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Simple Summary: Head and neck cancers have a poor prognosis mainly attributed to late diagnosis
when a cure is not possible. Markers that are capable of predicting cancerous changes at an early
stage are needed. Here, we quantified the soluble isoform of CTLA-4 (sCTLA-4), a molecule usually
described for its immune function, in normal, potentially malignant and malignant oral and oropha-
ryngeal epithelial samples. We report a distinct sCTLA-4 staning pattern and distribution in normal
samples indicative of a new role for this molecule in epithelial cell growth and development. We also
describe significant changes in sCTLA-4 staining in potentially malignant and malignant samples,
suggestiong the potential of sCTLA-4 as a predictor of disease progression.

Abstract: Background: Head and neck cancer (HNC) has a high mortality rate, with late diagnosis
remaining the most important factor affecting patient survival. Therefore, it is imperative to identify
markers that aid in early detection and prediction of disease progression. HNCs evade the immune
system by different mechanisms, including immune checkpoints. Cytotoxic T-lymphocyte-associated
protein-4 (CTLA-4) is an immune checkpoint receptor that downregulates anti-tumour immune
responses, with evidence of involvement in HNC. The less studied, alternatively spliced, soluble
isoform (sCTLA-4) also plays an immunosuppressive role that contributes to immune escape. We
quantified sCTLA-4 in normal, potentially malignant, and malignant oral and oropharyngeal tissues
to elucidate any role in tumourigenesis and identify its potential as a biomarker for diagnosis and
patient stratification. Methods: Normal, low- and high-grade epithelial dysplasia, and squamous
cell carcinoma oral and oropharyngeal biopsies were selectively stained for sCTLA-4 and quantified
using the image analysis software QuPath. Results: Distinct sCTLA-4 staining patterns were observed,
in which normal epithelial sCTLA-4 expression correlated with keratinocyte differentiation, while
disrupted expression, both in intensity and localisation, was observed in dysplastic and neoplastic
tissues. Conclusions: Our data indicate an additional, previously unknown role for sCTLA-4 in
epithelial cell differentiation and proliferation. Furthermore, our findings suggest the potential of
sCTLA-4 as a biomarker for predicting disease progression and patient stratification for targeted
HNC therapies.

Keywords: sCTLA-4; CTLA-4; head and neck cancer; oral epithelial dysplasia; oral potentially
malignant disorders; immune checkpoints; image analysis
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1. Introduction

Head and neck cancer (HNC) encompasses malignancies of the oral cavity, oropharynx,
hypopharynx, larynx, and salivary glands, with 90% being squamous cell carcinoma (SCC).
In 2020, the estimated global number of new cases was 377,713 for lip and oral cavity cancer
and 98,412 for oropharyngeal cancer, with deaths estimated at 177,757 for the former and
48,143 for the latter [1].

The incidence of HNC is rising globally, with variation between countries arising
from different risk factors, including smoking, excessive alcohol consumption, smokeless
tobacco, and betel nut chewing [1]. A subtype of HNC for which the primary risk factor is
the human papilloma virus (HPV) has recently increased in incidence [2–4] and is reported
in a younger age group.

Despite treatment advancements, HNC, particularly oral cancer, has seen little im-
provement in survival rates. This is mainly attributed to late diagnosis, with one of the
main limiting factors being the inability to reliably predict malignant transformation in oral
potentially malignant disorders (OPMDs), which carry an increased risk of transforming
into malignancy [5].

Histologically, oral cancers are commonly preceded by a range of cellular alterations,
termed oral epithelial dysplasia (OED). OED grading systems present a wide variation
in their predictive value, mainly because of the subjective evaluation of parameters used
to define dysplasia, a lack of calibration, and an absence of validated criteria important
for predicting malignant transformation [6]. Therefore, there is an urgent need to identify
biologically meaningful objective markers capable of predicting malignant changes.

The tumour microenvironment in HNC is intrinsically immunosuppressive and is
influenced by suppressive immune cells, regulatory checkpoints, and cytokines. Suppres-
sive immune checkpoints such as programmed death-1 (PD-1) and cytotoxic T-lymphocyte
associated antigen-4 (CTLA-4) can be exploited either directly or indirectly by tumour cells
to avoid elimination by the anti-tumour immune response. In particular, the inhibitory
receptor CTLA-4 is critical for maintaining immune homeostasis, as highlighted by CTLA-
4KO mice, which die soon after birth from expanded effector T lymphocyte infiltrates in
various organs [7,8]. Further evidence of its relevance comes from individuals with au-
tosomal dominant dysregulation of CTLA-4 function associated with immune-mediated
pathology [9].

In cancers, CTLA-4 extrinsically controls effector T-cell responses, a mechanism me-
diated by regulatory CD4 T-cells (Tregs), and in the context of cancer strategies to evade
anti-tumour immunity, there is evidence that tumours can actively induce CTLA-4+ intra-
tumoural Tregs to propagate an immunosuppressive milieu, thereby preventing effector
T-cells from initiating successful anti-tumour responses. This mechanism is to some extent
facilitated by the less well studied, alternatively spliced secretable isoform, soluble CTLA-4
(sCTLA-4) [10,11], which, like CTLA-4, has a direct suppressive effect on T-cell activation
by binding to the B7 ligands on APC [12]. Serum levels of sCTLA-4 are high in several
cancers, but it has only recently been identified to have an immunosuppressive capacity
like recombinant CTLA4-Ig, an inhibitory costimulatory modulator used to treat rheuma-
toid arthritis [13,14]. In some cancers, there is evidence that tumour cells express high
levels of sCTLA-4, probably to prevent effector T-cell activation directly, providing a novel
mechanism for tumour escape. In a recent systematic review, we provided strong evidence
that malignant cells express variable levels of CTLA-4 (transcripts and functional) on the
cell surface or within the cytoplasm in many types of cancer, including HNC (laryngeal
and pharyngeal) [15].

CTLA-4 is an established target for immunotherapy [16]. However, antibodies that
target the CTLA-4 receptor also bind the sCTLA-4 isoform. The potential for selectively
targeting sCTLA-4 has not been explored, and its role is not fully understood, although we
have previously demonstrated that selective blockade of sCTLA-4 does induce anti-tumour
activity in some murine models [12].
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In this study, we used sCTLA-4-specific antibodies, which cannot bind the CTLA-
4 receptor isoform, to selectively investigate sCTLA-4 expression in normal, potentially
malignant, and malignant oral and oropharyngeal tissues. Our data suggest that sCTLA-4 is
expressed in both healthy and diseased non-immune epithelial cells, and that quantification
of sCTLA-4 as a biomarker has the potential to detect early disease progression and serve
as a means for patient stratification.

2. Materials and Methods
2.1. Immunofluorescence
2.1.1. Cell-Lines

Human HNC-SCC cell lines were purchased from the American Tissue Culture Col-
lection (ATCC). FaDu (ATCC® HTB-43™) was derived from the pharynx, and both CAL 27
(ATCC® CRL-2095™) and UPCI: SCC154 (which is HPV positive) (ATCC® CRL-3241™)
were from the tongue. Cells were incubated at 37 ◦C and 5% CO2. Eagle’s Minimum
Essential Medium (BD, USA) was used to culture FaDu and SCC154, and Dulbecco’s Mod-
ified Eagle’s Medium (Lonza, Slough, UK/Corning, Manassas, VA, USA) was used for
CAL27. The media were supplemented with foetal bovine serum (10%) (Biosera, Cholet,
France), L-glutamine (2 mM), penicillin (100 U/mL), and streptomycin (100 µg/mL) (Gibco,
Waltham, MA, USA). The culture medium was replaced three times a week, and cells were
checked regularly.

2.1.2. Anti-sCTLA-4 Antibodies

Two anti-sCTLA-4 antibodies were used in this study. The first antibody used for
confocal microscopy, a biotinylated selective 73-B1 anti-sCTLA-4 IgG1κ mAb, was a kind
gift from Dr David Matthews (MRCT). Mab 73-B1 specificity was confirmed by sandwich
ELISA using recombinant human sCTLA-4 (EC50:24 nM) and lack of specificity for the
full-length receptor isoform by flow cytometric analysis of full-length CTLA-4-transfected
HEK293 cells (unpublished data). To ensure the sensitivity of the antibody, the CTLA-4
gene encoding both isoforms was knocked down using siRNA (10782097 (4392420)) in
A549 lung adenocarcinoma cells (Supplemental Figure S1).

For immunohistochemistry staining, JMW-3B3, a selective IgG1λ anti-human sCTLA-4
monoclonal antibody developed in house, was used. JMW-3B3 has been fully characterized,
and its specificity to sCTLA-4 has been reported [12].

The two antibodies are interchangeable, as both have been raised against the same
C-terminal sCTLA-4-specific antigen, with the difference being that 73-B1 has a higher
affinity than JMW-3B3 for human sCTLA-4.

2.1.3. Staining

Cells were detached and seeded in Ibidi microslide 8-well plates (Thistle Scientific,
Glasgow, UK) and incubated at least overnight (37 ◦C, 5% CO2) until the desired confluency
was reached. Cells were then washed twice with PBS, fixed with Cytofix (BD Biosciences,
Oxford, UK) (10 min, RT), and 0.3 M glycine (Fisher Scientific, Loughborough, UK) in
PBS was added (5 min, RT) to prevent background fluorescence. This was followed by
permeabilization with 0.2% Triton X-100 in PBS (Sigma Aldrich, UK) (5 min, RT) and
blocking with 1% BSA (Fisher Bioreagents, Pittsburgh, PA, USA) in PBS (10 min, RT). Cells
were washed with PBS 2–3 times (2 min) after each step. Cells were then incubated with
20 µg/mL of the 73-B1 anti-sCTLA-4 IgG1κ mAb or biotinylated mouse IgG1κ isotype
control (Invitrogen, Warrington, UK) and incubated overnight at 4 ◦C. Cells were washed
twice with PBS, and streptavidin-AF555 was added (Invitrogen, UK) to selectively reveal
sCTLA-4, according to the manufacturer’s instructions (30 min, RT in the dark). After three
washes, 150 µL of diluted DAPI (Invitrogen, UK) in PBS (1:1000 of 0.1 µg/mL) was added
and incubated for 5 min, followed by three washes.
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2.1.4. Imaging

Cell imaging was performed with a LSM880 confocal microscope with an oil immer-
sion objective (X63) at the Institute of Medical Sciences, Microscopy and Histology Core
Facility. Images from merged and separate channels were obtained using Zen blue (Zeiss,
Jena, Germany) and analysed using ImageJ (v1.47v) [17] to quantify the sCTLA-4 intensity
in the cytoplasm and nucleus. Details of the analysis are shown in Supplemental Figure S2.

2.2. Immunohistochemistry
2.2.1. Samples

Histological sections from the oral cavity and the oropharynx were obtained from the
NHS Grampian Biorepository. Ethical approval was granted by the Biorepository Scientific
Access Group (tissue requests TR000132 and TR000189), under IRAS project: 296502. The
samples from the oral cavity were taken from the floor of the mouth and included normal
(n = 7), low-grade dysplasia (LGD) (n = 16), high-grade dysplasia (HGD) (n = 9) and
squamous cell carcinoma (SCC) (n = 5). Samples from the oropharynx included normal
oral mucosa from the base of the tongue (n = 3), LGD from the tonsil (n = 1), HGD from the
base of the tongue (n = 3), HPV-negative (HPV−ve) SCC from the base of the tongue (n = 3),
and HPV-positive (HPV+ve) SCC from the base of the tongue (n = 3). The diagnosis of
the samples was confirmed by a pathologist from the NHS Grampian Biorepository using
diagnostic haematoxylin and eosin-stained sections.

2.2.2. Immunohistochemistry Staining

Sections were dewaxed and dehydrated in xylene, ethanol, and industrial denatured
alcohol. Antigen retrieval was achieved by heat-induced epitope retrieval through immer-
sion in an ethylenediaminetetraacetic acid (EDTA) buffer (pH = 7.8) and heating in the
microwave (10 min) twice. Tonsil sections were used as staining controls.

Staining was performed using a DAKO autostainer (Dako, Glostrup, Denmark), us-
ing the selective anti-sCTLA-4 primary antibody (JMW-3B3 at 20 µg/mL). The primary
antibody was incubated (1 h, RT). A peroxidase enzyme block was performed, and im-
munostaining was visualised using 3,3′-diaminobenzidine (DAB) chromogen substrate.
Slides were then immersed in a 0.5% copper sulphate solution, counterstained using Harris’
haematoxylin, further immersed in dilute lithium carbonate to enhance the counterstain,
dehydrated, rinsed with xylene, and mounted.

2.2.3. Imaging

Slides were scanned using a Zeiss Axio Scan.Z1 slide scanner (Carl Zeiss Microscopy,
France) at the University of Aberdeen Microscopy and Histology Core Facility. Slides were
scanned at X20 magnification (resolution: 0.22 µm/pixel). Whole slide scans (CZI format)
were viewed using QuPath (v.0.1.2) [18]. Some sample slides included multiple tissue
sections from the same patient, and each was analysed separately. This resulted in the total
number of section images being: from the oral cavity, normal n = 10, LGD n = 28, HGD
n = 13, and SCC n = 12; and from the oropharynx: normal n = 4, LGD n = 5, HGD n = 8,
HPV−ve SCC n = 25, and HPV+ve SCC n = 8.

2.2.4. Image Analysis

sCTLA-4 staining intensity in the epithelium was quantified using Qupath (v0.1.2) [18].
The epithelial compartment was annotated using semi-automated annotation tools. A
watershed transform for cell detection based on the haematoxylin optical density (OD) (as
haematoxylin stains the nuclei) was applied to the annotated epithelium.

Following cell detection, the staining intensity for sCTLA-4 was colour coded ac-
cording to the mean cellular DAB OD. The gradient range was automatically produced
according to the detected staining intensity values, and a detection classifier was created
and “trained” by setting classes through sub-annotations classified as strong, intermediate,
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and weak staining. This enabled the classifier to automatically classify all the cells within
the epithelium into classes based on their staining intensity.

In addition to the mean cell DAB OD used to colour code the staining intensity, the
mean nuclear and cytoplasmic DAB OD values of positively stained cells were compared
in different diagnostic groups to identify differences in sCTLA-4 between the two cell
compartments.

Staining intensity percentages were compiled to create the H-score (histology score),
a semi-quantitative scoring system used to evaluate immunohistochemistry staining. H-
Score was calculated using the formula [19]: H-score = 3× the percentage of strong staining
+ 2 × the percentage of moderate staining + the percentage of weak staining.

2.3. Statistical Analysis

Statistical analyses were performed using GraphPad Prism. Depending on data
normality, non-parametric tests (Kruskal-Wallis with post hoc Dunn’s tests) or one-way
analysis of variance (ANOVA) with a post hoc Tukey test were used to detect differences
between groups. Depending on data normality, Mann-Whitney or unpaired t-tests were
used to compare HPV+ve and HPV−ve SCC and to compare nuclear to cytoplasmic staining
in tissue sections. p < 0.05 was considered statistically significant.

3. Results
3.1. Head and Neck Cancer Cell Lines Express sCTLA-4

To examine whether HNC cells expressed sCTLA-4, FaDU, CAL27, and SCC-154 cell
lines were stained with anti-sCTLA-4 mAb (73-B1) and staining intensity was quantified
using ImageJ. Supplemental Figure S3A shows the presence of sCTLA-4 in the cytoplasm
and nuclei of all three cell lines, with intensified staining observed in the nuclei. Although
not statistically significant, cytoplasmic sCTLA-4 expression appeared to be stronger in the
HPV+ve SCC154 cell line compared to HPV−ve cell lines (Supplemental Figure S3B).

Quantification of sCTLA-4 staining intensity in nuclei showed a significantly higher
level in FADU compared to CAL27 and SCC-154 (Supplemental Figure S3C). Isotype
controls are shown in Supplemental Figure S3D.

3.2. sCTLA-4 Distribution and Intensity in Oral/Oropharyngeal Epithelia Change with
Disease Progression

Given that HNC cell lines express sCTLA-4, we assessed patterns of expression in tis-
sue biopsies from healthy, dysplastic and confirmed neoplastic specimens. A comparison of
the differences in sCTLA-4 staining intensity in the epithelial compartment was performed
using QuPath to generate a colour-coded representation of different staining intensities
(red = strong staining, yellow = intermediate staining, and green = weak staining).

3.2.1. Oral Tissues

When assessing samples from the oral cavity, a distinct staining pattern was observed
within the normal epithelium. The staining intensity was the highest in the basal and
parabasal layers, with intensity decreasing from high to moderate in the intermediate layers,
and eventually little or no staining in the superficial layers of the epithelium (Figure 1
and Supplemental Figure S4). Cases of dysplasia did not show a specific pattern, while
SCC samples displayed more widely spread intermediate and strong staining (Figure 1,
Supplemental Figure S4).
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Figure 1. Representative sections from whole-slide scans (X20) of normal, low-grade dysplasia 
(LGD), high-grade dysplasia (HGD), and squamous cell carcinoma (SCC) from the floor of the 
mouth. The left panel shows the immunohistochemical staining for sCTLA-4 (DAB, brown) coun-
terstained with haematoxylin (blue); the scale bar represents 800 μm. The middle panel shows the 
annotations and cell detections with colour-coded staining intensities for the same sections. The 
right panel represents zoomed-in views of the cell detection, with the scale bar representing 100 μm 
and the inset showing the exact site of the magnified view. 

While quantifying different staining intensities for particular diagnostic groups, nor-
mal and SCC samples had the highest percentage of strong staining in comparison to other 
staining intensities, while LGD and HGD exhibited the highest percentage of intermediate 

Figure 1. Representative sections from whole-slide scans (X20) of normal, low-grade dysplasia (LGD),
high-grade dysplasia (HGD), and squamous cell carcinoma (SCC) from the floor of the mouth. The
left panel shows the immunohistochemical staining for sCTLA-4 (DAB, brown) counterstained with
haematoxylin (blue); the scale bar represents 800 µm. The middle panel shows the annotations and
cell detections with colour-coded staining intensities for the same sections. The right panel represents
zoomed-in views of the cell detection, with the scale bar representing 100 µm and the inset showing
the exact site of the magnified view.
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While quantifying different staining intensities for particular diagnostic groups, normal
and SCC samples had the highest percentage of strong staining in comparison to other staining
intensities, while LGD and HGD exhibited the highest percentage of intermediate intensity
whether analysed separately (Figure 2) or in combination (Supplemental Figure S5).
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four images, HGD = 54,683 from five images, and SCC = 186,131 cells from six images. Error bars 
represent the standard error of the mean. * p < 0.05, ** p < 0.01, *** p < 0.001. 
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Figure 2. Quantification of the staining intensity in normal, low-grade dysplasia (LGD), high-grade
dysplasia (HGD), and squamous cell carcinoma (SCC) from the floor of the mouth. The upper
panel compares different staining intensities (negative, weak, intermediate, and strong) within each
diagnostic group and between different diagnostic groups using Kruskal-Wallis with post hoc Dunn’s
tests. Lower panel compares the mean DAB OD, representing sCTLA-4 between the nucleus and the
cytoplasm in each of the diagnostic groups in all the cells, t-test. The number of images analysed for
the top panel per group: normal = 10, LGD = 28, HGD = 13, and SCC = 12. Number of cells analysed
in the lower panel per group: normal = 32,197 cells from five images, LGD = 40,510 from four images,
HGD = 54,683 from five images, and SCC = 186,131 cells from six images. Error bars represent the
standard error of the mean. * p < 0.05, ** p < 0.01, *** p < 0.001.

When comparing the mean DAB OD between the nucleus and cytoplasm for all the
diagnostic groups and all the staining intensities (not shown), the nucleus stained more
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strongly than the cytoplasm, similar to what was observed in HNC cell lines (Figure 2 and
Supplemental Figure S5). The biggest differences between nuclear and cytoplasmic staining
were observed in normal and SCC samples (Figure 2), as well as in cases of dysplasia when
LGD and HGD were combined as a single group (Supplemental Figure S5).

Comparing specific staining intensities between different diagnostic groups showed
that LGD had the lowest percentage of negative cells. Intermediate staining was the
highest in dysplasia samples, while both normal and SCC samples displayed mainly strong
staining (Figure 2, Supplemental Figure S5). Although the percentage of strong staining
was not different between normal and SCC samples, as described above, the distribution
of staining was different. Normal basal cells and malignant cells are highly proliferating
cells, indicating sCTLA-4’s potential involvement in cell proliferation (Figures 1 and 2, and
Supplemental Figure S4).

Intermediate, followed by strong staining levels, showed the biggest differences
between diagnostic groups (Figure 2, Supplemental Figure S4). The H-score was the
highest in normal and SCC samples (Supplemental Figure S6), reflecting the observed
staining patterns.

3.2.2. Oropharyngeal Tissues

A similar pattern was observed in normal oropharyngeal tissues, with the basal and
parabasal layers expressing the strongest staining intensity. However, this was not observed
in all samples and was not as clearly demarcated as the tissue biopsies from the oral cavity.
A striking feature was the predominance of intermediate staining intensity in dysplasia
and in HPV+ve samples, while the strongest staining was observed in HPV−ve and normal
samples (Figures 3 and 4, and Supplemental Figure S7). For each diagnostic group, nuclear
staining was stronger than cytoplasmic staining, with the most significant differences
observed in HGD and both HPV−ve and HPV+ve SCC (Figure 4).

A distinct staining pattern was noted in HPV+ve cancer samples where there appeared
to be small clusters, or “hot spots”, of strong staining amidst moderate staining intensity in
the epithelium (Figure 3, Supplemental Figure S7). This pattern was also observed in some
normal (Supplemental Figure S7) and dysplastic samples, suggesting they are potentially
infected with HPV. However, since these tissues are not routinely tested for HPV, it is not
possible to confirm this.

As HPV−ve and HPV+ve SCC vary significantly in their clinical behaviour, we com-
pared sCTLA-4 staining in these two entities independent of normal and dysplastic samples.
Interestingly, although the nuclear and cytoplasmic ODs of sCTLA-4 staining were signifi-
cantly higher in HPV+ve samples, they had a significantly higher percentage of weak and
intermediate staining than HPV−ve and a significantly lower H-index (Table 1), reflecting
more diffuse strong staining in HPV−ve samples.

3.3. Overall Findings

Our results showed that different HNC cell lines express sCTLA-4 in the cytoplasm
and more strongly in the nucleus.

This finding led us to assess sCTLA-4’s expression in clinical tissues, and while we
expected to see some level of sCTLA-4 in malignant and dysplastic tissues, unexpectedly,
our results showed that sCTLA-4 is expressed in normal oral and oropharyngeal epithelial
cells. The pattern of sCTLA-4 expression in normal oral epithelium follows the normal
stratification of differentiating keratinocytes across different cell layers. This suggests
sCTLA-4’s involvement in keratinocyte differentiation. A similar staining intensity in the
proliferating layers of normal epithelium (basal and parabasal) and the highly proliferating
malignant cells further suggests a role for sCTLA-4 in epithelial cell proliferation.
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Figure 3. Representative sections from whole-slide scans (X20) of normal, low-grade dysplasia (LGD),
high-grade dysplasia (HGD), and HPV− and HPV+ squamous cells from the oropharynx. The left
panel shows the immunohistochemical staining for sCTLA-4 (DAB, brown) counterstained with
haematoxylin (blue), scale bar represents 800 µm. The middle panel shows the annotations and cell
detections with colour-coded staining intensities for the same sections. The right panel represents
zoomed-in views of the cell detection, with the scale bar representing 100 µm and the inset showing
the exact site of the magnified view.
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Figure 4. Quantification of the staining intensity in normal, low-grade dysplasia (LGD), high-grade
dysplasia (HGD), and HPV− and HPV+ squamous cell carcinoma from the oropharynx. The upper
panel compares different staining intensities (negative, weak, intermediate, and strong) within each
diagnostic group and between different diagnostic groups using Kruskal-Wallis with post hoc Dunn’s
tests. Lower panel compares the mean DAB OD, representing sCTLA-4 between the nucleus and the
cytoplasm in each of the diagnostic groups in all the cells. Number of images analysed for the top and
middle panels per group: normal = 4, LGD = 5, HGD = 8, HPV-negative SCC = 25, and HPV-positive
SCC = 8. Number of cells analysed in the lower panel per group: normal = 36,776 cells from five
images, LGD = 33,242 from three images, HGD = 39,515 from two images, HPV− = 210,150 cells from
six images, and HPV+ = 136,423 from eight images. Error bars represent the standard error of the
mean. * p < 0.05, ** p < 0.01, *** p < 0.001.



Cancers 2023, 15, 1696 11 of 16

Table 1. Comparison of staining intensity and H-score between HPV-positive and HPV-negative
oropharyngeal SCC.

Parameter HPV-Negative HPV-Positive p Value

Negatively stained cells % 0.6257 ± 1.64 0.433 ± 0.6647 0.2004 †

Weakly stained cells % 1.61 ± 3.774 6.538 ± 8.537 0.011 †

Intermediately stained cells % 24.74 ± 28.44 59.45 ± 20.58 0.0087 †

Strongly stained cells % 62.31± 37.52 33.58 ± 23.27 0.0663 †

H-Score 266.6 ± 37.22 226.1 ± 26.94 0.0098 †

Nuclear OD 0.4907 ± 0.0655 0.6454 ± 0.08747 0.0080 *

Cytoplasmic OD 0.4359 ± 0.03621 0.5744 ± 0.07428 0.0007 *

Nuclear OD (weak) 0.2701 ± 0.01470 0.4117 ± 0.08067 0.0007 †

Cytoplasmic OD (weak) 0.2630 ± 0.007861 0.3540 ± 0.02811 ≤0.0001 *

Nuclear OD (intermediate) 0.4420 ± 0.01041 0.6017 ± 0.05388 ≤0.0001 *

Cytoplasmic OD (intermediate) 0.3959 ± 0.03170 0.5423 ± 0.03171 ≤0.0001 *

Nuclear OD (strong) 0.6919 ± 02045 0.8549 ± 0.05206 0.0426 †

Cytoplasmic OD (strong) 0.5300 ± 0.02959 0.7441 ± 0.041111 ≤0.0001 *
† Mann-Whitney test, * Unpaired t test. Values in bold italics indicate statistically significant differences.

These patterns were not as clear in most normal oropharyngeal tissues, which could
relate to the proximity to lymphoid tissues in an anatomical region subject to inflammation
and therefore characterised by the expression of high levels of immune markers. As can
be seen in Figure 5, normal oropharyngeal tissues with heavier inflammatory infiltrates
directly under the epithelium tended to display widespread strong staining, while the
normal sample in Figure 3, which had very few inflammatory cells, displayed a pattern that
followed keratinocyte differentiation. A clear difference was observed between HPV−ve

and HPV+ve SCC, with the former expressing more diffuse, strong staining and the latter
displaying a more focal, strong expression and an overall lower staining intensity. This
is consistent with the differences in the behaviour of these two distinct diseases, further
suggesting a potential for sCTLA-4 to predict disease severity.
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Figure 5. Two examples of normal oropharyngeal epithelia with an underlying heavy inflammatory
infiltrate and a loss of the sCTLA-4 staining pattern associated with normal stratification. White
arrows point to a subepithelial inflammatory infiltrate. Whole-slide scans (X20); scale bars represent
800 µm in the whole-section images and 50 µm in the zoomed-in image. The top panel is a different
scene from the same sample in Supplemental Figure S5.

4. Discussion

HNC patients still suffer from high mortality rates, despite improvements in treat-
ments. This is mainly due to late diagnosis at a stage when a cure is no longer possible.
Identifying biomarkers that aid in early diagnosis and detection of malignant changes in
OPMDs is a pressing need, especially with the global increase in HNC incidence.

The tumour microenvironment in HNC is immunosuppressive, which aids in tumour
escape from immune responses. One such immune evasion mechanism is the checkpoint
receptor CTLA-4. In addition to T-cells, CTLA-4 is constitutively expressed on solid human
tumour cells such as certain carcinomas [20], and a wide range of cancers express variable
levels of CTLA-4 [15].

There is evidence of a role for CTLA-4 in HNC; genetic polymorphisms of CTLA-4
were linked to susceptibility and prognosis for these malignancies [21–23], and CTLA-4
is involved in the suppressive function of Tregs [24], with Tregs expressing high levels of
CTLA-4 in HNC being highly suppressive [25].

The less-known alternately spliced soluble isoform sCTLA-4 [26,27] could also con-
tribute to immune evasion in cancers. Therefore, we quantified, for the first time, sCTLA-4
expression in HNC cell lines and in normal, potentially malignant, and malignant oral and
oropharyngeal tissues.

Our results showed that sCTLA-4 expression varies based on the site (oral/oropharyngeal),
HPV status, stage of the disease (normal/premalignant/malignant), and localisation (nu-
clear/cytoplasmic).

All three HNC cell lines that we assessed expressed cytoplasmic and nuclear sCTLA-4,
with stronger nuclear staining. Stronger nuclear staining was also observed in all the
epithelia, regardless of the diagnostic group and staining intensity.

In terms of tissue location, although normal oral and oropharyngeal epithelia dis-
played a characteristic pattern that correlates with keratinocyte differentiation, the distri-
bution of strong sCTLA-4 expression was more widely spread in normal oropharyngeal
tissues in comparison to oral tissues. Both tissues are constantly exposed to external stim-
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uli, and with the abundance of lymphoid tissues in the oropharynx, accessing healthy
oropharyngeal tissues that are completely devoid of inflammation is challenging. This
could contribute to the absence of a clear sCTLA-4 staining pattern in many normal oropha-
ryngeal epithelia as immune cells express high levels of sCTLA-4 [12] and could contribute
to the diffuse high levels observed.

As for the diagnostic group, normal oral tissues showed a clear pattern of sCTLA-4
expression, with the strongest staining observed in the basal and parabasal layers, with
intensity gradually decreasing corresponding to differentiation of the stratified epithelial
layers. This contrasted with the widespread strong staining in SCC, while dysplastic lesions
displayed the highest level of intermediate staining but showed no clear pattern.

The strongest staining intensity was observed in the basal and parabasal layers of
the normal oral epithelium and throughout the malignant epithelium. The most pro-
nounced differences between nuclear and cytoplasmic staining were also observed in these
two groups. Both these tissues have high proliferative abilities, indicating a surprising
potential role for sCTLA-4 in regulating healthy keratinocyte proliferation. The distinct dis-
tribution pattern of sCTLA-4 observed in normal epithelium in different cell layers suggests
a further role for sCTLA-4 in keratinocyte differentiation, with the least differentiated cell
layers (basal and parabasal) showing the highest level of expression. Interestingly, strong
staining was also observed in a significant percentage of malignant epithelial cells that are
characterised by a loss of control of normal keratinocyte differentiation. So far, sCTLA-4
has only been studied as an immune modulator, and our data infer a broader role for this
molecule in epithelial cell differentiation and proliferation.

Markers for predicting disease progression in OED are still elusive. Here we showed
that intermediate levels of sCTLA-4 staining intensity were higher in OED in contrast to
stronger staining in normal and SCC tissues (with different distributions). This quantified
change in staining intensity could differentiate dysplastic lesions from normal and SCC
tissues. This shows a great translational potential for sCTLA-4 as a predictor of disease
progression in OED, thus aiding in the early diagnosis of malignant changes.

When assessing the H-index as an indicator of overall staining intensity, in oral cavity
samples, there was an increase in sCTLA-4 expression in SCC, especially in comparison to
cases of dysplasia. This was also observed in oropharyngeal tissues, but only in HPV−ve

SCC, while HPV+ve samples had lower levels of sCTLA-4.
This difference between oropharyngeal samples based on the HPV status was apparent

when comparing different staining intensity parameters. These differences are consistent
with the differences between these two entities in prognosis, response to therapy, and
survival, where HPV+ve cancers have a better clinical outcome [28,29].

A distinct sCTLA-4 staining pattern was observed in HPV+ve samples, with “hot spots”
of high intensity staining spread through the epithelium in the middle of the intermediate
staining. We speculate that these hot spots could be individually infected cells (with HPV)
or immune cells that infiltrate the epithelium and form clusters of cells expressing high
levels of sCTLA-4. The latter are possibly Foxp3+ Tregs within the epithelium, which have
been reported at higher levels in HPV+ve tumours in comparison to HPV−ve [30]. This
speculation is supported by the fact that CTLA-4 is associated with the recruitment of Tregs
into the tumour microenvironment [31] and that Tregs express high levels of CTLA-4 [32].
Some normal and dysplastic oropharyngeal lesions also showed this pattern, suggesting
they could be HPV positive, however, HPV status is not routinely tested in non-neoplastic
oropharyngeal samples. Observing these hot spots could be an indication of the infection
and therefore useful in identifying patients at risk of developing future disease.

Here, we found that higher levels of sCTLA-4 expression were observed in the di-
agnostic groups with a worse prognosis in both oral (SCC) and HPV−ve oropharyngeal
tissues. We have previously reported that serum sCTLA-4 levels are elevated in melanoma
patients compared with healthy volunteers [13], and given the differences we observed
between different diagnostic groups, it would be of interest to assess the serum level of
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sCTLA-4 in oral and oropharyngeal disease cohorts as a potential immunosuppressant and
correlate it to the tissue expression patterns.

Our findings show great clinical translational potential for sCTLA-4 in HNC and high-
light the need for larger studies in OPMD and HNC to assess sCTLA-4 and its correlation
to clinical outcome.

The distinct staining patterns and differences in expression levels of sCTLA-4 across
the spectrum of normal, dysplastic, and neoplastic oral and oropharyngeal tissues suggest
its potential as a marker to aid in the objective diagnosis and classification of these lesions.
Advances in machine learning and artificial intelligence can further quantify this marker to
present a biologically meaningful and clinically applicable biomarker that can be included
in the diagnostic criteria for OED and SCC, as our data indicate a role in cell differentiation
and proliferation.

In conclusion, we report differences in the expression of sCTLA-4 in normal, dys-
plastic, and neoplastic oral and oropharyngeal epithelia, indicating a role of sCTLA-4 in
normal differentiation and proliferation of epithelial cells with disruptions associated with
premalignant and malignant changes. This makes sCTLA-4 a potential marker for predict-
ing disease progression. The differences in intensity and distribution between different
diagnostic groups and indeed between HPV+ve and HPV−ve SCC, which have different
clinical outcomes, suggest the potential of sCTLA-4 as a therapeutic target and as a marker
for patient diagnosis, stratification, and treatment.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15061696/s1, Figure S1: siRNA was used to knockdown
the CTLA-4 gene responsible for both full length and soluble isoforms in A549 lung adenocarcinoma
cells to test the sensitivity of the monoclonal anti sCTLA-4 antibody 73-B1. Figure S2: A detailed
schema of the image analysis process to quantify the sCTLA-4 intensity in the nucleus and cytoplasm
in confocal images of three HNC cell lines. Figure S3: Expression of sCTLA-4 in three HNC cell
lines. Figure S4: More examples of representative sections from whole slide scans (X20) from normal,
low-grade dysplasia (LGD), high-grade dysplasia (HGD) and squamous cell carcinoma (SCC) from
the floor of the mouth. Figure S5: (A) Quantification of the staining intensity in normal, dysplasia
(pooled low and high grade) and squamous cell carcinoma (SCC) from the floor of the mouth.
(B) Quantification of the staining intensity in normal, dysplasia (pooled low and high grade) and HPV
positive (HPV+) and HPV negative (HPV−) squamous cell carcinoma (SCC) from the oropharynx.
Figure S6: H-Score for samples from the floor of the mouth and oropharynx. Figure S7: More
examples of representative sections from whole slide scans (X20) from normal, low-grade dysplasia
(LGD), high-grade dysplasia (HGD), HPV− and HPV+ squamous cell from the oropharynx.

Author Contributions: P.C.: IHC staining, image analysis, data analysis and interpretation, and
drafting the manuscript; F.A.-F.: cell culture, confocal microscopy, and image analysis; B.R.: cell
culture and propagation; K.N.: IHC staining and optimisation; F.J.W.: antibody development, data
interpretation, manuscript writing and editing; R.A.-E.: conception and design, project supervision,
funding acquisition, data analysis and interpretation, manuscript drafting, writing, and editing. All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by funding from Friends of Anchor (RS 17 007), TENOVUS
Scotland (G17.11), and the NHS Endowment Grant (17/042 and 18/24). P.C., F.A.-F. and B.R. were
funded by the University of Aberdeen doctoral Elphinstone Scholarship.

Institutional Review Board Statement: Ethical approval was granted by the NHS Grampian Biorepos-
itory Scientific Access Group (tissue requests TR000132 and TR000189), under IRAS project: 296502.

Informed Consent Statement: The study used retrospectively collected samples from a biobank, and
all tissues were consented prior to archiving the samples.

Data Availability Statement: Raw images and electronic whole slide scans can be made available
upon request and subject to adherence to ethical approvals.

https://www.mdpi.com/article/10.3390/cancers15061696/s1
https://www.mdpi.com/article/10.3390/cancers15061696/s1


Cancers 2023, 15, 1696 15 of 16

Acknowledgments: The authors would like to acknowledge the NHS Grampian Biorepository for
their help in acquiring samples, especially Andrea Chapman for confirming the diagnosis of the
samples. Microscopy was performed in the Microscopy and Histology Core Facility at the University
of Aberdeen. We thank the following for their work during their summer projects: Rory Maciver
(INSPIRE National Scholarship, Academy of Medical Sciences through the University of Aberdeen),
Ramisha Basharat (summer scholarship by the Development Trust of the University of Aberdeen
through funds from CRANES, Scotland), Sara Lucila Lorenzo Guerra (ERASMUS+), and Khaled
Shawki (currently at Horus University, Egypt).

Conflicts of Interest: FW is one of the named inventors on a patent entitled “Antibodies specifically
directed to a soluble form of CTLA-4” (Patent No. US8697845 B2). The remaining authors declare that
the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References
1. International_Agency_for_Research_on_Cancer. Global Cancer Observatory. World Health Organization GLOBOCAN 2020. Cancer

Today 2020. Available online: https://gco.iarc.fr/today/home (accessed on 26 February 2023).
2. Faraji, F.; Rettig, E.M.; Tsai, H.L.; El Asmar, M.; Fung, N.; Eisele, D.W.; Fakhry, C. The prevalence of human papillomavirus in

oropharyngeal cancer is increasing regardless of sex or race, and the influence of sex and race on survival is modified by human
papillomavirus tumor status. Cancer 2019, 125, 761–769. [CrossRef]

3. Lu, D.J.; Luu, M.; Mita, A.; Scher, K.; Shiao, S.L.; Yoshida, E.P.; Sittig, M.P.; Clair, J.M.-S.; Ho, A.S.; Zumsteg, Z.S. Human
papillomavirus-associated oropharyngeal cancer among patients aged 70 and older: Dramatically increased prevalence and
clinical implications. Eur. J. Cancer 2018, 103, 195–204. [CrossRef] [PubMed]

4. Zamani, M.; Grønhøj, C.; Jensen, D.H.; Carlander, A.F.; Agander, T.; Kiss, K.; Olsen, C.; Baandrup, L.; Nielsen, F.C.; Andersen,
E.; et al. The current epidemic of HPV-associated oropharyngeal cancer: An 18-year Danish population-based study with 2169
patients. Eur. J. Cancer 2020, 134, 52–59. [CrossRef] [PubMed]

5. Warnakulasuriya, S. Clinical features and presentation of oral potentially malignant disorders. Oral Surg. Oral Med. Oral Pathol.
Oral Radiol. 2018, 125, 582–590. [CrossRef]

6. Tilakaratne, W.M.; Jayasooriya, P.R.; Jayasuriya, N.S.; De Silva, R.K. Oral epithelial dysplasia: Causes, quantification, prognosis,
and management challenges. Periodontol. 2000 2019, 80, 126–147. [CrossRef]

7. Waterhouse, P.; Penninger, J.M.; Timms, E.; Wakeham, A.; Shahinian, A.; Lee, K.P.; Thompson, C.B.; Griesser, H.; Mak, T.W.
Lymphoproliferative disorders with early lethality in mice deficient in Ctla-4. Science 1995, 270, 985–988. [CrossRef] [PubMed]

8. Tivol, E.A.; Borriello, F.; Schweitzer, A.N.; Lynch, W.P.; Bluestone, J.A.; Sharpe, A.H. Loss of CTLA-4 leads to massive lympho-
proliferation and fatal multiorgan tissue destruction, revealing a critical negative regulatory role of CTLA-4. Immunity 1995, 3,
541–547. [CrossRef] [PubMed]

9. Schubert, D.; Bode, C.; Kenefeck, R.; Hou, T.Z.; Wing, J.B.; Kennedy, A.; Bulashevska, A.; Petersen, B.-S.; A Schäffer, A.; Grüning,
B.; et al. Autosomal dominant immune dysregulation syndrome in humans with CTLA4 mutations. Nat. Med. 2014, 20, 1410–1416.
[CrossRef]

10. Oaks, M.K.; Hallett, K.M. Cutting edge: A soluble form of CTLA-4 in patients with autoimmune thyroid disease. J. Immunol.
2000, 164, 5015–5018. [CrossRef]

11. Ward, F.J.; Dahal, L.N.; Abu-Eid, R. On the Road to Immunotherapy-Prospects for Treating Head and Neck Cancers With
Checkpoint Inhibitor Antibodies. Front. Immunol. 2018, 9, 2182. [CrossRef]

12. Ward, F.J.; Dahal, L.N.; Wijesekera, S.K.; Abdul-Jawad, S.K.; Kaewarpai, T.; Xu, H.; Vickers, M.A.; Barker, R.N. The soluble isoform
of CTLA-4 as a regulator of T-cell responses. Eur. J. Immunol. 2013, 43, 1274–1285. [CrossRef] [PubMed]

13. Khanolkar, R.C.; Zhang, C.; Al-Fatyan, F.; Lawson, L.; Depasquale, I.; Meredith, F.M.; Muller, F.; Nicolson, M.; Dahal, L.N.;
Abu-Eid, R.; et al. TGFβ2 Induces the Soluble Isoform of CTLA-4–Implications for CTLA-4 Based Checkpoint Inhibitor Antibodies
in Malignant Melanoma. Front. Immunol. 2022, 12, 763877. [CrossRef] [PubMed]

14. Sekiya, T.; Takaki, S. RGMB enhances the suppressive activity of the monomeric secreted form of CTLA-4. Sci. Rep. 2019, 9, 6984.
[CrossRef]

15. Abdulkhaleq, F.; Larossi, N.; Ogbonda, O.; Abu-Eid, R.; Ward, F. CTLA-4 expression by human tumor cells and its impact on
immunotherapeutic strategies: A systematic review. Immuno-Oncol. Insights 2021, 2, 151–169.

16. Tarhini, A.A. Tremelimumab: A review of development to date in solid tumors. Immunotherapy 2013, 5, 215–229. [CrossRef]
17. Schneider, C.A.; Rasband, W.S.; Eliceiri, K.W. NIH Image to ImageJ: 25 years of image analysis. Nat. Methods 2012, 9, 671–675.

[CrossRef] [PubMed]
18. Bankhead, P.; Loughrey, M.B.; Fernández, J.A.; Dombrowski, Y.; McArt, D.G.; Dunne, P.D.; McQuaid, S.; Gray, R.T.; Murray, L.J.;

Coleman, H.G.; et al. QuPath: Open source software for digital pathology image analysis. Sci. Rep. 2017, 7, 16878. [CrossRef]
[PubMed]

19. Meyerholz, D.K.; Beck, A.P. Principles and approaches for reproducible scoring of tissue stains in research. Lab. Invest. 2018, 98,
844–855. [CrossRef]

https://gco.iarc.fr/today/home
http://doi.org/10.1002/cncr.31841
http://doi.org/10.1016/j.ejca.2018.08.015
http://www.ncbi.nlm.nih.gov/pubmed/30268920
http://doi.org/10.1016/j.ejca.2020.04.027
http://www.ncbi.nlm.nih.gov/pubmed/32460181
http://doi.org/10.1016/j.oooo.2018.03.011
http://doi.org/10.1111/prd.12259
http://doi.org/10.1126/science.270.5238.985
http://www.ncbi.nlm.nih.gov/pubmed/7481803
http://doi.org/10.1016/1074-7613(95)90125-6
http://www.ncbi.nlm.nih.gov/pubmed/7584144
http://doi.org/10.1038/nm.3746
http://doi.org/10.4049/jimmunol.164.10.5015
http://doi.org/10.3389/fimmu.2018.02182
http://doi.org/10.1002/eji.201242529
http://www.ncbi.nlm.nih.gov/pubmed/23400950
http://doi.org/10.3389/fimmu.2021.763877
http://www.ncbi.nlm.nih.gov/pubmed/35069536
http://doi.org/10.1038/s41598-019-43068-y
http://doi.org/10.2217/imt.13.9
http://doi.org/10.1038/nmeth.2089
http://www.ncbi.nlm.nih.gov/pubmed/22930834
http://doi.org/10.1038/s41598-017-17204-5
http://www.ncbi.nlm.nih.gov/pubmed/29203879
http://doi.org/10.1038/s41374-018-0057-0


Cancers 2023, 15, 1696 16 of 16

20. Contardi, E.; Palmisano, G.L.; Tazzari, P.L.; Martelli, A.M.; Falà, F.; Fabbi, M.; Kato, T.; Lucarelli, E.; Donati, D.; Polito, L.; et al.
CTLA-4 is constitutively expressed on tumor cells and can trigger apoptosis upon ligand interaction. Int. J. Cancer 2005, 117,
538–550. [CrossRef]

21. Bharti, V.; Mohanti, B.K.; Das, S.N. Functional genetic variants of CTLA-4 and risk of tobacco-related oral carcinoma in high-risk
North Indian population. Hum. Immunol. 2013, 74, 348–352. [CrossRef]

22. Erfani, N.; Haghshenas, M.R.; Hoseini, M.A.; Hashemi, S.B.; Khademi, B.; Ghaderi, A. Strong association of CTLA-4 variation
(CT60A/G) and CTLA-4 haplotypes with predisposition of Iranians to head and neck cancer. Iran. J. Immunol. 2012, 9, 188–198.
[PubMed]

23. Wong, Y.K.; Chang, K.W.; Cheng, C.Y.; Liu, C.J. Association of CTLA-4 gene polymorphism with oral squamous cell carcinoma.
J. Oral Pathol. Med. 2006, 35, 51–54. [CrossRef] [PubMed]

24. Levings, M.K.; Sangregorio, R.; Sartirana, C.; Moschin, A.L.; Battaglia, M.; Orban, P.C.; Roncarolo, M.G. Human CD25+CD4+ T
suppressor cell clones produce transforming growth factor beta, but not interleukin 10, and are distinct from type 1 T regulatory
cells. J. Exp. Med. 2002, 196, 1335–1346. [CrossRef]

25. Matoba, T.; Imai, M.; Ohkura, N.; Kawakita, D.; Ijichi, K.; Toyama, T.; Morita, A.; Murakami, S.; Sakaguchi, S.; Yamazaki, S.
Regulatory T cells expressing abundant CTLA-4 on the cell surface with a proliferative gene profile are key features of human
head and neck cancer. Int. J. Cancer 2019, 144, 2811–2822. [CrossRef]

26. Magistrelli, G.; Jeannin, P.; Herbault, N.; Benoit de Coignac, A.; Gauchat, J.F.; Bonnefoy, J.Y.; Delneste, Y. A soluble form of CTLA-4
generated by alternative splicing is expressed by nonstimulated human T cells. Eur. J. Immunol. 1999, 29, 3596–3602. [CrossRef]

27. Oaks, M.K.; Hallett, K.M.; Penwell, R.; Stauber, E.C.; Warren, S.J.; Tector, A.J. A native soluble form of CTLA-4. Cell Immunol.
2000, 201, 144–153. [CrossRef] [PubMed]

28. Sinha, P.; Karadaghy, O.A.; Doering, M.M.; Tuuli, M.G.; Jackson, R.S.; Haughey, B.H. Survival for HPV-positive oropharyngeal
squamous cell carcinoma with surgical versus non-surgical treatment approach: A systematic review and meta-analysis. Oral
Oncol. 2018, 86, 121–131. [CrossRef]

29. Lill, C.; Bachtiary, B.; Selzer, E.; Mittlboeck, M.; Thurnher, D. A 5year update of patients with HPV positive versus negative
oropharyngeal cancer after radiochemotherapy in Austria. Wien. Klin. Wochenschr. 2017, 129, 398–403. [CrossRef]

30. Ljokjel, B.; Haave, H.; Lybak, S.; Vintermyr, O.K.; Helgeland, L.; Aarstad, H.J. Tumor Infiltration Levels of CD3, Foxp3 (+)
Lymphocytes and CD68 Macrophages at Diagnosis Predict 5-Year Disease-Specific Survival in Patients with Oropharynx
Squamous Cell Carcinoma. Cancers 2022, 14, 1508. [CrossRef]

31. Campbell, D.J. Control of Regulatory T Cell Migration, Function, and Homeostasis. J. Immunol. 2015, 195, 2507–2513. [CrossRef]
32. Tang, A.L.; Teijaro, J.R.; Njau, M.N.; Chandran, S.S.; Azimzadeh, A.; Nadler, S.G.; Rothstein, D.M.; Farber, D.L. CTLA-4 expression

is an indicator and regulator of steady-state CD4+ FoxP3+ T cell homeostasis. J. Immunol. 2008, 181, 1806–1813. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1002/ijc.21155
http://doi.org/10.1016/j.humimm.2012.12.008
http://www.ncbi.nlm.nih.gov/pubmed/23023383
http://doi.org/10.1111/j.1600-0714.2005.00377.x
http://www.ncbi.nlm.nih.gov/pubmed/16393254
http://doi.org/10.1084/jem.20021139
http://doi.org/10.1002/ijc.32024
http://doi.org/10.1002/(SICI)1521-4141(199911)29:11&lt;3596::AID-IMMU3596&gt;3.0.CO;2-Y
http://doi.org/10.1006/cimm.2000.1649
http://www.ncbi.nlm.nih.gov/pubmed/10831323
http://doi.org/10.1016/j.oraloncology.2018.09.018
http://doi.org/10.1007/s00508-017-1171-5
http://doi.org/10.3390/cancers14061508
http://doi.org/10.4049/jimmunol.1500801
http://doi.org/10.4049/jimmunol.181.3.1806
http://www.ncbi.nlm.nih.gov/pubmed/18641318

	Introduction 
	Materials and Methods 
	Immunofluorescence 
	Cell-Lines 
	Anti-sCTLA-4 Antibodies 
	Staining 
	Imaging 

	Immunohistochemistry 
	Samples 
	Immunohistochemistry Staining 
	Imaging 
	Image Analysis 

	Statistical Analysis 

	Results 
	Head and Neck Cancer Cell Lines Express sCTLA-4 
	sCTLA-4 Distribution and Intensity in Oral/Oropharyngeal Epithelia Change with Disease Progression 
	Oral Tissues 
	Oropharyngeal Tissues 

	Overall Findings 

	Discussion 
	References

