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Abstract: Integrin β4 (ITGB4) is a member of the integrin family, which plays a crucial role in
mediating cell adhesion to the extracellular matrix. Recent studies have demonstrated that ITGB4 is
involved in tumorigenesis and metastasis during the development of cancer. However, the role of
ITGB4 in oral squamous cell carcinoma (OSCC) remains unclear. A Multiplex immunohistochemistry
(OPAL™, mIHC) assay was employed to stain ITGB4, ALDH1, PD-L1, cytokeratin (CK), CD8 and
PD-1 in a human OSCC tissue microarray, containing 26 normal oral epithelium samples, 21 oral
epithelium dysplasia samples and 76 OSCC samples. The expression pattern and clinicopathological
characteristics of ITGB4 were analyzed and compared with those of PD-1, PD-L1, ALDH1 and CD8.
The correlation between subgroups of tumor cells, including ITGB4+PD-L1+ and ITGB4+ALDH1+,
and subgroups of T cells, including CD8+ and CD8+PD-1+, was evaluated using two-tailed Pearson’s
statistics. A Kaplan–Meier curve was built, and a log-rank test was performed to analyze the survival
rate of different subgroups. The mIHC staining results show that ITGB4 was mostly expressed in the
tumor cells, with a significant increase in the OSCC specimens compared with normal oral epithelium
and oral epithelium dysplasia. The paired analysis, conducted between the OSCC tumor tissue and
normal paracancer mucosa, confirmed the results. The study further revealed that ITGB4+PD-L1+

cancer cells, but not ITGB4+ALDH1+ cancer cells, were significantly associated with the infiltration of
CD8+ T cells (positivity p = 0.005, positive number p = 0.03). Additionally, ITGB4+PD-L1+ tumor cells
were positively correlated with CD8+PD-1+ T cells (positivity p = 0.02, positive number p = 0.03). Most
intriguingly, the subgroup of ITGB4/PD-L1high with CD8/PD-1high displayed the best prognosis
compared with the other considered subgroups. The results show that the expression of ITGB4 was
increased in OSCC compared with normal oral mucosa. Furthermore, a specific subgroup with high
levels of expression of ITGB4/PD-L1 and CD8/PD-1 was found to have a relatively better prognosis
compared with the other subgroups. Ultimately, this study sheds light on the potential role of ITGB4
in OSCC and provides a basis for further investigation.

Keywords: ITGB4; oral squamous cell carcinoma; PD-1/PD-L1 axis; CD8; prognosis

1. Introduction

Oral squamous cell carcinoma (OSCC), which displays increasing numbers of diag-
nosed cases and deaths annually, is a variety of heterogeneous malignancy that arises
from the epithelia of oral cavities [1]. Depending on the disease stage, advanced OSCC
is generally treated with surgical resection, followed by radiation or chemotherapy plus
radiation (chemoradiation, CRT) [2]. Regardless of the benefits of the primary treatment
options developed over the past several decades, they are frequently ineffective and cause
no significant improvement in the prognosis of OSCC patients [3].
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Integrins are a group of heterodimeric transmembrane receptor manipulating the
interaction of cells with extracellular matrix components [4]. Integrin β4 (ITGB4), which
heterodimerizes exclusively with the α6 chain, functions as a receptor for the basement
membrane protein laminin. It influences cellular structure, cell cycle progression, differen-
tiation and survival [5]. Aside from its pivotal functions in embryonic development and
tissue organization, in vitro and in vivo experiments have indicated that ITGB4 promotes
tumorigenesis and metastasis in a broad range of solid tumors, including breast cancer,
prostate cancer, lung cancer and pancreatic cancer, by triggering downstream signaling.
It performs this primarily through oncogenic receptor tyrosine kinases, including ErbB2,
PI3K, FAK/AKT and c-Met [6–9]. Furthermore, ITGB4 has been identified as a cancer stem
cell (CSC) marker that operates by promoting metastasis, self-renewal, tumor propaga-
tion and chemotherapy resistance in triple-negative breast cancer and non-small-cell lung
cancer [10–13]. ITGB4 expression patterns display a strong heterogeneity and may vary
between different carcinomas [14–18]. Hence, the prognostic value of ITGB4 is distinct.
Historically, on the basis of analyses in human cancer tissue samples, ITGB4 is regarded as
an unfavorable prognosis marker in breast cancer, lung cancer and colorectal cancer [19–21].
Instead, it has since been found that a high level of ITGB4 indicates a prolonged survival
rate in esophageal squamous cell carcinoma [22,23]. Moreover, it has been reported that the
loss or dissociation of ITGB4, which leads to the breakup of the cell basement membrane,
could be related to an increased risk of metastasis in prostate cancer [23,24]. Although the
array of published studies has revealed the potential diagnostic and prognostic value of
ITGB4 in large varieties of cancer, accurate expression patterns and prognoses of ITGB4 in
OSCC are still incompletely understood.

For the last decades, a deep understanding of the role of the immune system in cancer
progression has provided knowledge of the mechanisms behind cancer immunosurveil-
lance evasion. The discovery and development of specific immune checkpoints have
demonstrated therapeutic potential in cancer treatment. Researchers have found evidence
that hampered immunogenicity is associated with elevated immune dysfunction in OSCC,
suggesting a negative impact on the prognosis [2]. Immune checkpoint inhibitors such as
nivolumab and pembrolizumab, which target the PD-1/PD-L1 axis, have been approved
by the FDA for the management of patients with recurrent or metastatic head and neck
squamous cell carcinoma (HNSCC) [25–27]. Aside from the important role it plays in cancer
immunotherapy, the PD-1/PD-L1 axis is also regarded as a potential prognostic indicator.
Although studies on the prognosis of the PD-1/PD-L1 axis have emerged one after another,
their conclusions remain controversial. For example, in nasopharyngeal carcinoma, a
higher level of PD-1 positive infiltrated immune cells indicates a longer survival rate [28].
However, in salivary gland carcinomas, the opposite conclusion of the prognosis judgment
based on the expression of PD-1 was observed [29]. As with PD-1, the outcome predictive
role of PD-L1 expression is still controversial. In OSCC, PD-L1 expression in more than 10%
of tumor cells is closely related to disease recurrence and lower disease-specific survival.
Instead, another study reported that high PD-L1 expression in OSCC is not significantly
related to overall survival rate [30]. Considering the discrepancy between these published
conclusions and the complexity of the tumor immune microenvironment, we suggest that
the use of novel approaches such as multi-biomarker analysis may furnish us with a better
understanding of the prognostic value of the PD-1/PD-L1 axis.

In this study, we explored the expression pattern and clinicopathological characteristics
of ITGB4 by mIHC. The relationship among ITGB4, PD-1, PD-L1, ALDH1 and CD8 was
evaluated. In addition, we considered that combined high expression levels of ITGB4,
PD-L1, PD-1 and CD8 in OSCC patients may act as a novel immunophenotyping system
that predicts the favorability of a prognosis.
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2. Materials and Methods
2.1. The Human OSCC Samples

Human OSCC tissues were obtained from the surgical specimens of OSCC patients
in the department of Oral and Maxillofacial-head neck oncology, Stomatology of Wuhan
University. All patients were pathologically diagnosed with OSCC and received radical
surgery. Informed consent was provided by all patients prior to surgery.

2.2. The Human OSCC Tissue Microarray

The human OSCC tissue microarray used in this study contained 26 normal oral
epithelia, 21 oral epithelial dysplasia and 76 OSCC. Of the 76 primary OSCC patients, we
followed up with 60 patients until the end of the study or death, and we could not follow up
with 16 patients. The clinical and pathological parameters of the 60 primary oral squamous
cell carcinomas with follow-up in this study are shown in Supplementary Table S1. The
tissue microarray contained 15 paired OSCC tumor tissues and normal paracancer mucosa.

2.3. The Multiplex Immunohistochemistry Staining

The multiplex immunohistochemistry staining was conducted using the Opal 7-Color
Manual IHC Kit (NEL811001KT, PerkinElmer, Waltham, MA, USA) according to the op-
eration instructions. In brief, deparaffinization and rehydration were performed through
xylenes and graded alcohol. Then, the antigen retrieval was completed in an AR6 buffer
in a microwave oven. Endogenous peroxidase was blocked with hydrogen peroxide (3%),
and non-specific binding was blocked with goat serum. The slide was incubated with the
primary antibody overnight at 4 °C. On the next day, the slide was incubated with an HRP
labelled secondary antibody. After being washed, the slide was incubated with tyramide
signal amplification (TSA, PerkinElmer Opal kit, including Opal 520, Opal 540, Opal 570,
Opal 620, Opal 650, and Opal 690). After that, stripping was performed in a microwave
oven with 1 × AR6 buffer. Additionally, the staining cycles were repeated until all the
primary antibodies (ITGB4, PD-L1, ALDH1, CD8, PD-1 and CK) were incubated. Following
the completion of all procedures, tissue sections were incubated with DAPI. The primary
antibody used in this study contained the following: ITGB4 (Cat: 14803; CST); PD-L1 (Cat:
13684; CST); ALDH1 (Cat: 54135; CST); CD8 (Cat: 85336; CST); PD-1 (Cat: 86163; CST); and
CK (Cat: 0671, MXB biotechnologies).

2.4. Quantification Analysis

The slide was scanned with the PerkinElmer Vectra (2.0.8), and the images were prepared
and analyzed with the InForm Advanced Image Analysis Software (2.0). The epithelium area
and stroma area were distinguished via CK staining. The positivity and positive number of the
makers were calculated in the tumor area and stroma area, respectively.

2.5. The Survival Analysis

In order to perform the survival analysis, the Kaplan–Meier curve and log-rank test
were used. The median of the positivity or positive number was selected as the cut-off. To
further explore the prognostic value of the subgroup, the cohort was divided into four parts
according to the ITGB4+PD-L1+ cancer cells and CD8+PD-1+ T cells. Then, the survival
curve of each subgroup was compared. The survival of ITGB4 was also analyzed using
the free available Pan cancer database (GEPIA, http://gepia.cancer-pku.cn/, assessed on
23 May 2023).

2.6. The Statistical Analysis

The differences among groups were analyzed using a one-way ANOVA followed by
the post-Tukey test. A paired t-test or unpaired t-test was to used evaluate the differences
between two groups. The correlation analysis was performed using two-tailed Pearson’s
statistics. The statistical significance was identified as p < 0.05. All analyses were performed
using GraphPad Prism 8.0 (Graph Pad Software Inc., CA, USA).

http://gepia.cancer-pku.cn/
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3. Results
3.1. Multiplex Immunohistochemistry Staining of ITGB4, ALDH1, PD-L1, CD8 and PD-1 in
OSCC Specimens

First, the expression of ITGB4 was evaluated with multiplex immunohistochemistry
(OPAL™, mIHC) in the OSCC tissue microarray. Second, the positive proportions and
positive numbers of cancer stem cells (ALDH1+ cancer cells), inhibitory immune check-
points on cancer cells (PD-L1+ cancer cells) and immune cell subset (CD8+ T cells, PD-1+

cells) were analyzed. As shown in Figure 1, the fluorescence of Opal 690 (red) was stained
with cytokeratin (CK) in order to identify the area of the epithelia, with the remaining area
regarded as tumor stroma. The fluorescence of Opal 520 (green) indicated the population
of ITGB4+ cells, which was predominantly expressed in tumor cells. The fluorescence of
Opal 570 (yellow) represented the population of ALDH1+ cells, and the fluorescence of
Opal 620 (orange) displayed the population of PD-L1+ cells. Both populations were mostly
located in tumor cells, with some examples present in the stroma. The fluorescence of Opal
650 (magenta) showed the population of CD8+ cells, which were expressed in the area of
the tumor stroma. The fluorescence of Opal 540 (cyan) demonstrated the population of
PD-1+ cells, which were also mainly expressed in the area of the tumor stroma.
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Figure 1. Representative image of multiplex immunohistochemistry (mIHC) for the specimen stained
with ITGB4, ALDH1, PD-L1, CD8, PD-1 and cytokeratin (CK). ITGB4: green; PD-L1: orange; ALDH-1:
yellow; CD8: magenta; PD-1: cyan; CK: red; DAPI: blue. Scale bar = 25 µm.

3.2. The Expression of ITGB4 Is Dramatically Increased in OSCC Specimen

Then, we evaluated the expression of ITGB4 in OSCC specimens. As shown in
Figure 2A, ITGB4 staining occurred in the tumor cells (mostly in the invasion frontier) and
the basal layer of the normal oral mucosa. The results of quantitative analysis revealed
that positive proportions and positive numbers of ITGB4 in tumor samples were signif-
icantly higher than the expression seen in normal mucosa (positivity p = 0.007, positive
number p = 0.001, Figure 2B) and dysplasia (positivity p = 0.008, positive number p = 0.002,
Figure 2B). In order to confirm these results, the paired OSCC tumor tissue and normal
paracancer mucosa were selected for further analysis. As shown in Figure 2C, the paired
t-test demonstrated that the expression of ITGB4 was distinctly higher in OSCC samples,
as compared with normal paracancer mucosa (positivity p = 0.02, positive number p = 0.05).
The correlation was explored between the expression of ITGB4 and clinical–pathological pa-
rameters. The results showed that there was no significant difference between the T1 + T2
and T3 + T4 stages (Figure 2D). In the lymph node status, although the expression of
ITGB4 was also not significantly different between the positive status and negative status,
the positive numbers of ITGB4 indicated an increasing tendency (p = 0.08, Figure 2E). In
addition, the analysis of the relationship between the expression of ITGB4 and pathological
grades did not reach a statistically significant difference (Figure 2F).



Biomolecules 2023, 13, 1014 5 of 13

Biomolecules 2023, 13, x FOR PEER REVIEW 5 of 14 
 

compared with normal paracancer mucosa (positivity p = 0.02, positive number p = 0.05). 
The correlation was explored between the expression of ITGB4 and clinical–pathological 
parameters. The results showed that there was no significant difference between the T1 + 
T2 and T3 + T4 stages (Figure 2D). In the lymph node status, although the expression of 
ITGB4 was also not significantly different between the positive status and negative status, 
the positive numbers of ITGB4 indicated an increasing tendency (p = 0.08, Figure 2E). In 
addition, the analysis of the relationship between the expression of ITGB4 and pathologi-
cal grades did not reach a statistically significant difference (Figure 2F). 

 
Figure 2. Expression of ITGB4 was dramatically increased in OSCC specimen. (A) Image of ITGB4 
(green) and CK (red) in normal mucosa and OSCC specimen. Scale bar = 100 µm. (B) Statistical 
results of ITGB4 positivity and ITGB4 positive number in normal mucosa (Normal), dysplasia (Dys) 
and OSCC samples. (C) Paired t-test analysis between OSCC sample and normal paracancer mu-
cosa. The quantitative analysis of ITGB4 expression was performed for tumor size ((D) T1 + T2 vs. 
T3 + T4), lymph node status ((E), N− vs. N+) and pathological grade ((F), I vs. III, II vs. III). (G) 
Kaplan–Meier curve of overall survival of OSCC patients with high expression of ITGB4 and low 
expression of ITGB4 (positivity: left; positive number: right). 

The potential prognostic value of ITGB4 expression in OSCC patients was further 
explored. The median value of ITGB4 positivity and positive numbers were selected as 
the cut-off. The result from the Kaplan–Meier curve revealed that neither ITGB4 positivity 

Figure 2. Expression of ITGB4 was dramatically increased in OSCC specimen. (A) Image of ITGB4
(green) and CK (red) in normal mucosa and OSCC specimen. Scale bar = 100 µm. (B) Statistical
results of ITGB4 positivity and ITGB4 positive number in normal mucosa (Normal), dysplasia (Dys)
and OSCC samples. (C) Paired t-test analysis between OSCC sample and normal paracancer mucosa.
The quantitative analysis of ITGB4 expression was performed for tumor size ((D) T1 + T2 vs. T3 + T4),
lymph node status ((E), N− vs. N+) and pathological grade ((F), I vs. III, II vs. III). (G) Kaplan–Meier
curve of overall survival of OSCC patients with high expression of ITGB4 and low expression of
ITGB4 (positivity: left; positive number: right).

The potential prognostic value of ITGB4 expression in OSCC patients was further
explored. The median value of ITGB4 positivity and positive numbers were selected as
the cut-off. The result from the Kaplan–Meier curve revealed that neither ITGB4 positivity
nor ITGB4 positive numbers were correlated with the prognosis (Figure 2G). The survival
analysis based on the GEPIA also did not reach significance (Supplementary Figure S1).

Based on the mIHC, the subtype of the double-positive cells was analyzed in this study.
As depicted in Supplementary Figure S2A,B, it seems that the proportion and cell numbers
of double-positive ITGB4 and PD-L1 cancer cells (ITGB4+PD-L1+) was high in the OSCC
specimen, and the statistical result approached a significant difference (positivity p = 0.07,
positive number p = 0.06). This may be attributed to the limited numbers of the sample size.
In addition, the subtype of the double-positive of the ITGB4 and ALDH1 (ITGB4+ALDH+)
expression and CD8+PD-1+ T cells were not significantly increased in OSCC samples.
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3.3. ITGB4+PD-L1+ Cancer Cells Are Significantly Associated with Infiltration of CD8+ T Cells

To investigate the relationship between ITGB4 and the above-mentioned molecules,
Pearson’s correlation coefficient test was used to analyze the correlation between ITGB4
and PD-L1, ALDH1, CD8 and PD-1. In the tumor area, the results showed a statistically
significant association between ITGB4 and PD-L1 in terms of positive numbers (p = 0.005),
but not in terms of positivity (p = 0.23, Figure 3A). Similarly, ITGB4 was found to have a
meaningful relationship with ALDH1 in terms of positive numbers (p = 0.008), but not in
terms of positivity (p = 0.21, Figure 3B). Moreover, no significant relationship was found
between ITGB4 and CD8 (Figure 3C). However, the expression of ITGB4 was significantly
associated with PD-1 (positivity p = 0.07, positive number p = 0.04, Figure 3D).
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Figure 3. Correlation analysis based on mIHC. The Spearman correlation coefficient test showed the
relationship between ITGB4 with PD-L1 ((A) positivity p = 0.23, positive number p = 0.005), ALDH1
((B), positivity p = 0.21, positive number p = 0.008), CD8 ((C), positivity p = 0.31, positive number
p = 0.45) and PD-1 ((D), positivity p = 0.07, positive number p = 0.04) in OSCC samples.

The mIHC provided precise cell colocalization and an appropriate correlation between
cells. In the case of tumors, CD8+PD-1+ cells were identified as exhausted T cells. Of note,
the results show that ITGB4 was statistically associated with CD8+PD-1+ cells (positivity
p = 0.04, positive number p = 0.06, Figure 4A). ITGB4+PD-L1+ tumor cells were found
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to be significantly associated with CD8+ T cells (positivity p = 0.005, positive number
p = 0.03, Figure 4B). In contrast, ITGB4+ALDH1+ cancer cells were not correlated with CD8
(Supplementary Figure S3A). More interestingly, when the relationship between ITGB4+PD-
L1+ tumor cells and CD8+PD-1+ T cells was analyzed, their correlation was found to be
statistically different (positivity p = 0.02, positive number p = 0.03, Figure 4C). Overall,
these results demonstrate that ITGB4+PD-L1+ tumor cells may induce the accumulation of
CD8+ T cells and consequently result in the exhaustion of CD8+ T cells.
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Figure 4. ITGB4+PD-L1+ cancer cells were significantly associated with infiltration of CD8+ T cells.
(A) Spearman correlation coefficient test displayed the association between ITGB4 cancer cells and
CD8+PD-1+ exhausted T cells in OSCC specimens (positivity p = 0.04, positive number p = 0.06).
(B) Correlation analysis between ITGB4+PD-L1+ cancer cells and CD8+ T cells (positivity p = 0.005,
positive number p = 0.03). (C) Correlation analysis between ITGB4+PD-L1+ cancer cells and CD8+PD-
1+ exhausted T cells (positivity p = 0.02, positive number p = 0.03).

3.4. The Subgroup of ITGB4/PD-L1high with CD8/PD-1high Indicated a Relatively Superior
Prognosis Compared to Other Subgroups

The prognostic differences between patients with ITGB4/PD-L1low and patients with
ITGB4/PD-L1high were compared. The results show that patients with ITGB4/PD-L1high

had a better survival rate compared to those with ITGB4/PD-L1low (positivity p = 0.07,
positive number p = 0.01, Figure 5A). In contrast, no differences were observed between
patients with ITGB4/ALDH1low and ITGB4/ALDH1high (Supplementary Figure S3B).
Given the close relationship between ITGB4/PD-L1 tumor cells and CD8/PD-1 T cells,
the patients were divided into four subgroups based on the expression of these cells.
These subgroups were the following: ITGB4/PD-L1high with CD8/PD-1high, ITGB4/PD-
L1high with CD8/PD-1low, ITGB4/PD-L1low with CD8/PD-1high and ITGB4/PD-L1low

with CD8/PD-1low. The representative images of ITGB4/PD-L1high with CD8/PD-1high

and ITGB4/PD-L1low with CD8/PD-1low are displayed in Figure 5B,C. After comparing
the survival rates of these subgroups in pairs, an interesting outcome was observed. The
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subgroup of ITGB4/PD-L1high with CD8/PD-1high had the best survival rate compared
to ITGB4/PD-L1low with CD8/PD-1low (positivity p = 0.02, positive number p = 0.003,
Figure 5D), ITGB4/PD-L1high with CD8/PD-1low (positivity p = 0.001, positive number
p = 0.009, Figure 5E) and ITGB4/PD-L1low with CD8/PD-1high (positivity p = 0.002, pos-
itive number p = 0.002, Figure 5F). This conclusion was based on an assessment of both
positivity and positive numbers. Additionally, with the exception of the subgroup of
ITGB4/PD-L1high with CD8/PD-1high, no significant differences were found among the
other subgroups (Supplementary Figure S4A–C). These findings suggest that the specific
subgroup of ITGB4/PD-L1high with CD8/PD-1high had the best prognosis.
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Figure 5. The subgroup of ITGB4/PD-L1high with CD8/PD-1high indicated the relative best prognosis
compared with other subgroups. (A) Kaplan–Meier curve of overall survival of OSCC patients
with high ITGB4+PD-L1+ cancer cells and low ITGB4+PD-L1+ cancer cells. (left: positivity p = 0.07;
right: positive number p = 0.01). (B) Representative images of ITGB4/PD-L1high with CD8/PD-1high.
(C) Representative images of ITGB4/PD-L1low with CD8/PD-1low. (D) Kaplan–Meier curve of over-
all survival of OSCC patients between ITGB4/PD-L1high with CD8/PD-1high and ITGB4/PD-L1low

with CD8/PD-1low (upper: positivity p = 0.02, lower: positive number p = 0.003). (E) Kaplan–Meier
curve of overall survival of OSCC patients between ITGB4/PD-L1high with CD8/PD-1high and
ITGB4/PD-L1high with CD8/PD-1low (upper: positivity p = 0.001, lower: positive number p = 0.009).
(F) Kaplan–Meier curve of overall survival of OSCC patients between ITGB4/PD-L1high with
CD8/PD-1high and ITGB4/PD-L1low with CD8/PD-1high (upper: positivity p = 0.002, lower: positive
number p = 0.002).
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4. Discussion

Prior to conducting our work, evidence had begun to accumulate evidence that indi-
cated that ITGB4 exhibits an aberrant expression and frequently correlates with malignant
progression in a board range of carcinomas [6,10]. Additionally, ITGB4 has been linked
to the clinicopathological characteristics of cancer, such as tumor stage and pathological
grade [31,32]. In accordance with these published studies, we found ITGB4 expression
to be significantly elevated in postoperative OSCC tissues when compared with normal
oral mucosa or dysplasia. These findings indicate the potential oncogenic role of ITGB4
in OSCC. However, when evaluating the association of ITGB4 with clinicopathological
characteristics in OSCC, we found that the ITGB4 expression level is not significantly
related to tumor size, lymph node metastasis or pathological grade. These discrepancies
potentially resulted from the limited number of considered cases in the present study.
Despite the fact that the conclusion regarding the prognostic value of ITGB4 is controversial
in different studies on different cancers, we found a high level of ITGB4 to be associated
with a relatively prolonged survival in OSCC patients, even though the results were not
statistically significant. A comprehensive study on esophagus squamous cell carcinoma
distinguished the expression pattern of ITGB4 into pathological and physiological states.
Briefly, a physiological state means that the expression of ITGB4 was confined to the basal
layer of neoplastic cells adjacent to the tumor stroma. Conversely, a pathological expression
means that ITGB4 was found throughout the tumor tissues [22]. Furthermore, several stud-
ies have reported that the expression of ITGB4 throughout the tumor tissue correlates with
a poor prognosis [33,34]. Instead, abrogation or the loss of ITGB4 basal layer expression in
cancers is related to the level of malignancy in SCC [33,35,36]. Based on the above studies,
we hypothesized that the favorable trend in the prognosis of OSCC patients in this current
study may be related to the high ITGB4 level in the tumor basal layer. It was evident that
further comprehensive studies into the distinct expression state of ITGB4 and its effect on
prognosis in OSCC are required.

In order to investigate the potential oncogenic functions of ITGB4 in OSCC, we ana-
lyzed the correlation among the expression of ITGB4, ALDH1, PD-L1, CD8 and PD-1, find-
ing the ITGB4 level to be significantly correlated with ALDH1, PD-L1 and PD-1. In multiple
malignance types, cancer stem cells (CSCs), a group of highly tumorigenic, self-renewing
tumor cell sub-population that is resistant to traditional radiation and chemotherapy, could
be enriched by virtue of their increased expression of aldehyde dehydrogenase (ALDH)
activity, as accessed by the Aldefluor assay [37,38]. In prostate cancer, the silencing of ITGB4
reduces the ability of tumor progenitor cells to self-renew in vitro, suggesting that ITGB4
signaling may play a critical role in maintaining CSCs within the tumor [39]. Addition-
ally, a similar effect was observed in triple-negative breast cancer [10]. The present study
demonstrates that ITGB4 expression in OSCC was statistically associated with ALDH1,
a biomarker of CSCs, indicating the potential relevance of ITGB4 and CSCs. Further in-
vestigation into the functional and regulatory role of ITGB4 in CSCs is needed. OSCC
tissues, for instance, are in an immunosuppressive state [40]. Immune checkpoints (ICs) are
immunosuppressive molecules with the capacity to maintain self-tolerance by modulating
T cell function and protecting surrounding tissues by suppressing immune responses. In
addition to traditional treatments, targeting immune checkpoints has become another
therapeutic option for OSCC [25,26]. According to our observations, we found ITGB4
expression to be statistically correlated with PD-1 and PD-L1 expression in OSCC tissue,
indicating the potential immunogenicity of ITGB4 in OSCC. Comprehensive functional and
mechanical studies of ITGB4 in the immuno-oncology of OSCC are needed in the future.

Over the past decades, the impact of the tumor immune microenvironment (TME) on
the prognosis of cancer patients has received increasing attention [41]. It has long been
known that the presence of intra-tumoral T cells is correlated with better outcomes in a
number of human malignancies. For example, it has been appreciated for over 20 years
that the presence of brisk T cell infiltrates is associated with improved overall survival in
melanoma [42]. Moreover, the magnitude of tumor infiltrated T cells was shown to form an
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independent favorable prognostic indicator in colorectal cancer [43]. PD-1 is an inhibitor of
both adaptive and innate immune responses and is expressed in exhausted T cells. Of note,
PD-1 was reported as being highly expressed in tumor-specific T cells [44]. In the present
study, we found ITGB4 expression levels to be significantly associated with CD8+PD-1+ T
cells. Hence, we speculate that the recruitment and infiltration of CD8+ cells may be due
to the interaction of immune cells with ITGB4+ tumor cells at the tumor– stroma margin.
However, these CD8+ cells were consequently exhausted by the immunosuppressive tumor
microenvironment. Following T cell activation, pro-inflammatory cytokines, such as inter-
feron γ (IFN-γ), were secreted to exert an anti-tumoral effect. IFN-γ is a pro-inflammatory
cytokine produced by T cells and NK cells that enhances the major histocompatibility
complex (MHC) expression to promote neoantigen presentation in tumor cells by harness-
ing the IFN-γ/JAK/STAT1 pathway, thus expressing PD-L1 in cancer cells, inactivating T
cells and attenuating immunosurveillance in the TME [45]. Although PD-L1 expression in
cancer has been defined as a prognostic factor not only in patients receiving conventional
treatments, but also in patients receiving immunotherapy targeting PD-1 or PD-L1 [42],
previous studies have reported conflicting conclusions about the prognostic value of PD-L1
expression in OSCC, even in some meta-analyses, including large quantities of data [43–45].
Considering the discordance, we attempted to perform multi-biomarker analyses to obtain
more comprehensive results. In OSCC tissues, the co-expression of ITGB4 and PD-L1 was
remarkedly related to not only CD8+ T cells, but also CD8+PD-1+ exhausted T cells. We
speculate that the augmented infiltrated exhausted T cells in high ITGB4-expressing tumor
cells induced a sequencing elevated level of PD-L1. Moreover, with a synergic analysis of
ITGB4 and PD-L1 expression levels, we found that high levels of ITGB4 and PD-L1 in the
tumor tissues of OSCC patients indicate a remarkably favorable prognosis. Furthermore,
considering the positive prognostic role of activated T cells in cancers, we explored a sub-
group of patients with a high co-expression of ITGB4, PD-L1, CD8 and PD-1. The results
show that this subgroup of OSCC patients had a significantly favorable prognosis when
compared with any other subgroup. Nevertheless, the underlying mechanisms involved in
this phenomenon require further study.

The results comprehensively describe alterations in both the expression and prognostic
value of ITGB4 in postoperative OSCC tissues, which strongly encourages further inves-
tigation. Despite ITGB4 being correlated to CSCs, it seemed to act as a positive outcome
predicator when synergically analyzed with the PD-1/PD-L1 axis as well as CD8. Subse-
quent studies with a larger scale of cases incorporated with in vitro and in vivo mechanical
studies can extend our understanding of ITGB4 in the progression of OSCC.

5. Conclusions

In this study, via the practice of novel mIHC staining on a human OSCC tissue
microarray, we explored ITGB4 expression patterns and the relationships between ITGB4
expression levels and clinicopathological characteristics. Additionally, the correlation
among ITGB4, PD-1, PD-L1, ALDH1 and CD8 in human OSCC tissues were investigated.
Notably, we observed a remarkable prognostic benefit in patients with high levels of
co-expressed ITGB4, PD-L1, CD8 and PD-1 (ITGB4highPD-L1high with CD8highPD-1high),
indicating that ITGB4, PD-L1, CD8 and PD-1 can be regarded as comprising a potential
immunophenotyping system that may act as a prognosis predictive biomarker.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/biom13061014/s1: Figure S1: The survival curve of ITGB4
in GEPIA database. Figure S2: Intensity analysis of double positive cells in OSCC. Figure S3: Relation-
ship and prognosis analysis of PD104+ALDH1+ cancer cells. Figure S4: Survival analysis among other
subgroups of OSCC patients. Table S1: Clinicopathological features of 60 primary oral squamous cell
carcinomas with follow-up in this study.

https://www.mdpi.com/article/10.3390/biom13061014/s1


Biomolecules 2023, 13, 1014 11 of 13

Author Contributions: Conceptualization, J.J. and W.-W.D.; Methodology, R.J. and S.-R.M.; Software,
W.-W.D.; Validation, W.-W.D., S.-R.M. and J.-F.L.; Formal Analysis, W.-W.D. and S.-R.M.; Investiga-
tion, W.-W.D., S.-R.M. and J.J.; Resources, R.J. and J.J.; Data Curation, J.J.; Writing—Original Draft
Preparation, W.-W.D., S.-R.M. and J.-F.L.; Writing—Review and Editing, W.-W.D., S.-R.M. and J.J.;
Supervision, J.J.; Project Administration, W.-W.D., S.-R.M. and J.J.; Funding Acquisition, W.-W.D. and
S.-R.M. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Natural Science Foundation of China 82103336
(W.-W.D.) and 81802715 (S.-R.M.). This study was also supported by the Natural Science Foundation
of Hubei Province 2020CFB458 (W.-W.D.).

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the Medical Ethics Committee School & Hospital of
Stomatology, Wuhan University, China (2021LUNSHENZIA21).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer statistics, 2022. CA Cancer J. Clin. 2022, 72, 7–33. [CrossRef]
2. Johnson, D.E.; Burtness, B.; Leemans, C.R.; Lui, V.W.Y.; Bauman, J.E.; Grandis, J.R. Head and neck squamous cell carcinoma. Nat.

Rev. Dis. Prim. 2020, 6, 92. [CrossRef]
3. Zanoni, D.K.; Montero, P.H.; Migliacci, J.C.; Shah, J.P.; Wong, R.J.; Ganly, I.; Patel, S.G. Survival outcomes after treatment of cancer

of the oral cavity (1985–2015). Oral Oncol. 2019, 90, 115–121. [CrossRef] [PubMed]
4. Hynes, R.O. Integrins: Bidirectional, allosteric signaling machines. Cell 2002, 110, 673–687. [CrossRef]
5. Hynes, R.O. Integrins: Versatility, modulation, and signaling in cell adhesion. Cell 1992, 69, 11–25. [CrossRef]
6. Guo, W.; Pylayeva, Y.; Pepe, A.; Yoshioka, T.; Muller, W.J.; Inghirami, G.; Giancotti, F.G. Beta 4 integrin amplifies ErbB2 signaling

to promote mammary tumorigenesis. Cell 2006, 126, 489–502. [CrossRef] [PubMed]
7. Lee, W.J.; Chen, W.K.; Wang, C.J.; Lin, W.L.; Tseng, T.H. Apigenin inhibits HGF-promoted invasive growth and metastasis

involving blocking PI3K/Akt pathway and beta 4 integrin function in MDA-MB-231 breast cancer cells. Toxicol. Appl. Pharmacol.
2008, 226, 178–191. [CrossRef] [PubMed]

8. Lee, J.G.; Ahn, J.H.; Jin Kim, T.; Ho Lee, J.; Choi, J.H. Mutant p53 promotes ovarian cancer cell adhesion to mesothelial cells via
integrin beta4 and Akt signals. Sci. Rep. 2015, 5, 12642. [CrossRef]

9. Ephstein, Y.; Singleton, P.A.; Chen, W.; Wang, L.; Salgia, R.; Kanteti, P.; Dudek, S.M.; Garcia, J.G.; Jacobson, J.R. Critical role of
S1PR1 and integrin beta4 in HGF/c-Met-mediated increases in vascular integrity. J. Biol. Chem. 2013, 288, 2191–2200. [CrossRef]

10. Bierie, B.; Pierce, S.E.; Kroeger, C.; Stover, D.G.; Pattabiraman, D.R.; Thiru, P.; Liu Donaher, J.; Reinhardt, F.; Chaffer, C.L.;
Keckesova, Z.; et al. Integrin-beta4 identifies cancer stem cell-enriched populations of partially mesenchymal carcinoma cells.
Proc. Natl. Acad. Sci. USA 2017, 114, E2337–E2346. [CrossRef]

11. Kroger, C.; Afeyan, A.; Mraz, J.; Eaton, E.N.; Reinhardt, F.; Khodor, Y.L.; Thiru, P.; Bierie, B.; Ye, X.; Burge, C.B.; et al. Acquisition
of a hybrid E/M state is essential for tumorigenicity of basal breast cancer cells. Proc. Natl. Acad. Sci. USA 2019, 116, 7353–7362.
[CrossRef] [PubMed]

12. Peitzsch, C.; Tyutyunnykova, A.; Pantel, K.; Dubrovska, A. Cancer stem cells: The root of tumor recurrence and metastases. Semin.
Cancer Biol. 2017, 44, 10–24. [CrossRef] [PubMed]

13. Chang, J.C. Cancer stem cells: Role in tumor growth, recurrence, metastasis, and treatment resistance. Medicine 2016, 95, S20–S25.
[CrossRef]

14. Mizejewski, G.J. Role of integrins in cancer: Survey of expression patterns. Proc. Soc. Exp. Biol. Med. 1999, 222, 124–138. [CrossRef]
[PubMed]

15. Pignatelli, M.; Smith, M.E.; Bodmer, W.F. Low expression of collagen receptors in moderate and poorly differentiated colorectal
adenocarcinomas. Br. J. Cancer 1990, 61, 636–638. [CrossRef]

16. Stallmach, A.; von Lampe, B.; Matthes, H.; Bornhoft, G.; Riecken, E.O. Diminished expression of integrin adhesion molecules on
human colonic epithelial cells during the benign to malign tumour transformation. Gut 1992, 33, 342–346. [CrossRef] [PubMed]

17. Nigam, A.K.; Savage, F.J.; Boulos, P.B.; Stamp, G.W.; Liu, D.; Pignatelli, M. Loss of cell-cell and cell-matrix adhesion molecules in
colorectal cancer. Br. J. Cancer 1993, 68, 507–514. [CrossRef]

18. Ishii, Y.; Ochiai, A.; Yamada, T.; Akimoto, S.; Yanagihara, K.; Kitajima, M.; Hirohashi, S. Integrin alpha6beta4 as a suppressor and
a predictive marker for peritoneal dissemination in human gastric cancer. Gastroenterology 2000, 118, 497–506. [CrossRef]

19. Stewart, R.L.; O’Connor, K.L. Clinical significance of the integrin alpha6beta4 in human malignancies. Lab. Investig. 2015, 95,
976–986. [CrossRef]

https://doi.org/10.3322/caac.21708
https://doi.org/10.1038/s41572-020-00224-3
https://doi.org/10.1016/j.oraloncology.2019.02.001
https://www.ncbi.nlm.nih.gov/pubmed/30846169
https://doi.org/10.1016/S0092-8674(02)00971-6
https://doi.org/10.1016/0092-8674(92)90115-S
https://doi.org/10.1016/j.cell.2006.05.047
https://www.ncbi.nlm.nih.gov/pubmed/16901783
https://doi.org/10.1016/j.taap.2007.09.013
https://www.ncbi.nlm.nih.gov/pubmed/17961621
https://doi.org/10.1038/srep12642
https://doi.org/10.1074/jbc.M112.404780
https://doi.org/10.1073/pnas.1618298114
https://doi.org/10.1073/pnas.1812876116
https://www.ncbi.nlm.nih.gov/pubmed/30910979
https://doi.org/10.1016/j.semcancer.2017.02.011
https://www.ncbi.nlm.nih.gov/pubmed/28257956
https://doi.org/10.1097/MD.0000000000004766
https://doi.org/10.1046/j.1525-1373.1999.d01-122.x
https://www.ncbi.nlm.nih.gov/pubmed/10564536
https://doi.org/10.1038/bjc.1990.141
https://doi.org/10.1136/gut.33.3.342
https://www.ncbi.nlm.nih.gov/pubmed/1568652
https://doi.org/10.1038/bjc.1993.377
https://doi.org/10.1016/S0016-5085(00)70255-1
https://doi.org/10.1038/labinvest.2015.82


Biomolecules 2023, 13, 1014 12 of 13

20. Ni, H.; Dydensborg, A.B.; Herring, F.E.; Basora, N.; Gagne, D.; Vachon, P.H.; Beaulieu, J.F. Upregulation of a functional form of
the beta4 integrin subunit in colorectal cancers correlates with c-Myc expression. Oncogene 2005, 24, 6820–6829. [CrossRef]

21. Chung, J.; Bachelder, R.E.; Lipscomb, E.A.; Shaw, L.M.; Mercurio, A.M. Integrin (alpha 6 beta 4) regulation of eIF-4E activity and
VEGF translation: A survival mechanism for carcinoma cells. J. Cell Biol. 2002, 158, 165–174. [CrossRef] [PubMed]

22. Vay, C.; Hosch, S.B.; Stoecklein, N.H.; Klein, C.A.; Vallbohmer, D.; Link, B.C.; Yekebas, E.F.; Izbicki, J.R.; Knoefel, W.T.;
Scheunemann, P. Integrin expression in esophageal squamous cell carcinoma: Loss of the physiological integrin expression
pattern correlates with disease progression. PLoS ONE 2014, 9, e109026. [CrossRef]

23. Huang, W.; Fan, L.; Tang, Y.; Chi, Y.; Li, J. A Pan-Cancer Analysis of the Oncogenic Role of Integrin Beta4 (ITGB4) in Human
Tumors. Int. J. Gen. Med. 2021, 14, 9629–9645. [CrossRef] [PubMed]

24. Wenta, T.; Schmidt, A.; Zhang, Q.; Devarajan, R.; Singh, P.; Yang, X.; Ahtikoski, A.; Vaarala, M.; Wei, G.H.; Manninen, A.
Disassembly of alpha6beta4-mediated hemidesmosomal adhesions promotes tumorigenesis in PTEN-negative prostate cancer by
targeting plectin to focal adhesions. Oncogene 2022, 41, 3804–3820. [CrossRef]

25. Ferris, R.L.; Blumenschein, G., Jr.; Fayette, J.; Guigay, J.; Colevas, A.D.; Licitra, L.; Harrington, K.; Kasper, S.; Vokes, E.E.; Even,
C.; et al. Nivolumab for Recurrent Squamous-Cell Carcinoma of the Head and Neck. N. Engl. J. Med. 2016, 375, 1856–1867.
[CrossRef]

26. Seiwert, T.Y.; Burtness, B.; Mehra, R.; Weiss, J.; Berger, R.; Eder, J.P.; Heath, K.; McClanahan, T.; Lunceford, J.; Gause, C.; et al.
Safety and clinical activity of pembrolizumab for treatment of recurrent or metastatic squamous cell carcinoma of the head and
neck (KEYNOTE-012): An open-label, multicentre, phase 1b trial. Lancet Oncol. 2016, 17, 956–965. [CrossRef]

27. Burtness, B.; Harrington, K.J.; Greil, R.; Soulieres, D.; Tahara, M.; de Castro, G., Jr.; Psyrri, A.; Baste, N.; Neupane, P.;
Bratland, A.; et al. Pembrolizumab alone or with chemotherapy versus cetuximab with chemotherapy for recurrent or metastatic
squamous cell carcinoma of the head and neck (KEYNOTE-048): A randomised, open-label, phase 3 study. Lancet 2019, 394,
1915–1928. [CrossRef]

28. Zhang, Y.; Chen, X.; Zheng, H.; Zhan, Y.; Luo, J.; Yang, Y.; Ning, Y.; Wang, H.; Wang, W.; Fan, S. Expression of cancer cell-intrinsic
PD-1 associates with PD-L1 and p-S6 and predicts a good prognosis in nasopharyngeal carcinoma. J. Cancer 2021, 12, 6118–6125.
[CrossRef]

29. Kesar, N.; Winkelmann, R.; Oppermann, J.; Ghanaati, S.; Martin, D.; Neumayer, T.; Balster, S.; Rodel, C.; Rodel, F.; von der Grun,
J.; et al. Prognostic impact of CD8-positive tumour-infiltrating lymphocytes and PD-L1 expression in salivary gland cancer. Oral
Oncol. 2020, 111, 104931. [CrossRef]

30. Jiang, S.; Li, X.; Huang, L.; Xu, Z.; Lin, J. Prognostic value of PD-1, PD-L1 and PD-L2 deserves attention in head and neck cancer.
Front. Immunol. 2022, 13, 988416. [CrossRef] [PubMed]

31. Tai, Y.L.; Lai, I.R.; Peng, Y.J.; Ding, S.T.; Shen, T.L. Activation of focal adhesion kinase through an interaction with beta4 integrin
contributes to tumorigenicity of colon cancer. FEBS Lett. 2016, 590, 1826–1837. [CrossRef]

32. Sordat, I.; Bosman, F.T.; Dorta, G.; Rousselle, P.; Aberdam, D.; Blum, A.L.; Sordat, B. Differential expression of laminin-5 subunits
and integrin receptors in human colorectal neoplasia. J. Pathol. 1998, 185, 44–52. [CrossRef]

33. Rabinovitz, I.; Mercurio, A.M. The integrin alpha 6 beta 4 and the biology of carcinoma. Biochem. Cell Biol. 1996, 74, 811–821.
[CrossRef]

34. Van Waes, C.; Surh, D.M.; Chen, Z.; Kirby, M.; Rhim, J.S.; Brager, R.; Sessions, R.B.; Poore, J.; Wolf, G.T.; Carey, T.E. Increase
in suprabasilar integrin adhesion molecule expression in human epidermal neoplasms accompanies increased proliferation
occurring with immortalization and tumor progression. Cancer Res. 1995, 55, 5434–5444. [PubMed]

35. Mercurio, A.M.; Rabinovitz, I. Towards a mechanistic understanding of tumor invasion--lessons from the alpha6beta 4 integrin.
Semin. Cancer Biol. 2001, 11, 129–141. [CrossRef] [PubMed]

36. Mercurio, A.M.; Rabinovitz, I.; Shaw, L.M. The alpha 6 beta 4 integrin and epithelial cell migration. Curr. Opin. Cell Biol. 2001, 13,
541–545. [CrossRef]

37. Ginestier, C.; Hur, M.H.; Charafe-Jauffret, E.; Monville, F.; Dutcher, J.; Brown, M.; Jacquemier, J.; Viens, P.; Kleer, C.G.; Liu, S.; et al.
ALDH1 is a marker of normal and malignant human mammary stem cells and a predictor of poor clinical outcome. Cell Stem.
Cell 2007, 1, 555–567. [CrossRef] [PubMed]

38. Prince, M.E.P.; Zhou, L.; Moyer, J.S.; Tao, H.; Lu, L.; Owen, J.; Etigen, M.; Zheng, F.; Chang, A.E.; Xia, J.; et al. Evaluation of the
immunogenicity of ALDH(high) human head and neck squamous cell carcinoma cancer stem cells in vitro. Oral. Oncol. 2016, 59,
30–42. [CrossRef] [PubMed]

39. Yoshioka, T.; Otero, J.; Chen, Y.; Kim, Y.M.; Koutcher, J.A.; Satagopan, J.; Reuter, V.; Carver, B.; de Stanchina, E.; Enomoto, K.; et al.
beta4 Integrin signaling induces expansion of prostate tumor progenitors. J. Clin. Investig. 2013, 123, 682–699. [CrossRef]

40. Kuss, I.; Hathaway, B.; Ferris, R.L.; Gooding, W.; Whiteside, T.L. Decreased absolute counts of T lymphocyte subsets and their
relation to disease in squamous cell carcinoma of the head and neck. Clin. Cancer Res. 2004, 10, 3755–3762. [CrossRef]

41. Bruni, D.; Angell, H.K.; Galon, J. The immune contexture and Immunoscore in cancer prognosis and therapeutic efficacy. Nat.
Rev. Cancer 2020, 20, 662–680. [CrossRef] [PubMed]

42. Clemente, C.G.; Mihm, M.C., Jr.; Bufalino, R.; Zurrida, S.; Collini, P.; Cascinelli, N. Prognostic value of tumor infiltrating
lymphocytes in the vertical growth phase of primary cutaneous melanoma. Cancer 1996, 77, 1303–1310. [CrossRef]

https://doi.org/10.1038/sj.onc.1208848
https://doi.org/10.1083/jcb.200112015
https://www.ncbi.nlm.nih.gov/pubmed/12105188
https://doi.org/10.1371/journal.pone.0109026
https://doi.org/10.2147/IJGM.S341076
https://www.ncbi.nlm.nih.gov/pubmed/34924769
https://doi.org/10.1038/s41388-022-02389-5
https://doi.org/10.1056/NEJMoa1602252
https://doi.org/10.1016/S1470-2045(16)30066-3
https://doi.org/10.1016/S0140-6736(19)32591-7
https://doi.org/10.7150/jca.60739
https://doi.org/10.1016/j.oraloncology.2020.104931
https://doi.org/10.3389/fimmu.2022.988416
https://www.ncbi.nlm.nih.gov/pubmed/36119046
https://doi.org/10.1002/1873-3468.12215
https://doi.org/10.1002/(SICI)1096-9896(199805)185:1&lt;44::AID-PATH46&gt;3.0.CO;2-A
https://doi.org/10.1139/o96-087
https://www.ncbi.nlm.nih.gov/pubmed/7585613
https://doi.org/10.1006/scbi.2000.0364
https://www.ncbi.nlm.nih.gov/pubmed/11322832
https://doi.org/10.1016/S0955-0674(00)00249-0
https://doi.org/10.1016/j.stem.2007.08.014
https://www.ncbi.nlm.nih.gov/pubmed/18371393
https://doi.org/10.1016/j.oraloncology.2016.05.013
https://www.ncbi.nlm.nih.gov/pubmed/27424180
https://doi.org/10.1172/JCI60720
https://doi.org/10.1158/1078-0432.CCR-04-0054
https://doi.org/10.1038/s41568-020-0285-7
https://www.ncbi.nlm.nih.gov/pubmed/32753728
https://doi.org/10.1002/(SICI)1097-0142(19960401)77:7&lt;1303::AID-CNCR12&gt;3.0.CO;2-5


Biomolecules 2023, 13, 1014 13 of 13

43. Galon, J.; Costes, A.; Sanchez-Cabo, F.; Kirilovsky, A.; Mlecnik, B.; Lagorce-Pages, C.; Tosolini, M.; Camus, M.; Berger, A.;
Wind, P.; et al. Type, density, and location of immune cells within human colorectal tumors predict clinical outcome. Science 2006,
313, 1960–1964. [CrossRef]

44. Ahmadzadeh, M.; Johnson, L.A.; Heemskerk, B.; Wunderlich, J.R.; Dudley, M.E.; White, D.E.; Rosenberg, S.A. Tumor antigen-
specific CD8 T cells infiltrating the tumor express high levels of PD-1 and are functionally impaired. Blood 2009, 114, 1537–1544.
[CrossRef]

45. Bonam, S.R.; Chauvin, C.; Mathew, M.J.; Bayry, J. IFN-gamma Induces PD-L1 Expression in Primed Human Basophils. Cells 2022,
11, 801. [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.

https://doi.org/10.1126/science.1129139
https://doi.org/10.1182/blood-2008-12-195792
https://doi.org/10.3390/cells11050801
https://www.ncbi.nlm.nih.gov/pubmed/35269423

	Introduction 
	Materials and Methods 
	The Human OSCC Samples 
	The Human OSCC Tissue Microarray 
	The Multiplex Immunohistochemistry Staining 
	Quantification Analysis 
	The Survival Analysis 
	The Statistical Analysis 

	Results 
	Multiplex Immunohistochemistry Staining of ITGB4, ALDH1, PD-L1, CD8 and PD-1 in OSCC Specimens 
	The Expression of ITGB4 Is Dramatically Increased in OSCC Specimen 
	ITGB4+PD-L1+ Cancer Cells Are Significantly Associated with Infiltration of CD8+ T Cells 
	The Subgroup of ITGB4/PD-L1high with CD8/PD-1high Indicated a Relatively Superior Prognosis Compared to Other Subgroups 

	Discussion 
	Conclusions 
	References

