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Tumor-associated tissue eosinophilia
promotes angiogenesis and metastasis
in head and neck squamous cell

carcinoma

Abstract

Eosinophils are terminally differentiated leukocytes that participate in the process of chronic inflammation and allergy and are able to
release multiple cytokines into the surrounding tissue environment. Tumor-associated tissue eosinophilia (TATE) is the presence of
eosinophils in the tumor or in the neighboring stroma and has been observed in various types of cancer. In head and neck squamous
cell carcinoma (HNSCC), the clinical relevance of TATE has not been concluded yet because of the inconsistent results in different
studies. In our study, we focus on the prognostic effects of TATE on HNSCC and how TATE can influence tumor behavior and
tumor microenvironment. We first showed that in both the TCGA-HNSC cohort and our cohort of patients with HNSCC who
had received curative surgery, TATE is correlated with worse overall survival. To investigate the underlying mechanism of how
TATE leads to poor clinical outcomes, we showed that activated eosinophils produce a variety of cytokines and chemokines, and
activated TATE-derived culture medium promotes tumor migration mainly through CCL2. We also showed that eosinophils are
capable of inducing angiogenesis and that HNSCC samples enriched with TATE are highly correlated with tumor angiogenesis.
Furthermore, HNSCC enriched with TATE had more aggressive pathological features, including regional lymph node metastasis,
perineural invasion, lymphovascular invasion, and tumor growth. Lastly, we showed that HNSCC enriched with TATE is associated
with immunosuppressive tumor microenvironment. Taken together, our results suggest that TATE promotes cancer metastasis and
angiogenesis which results in a poor clinical outcomes in HNSCC.
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potential needs for adjuvant CCRT. These pathologic features include major
risk factors: extranodal extension and surgical margin involved, and minor
risk factors: perineural invasion (PNI), lymphovascular invasion (LVI), large
primary tumor (pT3/T4) or extensive lymph node metastasis (pN2/N3) [1—-
3]. For HNSCC patients who had major pathologic risk factors, adjuvant
CCRT can effectively decrease the risk of recurrence and prolong survival
[4]. However, there is still a significant proportion of patients who suffer
from recurrence and poor clinical outcomes for those without identifiable risk
characteristics. Therefore, it is of utmost importance to identify additional
pathologic risk characteristics for the recurrence of HNSCC.

Eosinophils are terminally differentiated leukocytes that reside mainly
in submucosal tissues and constitute a small proportion of peripheral
blood cells [5]. The morphologic hallmark of eosinophils is the abundant
cytoplasmic granules, which contain four major proteins: major basic protein
(MBP), eosinophil-derived neurotoxin (EDN), eosinophil cationic protein
(ECP), and eosinophil peroxidase (EPO), and these four major proteins
participate in the eosinophils’ activity against helminthic parasites and the
mechanism of allergic reaction [5,6]. Aside from these cationic proteins in
cytoplasmic granules, eosinophils also exert its activity through cytokine
release. Cytokine production of granulocyte-macrophage colony-stimulating
factor (GM-CSF), interleukin (IL)-3, and IL-5 by activated eosinophils exert
autocrine growth factor activities [7]. Other cytokine production by activated
eosinophils includes IL-1e, IL-6, IL-8, and tumor necrosis factor (TNF)-
o, which participate in acute and chronic inflammation, and transforming
growth factor (TGF)-o,c-kit ligand stem cell factor (SCF), and TGEF-8,
which facilitate nearby epithelial hyperplasia and fibrosis [8—13].

Tumor-associated tissue ecosinophilia (TATE) is the presence of
eosinophils infiltrative into solid tumors or aggregates in the surrounding
stroma [14]. TATE is characteristic of Hodgkin’s lymphoma, but can also be
found in various types of solid cancer, including colorectal cancer, esophageal
cancer, cervical cancer, bladder cancer, gastric cancer, and HNSCC [15].
Efforts to elucidate how TATE affects the prognosis of HNSCC showed
variable results. Several studies showed beneficial effects of the presence
of TATE in HNSCC [14,16,17]. However, more studies showed that
TATE was associated with occult lymph node metastasis, stromal invasion,
increased tumor size, and poor survival outcomes [18-21]. The underlying
mechanism of how eosinophils interact with nearby immune and cancer
cells and how eosinophil-derived cytokines affect the surrounding tumor
microenvironment remains to be explored. In this study, we investigated
the pathological characteristics and survival outcomes in TATE-positive and
TATE-negative HNSCC patients, and the underlying mechanism of how
activated TATE facilitates angiogenesis and cancer cell migration.

Materials and methods

Study population

The study was approved by the Institutional Review Boards (IRB)
of Taipei Veterans General Hospital (TVGH). Two independent set of
HNSCC patient samples were used in this study. The first group for
immunohistochemistry (IHC) analysis comprised 60 samples from HNSCC
patients who received curative surgical treatment in TVGH from October
2017 to June 2020. Patient characteristics (age, sex, exposure to smoking
/ alcohol / betel nuts, primary tumor location, clinical staging, combined
treatment modality) and pathology characteristics (pathology staging,
differentiation, perineural invasion, lymphovascular invasion, lymphocytic
infiltration, eosinophilic infiltration, tumor growth, tumor emboli, worst
pattern of invasion-5 (WPOI-5), extranodal extension) were documented.
The second for RNA sequencing comprised frozen samples of 65 dissected
tumors derived from 23 HNSCC patients and contralateral normal oral
epithelia. The clinical characteristics of the 23 HNSCC patients is illustrated
in Supplementary Table 1.

Histopathology evaluation, immunobistochemistry and quantification of
IHC Images

For evaluation of TATE in HNSCC samples, hematoxylin and eosin
(H&E) counter staining was performed on formalin-fixed paraffin-embedded
(FFPE) HNSCC specimens. Enriched with TATE or not was evaluated
by a pathologist. Evident TATE infiltration under low power field (LPE
40X) was defined as TATE-enriched, and scarce or absence of TATE
infiltration under LPF was defined as TATE-poor. For evaluation of the
vascularization of the tumor samples, IHC for examining the expression
of CD31 was performed. Briefly, the FFPE samples were manipulated
by deparaffinization, rehydration, epitope retrieval, peroxidase inactivation,
and nonspecific protein binding block. The prepared specimen was then
stained with anti-CD31 antibody (1:200, catalogue no. 250590, Abbiotec™,
Escondido, CA), followed by Polymer-anti-rabbit Poly-HRP-IgG (catalogue
no. RE7140-K, Novolink™, Chino,CA) staining. The specimen was
visualized by 3,3’-Diaminobenzidine (catalogue no. RE7140-K, Novolink™,
Chino,CA) chromogen and nuclear staining with hematoxylin, and the slides
were scanned with the Vectra Polaris Automated Quantitative Pathology
Imaging System (Akoya Bioscience, Marlborough,MA). The percentage of
CD31 positive area and the number of blood vessels per region of interest
(ROI) were automatically calculated by the inForm Image Analysis System
(Caliper LifeSciences, Hopkinton,MA).

Butyric acid-induced eosinophilic differentiation

The subline of human promyelocytic leukemia cell line HL-60, HL-60
clone 15, which harbors capability for eosinophil differentiation, were used
in this study. The HL-60 clone 15 cells were maintained in RPMI-1640
medium (catalogue no. 11875093, ThermoFisher Scientific, Waltham,MA),
which were supplemented with 10% fetal bovine serum (FBS) (catalogue
no. SH30070.03, Cytiva, Marlborough,MA). Both cell lines were cultured
at a concentration of 0.5 x 10° cells per milliliter, and then incubated
with 0.5 mM butyric acid (catalogue no. B103500, Sigma-Aldrich, St.
Louis, Missouri) for 5 days for induction of eosinophilic differentiation [22].
For eosinophil activation, differentiated eosinophils were further incubated
with 0.1 uM elastase (catalogue no. SE563, Elastin Products Company,
Owensville, MO) and 50ng/ mL cathepsin G (catalogue no. C4428, Sigma-
Aldrich, St. Louis, MO) for 48 hours [23]. After eosinophil activation, cells
were kept in serum-free medium for 48 hours and then conditioned medium
was collected.

Cytokine array, HUVEC tube formation assay, migration assay and
immunofluorescence

These assays were performed as previously described [24-26]. Simply
put, detection of eosinophil-derived cytokines was performed by Human
Cytokine Array (catalogue no. C5, RayBiotech, Peachtree Corners,GA).
The array was conducted sequentially by blocking, incubation overnight
with conditioned medium, biotinylated antibody cocktail incubation,
HRP- streptavidin incubation, and then chemiluminescence detection. The
intensity of each well was quantified by Image] software. For HUVEC tube
formation assay, 5 x 10% HUVEC cells were added to the 1:1 Matrigel
medium mixture and conditioned medium from MO macrophages, M2
macrophages, or eosinophils were added. The plate was then incubated at
37°C for 48 hours and the images were captured by inverted microscopy
(Olympus CKX41, Olympus Corporation, Tokyo, Japan). The number of
tube formation and junctions was quantified and analyzed. For Boyden
chamber migration assay, 0.5 x 10* cells of the HNSCC cell line FADU
or OECM-1 cells were suspended in FBS-free medium and plated in
the upper chamber. Culture medium with 10% FBS was added to the
lower chamber. After 24 hours of incubation, the cells left in the upper
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chamber were removed. Cells migrated to the lower surface of the membrane
were fixed in 4% formaldehyde and stained with Coomassie Brilliant Blue
(catalogue no. AF-279-NA, R&D Systems, Minneapolis, MN). The number
of migrated cells was quantified under a 40X objective lens in 5 different
fields for each sample. For immunofluorescence, cells were sequentially
fixed with 4% formaldehyde, permeated with Triton-X 100, blocked for 1
hour and incubated with anti-human Siglec-8 antibody (catalogue no. 130-
098-716, Miltenyi Biotec, Bergisch Gladbach, Germany). FITC-conjugated
goat antimouse IgG (catalogue no. F-2761, ThermoFisher Scientific,
Waltham,MA) was used to visualize Siglec-8 signals and the cell nuclei were
counterstained with Hoechst 33342. The prepared immunofluorescent slides
were then scanned by a Leica laser scanning confocal microscope.

Precipitation of trichloroacetic acid (TCA) protein and western blot

For protein collection from conditioned medium, samples were mixed
with 100% TCA (catalogue no. T0699, Sigma-Aldrich, St. Louis,MO) in a
1:4 ratio. After resting at 4°C for 10 minutes, the samples were centrifuged at
14,000 rpm for 5 minutes. The pellets were washed with acetone and boiled
in sample buffer at 95°C. The prepared sample was loaded onto SDS-PAGE
for western blot as previously described [24-26].

Multiplex immunofluorescence

Multiplex immunofluorescence was performed on HNSCC samples
enriched with or lacking TATE. After initial deparaffinization, rehydration,
and epitope retrieval, pathology slides were managed with Opal Polaris 7
Color IHC Detection Kits (catalogue no. NEL861001KT, Akoya Bioscience,
Marlborough, MA). Seven cycles of repetitive steps (blocking, primary
antibody incubation, incubation with opal polymer HRD and signal
amplification) were performed on each slide for detection of multiple target
proteins. The panel includes markers for tumor-infiltrative lymphocytes
(TILs): CD4 (catalogue no. MA5-12259, ThermoFisher Scientific, Waltham,
MA), CD39 (catalogue no. ab223842, abcam, Cambridge, UK), CD8a
(catalogue no. MA5-13473, ThermoFisher Scientific, Waltham, MA), TIM-
3 (catalogue no. 45208, Cell Signaling Technology, Danvers, MA), FOXP3
(catalogue no. 12-4777-42, ThermoFisher Scientific, Waltham, MA), PD1
(catalogue no. ab137132, abcam, Cambridge,UK), GMZB (catalogue no.
46890, Cell Signaling Technology, Danvers,MA). Subsequently, the slides
were incubated with PanCK antibody (catalogue no. 27988, abcam,
Cambridge,UK) and nuclei staining with DAPI. The prepared slides were
scanned by the Vectra Polaris Automated Quantitative Pathology Imaging
System (Akoya Bioscience, Marlborough,MA) and analyzed by the inForm
Image Analysis System (Caliper LifeSciences, Hopkinton, MA).

Gene set enrichment analysis (GSEA) and TIMER2.0 analysis

Sixty-five HNSCC samples from 23 patients of the TVGH cohort were
subjected to RNA sequencing analysis. Sample RNA was extracted with
TRIzol reagent (catalogue no. 15596026, InvitrogenTM, Carlsbad,CA) and
1 ug of RNA was applied to the Illumina TruSeq RNA Sample Prep
Kit (Illumina, San Diego,CA). After reverse transcription, sequencing was
performed with Illumina NextSeq500 and Illumina HiSeq2500 (Illumina,
San Diego, CA). The reads were imported to STAR v2.6.1a and the
reference genome GRCh38.94 was used for alignment into BAM files.
The BAM files were imported into RSEM v1.3.1, and the expected
count tables were acquired from RSEM output gene results files. The log
transformation was performed with DESeq2 v1.26.0. The RNA sequencing
database was integrated with pathology information on TATE-enriched or
TATE-poor, and differentially expressed genes were analyzed using GSEA
software with the selection of a collection of signature gene datasets
(h.all.v7.5.symbols.gmt) [27]. TIMER2.0 was also used to analyze the

survival difference between the TATE positive and TATE-negative groups
from The Cancer Genome Atlas Head-Neck Squamous Cell Carcinoma
(TCGA-HNSC) cohort [28,29]. The accession numbers for the data reported
in this paper is GSE 181300 (review token: wjuhsswmvnylxub).

Statistics

The Chi-square test and Fisher’s exact test were used to test the null
hypothesis of categorical variables. The two-sided Mann-Whitney U test was
used to compare continuous variables between two groups. The Kaplan-
Meier estimate was used for the analysis of survival data and the two-sided log
rank test was used to compare the difference in survival between two groups. A
P-value lower than 0.05 was considered statistically significant. All statistical
analyzes were performed with GraphPad Prism 6 and SPSS version 22.

Results

TATE is associated with aggressive pathologic features and poor clinical
outcomes of HNSCC

We first investigated the clinical significance of TATE in TCGA database
and our clinical cohort. From the TCGA-HNSC cohort, the patient in the
TATE-enriched HNSCC group was associated with an increased risk of death
(hazard ratio 1.67, p<0.001) compared to the TATE-poor HNSCC group
(Fig. 1A). For the TVGH cohort, a total of 68 HNSCC samples acquired by
curative surgery were analyzed for the abundance of TATE, and 8 samples
with involved surgical margin were excluded from the survival analysis
(Fig. 1B-C). There were no significant differences between TATE-enriched
and TATE-poor groups with respect to clinical characteristics, including age,
gender, life habits, primary tumor location, clinical stage, and perioperative
treatment (Table 1). Survival analyses showed that the overall survival (OS)
was significantly better in the TATE-poor group compared to the TATE-
enriched group (p=0.04), while recurrence-free survival (RFS) was not
significantly different between two groups (Fig. 1D). TATE-enriched samples
were also associated with aggressive pathological characteristics including
regional lymph node metastasis (63% vs. 25%, p=0.003, Fig. 1E), perinecural
invasion (74% vs 23%, p<0.001, Fig. 1F), lymphovascular invasion (58% vs
35%, p=0.09, Fig. 1G), tumor budding (95% vs. 42%, p<0.001, Fig. 1H);
whereas TATE was not associated with increased size of primary tumor

(Fig. 11).

Activated eosinophils secreted CCL2 promotes migration of HNSCC cells

We next investigated whether activated eosinophils promote HNSCC
migration. We firstly established the in vitro activated eosinophils. The
schema is illustrated in Fig. 2A. With butyric acid treatment, cells of the
HL-60 clone 15 (HC15) successfully differentiated to eosinophils (Fig. 2B).
The HC15-derived eosinophils were then activated by elastase and cathepsin
G and conditioned medium was collected after changing to serum-free
medium for 48 hours. Immunofluorescence of siglec-8 confirmed successful
activation of the differentiated eosinophils (Fig. 2C). Next, we analyzed the
upregulated cytokines/chemokines in activated eosinophils compared to the
untreated HC15 cells by the Human Cytokine Array. A series of cytokines and
chemokines were elevated in activated eosinophils, including IL-18, IL-2, IL-
12, CCL2, CCL11, CCL17, IENy, TGEB1, and PDGER (Fig. 2D-E). The
elevated level of CCL2 in activated eosinophil-derived conditioned medium
was confirmed by western blot (Fig. 2F).

We further examined whether CCL2 is responsible for the induction
of HNSCC migration. The HNSCC cell lines FADU and OECM-1
cells were incubated with the conditioned media harvested from activated
cosinophils. A significantly increased number of migrated tumor cells
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Fig. 1. TATE is correlated with poor pathological characteristics and survival outcomes in HNSCC. A, TIMER2.0 analysis of the survival difference between
the TATE-enriched and TATE-poor groups from TCGA-HNSC cohort. B, Representative H&E staining of TATE-enriched (right) and TATE-poor (left)
HNSCC specimen form TVGH cohort. Scale bar: upper, 50um; lower, 20um. Black arrow: eosinophil. C, HNSCC patients who received curative surgery
in TVGH were screened (n=68), and patients with surgical margin free of malignant cells were enrolled for survival analysis (n=60). D, Kaplan-Meier
survival plot of OS and RFS for TVGH cohort. E-I, Evaluation of poor pathological features. pN+: lymph node metastasis, PNI: perineural invasion, LVI:

lymphovascular invasion.

was noted in the conditional media-treated HNSCC cells. Neutralization
of CCL2 by the anti-CCL2 antibody abrogated the conditional media-
induced HNSCC migration (Fig. 3A-B). Because CCL2 has been noted
to induce epithelial-mesenchymal transition (EMT) in oral squamous cell
carcinoma [30], we examined the correlation between TATE and EMT
signature in TVGH HNSCC database. The result showed that TATE was
associated with the EMT signature in HNSCC (Fig. 3C). The above results
indicate that activated eosinophils promote HNSCC migration through
CCL2.

TATE induces angiogenesis in HNSCC

We next examined whether TATE is able to induce angiogenesis in
HNSCC. To achieve this goal, HUVEC tube formation assay was applied.
We treated HUVEC with conditioned media from MO macrophages (a
baseline control), M2 macrophages (a positive control), and activated
cosinophils. A significantly increased number of enclosed spaces and
junctions was observed when treated with conditioned media derived from
M2 macrophages activated eosinophils (Fig. 4A-B). We further examined
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Table 1

Clinical characteristics and correlation to TATE in 60 analyzed HNSCC cases.

With TATE (%) Without TATE (%) p-value
(n=19) (n=41)

Age y/o (95% Cl) 52.4 (48.2-56.5) 55.8 (52.8-58.9) 0.285

Sex
Male 17 (89.5) 38 (92.7) 0.933
Female 2 (10.5) 3(7.3)

Tobacco use
Yes 16 (84.2) 36 (87.8) 0.978
No 3(15.8) 5(12.2)

Alcohol use
Yes 12 (63.2) 24 (58.5) 0.734
No 7 (36.8) 17 (41.5)

Betel nuts use
Yes 14 (73.7) 20 (48.8) 0.070
No 5(26.3) 21 (51.2)

Primary tumor location
Oral cavity 17 (89.5) 39 (95.1) 0.071
Oropharynx 0 (0.0) 2 (4.9)
Hypopharynx 2 (10.5) 0(0.0)

Clinical, T
cT1/cT2 14 (73.7) 27 (65.9) 0.140
cT3 3(15.8) 2 (4.9)
cT4 2 (10.5) 12 (29.2)

Clinical, N
cNO 11 (57.9) 26 (63.4) 0.488
cN1 3(15.8) 6 (14.6)
cN2 5(26.3) 6(14.6)
cN3 0(0.0) 3(74)

Clinical, stage (AJCC 8th)
171 9 (474) 20 (48.8) 0.811
Il 4 (21.5) 6 (14.6)
IVA/ IVB 6 (31.6) 15 (36.6)

Induction chemotherapy
Yes 1(5.2) 6 (14.6) 0.536
No 18 (94.8) 35 (85.4)

Adjuvant RT/ CRT
Yes 11 (57.9) 16 (39.0) 0.172
No 8 (42.1) 25 (61.0)

y/o: year old; AJCC, The American Joint Committee on Cancer; RT: radiation therapy; CRT:

chemoradiation therapy

the correlation between TATE enrichment and angiogenesis in HNSCC by
staining CD31 and calculating the CD31-postivie area and vascular density
in the samples. The pathology of the HNSCC samples was grouped into a
TATE enriched area (TATE>50/ field or TATE 11-49/ field) and a TATE
low area (TATE<10/ field). Significantly increased CD31 positive area and
vessel densities were observed in the TATE-enriched area compared to the
TATE-low area (Fig. 4C-E). Furthermore, we applied GSEA to analyze the
correlation between the existence of TATE and angiogenesis signature in
the TVGH HNSCC RNA sequencing database. A significant correlation
between TATE and angiogenesis was shown (Figs. 4F). Altogether, our results
suggest that TATE promotes angiogenesis in HNSCC.

TATE is associated with infiltration of immunosuppressive T cells in
HNSCC

Finally, we investigated the association between TATE and infiltrated
immune cells in HNSCC samples. Multiplex immunofluorescence was
applied to investigate the correlation between TATE and tumor-infiltrated
lymphocytes (TILs) (Fig. 5A-C). All ROIs were divided into three groups

according to the relationship between TATE and all cells in the neighboring
stroma (TATE/ stromal cells: TATE-high, > 5%; TATE-medium, 1%-5%,
TATE-low, <1%). The percentage of specific subtype of lymphocytes to
total lymphocytes in each ROI was calculated. For the CD4+ cells, the
proportions of CD4+, CD4+Foxp3+, CD4+PD1+, and CD4+TIM3+
lymphocytes increased significantly in the TATE-high fields compared to the
TATE-low fields (Fig. 5D-G). Regarding the CD8+ cells, the proportion
of CD8+ lymphocytes decreased in the TATE high fields, while the
proportion of CD8+PD1+ lymphocytes increased significantly in TATE-
high fields compared to the TATE-low fields (Fig. SH-I). The proportion
of CD8+TIM3+ lymphocytes was not significantly different between the
groups (Fig. 5J). The result implicates that TATE tends to correlate with the
infiltration of immunosuppressive T cells in HNSCC.

Discussion

This study focused on determining the clinical relevance of TATE in
HNSCC and how TATE affects the surrounding tumor microenvironment.
First, we showed that TATE was correlated with a poor prognosis in HNSCC
patients who had received curative surgery. Regarding the potential causes
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Fig. 2. Establishment of in vitro eosinophil activation model and increased CCL2 release in activated eosinophils. A, The schema of butyric acid induced
eosinophil differentiation, and activation by elastin and cathepsin G. B, Liu’s staining of the HL-60 clone 15 (HC15) with or without butyric acid treatment.

Scale bar: 10um. C, Representative image of immunofluorescent staining of HC1
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HC15 and from activated eosinophils. The list of cytokine/ chemokine were

documented in supplementary table 2. E, Image ] quantification of cytokine array signal intensity. F, TCA precipitation of culture medium from HC15 and

eosinophils (Eos) and western blot analysis of CCL-2 protein.

for the correlation between TATE and poor clinical outcomes, we found
that TATE was correlated with a higher tumor angiogenesis in clinical
specimens. The result is supported by the in vitro assay which showed
that activated eosinophils promoted angiogenesis. We also showed that
TATE correlated with the EMT signature in HNSCC samples. Furthermore,
activated eosinophils increased migration of HNSCC cells which can be

reversed by an anti-CCL2 antibody. Besides, we also showed TATE in
HNSCC is correlated with immunosuppressive tumor microenvironment
(TME). Importantly, we demonstrated that TATE was correlated with
aggressive pathology characteristics which predict a higher risk of distant
metastasis. This finding may be attributed to the increased angiogenesis,
increased tumor migration, and immunosuppressive TME in HNSCC
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of RNA sequencing database from TVGH HNSCC cohort (65 samples from 23 patients) for EMT pathway. NES: normalized enrichment score. FDR: false

discovery rate.

enriched with TATE. The abovementioned mechanisms were summarized in
Fig. 6.

Previous studies have shown that chronic inflammation promotes
carcinogenesis, tumor progression, and metastasis [31]. Eosinophils, a
component of immune cells involved in chronic inflammatory conditions
such as asthma, had shown in previous studies its ability to mediate
the degradation of extracellular matrix through the activation of matrix
metalloproteinases (MMP), such as MMP-2, MMP-9, collagenase and
stromelysin [32]. Evidence also showed MMP-9 production by eosinophils
under activated T cell stimulation and under regulation of stem cell factor
(SCF), TGF-8, and TNF-« [32-35]. This release of MMP-9 also facilitates
degradation of the basement membrane [36]. Several studies also support
the idea that eosinophils induce cancer metastasis through the release of
peroxidase and cytokines. In an animal model injected with cells of lung
cancer, melanoma, or colorectal cancer, IL5 depletion (the main eosinophil
growth factor) decreased the number of lung metastases [37]. This study also
showed that eosinophils produce CCL22, which recruit regulatory T cells
to the lung and create a prometastatic microenvironment. Another study
showed that eosinophil peroxidase facilitates cancer metastasis in a breast
cancer model [38]. Recently, a study using mouse models with induced
airway inflammation and with induces colitis showed that inflammation-
associated eosinophilia increases distant metastasis potential [39]. This study
also showed that eosinophils promote tumor migration through CCLG,
and blocking the transduction of the CCL6-CCRI1 signal can effectively

decrease the potential of distant metastases. In our study, we showed an
increased migration ability of HNSCC cancer cells when treated with
eosinophil-derived culture medium. Furthermore, we revealed a novel target
CCL2 that plays a key role in TATE-facilitated cancer metastasis. CCL2,
a chemoattractant for monocytes and basophils, can recruit metastasis-
associated macrophages in breast cancer models as shown by prior study
[40,41]. Our study also disclosed the relationship of CCL2 with TATE-
facilitated cancer metastasis.

Multiple studies had shown that peripheral eosinophils can release
angiogenic factors, including VEGE, B-FGE angiogenin, IL-3, IL-8, and
TNF-«, and also induce angiogenesis in asthmatic airways and inflammatory
tissues [42-46]. Our study also showed increased angiogenesis in vitro
when treated with eosinophil-derived culture medium. Furthermore, we also
showed that the TATE-enriched area is associated with elevated angiogenesis
activity in HNSCC specimens. All in all, these evidences supported that
TATE may induce angiogenesis in HNSCC tumors. Multiple studies had
shown that TATE is associated with various aggressive pathological features
in HNSCC, including stromal invasion, increased tumor size, advanced stage,
and occult neck lymph node metastases [18-21]. These studies also showed
lower OS and DFS outcomes in the tumor group enriched with TATE.
Our findings in this study also showed that TATE in HNSCC is correlated
with regional lymph node metastasis, perineural invasion, lymphovascular
invasion, and tumor growth. These characteristics may be a consequence of
increased angiogenesis and tumor migration in TATE-enriched HNSCC, and
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Fig. 6. TATE in HNSCC in correlated with tumor aggressiveness and poor prognosis through multiple mechanisms, which includes CCL2-induced tumor
migration, angiogenesis, and immunosuppressive tumor microenvironment (TME).

also predict future locoregional recurrence and distant metastasis. To confirm
this hypothesis, we evaluated survival outcomes for the HNSCC patient, and
OS is in fact worse in the TATE-enriched group.

This study has several limitations. First, selection bias may exist due to
the retrospective nature of this study. Second, the spatial correlation of TATE
and increased angiogenesis does not necessarily explain the causality. Third,
the effect of TATE depletion on HNSCC metastasis was not tested in this
study and remains to be elucidated in a further study. In conclusion, our
study suggests that in HNSCC, tumors enriched with TATE are associated
with increased angiogenesis, tumor migration, immunosuppressive TME and
therefore highly aggressive pathological features and poor clinical outcomes.
The clinical and therapeutic implications of TATE in HNSCC warrant
further evaluation.

Conclusions

In HNSCC, TATE increased angiogenesis in the tumor part and
neighboring tissue, and also increased tumor migration through CCL2
release. TATE also coexisted with immunosuppressive TME. All the
mechanisms can lead to increased metastasis, and, indeed, TATE-enriched
HNSCC is highly correlated with aggressive pathological features and poor
clinical outcomes.
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