and exosomal 
CD16 and total exosomal protein levels, but a significant 
correlation between monocytic PD‑L1 and exosome diameter 
values (Fig. 8). Further correlation analysis revealed a positive 
significant correlation between exosome diameter (nm) and 
percentages of classical monocytes as well as a significant 
negative correlation between exosome diameter (nm) and 
percentages of intermediate monocytes (Fig. 9).

Discussion

The present study was undertaken to investigate the possible 
connection between plasma derived CD16 exosomes and 
abundances and characteristics of circulating CD14/CD16 
monocyte subsets in head and neck cancer. In general, the 
investigations revealed no significant overall differences of 
exosomal CD16 and CD14 values between HNSCC patients 
and healthy donors, but certain individuals with increased 
abundances of CD16+ exosomes. Monocyte subsets were 
distinguished using flow cytometry and revealed overall 
heterogeneous distributions in HNSCC patients and signifi‑
cantly increased percentages of intermediate monocytes in 
healthy donors. However, there are conflicting observations 
concerning the shift of certain monocyte subsets in head and 
neck cancer in the literature so far. In a recent study, inves‑
tigations on a cohort of different HNSCC subtypes found 
lower abundances of intermediate and higher percentages of 

Figure 1. Characterization of exosomes from plasma of healthy donors and patients with HNSCC. (A) Representative transmission electron microscopy images 
of HD and HNSCC exosomes (scale bar, 200 nm). (B) Representative size distribution of HD and HNSCC exosomes as measured by nanoparticle tracking 
analysis. (C) Western blotting of HD and HNSCC exosomes for the presence of tetraspanins CD9 and CD63 and the endosomal marker TSG101 as well as the 
absence of cellular Grp94 and contaminant ApoA1. HNSCC cell lysate and plasma were used as positive control for Grp94 and ApoA1, respectively. HD, healthy 
donor; HNSCC, head and neck squamous cell carcinoma; Grp94, glucose‑regulated protein 94; ApoA1, apolipoprotein A1; RFI, relative fluorescence intensity.
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classical monocytes in comparison to healthy donors (28). 
Another cohort of 22 oropharyngeal cancer patients revealed 

increased percentages of classical monocytes and no differ‑
ences of non‑classical monocytes compared to healthy 

Figure 3. Analysis of CD14‑ and CD16‑characterized monocyte subsets. (A) Representative gating pattern of CD14/CD16 monocyte subset analysis by flow 
cytometry. (B) Whole blood measurements revealed similar median abundances of classical monocytes and non‑classical monocytes in patients with HNSCC 
(n=25) compared with healthy donors (n=10), but a larger spreading of monocyte subset distributions in patients with cancer. Patients with HNSCC revealed 
significantly decreased percentages of IM. **P<0.01. CM, classical monocytes; NCM, non‑classical monocytes; IM, intermediate monocytes; HD, healthy 
donor; HNSCC, head and neck squamous cell carcinoma.

Figure 2. Exosomal cargo of HD and patients with HNSCC. Comparison of (A and B) exosomal CD16 and (C and D) exosomal CD14 values 
between HD and patients with HNSCC revealed no significant differences, although individual patients with HNSCC showed elevated 
exosomal CD16 values. Exosomal CD16 and CD14 values were determined using bead‑based f low cytometry of CD63‑captured exosomes. 
Results are shown as relative f luorescence intensity compared with an isotype control from patients with HNSCC. (A) and (C) present the 
mean and standard deviation. In the representative f low cytometry histograms depicting (B) CD16 (n=10 HD; n=25) and (D) CD14 (n=10 
HD; n=16) values of HD and HNSCC exosomes, the solid line represents the CD16 or CD14 signal and the dashed line represents the isotype 
control. ns, not significant; HD, healthy donor; HNSCC, head and neck squamous cell carcinoma.
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donors (29). These different observations are most likely due 
to the different sizes of the analyzed patient cohorts and the 
manifold individual parameters in each cohort that influence 
the monocyte subset distribution. This is as well an acknowl‑
edged limitation of the present study. We found a significant 

positive correlation between plasma derived CD16 exosomes 
and circulating CD16+ non‑classical monocytes, suggesting 
these cells as potential origin of CD16 plasma derived 
exosomes in head and neck cancer. It is most likely that the 
induction of CD16+ monocytes in certain individuals is tumor 

Figure 4. Correlations between exosomes and monocyte subsets in HNSCC. Correlation analysis between exosomal (A) CD16 and (B) CD14 and percentages 
(of total monocytes) of CM, IM and NCM in patients with HNSCC. Data revealed a significant positive correlation between exosomal CD16 and percentages of 
NCM. The correlation coefficient (r) and P‑values are given for each monocyte subset. P<0.05 was considered as significant. MFI, mean fluorescence intensity; 
CM, classical monocytes; NCM, non‑classical monocytes; IM, intermediate monocytes; HNSCC, head and neck squamous cell carcinoma.

Figure 5. Correlations between exosomes and monocyte subsets in healthy donors. Correlation analysis between exosomal (A) CD16 and (B) CD14 and 
percentages (of total monocytes) of CM, IM and NCM in healthy donors. Data revealed no significant correlations. The correlation coefficient (r) and P‑values 
are given for each monocyte subset. P<0.05 was considered as significant. MFI, mean fluorescence intensity; CM, classical monocytes; NCM, non‑classical 
monocytes; IM, intermediate monocytes.
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driven, since a reconstitution of monocyte subset distribution 
was observed after tumor resection in patients with cholan‑
giocarcinoma  (30). Besides their correlation with clinical 
parameters, plasma exosomes have as well been identified as 
a promising bioliquid indicator for treatment response and 
tumor progression in head and neck cancer (31).

In this study, total exosomes from plasma of HNSCC 
patients and HD were analyzed and they represent a mixture of 
exosomes derived from normal, tumor and immune cells. We 
confirmed the presence of CD44v3+ TEX in HNSCC patients. 
Previous studies showed that HNSCC patients have higher 
amounts of total exosomes compared to HD and that these 
are mainly tumor‑ and immune cell‑derived (22,24,25,32). 
Remarkably, CD63 and CD9 showed interindivudal vari‑
ability while TSG101 was the most stable exosomal marker. 
This variance of exosomal markers is commonly observed 
between different tumor cell lines (33) and patients (32,34). 
For exosome nomenclature, however, the presence of both 
transmembrane proteins (CD9, CD63) and cytosolic proteins 
(TSG101) recovered in exosomes need to be analyzed, irre‑
spective of the exact composition.

Fc receptor CD16 (FcRIIIA) is known to be expressed as 
well on natural killer (NK) cells and neutrophils. We can't 
distinguish from which cell populations CD16 exosomes 
derive but studies suggest reduced NK cell numbers 
expressing CD16 (35,36) and downregulated CD16 on NK 

cells (37,38) in HNSCC, rendering it less likely that CD16 
NK cells contribute to CD16 exosomes to a large extent. 
Correspondingly, our correlation analyses between exosomal 
CD16 percentages and CD16 expression of natural killer 
(NK) cells and neutrophils revealed no significant correla‑
tion, which corroborates the connection between circulating 
CD16+ monocytes and plasma‑derived CD16 exosomes in 
HNSCC patients. Our data revealed significant correlations 
between CD16 plasma derived exosomes and CD29 (integrin 
β1) expression on classical and non‑classical monocytes. 
β1‑ and β2‑integrins play an important role in the regula‑
tion of cell attachment and migration of immune cells 
in inflammatory processes  (39). These data may indicate 
an impact of plasma derived exosomes on the adhesion 
characteristics and intra‑tumoral migration of circulating 
monocytes. It has recently been shown in colorectal cancer, 
that tumor cell‑derived spondin 2 triggers the transen‑
dothelial migration of monocytes via the integrin β1/PYK2 
axis. Furthermore, inhibition of the integrin β1/PYK2 
axis was found to impair the transendothelial migration of 
monocytes as well as the cancer‑promoting functions of 
tumor‑associated macrophages (40). Furthermore, we identi‑
fied a significant correlation between CD16+ plasma derived 
exosomes and CX3CR1 expression on intermediate mono‑
cytes. Adhesion molecule CX3CR1 is required for monocyte 
crawling along the blood vessels by mediating the interaction 

Figure 6. Correlations between exosomes, NK cells and neutrophils. Correlation analysis between exosomal CD16 and percentages and CD16 expression of 
(A) NK cells and (B) neutrophils. Data revealed no significant correlations. The correlation coefficient (r) and P‑values are given for each monocyte subset. 
P<0.05 was considered as significant. MFI, mean fluorescence intensity; NK, natural killer.
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Figure 8. Correlation analysis between monocytic PD‑L1 expression and exosome values. (A) Flow cytometric measurements show significantly increased 
monocytic PD‑L1 expression in patients with HNSCC compared with healthy donors. Correlation analysis between monocytic PD‑L1 expression and 
(B) exosome CD16 expression, (C) exosome diameter and (D) total exosome protein. The correlation coefficient (r) and P‑values are given for each correlation. 
P<0.05 was considered as significant. MFI, mean fluorescence intensity; PD‑L1, programmed death ligand 1; HNSCC, head and neck squamous cell carcinoma.

Figure 7. CD14/CD16 exosomes and monocyte subsets. Correlation analysis between exosomal (A) CD16 and (B) CD14 and percentages of CM, IM and NCM 
in patients with HNSCC. Data revealed a significant positive correlation between exosomal CD16 and percentages of NCM. The correlation coefficient (r) 
and P‑values are given for each monocyte subset. P<0.05 was considered as significant. MFI, mean fluorescence intensity; CM, classical monocytes; NCM, 
non‑classical monocytes; IM, intermediate monocytes; HNSCC, head and neck squamous cell carcinoma.
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with the endothelium (41). Correspondingly, CX3CR1 is as 
well associated with atherosclerosis and vascular inflam‑
matory processes  (42,43). In patients with skin cancer, 
CX3CR1 has been shown to contribute to the accumulation 
of tumor‑associated macrophages (44).

Measurements revealed significantly increased monocytic 
PD‑L1 expression in HNSCC patients compared to healthy 
patients, which corroborates earlier studies (11). Checkpoint 
molecule PD‑L1 plays an important role in tumor immune escape 
mechanisms by inhibiting T‑cell responses via its counterpart 
programmed death 1 (PD1) (45). Further correlation analysis 
revealed a significant correlation between monocytic PD‑L1 
expression and measured exosome diameter values, maybe due 
to increased protein cargo of certain exosome subsets.

Surprisingly, further correlation analysis revealed a signifi‑
cant positive correlation between exosome diameter (nm) and 
percentages of classical monocytes as well as a significant 
negative correlation between exosome diameter (nm) and 
percentages of intermediate monocytes. This means that 
increased abundances of intermediate monocytes accompany 
with a reduced size of plasma exosomes in HNSCC patients.

It has recently been shown in prostate cancer (PC) patients 
that plasmatic exosomes were smaller in size compared to 
healthy individuals (46). It has been proposed that the altered 
characteristics of plasmatic exosomes in PC patients may 
be driven by tumor microenvironmental conditions, such as 
acidity (47) as well as the tumor mass (48,49).

However, our data suggest that characteristics of plasma 
exosomes and immune alterations of circulating monocytes 
in HNSCC patients are directly related or at least accompany 
upon tumor driven alterations of the individual microenviron‑
ment. The establishment of individual bioliquid markers for 
diagnosis and therapy of cancer patients requires the long term 
comprehensive analysis of countless molecular and cellular 
parameters in correlation with the clinical situation. There will 
not be the ‘one biomarker’ with clinical relevance for all patients 
but rather a complex interaction of various potential biomarkers 
for each individual cancer patient. Thus, the present work is just 
a small but novel and necessary contribution to the big picture. 
This is the first study to show that plasma‑derived exosomes can 
inform us about the state of monocyte subsets in corresponding 
blood samples in HNSCC patients. Not only a correlation with 
non‑canonical monocytes was visible, but also with adhesion 

molecules and checkpoint molecule PD‑L1, which enable 
immune cells to migrate and to regulate immune functions.

An acknowledged limitation of the present study is the 
relatively small size of the analyzed patient cohort. Further inves‑
tigations on larger patient cohorts are required to understand the 
biological induction as well as the clinical consequences of the 
exosome mediated inter‑monocytic communication in HNSCC 
patients. Furthermore, patient outcome over a longer period of 
time should be observed to assess the potential usability of the 
analyzed parameters as bioliquid markers for patient prognosis 
and therapy response prediction.

We do not propose the direct use of exosome CD16 for the 
treatment of HNSCC, but we focus on its use as marker for the 
level of immune suppression. By understanding the immune 
status of patients, appropriate therapies can be selected. Our data 
suggest that not only tumor derived but also monocyte derived 
exosomes participate in the communication and immune altera‑
tion within the circulating monocyte subpopulations in head 
and neck cancer. Plasma‑derived exosomes have the potential to 
reflect the immune status of the patient with the long‑term aim of 
easily characterizing the TME as high or low immune suppres‑
sive and facilitating the selection of the most suitable therapy.
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