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Abstract: The aim of this study is to assess immune cell populations in squamous precancerous
(preinvasive) and cancerous lesions of the oral cavity and larynx. Qualitative and quantitative
immunohistochemical analyses were performed to determine the expressions of CD4, CD8, CD15,
CD57 and CD68. The expressions of programmed death-ligand 1 (PD-L1), p16 and Ki67 were also
assessed. Squamous cell lesions from forty-one patients were included in the study. Sixteen samples
were categorized as precancerous (preinvasive) lesions and twenty-five as invasive squamous cell
carcinoma. Invasive lesions showed a negative correlation with CD57+ cells (p = —0.69) and a positive
correlation with Ki67 (p = 0.61). The amount of CD4+ lymphocytes was higher in invasive lesions.
There were no differences in PD-L1 and p16 immunoreactivity. Our analysis showed differences
in the immunohistochemical profile between preinvasive and invasive squamous cell lesions. In
the near future, this study should be useful in driving treatment strategy in both preinvasive and
invasive squamous cell lesions of the oral cavity and larynx. However, studies on larger series of
patients focusing on site-specific lesions are required.

Keywords: oral cavity squamous cell carcinoma; laryngeal squamous cell carcinoma; preinvasive

squamous cell lesions; tumor associated immune cells; PD-L1; Ki67; HPV

1. Introduction

Oral cavity squamous cell carcinoma (SCC) and laryngeal SCC are the 18th and 23rd
most common cancers worldwide, respectively, with a 5-year survival rate of approxi-
mately 60% in both cases and up to 20% of these carcinomas arise from precancerous
(preinvasive, dysplastic) lesions [1-3]. In addition to tobacco and alcohol abuse, Human
Papilloma Virus (HPV) infection is nowadays documented as an independent risk factor
for those lesions that originate from the epithelium of the upper aerodigestive tract [4,5].
Despite timely evaluation, early diagnosis and remarkably improved treatment strategies,
including traditional excision, cryosurgery and carbon dioxide laser ablation—in the case
of preinvasive lesions—and conservative surgery with or without radiotherapy and sys-
temic therapy—in case of invasive SCC—remain crucial because of the highly possible
evolution of a dysplastic lesion in invasive carcinoma and the high recurrence rate of
invasive SCC [3,4,6].
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Therefore, there is an urgent need to identify robust biomarkers to potentially strat-
ify patients to individualized treatment approaches. In recent years, the importance of
immune cell populations in the microenvironment of both precancerous and cancerous
scenarios has been affirmed [7-9]. A plethora of evidence now supports the central role of
numerous cell types, such as CD4+, CD8+ T cells, dendritic cells, natural killer cells, and
programmed death 1 (PD1)/programmed death-ligand 1 (PD-L1) pathways, in the cancer
immunoediting process [7-9]. This consists of three sequential phases, in which innate
and adaptive immunity promote transformed cell death (elimination phase), controlling
net tumor cell outgrowth (equilibrium phase) until these tumor cells acquire resistance to
the immune system (escape phase) [10]. However, the role of this immune response in the
natural history of preinvasive squamous cell lesions and invasive SCC of the oral cavity
and larynx needs to be better defined [7-9].

In this context, the main purpose of this preliminary study is to comparatively assess
the immune cell populations in preinvasive squamous cell lesions and in invasive SCC
of the oral cavity and larynx through qualitative and quantitative immunohistochemistry.
Although we are aware of the limits of the study that include the limited number of
patients/samples and the different sites of the aerodigestive tract considered, we feel that
it could provide a rationale to identify potential targets to be exploited to develop novel
therapeutic approaches.

2. Materials and Methods
2.1. Cases Selection

Formalin-fixed paraffin-embedded (FFPE) tissue samples collected between January 2018
and December 2019 from forty-one patients with a pathologic diagnosis of either preinva-
sive squamous cell lesion lesions or SCC in the oral cavity or larynx were included in this
study. All FFPE specimens were retrospectively identified from the archives of the Section
of Pathology of the “F. Spaziani” Hospital (Frosinone, Italy).

2.2. Tissue Samples

Microscopic characteristics of the lesions were assessed analyzing 2 um-thick sections
of each sample stained with hematoxylin—eosin. According to World Health Organization
criteria [11], preinvasive lesions were classified as mild, moderate and severe epithelial
dysplasia, whereas SCC was graded as well, moderately and poorly differentiated.

2.3. Immunohistochemistry

Section of each sample (2 pm-thick) and positively charged glass slides (Tomo, Mat-
sunami) were used for immunohistochemical analysis. Assays were performed within
Ventana ULTRA and XT platform, Roche Diagnostics, according to recommendations.
Slides were incubated with the following antihuman primary antibodies: CD4 (clone SP31,
Ventana Medical Systems, Roche Diagnostics), CD8 (clone SP57, Ventana Medical Sys-
tems, Roche Group), CD15 (clone MMA, Ventana Medical Systems, Oro Valley, AZ, USA),
CD57 (clone NK-1, Cell Marque), CD68 (clone KP1, Ventana Medical Systems), PD-L1
(clone SP263; Ventana Medical Systems), p16!™NK42 (kit CINTec p16 Histology, Ventana
Medical Systems) and Ki67 (clone 30-9, Ventana Medical Systems). The primary antibod-
ies for CD4, CD8, CD15, CD57 and CD68 were used to identify T-helper lymphocytes,
T-suppressor /cytotoxic lymphocytes, neutrophil granulocytes, natural killer cells and cells
of the monocyte/macrophage lineage, respectively.

The ULTRAView Detection Kit (Ventana Medical Systems, Roche Group) was em-
ployed for CD4, CD8, CD15, CD57, CD68, p16!NK4a and Ki67 and the OptiView DAB IHC
Detection Kit (Ventana Medical Systems, Roche Group) was employed for PD-L1. For
PD-L1 immunostain, positive (on-slide placental tissue) and negative (buffer, no primary
antibody) controls were used.
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2.4. Quantitative Immunohistochemical Analysis

The count of immunoreactive cells for each antibody was made in five randomly
chosen fields with 400x magnification. For CD4, CD8, CD15, CD57 and CD68, the number
of positive cells was scored as 0 (less than 5% immunoreactive cells), 1 (from 5% to <15%),
2 (from 15% to <30%) and 3 (>30%). PD-L1 immunoreactivity was defined as cytoplasmic
and/or membranous and dichotomized as low (0, <1) and high (1, >1) Combined Positive
Scores (CPSs) [12]. The immunoreactivity for p16 was dichotomized in negative (value 0)
versus positive (value 1) and positivity was defined by strong nuclear and cytoplasmic
immunoreactivity in at least 70% of the lesional cells, as described previously [13]. The
Ki67 labeling index (LI) was estimated by counting 300 cells from areas representative of
the lesions, as described previously [14]. Preinvasive lesions were scored as 1 (positive cells
localized in the basal layer of the epithelium), 2 (positive cells localized in both the basal
and parabasal layers of the epithelium) and 3 (positive cells localized in basal, parabasal
and spinous layers of the epithelium). SCCs were scored as 1 (positive cell in the periphery
of the tumor nests), 2 (positive cells in both periphery and central part of the tumor nests)
and 3 (diffuse positive cells in the tumor nests).

2.5. Statistical Analysis

Statistical analysis was performed using R-Studio 0.98.1091 software. Standard de-
scriptive statistics were used to evaluate the distribution of each variable. Continuous
variables were reported as means + standard deviation and categorical variables as fre-
quencies or percentages. The distribution of variables between precancerous lesions and
cancerous lesions was compared with an x? test or Fisher’s exact test and Mann-Whitney
U test, as appropriate. Correlations between factors were assessed by correlation matrices
and the use of either Pearson (r; parametric) or Spearman (p; nonparametric) correlation
methods where appropriate. A p-value < 0.05 was considered significant.

3. Results
3.1. Patients, Sites and Histologic Classification of the Lesions

Of the forty-one samples included in this study, thirty-five were males and six females.
All patients were adults. The sites of the lesions and their histologic classification as either
preinvasive or as SCC are illustrated in Figure 1. Among the dysplastic lesions, one (larynx)
was classified as mild, seven (one in the oral cavity and six in the larynx) as moderate and
eight (one in the oral cavity and seven in the larynx) as severe dysplasia. Among the SCCs,
seven (three in the oral cavity and four in the larynx) were classified as well differentiated,
nine (five in the oral cavity and four in the larynx) as moderately differentiated and nine
(four in the oral cavity and five in the larynx) as poorly differentiated. Representative
histological images of preinvasive lesions and SCC are illustrated in Figure 2.
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Figure 1. Sites of the lesions and their histological classification.
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Figure 2. Representative histological images of mild ((A), larynx), moderate ((B), hard palate) and severe ((C), tongue)
dysplasia and of squamous cell carcinoma (SCC) ((D), tongue). Hematoxylin—eosin. Bars: 100 um.

3.2. Qualitative and Quantitative Immunohistochemistry

Representative images of immunohistochemical stains scored as 0, 1, 2 and 3 and of PD-
L1 are illustrated in Figure 3. T-helper (CD4+) lymphocytes, T-suppressor/cytotoxic (CD8+)
lymphocytes, neutrophil granulocytes (CD15+) and cells of the monocyte/macrophage
(CD68+) were observed in all samples. In contrast, natural killer cells (CD57+) were
observed in all preinvasive lesions and only in seven SCCs (two well differentiated, one
moderately differentiated and four poorly differentiated). High PD-L1 CPS was detected
in nine preinvasive lesions (three moderate dysplasia and six severe dysplasia) and in
sixteen SCCs (four well differentiated, seven moderately differentiated and five poorly
differentiated). Statistical comparison (Figure 4) failed to reveal significant differences
except for CD4 and CD57, which were statistically significantly higher (p = 0.044) and
lower (p < 0.001), respectively, in SCC compared to preinvasive lesions.
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Figure 3. Representative images of immunohistochemical stains scored as 0 ((A); CD57, larynx SCC), 1 ((B); CD8, tongue
preinvasive lesion), 2 ((C); CD15, tongue SCC) and 3 ((D); CD4, larynx SCC) and of PD-L1 (E,F), graded as low (0, <1, (E),
larynx preinvasive lesion) and high (1, >1, (F), tongue SCC). Bars: 100 pum.
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Figure 4. Comparative statistical analysis of CD4, CD8, CD15, CD57, CD68 and PD-L1 Combined Positive Scores (CPSs), the
last being graded as low (0, <1) and high (1, >1) between preinvasive squamous cell lesions and SCC. Each circle represents
a patient.

Positive immunostaining for p16 was detected in seven preinvasive lesions (two
moderate and five severe epithelial dysplasia) and in seven SCCs (one well differentiated,
four moderately differentiated and two poorly differentiated). Statistical comparison failed
to reveal significant differences in p16 immunoreactivity between preinvasive and SCC
(p =0.300).

Ki67 expression (Figures 5 and 6) was significantly higher in SCCs compared to
preinvasive lesions (p < 0.001).
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Figure 5. Representative images of the immunohistochemical stain for Ki67 in mild ((A), larynx), moderate ((B), hard palate)
and severe ((C), tongue) dysplasia and in SCC ((D), tongue). Bars: 100 pm.
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Figure 6. Comparative statistical analysis of Ki67 between preinvasive squamous cell lesions and

SCC. Each circle represents a patient.

A correlation matrix was used to summarize data. The coefficients between the
different clinic-pathologic variables are reported in Figure 7. SCC showed a negative

correlation with CD57 (p = —0.69) and a positive correlation with Ki67 (p = 0.61).
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Figure 7. Correlation matrix between different clinical and pathologic variables. Each
ellipse in the table represents a correlation between the two variables. The diagonal
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indicates that each variable perfectly correlates with itself. L is for lymphocytes.
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4. Discussion

This analysis revealed that CD57+ natural killer cells predominated in preinvasive
squamous cell lesions (p < 0.001) and CD4+ cells were dominant in oral cavity and laryngeal
SCCs (p = 0.044). In addition, proliferation activity (Ki67+) positively correlated with SCC
but not with preinvasive lesions (p = 0.61). No significant differences were observed in
the amount of the other immune cells (CD8+ T-suppressor/cytotoxic lymphocytes, CD15+
neutrophil granulocytes and CD68+ cells of the monocyte/macrophage lineages) as also
for p16 and PD-L1 between preinvasive squamous cell lesions and SCC.

Overall, these data are in agreement with the concept of the two-stage model of
carcinogenesis in the oral and laryngeal mucosa and the cancer immunoediting process [15].
From preinvasive lesions to invasive SCC, the amount and the quality of immune cells
changed and it is hard to define a clear “black and white” classification for which different
cell types are procancer or anticancer.

It is certain that T lymphocytes, B lymphocytes, natural killer cells, dendritic cells,
monocytes, macrophages and neutrophil granulocytes are key instruments in the immune
response and tumor progression [16]. In our analysis, the negative correlation of CD57
(p = —0.69) with SCC is likely related to the fact that natural killer cells play a major role
in the elimination phase [17], whereas the high CD4+ expression in SCC supports the
evidence that CD4+ T cells “are a critical cornerstone of optimal anti-tumor immunity” [18].
Indeed, it is accepted that CD4+ T cells have a synergistic role with CD8+ T cells in the
immune response. However, once the escape phase is activated, CD4+ cells seem to play a
role in favoring tumor cell survival [18,19].

The expression of PD-L1 has been considered a point of balance between the host
immune response and cancer escape ability [20]. A vast body of literature indicates that
PD-L1 is mainly expressed on the surface of tumor cells and antigen-presenting cells
in head and neck SCC. Based on the randomized phase III CheckMate 141 trial [21]
and nonrandomized phase Ib KEYNOTE-012 trial [22], immune checkpoint PD1/PD-L1
blockade therapy (nivolumab and pembrolizumab, respectively) become the standard of
care in the recurrent/metastatic setting [4,23]. In contrast, little is known on the role of
PD1/PD-L1 pathway in preinvasive lesions. A recent meta-analysis study focused on the
prevalence of PD-L1 expression in preinvasive lesions compared to invasive SCC in the
head and neck region [20]. Aware of the high heterogeneity and the moderate quality of
the included studies, PD-L1 expression was reported to be less frequent in preinvasive
lesions than in invasive SCC. We were not able to confirm this result likely due to the low
number and site heterogeneity of the examined cases. However, there is no doubt that
much remains to be learned on the interactions between the multiple PD-L1-expressing
cell types within the tumor microenvironment [24,25].

We also assessed the p16 status without recording significant differences between
preinvasive lesions and SCC. This absence of difference should not surprise. Despite a
causal association between HPV infection and SCC development being well established
over the years, nowadays, p16 detection is mandatory to correctly stage primary tumors
at diagnosis, in particular in the oropharynx, and its expression is a surrogate marker
for HPV-related lesions, both preinvasive and invasive [26,27]. Therefore, p16 expression
should not be considered as a marker for the differential diagnosis of preinvasive versus
invasive lesion.

Regarding the positive correlation between Ki67 and SCC in our series, it is well
known that Ki67 expression is an important biological mechanism in oncogenesis. The
significance of Ki67 in the head and neck preinvasive and invasive squamous cell lesions
has been discussed over the last years, but at present it is highly correlated with the
increased aggressiveness of the lesion [28,29]. Thus, as expected, Ki67 was in our series
significantly higher in SCC compared to preinvasive lesions.

Our study has intrinsic limitations, mainly due to its retrospective nature. For example,
cases were excluded if there was insufficient archival material for full immunohistochem-
ical analysis. As a result, the patient cohort was relatively small. In addition, the site
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distribution of the lesions was heterogeneous and risk factors (i.e., smoking and alcohol
habits) and survival data were not included in the analysis. Further works, including
analysis of a larger series of patients/samples focusing on specific sites of the aerodigestive
tract, are currently under development. As involved in head and neck cancer, we believe
that improving our knowledge on the tissue immunologic profile of preinvasive and inva-
sive squamous cell lesions is one of the major goals in this field, in particular for the risk
stratification of these patients.

5. Conclusions

In this study, we comparatively evaluated, through immunohistochemistry, preinva-
sive and invasive squamous cell lesions of the oral cavity and larynx. CD57+ cells were
prominent in precancerous lesions whereas CD4+ cells and proliferation activity predomi-
nated in invasive lesions. Differences were not observed for the other markers used in this
study (CD8, CD15, CD68, p16 and PD-L1). Further investigations are needed to validate
these results expanding the number of cases/lesions and focusing on specific sites to define
which immunohistochemical markers may identify patients with either preinvasive or
invasive lesions at higher risk of transformation in SCC or of recurrence, respectively, in
order to potentially implement appropriate therapy.
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