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ABSTRACT

INTRODUCTION:The recent advances in tumor immunotherapy triggered more attention towards analysis of tumor inflammation. Oral
squamous cell carcinoma (OSCC) is malignancy that can be therapeutically challenging and resistant to treatment. Further investigation of the
inflammatory profile in OSCC can enhance our understanding of the disease and hence patient response to immunotherapy. Eosinophils are
suggested to play a significant role in tumor progression and have been described to be associated with advanced stage malignancies of several
tumor subtypes.

OBJECTIVE: Here we wanted to assess a methodology to quantitatively measure eosinophils infiltrate.in OSCC.

MATERIAL AND METHODS: Eosinophils infiltrate was analyzed in formalin fixed paraffin embedded tissue (FFPE) microarray cores of 30
oral squamous cell carcinomas (OSCC), and 10 normal oral epithelium controls. Digital analysis using the auto fluorescence of eosinophils
accentuated by Alexa Fluor 488 stain, in FFPE tissue sections; we used Cytation 5 machine and Gen 5 software, to digitally quantify the extent of
eosinophils infiltrate in OSCC.

RESULTS: Out of the inflamed OSCC examined sections with heavy inflammatory infiltrate rich in easinophils, RBCs, neutrophils and
monocytes, eosinophils were readily detected, and digitally quantified after staining with Alexa Fluor 488. The tumor cores showed eosinophils
infiltrate in the peri-tumoral stroma of 26 (87%) of the 30 examined OSCC

CONCLUSION: This study highlights the importance of assessment of the type and extent of inflammatory cells infiltrate as well as its digital
quantification. It provides a novel quantification‘method of eosinophils that opens avenues to study the correlation between eosinophils infiltrate
and tumor prognosis.
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INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is an
aggressive malignancy that affects the dining mucosa of the
pharynx, larynx, oral cavity, and sinus lining. It can be
substantially invasive and destructive of the head and neck

immune suppressor cells that work together to support tumor
progression. The immune suppressor cells in tumor
associated inflammation bears similarities to other
pathologic conditions, specifically the immune profile under
allergic and parasitic infections. Eosinophils are a main

area. The overall five years survival rate is ~ 50-60%. The
main etiological factor is smoking. Alcohol has a synergistic
effect, while human papilloma virus (HPV)- has been
described as an etiological factor specifically in
oropharyngeal type of HNSCC (1, 2). Oral squamous cell
carcinoma (OSCC) is capable of ‘escaping immune
surveillance through several mechanisms that induce
recruitment of immune suppressive inflammatory cells (3, 4).
The recent advent in HNSCC immunotherapy is promising,
yet it is limited by several factors including but not limited to
immunotherapy toxic effects, allergic reactions, as well as
resistance to immunotherapy acquired through immune
suppressor cells (1, 5). Better understanding of the tumor
inflammatory profile can improve our understanding of
patients’ response to immunotherapy.

Immune suppression has been described in HNSCC since
the 1995 (6). The tumor cells induce a complex machinery of
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player in such conditions (7). Although the role of
eosinophils in allergic reactions and parasitic infections is
well described (8), the extent of eosinophils infiltrate and
their role in malignancy is poorly understood.

Eosinophils develop from granulocyte monocyte
precursor cells, the same cells that give rise to mast cells.
They are bi-nucleated cells with abundant granular
eosinophilc cytoplasm and are 6-10um in dimension (9). It
has been described in the tumor tissue in several
malignancies including head and neck squamous cell
carcinoma (10-13). The quantification of eosinophils
infiltrate is a promising mechanism by which we can
estimate their potential role in tumor immunity and the
extent of tumor mediated immune suppression (9, 14). Here
we present a novel methodology of digital quantification of
eosinophils in formalin fixed paraffin embedded tissue
(FFPE) sections of OSCC and two of the most common
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salivary gland tumors using eosinophils auto fluorescence,
accentuated by Alexa Fluor 488, and read under Cytation 5
cell imaging multi mode reader machine.

MATERIAL AND METHODS
Tumor tissue

The formalin fixed paraffin embedded (FFPE) tissue
microarray (TMA) of Oral cavity tumor tissue, T 273,
HOraC080PGO01, and HN802 purchased from US Biomax,
was analysed. Thirty cases of OSCC, and 10 normal oral
epithelial tissue control were included in the study.
Tissue staining

TMA  was processed similar  to routine
immunofluorescence technique. Briefly, tissue sections were
deparaffinized in xylene, rehydrated in graded ethanol,
treated with Tris- EDTA buffer for antigen retrieval, and
quenched in hydrogen peroxide to block endogenous
peroxidase. Tissue sections were blocked with 2.5% normal
plasma, overnight at 4 % , then stained with antibody anti-
mouse IgG Alexa Fluor 488 (catalog no. A-11001) (Thermo
Fischer, Rockford, IL) for 30 minutes in room temperature,
and mounted in DAPI (4',6-Diamidino-2-Phenylindole
(double stranded DNA staining) mounting media.
Analysis

H&E was viewed using aperio image scope soft ware.
The eosinophils auto fluorescence accentuated using the
Alexa Fluor 488 was viewed using the Bioteck Cytation 5
cell imaging multi-mode reader.

RESULTS
Eosinophils infiltrate in a sample of oral malignancy

The oral tumor tissue cores of TMA were examined for
eosinophils infiltrate. The tumor cores showed eosinophils
infiltrate in the peri-tumoral stroma of 26 (87%) of the 30
examined OSCC. The examined.SCC stroma was heavily
inflamed with mononuclear cells;. eosinophils and
neutrophilic infiltrate (Fig 1 A-C). Examined normal
epithelium was generally negative for eosinophils except for
few noticed in some peripheral blood vessels.

Eosinophils Fluorescence observed in OSCC.

Eosinophils were previously described.in the peritumoral
stroma of oral SCC using subjective description and
counting (10, 15). Flow cytometry allows for digital
counting using the inherent auto fluarescence of eosinophils
in peripheral blood (16). To investigate if eosinophils can be
digitally quantified using its inherent fluorescence in FFPE
tumor tissue sections, while preserving the spatial tissue
configuration, we stained a serial section of the same TMA
examined on H&E, using Alexa Fluor 488 to accentuate any
endogenous auto-fluorescence, then viewed the tissue using
cytation 5 cell imaging multimode reader. The examined
tissue cores showed scattered fluorescent cells that can be
delineated using the Cytation 5 software excluding the
background tissue fluorescence (Fig. 2 A-B). Higher power
confirmed that the fluorescent cells were scattered cells in
the peri-tumoral stroma of 6-10um in size (Fig. 2 C-D). To
investigate the type of fluorescent cells, DAPI nuclear stain
was used. The DAPI stain illustrated that the florescent cells
were bi-nucleated cells consistent with eosinophils (Fig 3 A-
C). Examining the corresponding H&E serial section
confirmed eosinophils in the area.
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Digital quantification of eosinophils fluorescence in the
peri-tumoral stroma of SCC

The cytation 5 software allows for digital quantification
of the fluorescence set at a specific intensity. We used the
software to align the eosinophils, then set the intensity of the
cells as the level to quantify. This allows the software to
subtract any background auto-fluorescence of lower intensity
(Fig. 4A). This provided a quantitative measure of the
eosinophils infiltrate in the SCC stroma (Fig. 4B), to
compare with the normal oral mucosa that was almost
negative compared to the OSCC.

stained well differentiated SCC tissue core (2x). B. Inflamed
tumor stroma shows mix of monocytic cells, and eosinophils
infiltrate (40x). C. 20x magnification of the same section as
in B confirms eosinophil infiltrate.

Figure 2: Squamous cell carcinoma of the lower lip stained
using Alexa Fluor 488. A. Scattered Alexa Fluor 488 auto
fluorescence accentuated inflammatory cells. B. The
fluorescent inflammatory cells can be delineated using the
guantitative analysis tool of cytation 5 cell imaging multi-
mode reader after excluding background tissue fluorescence
(2x). C. Higher power Digital alignment confirms the auto
fluorescence is scattered cells in the peri-tumoral stroma. D.
Demarcation of the fluorescent eosinophils using the cytation
5 software. C and D, Cells examined at 20x, 100um scale
bar.

Figure 3: The fluorescent cells show bi-lobed nucleus, as
examined on higher magnification. A. DAPI nuclear stain. B.
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Alexa Fluor 488 stain. C. Merge of Alexa Fluor 488 and
DAPI. (40x, 100um scale bar ).
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Figure 4: Digital quantification of the demarcated
eosinophils: A. Setting the filter and the channel to detect
Alexa Fluor 488 wave length, and setting a background cut
off value of 13000 pixels to exclude back ground. Intensity
of fluorescence was detected at a peak of ~30000. Digital
parameters regarding number of cells, cell size ~6 um,
average intensity detected are presented in the table.

Table 1: Eosinophils infiltrate in oral squamous cell
carcinoma

Typl)g of Eosinophils Total
malignancy Positive Negative
Squamous cell | 56 700 | 4 (139%) | 30.(75%)
carcinoma
Normal 0 (0%) 10 (100%) | 10 (25%)
40
0
Total 26 (65%) 14 (35) (100%)
DISCUSSION

Tumor inflammation is-a field of growing interest in the
current era of cancer immunotherapy (17). The stroma of the
OSCC can be heavily inflamed and eosinophils have been
described as one of the common inflammatory components
in OSCC (23). Here we present a method of digital
quantification of eosinophils infiltrate in OSCC stromal
tissue that can be of significance in measuring the extent of
immune suppressive cell infiltrate .in OSCC. We show that
the Cytation 5 machine is a useful technology in quantifying
eosinophils through measuring = the eosinophils auto
fluorescence, accentuated by Alexa Fluor 488, in FFPE
OSCC tumor tissue.

One of the mechanisms for tissue recruitment of
eosinophils  involves granulocyte ‘monocyte colony
stimulating factors (GM-CSF). Interestingly, increase in
GM-CSF has been described in peripheral blood of HNSCC
(6). Another postulated mechanism< is that certain
chemotherapy medications has been implicated in blood
hypereosinophilia (18).

Eosinophils are an evolutionary preserved cells, that were
identified more by staining with acidic stains like eosin (19).
Further identification of the cytoplasmic granules crystal
core was detected using electron microscopy (9). Eosinophils
can be counted in peripheral blood where they represent less
than 5% of the circulating cells, that increases under allergic
conditions and parasitic infections (20). Interestingly,
eosinophils can be counted in peripheral blood according to
their auto fluorescence using flow cytometry. Human
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eosinophils contain granules rich in cationic proteins
characteristic of the effector cells in host defense, in
particular, in mediating inflammatory responses in human
disease (9). Surface expression of IL-5 receptor subunit o
(IL-5Ra), CC-chemokine receptor 3 (CCR3) or sialic acid-
binding immunoglobulin like lectin 8 (Siglec-8) (in humans)
or Siglec-F (also known as Siglec-5) (in mice) in the absence
of other lineage-specific markers can be used to identify
eosinophils in flow cytometry. Importantly, certain markers
that are often used to identify non-eosinophils (such as
CD11C, GR1, F4/80 and MHC class Il molecules) are
expressed by eosinophils recruited into some tissue sites (9).
The detection of the eosinophils cellular biomarkers can be
difficult on FFPE tissue due to the auto fluorescence as well
as background chromogen on immunohistochemistry. Hence,
using the proposed technology of Cyation 5 on FFPE tissue
to read eosinophils autofluorescnce in alignment with
eosinophils detection using the flowcytometry provides an
advantage on FFPE tissue.

Recent attention to Eosinophils as predictive biomarkers
in several malignancies including intestinal malignancies,
melanoma, and lung adenocarcinoma has been observed (14,
21, 22). Several studies described eosinophils in squamous
cell carcinoma (23-26). A most recent study has described
eosinophils in OSCC in correlation to several patient clinico-
pathological manifestations, in “which tumor tissue
eosinophilia showed significant statistical correlation with
smoking, alcohol, betel nut chewing, and advanced tumor
pathological staging (10). A limitation of this study was that
it used subjective counting of eosinophils. Another drawback
was that the | authors described the eosinophils as
mononuclear cells with eosinophilic granular cytoplasm (10).
In addition to /other studies describing quantification of
eosinophils in OSCC that was also limited by the subjective
counting of .the cells (27-30).The current work provides a
digital non subjective method of quantification and confirms
that the auto-fluorescent cells are bi-nucleated with granular
cytoplasm, that was confirmed on the H&E stained serial
section as bi-nucleated cells with granular eosinophilic
cytoplasm.

Although histological examination is limited by the fact
of examining 5um section of the whole tumor tissue,
detecting eosinophils in the tumor tissue carries the
advantage of preserving the spatial configuration and relation
of the eosinophils to the tumor islands. The application of
this methodology to quantify eosinophils can be applied on
SCC as well as other malignancies. This study also opens
avenues for further studies for correlation of eosinophils
infiltrate with underlying allergic or patient infectious
conditions (24).Our data contributes to our understanding of
the inflammatory profile of OSCC. It highlights eosinophils
as an inflammatory cell and as a therapeutic target for
immune modulation in OSCC.

CONCLUSION

The digital quantification of eosinophils in OSCC stroma
would provide accurate means of evaluating the extent of
immune suppression in a tumor and subsequently better
understanding of differential patient response to standard
immunotherapy.
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