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Abstract: Human {3-defensin 3 (HBD3) is an antimicrobial peptide up-regulated in the oral tissues
of individuals with head and neck squamous cell carcinomas (HNSCC) and oral squamous cell
carcinomas (SCC) and present in high concentrations in their saliva. In this study, we determined
if HBD3 contributes to HNSCC pathogenesis by inducing programmed death-ligand 1 (PD-L1)
expression on HNSCC cell lines. For this, SCC cell lines SCC4, SCC15, SCC19, SCC25, and SCC99
(5.0 x 10* viable cells) were used. Cells were incubated with IFNy (0.6 uM) and HBD3 (0.2, 2.0,
or 20.0 uM) for 24 h. Cells alone served as controls. Cells were then treated with anti-human
APC-CD274 (PD-L1) and Live/Dead Fixable Green Dead Cell Stain. Cells treated with an isotype
antibody and cells alone served as controls. All cell suspensions were analyzed in a LSRII Violet Flow
Cytometer. Cytometric data was analyzed using Flow]o software. Treatment with IFNy (0.6 uM)
increased the number of cells expressing PD-L1 (p < 0.05) with respect to controls. Treatment with
HBD3 (20.0 uM) also increased the number of cells expressing PD-L1 (p < 0.05) with respect to controls.
However, treatment with IFNy (0.6 uM) was not significantly different from treatment with HBD3
(20.0 M) and the numbers of cells expressing PD-L1 were similar (p = 1). Thus, HBD3 increases the
number of cells expressing PD-L1. This is a novel concept, but the role HBD3 contributes to HNSCC
pathogenesis by inducing PD-L1 expression in tumors will have to be determined.
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1. Introduction

Head and neck squamous cell carcinomas (HNSCC) and oral squamous cell carcinomas (SCC) are
neoplasms of oral tissues. Their onset and associated mutational profiles are often associated with
prior alcohol consumption, tobacco use, and human papillomavirus infections [1-3]. In the most recent
worldwide study in 2012, there were ~300,000 cases of HNSCC and SCC (2.1% of total cancer cases in the
world, the sixth most common cancer by incidence worldwide) and ~145,000 associated deaths (1.8% of
the world total) [4]. In the USA, there were 53,000 estimated new cases of HNSCC and SCC in 2019
(3.0% of new cancer cases) and 10,860 estimated deaths in 2019 (1.8% of all cancer deaths) [5]. The 5 years
survival rate is 65.3% [5]. Only modest improvements in the survival rate are seen with chemoradiation,
surgical resection, reconstructive methods, and biological treatments [6]. HNSCCs arise through
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the accumulation of genetic and epigenetic changes in genes acting in cancer-associated signaling
pathways [1,7,8]. HNSCC cells produce a variety of immunosuppressive cytokines, chemokines,
and biomarkers [9,10]. Among these is programmed death-ligand 1 (PD-L1) [10].

PD-L1 is a 33.28 kDa type I transmembrane protein expressed on the surface of immune and
non-immune cells [11-13]. Itis a co-inhibitory immune checkpoint protein that binds to the programmed
death-1 (PD-1) receptor on T-cells [14]. The interaction of PD-L1 with PD-1 regulates the balance
between co-stimulatory and co-inhibitory immune signals, maintains the breadth and magnitude of
the immune response, maintains self-tolerance, prevents adverse autoimmune inflammatory events,
protects the host from uncontrolled immune responses to pathogens, and prevents inflammatory tissue
damage. Increases in PD-L1 expression can occur on SCC cells [8] as a result of mutations in tumor
cell signaling pathways or exposure of tumor cells to inflammatory cytokines IL-1, IL-6, GM-CSF,
IFNY, TNF«, and VEGF [15-19] and the gamma-chain cytokines IL-2, IL-7, IL-10, IL-15, and IL-21 [20].
The latter group plays a role in peripheral T-cell expansion and survival. The presence of PD-L1
affects T-cell responsiveness in a quantitative manner [21]. A high level of PD-L1 expression increases
impairment of T-cell survival and activity. Thus, a high level of PD-L1 expression on the surface of
tumor cells inhibits the activation, expansion, and effector functions of T-cells [22-24] and helps SCC
cells evade normal anti-tumor immune mechanisms.

HBD?3 is a potent host defense peptide [25]. It has 45 amino acid residues and a monoisotopic
mass of 5157.7 Da [26]. Its lysine and arginine residues gives it a strong positive charge [27]. HBD3
is expressed in mucosal epithelial cells and keratinocytes, including cells and tissues in the oral
cavity [28,29]. It is present in gingival crevicular fluid and saliva.

HBD3 is a strong effector and regulator of innate immunity [30]. It has direct antimicrobial
activity and can kill or inactivate Gram-negative bacteria, Gram-positive bacteria, yeasts, fungi,
and viruses [26,29,31-33]. HBD3 can chemoattract mononuclear cells, phagocytic cells, immature
dendritic cells, CD345RA expressing lymphocytes, and keratinocytes [34]. HBD3 can also induce the
production of inflammatory mediators [35]. Atlow concentrations, HBD3 attenuates pro-inflammatory
agonist-induced chemokine and pro-inflammatory cytokine responses; at high concentrations, HBD3
enhances agonist-induced chemokine and pro-inflammatory cytokine responses [36,37]. It can also
regulate complement activation [38,39].

HBD3 enhances adaptive immunity [40]. It interacts with G protein-coupled receptors on immature
dendritic cells, particularly CCR6 and induces NK cell activation, IFNy secretion, and mature dendritic
cell dependent cytolytic function [41].

In this study, we used SCC cell lines (Table 1). We report that HBD3 induces the expression of
PD-L1 and this is a novel concept. However, to what extent HBD3 contributes to HNSCC and SCC
pathogenesis by inducing PD-L1 expression in tumors will have to be determined.

Table 1. Head and neck squamous cell carcinomas (HNSCC) cell lines used in this study. SCC4, SCC15,
and SCC25 are from the oral cavity, while SCC19 and SCC99 are from the oropharynx. The basic
characteristics for each cell line are listed below.

Cell Line Sex Anatomical Site (Oral Cavity) TNM Stage
SCC4 M Tongue T3NOMO
SCC15 M Tongue T4N1MO
SCC25 M Tongue T2N1
UM-SCC19 M Oropharynx/base of tongue T2N1MO
UM-SCC99 M Oropharynx T3NOMO

Cell lines were derived from HNSCC and SCC malignant tumors [19,42]. (TNM, where T describes the size of the
primary tumor, N describes the nearby lymph nodes, and M describes the metastasis).

2. Results

Bates et al. found that PD-L1 was present in differing concentrations on the surface of HNSCC cell
lines in Table 1 by ELISA, and we summarized this information in Table 2 [10]. PD-L1 concentrations
in cell lysates ranged from 79.67 to 539.79 pg/mL. In this study, we also found that PD-L1 is present on
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the surface of HNSCC cell lines by flow cytometry (Figure 1). The percent of SCC4, SCC15, SCC19,
SCC25, and SCCI9 cells with PD-L1 expression (e.g., no-treatment control group) ranged from 1.79 to

89.40% (Table 3).

Table 2. Programmed death-ligand 1 (PD-L1) concentrations (pg/mL) in cell lysates of SCC4, SCC15,

SCC19, SCC25, and SCC99.

Cell Line N Mean SD Minimum Maximum Median
SCC4 3 241.40 58.79 207.17 309.28 207.75
SCC15 3 193.54 93.45 12591 300.17 154.53
SCC19 3 92.65 15.09 79.67 109.21 89.08
SCC25 3 387.59 135.59 279.68 539.79 343.29
SCC99 3 206.16 47.72 173.10 260.87 184.52

Values (pg/mL) were from our recent work used as the basis for the article by Bates et al. [10].
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Figure 1. Flow cytometry analysis was used to show the effects of IFNy and HBD3 treatment (tx)
on the percent of cells with PD-L1 expression. In (a), 7.41% of SCC15 cells expressed PD-L1 (no tx).
In (b), 47.2% SCC15 cells expressed PD-L1 after 0.6 uM IFNY (tx). In (c), 17.9% SCC15 cells expressed
PD-L1 after 20.0 uM HBD3 (tx). In (d), SCC99 cells expressed 40.3% PD-L1 (no tx). In (e), SCC99 cells
expressed 63.6% PD-L1 after 0.6 uM IFNYy (tx). In (f), SCC99 cells expressed 70.4% PD-L1 after 20.0 uM
HBD3 (tx). In (g), the effects of 0.6 uM IFNy and 0.2, 2.0, or 20.0 uM HBD3 tx on the percent of SCC99
cells with PD-L1 expression can be seen. The percent of SCC99 cells with PD-L1 expression increased
with increasing concentrations of HBD3. Unstained cells (e.g., unstained), cells stained with an isotype
antibody (APC mouse IgG1 k, BD Pharmingen, San Jose, CA) (e.g., isotype), and cells not treated with

IFNy and HBD3 (e.g., no tx) served as controls.
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Table 3. Flow cytometry analysis showing the percent of SCC4, SCC15, SCC19, SCC25, and SCC99
cells with PD-L1 expression after treatments with 20.0 pM human p-defensin 3 (HBD3) (test) or 0.6 uM
IFNY (control). The percent increase in staining of cells with PD-L1 expression treated with 0.6 uM
IFNYy or 20.0 uM HBD3 over the no-treatment control cells is included.

Squamous Cell Unstained Cell  Isotype Ab Treated No-Treatment 0.6 uM IFNy 20.0 uM HBD3

Carcinoma (SCC) Controls Cell Controls Control Cells Treated Cells Treated Cells

Cell Lines (%) (%) (%) (%) (%)

SCC4 0.112 0.30 1.79 5.90 2.64
0.0y (229.6) (47.5)

SCC15 0.05 0.04 5.34 40.45 11.16
0.0) (657.5) (109.0)

SCC19 0.10 0.09 89.40 94.60 96.50

(0.0) (5.8) (7.9)

SCC25 0.04 0.16 12.28 13.68 16.75
0.0) (11.4) (36.4)

SCC99 0.02 0.29 40.30 63.60 70.40
(0.0) (57.8) (74.7)

2 The percent of cells with PD-L1 expression. ® The percent increase of cells with PD-L1 expression treated with
0.6 M IFNYy or 20.0 uM HBD3 over the no-treatment control cells.

The percent of cells with PD-L1 expression increased when treated with 0.6 pM IFNy, which was
used as a positive control, compared to the untreated controls. The percent increase in the staining
of cells (with respect to the no-treatment controls) varied from 5.8% for SCC19 to 657.5% for SCC15
(Table 3).

Similarly, the percent of cells with PD-L1 expression increased when treated with 0.2, 2.0,
or 20.0 uM HBD3 compared to the untreated controls. At 20.0 pM HBD3, the percent increase in the
staining of cells (with respect to the no-treatment controls) varied from 7.9% for SCC19 to 109.0% for
SCC15 (Table 3). HBD3 had a dose dependent increase in PD-L1 expression. The percent of SCC99
cells with PD-L1 expression increased with increasing concentrations of HBD3 (Figure 1g).

We performed Wilcoxon signed rank tests to compare differences between each of the treatment
groups and the control group, as well as differences between the two treatment groups (Table 3).
Treatment A (20 uM HBD3) was significantly elevated compared to the control group: p = 0.03
(one-sided test). Treatment B (0.6 uM IFNy) was also significantly elevated compared to the control
group: p = 0.03 (one-sided test). However, no significant difference was shown between Treatment
A (20 uM HBD3) and Treatment B (0.6 uM IFNYy) (two-sided p = 1). Multiple comparisons were
not adjusted.

3. Discussion

PD-L1 is an important immune checkpoint molecule in cancer pathogenesis regulating both
tumor-intrinsic signaling and adaptive immunosuppression. It is induced by inflammatory and
gamma-chain cytokines [15-17,20]. However, little is known about other factors in the oral cavity that
also influence PD-L1 expression in SCC. Here we demonstrate that HBD3, a host defense peptide with
diverse innate immune activities [29], is one of these factors. HBD3 is present in nasal mucus, saliva,
and gingival crevicular fluid at concentrations as high as 6.2 mg/mL [43]. However, it is also present in
abnormally high concentrations in the saliva of patients with oral cancers [44,45] likely associated with
the intense inflammation associated with oral cancer in these individuals [44]. In our work, we have
shown that HBD3 can bidirectionally regulate chemokine and cytokine responses [36,37]. Therefore,
it is conceivable that elevated concentrations of HBD3, like that in oral cancer [44,45] can induce PD-L1
expression in SCC cells. To what extent it is involved in enhancing the suppression of tumor-specific
T-cell activity and contributes to an immunosuppressive environment in the tissues of the oral cavity
will have to be determined.

Recently, Ghosh and colleagues assessed the dysregulation of HBD3 in oral squamous cell
carcinoma (OSCC) [46]. They noted that HBD3 is up regulated in OSCC tissues with respect to healthy
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oral mucosa [44] and is expressed in the cytoplasm of OSCC cells [47]. In HPV infected oral epithelial
cells, oncogene E6 increases HBD3 mRNA and peptide expression and tumor suppressor p53 is
inhibited by E6 and blocks HBD3 expression [45,46,48].

PD-L1 expression in cancers is used to predict a favorable outcome to PD-1 and PD-L1
immunotherapy treatments [49,50]. In recent studies, we predicted that PD-L1 induction stimuli
in HNSCC cell lines SCC4, SCC15, and SCC25 were processed via ERK signaling pathways
(via EGFR, BRAF-V600E (BRAF), MEK1/2 (MAP2K1, MAP2K?2), ERK1/2 (MAPK3, MAPK1), and c-Jun
(JUN)) [18,19]. We predicted high levels of PD-L1 expression is processed through STAT3 and ERK
signaling pathways [51,52]. We predicted induction stimuli is also processed through the EGF receptor
(Erb) signaling pathway (NRAS, PIK3CA, AKT, MTOR, STAT3) and the IFNy pathway (IFNG, IFNGR1,
STAT1, IRF1). Pathway signals converge to activation factors AP1, STAT1, STAT3, and IRF1 leading to
transcription of PD-L1 genes.

HBD3 regulates many pathways including those that likely influence PD-L1 expression.
Also in our work, we found that HBD3 at low concentrations attenuates pro-inflammatory
agonist-induced chemokine and pro-inflammatory cytokine responses and at high concentrations,
enhances agonist-induced chemokine and pro-inflammatory cytokine responses [36,37]. HBD3 binds
to G-protein coupled receptor CCR6, which stimulates Gi and Gq respectively and activates the
LYN/SYK/PLC/PKC-DAG pathway converging at the activation of AKT, NFKB, and NFAT. Future
studies will determine whether HBD3-induced PD-L1 expression and IFNy-induced PD-L1 expression
share similar pathways.

4. Materials and Methods

4.1. PD-L1 Inducers

Human  defensin-3 (HBD3, catalog no. 300-52) was purchased from Peprotech, Rocky Hill,
NJ, USA. The concentrations of HBD3 (0.2, 2.0, or 20.0 uM) used in this study were similar to those
concentrations used in our previous studies [36] and those concentrations used in similar studies by
others [53].

Recombinant human IFNy (catalog no. 300-02) was purchased from Peprotech, Rocky Hill, NJ,
USA. IFNy is a well-known PD-L1 inducer [15] and was used as a positive control.

4.2. Cell Lines

Cell lines SCC4 (ATCC, Manassas, VA, USA), SCC15 (ATCC), SCC19 (University of Michigan),
SCC25 (ATCC), and SCC99 (University of Michigan) were used in this study (Table 1). SCC4, SCC15,
and SCC25, were from the oral cavity, while SCC19 and SCC99 were from the oropharynx. SCC4 [19],
SCC15 [19], SCC25 [19], and SCC99 [42] have been previously genotyped. All cell lines have also been
previously authenticated [10] using the ANSI Standard (ASN-0002) Authentication of Human Cell
Lines: Standardization of STR Profiling by the ATCC Standards Development Organization.

Cell line SCC4 was grown in complete Dulbecco’s Modified Eagle’s Medium: F-12 (DMEM: F-12)
containing 2 mM L-glutamine, 1% nonessential amino acids (ATCC), 400 ng/mL hydrocortisone
(Sigma-Aldrich Corp., St. Louis, MO, USA), 100 units/mL penicillin (Life Technologies, Madison, WI,
USA), 100 units/mL streptomycin (Life Technologies), and 10% fetal bovine serum (ATCC) [19].

Cell lines SCC15 and SCC25 were grown in complete Lymphocyte Growth Media-3 (LGM-3)
(Lonza, Walkersville, MD, USA), 100 units/mL penicillin (Life Technologies), 100 units/mL streptomycin
(Life Technologies), and 10% fetal bovine serum (ATCC) [19].

Cell lines SCC19 and SCC99 were grown in Dulbecco’s Modified Eagle’s Medium (DMEM)
containing 2 mM L-glutamine, 1% nonessential amino acids (ATCC), 100 units/mL penicillin
(Life Technologies), 100 units/mL streptomycin (Life Technologies), and 10% fetal bovine serum (ATCC).
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4.3. Immunohistochemistry

A double-sandwich ELISA (MyBioSource, Inc., San Diego, CA, USA) was used to detect human
papillomavirus (HPV) antigen tissue culture media and cell lysates as previously described [10].

Immunohistochemistry (IHC) was used to detect p16™*42 in cell lines as previously described [10].
Cell pellets were fixed in 10% neutral buffered formalin, immobilized in agar, embedded in paraftfin,
and sectioned. Sections were deparaffinized and stained with an antibody to p16™k42. Squamous cell
carcinoma of the uterus was used as a positive tissue control.

4.4. Induction of PD-L1 Expression

SCC cells (5.0 x 10* viable cells) were incubated without and with 0.6 uM IFNYy or 0.2, 2.0, or
20.0 uM HBD3 for 24 h. The number of cells expressing PD-L1 was determined by flow cytometry as
described below in our laboratory [19].

4.5. Detection of Cells Expressing PD-L1 by Flow Cytometry

Cells were first stained with Live/Dead Fixable Green Dead Cell Stain (BD Biosciences, San Jose,
CA, USA), then stained with anti-human APC-CD274 (563741 PD-L1, BD Pharmingen, San Jose, CA,
USA), and then examined using an LSR II Violet Flow Cytometer (BD Biosciences). Cells stained with
an isotype control (APC mouse IgG1 k, BD Pharmingen, San Jose, CA, USA) served as a control to
account for any non-specific binding. Cells not stained were also included as controls. Flow cytometric
data was analyzed using FlowJo software (Tree Star, Inc., Ashland, OR) [19].

4.6. Statistical Analysis

Wilcoxon signed rank tests were performed to compare between each of the treatment groups
and the control group, as well as between the two treatment groups. Treatment A was 20.0 uM HBD3
was and Treatment B was 0.6 uM IFNy. Multiple comparisons were not adjusted.

5. Conclusions

In conclusion, HBD3 is thought to have a role in the pathogenesis of oral cancers [44-46]. Here we
show that HBD3 increases the number of HNSCC cells expressing PD-L1. However, to what extent
HBD3 contributes to HNSCC pathogenesis by inducing PD-L1 expression in tumors will have to
be determined.

Author Contributions: M.P.G.H., A.M.B. and K.A.B. conceived the research. M.P.G.H. and E.E.S. cultivated the
HNSCC cell lines. E.A.L. performed the p16"NK42 (CDKN2A) analysis to confirm that the HNSCC cell lines were
HPV negative. M.P.G.H., A M.B. and E.E.S. performed flow cytometry analysis to detect HBD3-induced PD-L1
expression. C.C. and X.J.X. performed the statistical analysis. M.P.G.H., AM.B,, EE.S.,, E AL, C.C., X.J.X. and
K.A.B. all wrote their respective portions of the manuscript and proofed the final draft.

Funding: This research was funded by the National Institutes of Health grants NIH, NIDCR R01 DE014390 and
NIH, NIDCR T90 DE(023520.

Acknowledgments: The data presented herein were obtained at the Flow Cytometry Facility, which is a Carver
College of Medicine/Holden Comprehensive Cancer Center core research facility at the University of lowa. The
facility is funded through user fees and the generous financial support of the Carver College of Medicine, Holden
Comprehensive Cancer Center, and Iowa City Veteran’s Administration Medical Center.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1.  Leemans, C.R.; Braakhuis, B.J.; Brakenhoff, R.H. The molecular biology of head and neck cancer. Nat. Rev.
Cancer 2011, 11, 9-22. [CrossRef] [PubMed]


http://dx.doi.org/10.1038/nrc2982
http://www.ncbi.nlm.nih.gov/pubmed/21160525

Antibiotics 2019, 8, 161 7 of 9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Su, S.; Chien, M,; Lin, C.; Chen, M; Yang, S. RAGE gene polymorphism and environmental factor in the risk
of oral cancer. J. Dent. Res. 2015, 94, 403-411. [CrossRef] [PubMed]

Network, C.G.A. Comprehensive genomic characterization of head and neck squamous cell carcinomas.
Nature 2015, 517, 576-582. [CrossRef] [PubMed]

Ferlay, J.; Soerjomataram, I.; Dikshit, R.; Eser, S.; Mathers, C.; Rebelo, M.; Parkin, D.M.; Forman, D.; Bray, F.
Cancer incidence and mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012. Int.
J. Cancer 2015, 136, E359-E386. [CrossRef] [PubMed]

Howlader, N.; Noone, A.M.; Krapcho, M.; Garshell, J.; Miller, D.; Altekruse, S.E.; Kosary, C.L.; Yu, M.;
Ruhl, J.; Tatalovich, Z.; et al. SEER Stat Fact Sheets: Oral Cavity and Pharynx Cancer. Available online:
http://seer.cancer.gov/statfacts/html/oralcav.html (accessed on 23 September 2019).

Malm, L].; Bruno, T.C.; Fu, J.; Zeng, Q.; Taube, ].M.; Westra, W.; Pardoll, D.; Drake, C.G.; Kim, Y.J. Expression
profile and in vitro blockade of programmed death-1 in human papillomavirus-negative head and neck
squamous cell carcinoma. Head Neck 2015, 37, 1088-1095. [CrossRef]

Hanahan, D.; Weinberg, R.A. The hallmarks of cancer. Cell 2000, 100, 57-70. [CrossRef]

Ritprajak, P.; Azuma, M. Intrinsic and extrinsic control of expression of the immunoregulatory molecule
PD-L1 in epithelial cells and squamous cell carcinoma. Oral Oncol. 2015, 51, 221-228. [CrossRef]

Aziz, S.; Ahmed, S.S.; Ali, A.; Khan, FA.; Zulfiqar, G.; Igbal, J.; Khan, A.A.; Shoaib, M. Salivary
immunosuppressive cytokines IL-10 and IL-13 are significantly elevated in oral squamous cell carcinoma
patients. Cancer Invest. 2015, 33, 318-328. [CrossRef]

Bates, A.M.; Gomez Hernandez, M.P.; Lanzel, E.A.; Qian, F; Brogden, K.A. Matrix metalloproteinase (MMP)
and immunosuppressive biomarker profiles of seven head and neck squamous cell carcinoma (HNSCC) cell
lines. Transl. Cancer Res. 2018, 7, 533-542. [CrossRef]

Francisco, L.M.; Sage, P.T.; Sharpe, A.H. The PD-1 pathway in tolerance and autoimmunity. Immunol. Rev.
2010, 236, 219-242. [CrossRef]

Pedoeem, A.; Azoulay-Alfaguter, I.; Strazza, M.; Silverman, G.J.; Mor, A. Programmed death-1 pathway in
cancer and autoimmunity. Clin. Immunol. 2014, 153, 145-152. [CrossRef] [PubMed]

Sharma, P.; Allison, J.P. The future of immune checkpoint therapy. Science 2015, 348, 56—61. [CrossRef]
[PubMed]

Chen, J.; Jiang, C.C,; Jin, L.; Zhang, X.D. Regulation of PD-L1: A novel role of pro-survival signalling in
cancer. Ann. Oncol. 2016, 27, 409-416. [CrossRef] [PubMed]

Kondo, A.; Yamashita, T.; Tamura, H.; Zhao, W.; Tsuji, T.; Shimizu, M.; Shinya, E.; Takahashi, H.; Tamada, K;
Chen, L.; et al. Interferon-gamma and tumor necrosis factor-alpha induce an immunoinhibitory molecule,
B7-H1, via nuclear factor-kappaB activation in blasts in myelodysplastic syndromes. Blood 2010, 116,
1124-1131. [CrossRef] [PubMed]

Sznol, M.; Chen, L. Antagonist antibodies to PD-1 and B7-H1 (PD-L1) in the treatment of advanced human
cancer. Clin. Cancer Res. 2013, 19, 1021-1034. [CrossRef] [PubMed]

Zhang, J.; Wang, C.M.; Zhang, P; Wang, X.; Chen, J.; Yang, ].; Lu, W.; Zhou, W.; Yuan, W.; Feng, Y. Expression
of programmed death 1 ligand 1 on periodontal tissue cells as a possible protective feedback mechanism
against periodontal tissue destruction. Mol. Med. Rep. 2016, 13, 2423-2430. [CrossRef]

Bates, A.M.; Lanzel, E.; Qian, F.; Abbasi, T.; Vali, S.; Brogden, K.A. Cell genomics and immunosuppressive
biomarker expression influence PD-L1 immunotherapy treatment responses in HNSCC—A computational
study. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2017, 124, 157-164. [CrossRef]

Lanzel, E.A.; Paula Gomez Hernandez, M.; Bates, A.M.; Treinen, C.N.; Starman, E.E.; Fischer, C.L.; Parashar, D.;
Guthmiller, ].M.; Johnson, G.K.; Abbasi, T.; et al. Predicting PD-L1 expression on human cancer cells using
next-generation sequencing information in computational simulation models. Cancer Immunol. Immunother.
2016, 65, 1511-1522. [CrossRef]

Kinter, A.L.; Godbout, E.J.; McNally, J.P,; Sereti, I.; Roby, G.A.; O’Shea, M.A.; Fauci, A.S. The common
gamma-chain cytokines IL-2, IL-7, IL-15, and IL-21 induce the expression of programmed death-1 and its
ligands. J. Immunol. 2008, 181, 6738-6746. [CrossRef]

Burr, M.L,; Sparbier, C.E.; Chan, Y.C.; Williamson, ].C.; Woods, K.; Beavis, P.A.; Lam, E.Y.N.; Henderson, M.A.;
Bell, C.C.; Stolzenburg, S.; et al. CMTM6 maintains the expression of PD-L1 and regulates anti-tumour
immunity. Nature 2017, 549, 101-105. [CrossRef]


http://dx.doi.org/10.1177/0022034514566215
http://www.ncbi.nlm.nih.gov/pubmed/25582438
http://dx.doi.org/10.1038/nature14129
http://www.ncbi.nlm.nih.gov/pubmed/25631445
http://dx.doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
http://seer.cancer.gov/statfacts/html/oralcav.html
http://dx.doi.org/10.1002/hed.23706
http://dx.doi.org/10.1016/S0092-8674(00)81683-9
http://dx.doi.org/10.1016/j.oraloncology.2014.11.014
http://dx.doi.org/10.3109/07357907.2015.1041642
http://dx.doi.org/10.21037/tcr.2018.05.09
http://dx.doi.org/10.1111/j.1600-065X.2010.00923.x
http://dx.doi.org/10.1016/j.clim.2014.04.010
http://www.ncbi.nlm.nih.gov/pubmed/24780173
http://dx.doi.org/10.1126/science.aaa8172
http://www.ncbi.nlm.nih.gov/pubmed/25838373
http://dx.doi.org/10.1093/annonc/mdv615
http://www.ncbi.nlm.nih.gov/pubmed/26681673
http://dx.doi.org/10.1182/blood-2009-12-255125
http://www.ncbi.nlm.nih.gov/pubmed/20472834
http://dx.doi.org/10.1158/1078-0432.CCR-12-2063
http://www.ncbi.nlm.nih.gov/pubmed/23460533
http://dx.doi.org/10.3892/mmr.2016.4824
http://dx.doi.org/10.1016/j.oooo.2017.05.474
http://dx.doi.org/10.1007/s00262-016-1907-5
http://dx.doi.org/10.4049/jimmunol.181.10.6738
http://dx.doi.org/10.1038/nature23643

Antibiotics 2019, 8, 161 80f9

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Dong, H.; Strome, S.E.; Salomao, D.R.; Tamura, H.; Hirano, E; Flies, D.B.; Roche, P.C.; Lu, J.; Zhu, G;
Tamada, K; et al. Tumor-associated B7-H1 promotes T-cell apoptosis: A potential mechanism of immune
evasion. Nat. Med. 2002, 8, 793-800. [CrossRef] [PubMed]

Tseng, S.Y.; Otsuji, M.; Gorski, K.; Huang, X.; Slansky, J.E.; Pai, S.I.; Shalabi, A.; Shin, T.; Pardoll, D.M.;
Tsuchiya, H. B7-DC, a new dendritic cell molecule with potent costimulatory properties for T cells. J. Exp.
Med. 2001, 193, 839-846. [CrossRef] [PubMed]

Jiang, Y.; Li, Y.; Zhu, B. T-cell exhaustion in the tumor microenvironment. Cell Death Dis. 2015, 6, e1792.
[CrossRef] [PubMed]

Brogden, K.A.; Bates, A.M.; Fischer, C.L. Antimicrobial peptides in host-defense: Functions beyond
antimicrobial activity. In Antimicrobial Peptides—Role in Human Health and Disease; Jurgen, H., Jens-M., S.,
Eds.; Springer: Cham, Switzerland, 2015.

Liu, S.; Zhou, L.; Li, ].; Suresh, A.; Verma, C.; Foo, YH.; Yap, E.P,; Tan, D.T.; Beuerman, R.W. Linear analogues
of human beta-defensin 3: Concepts for design of antimicrobial peptides with reduced cytotoxicity to
mammalian cells. ChemBioChem 2008, 9, 964-973. [CrossRef] [PubMed]

Taylor, K.; Clarke, D.J.; McCullough, B.; Chin, W.; Seo, E.; Yang, D.; Oppenheim, ].; Uhrin, D.; Govan, J.R.;
Campopiano, D.J.; et al. Analysis and separation of residues important for the chemoattractant and
antimicrobial activities of beta-defensin 3. J. Biol. Chem. 2008, 283, 6631-6639. [CrossRef] [PubMed]
Dunsche, A.; Acil, Y.; Dommisch, H.; Siebert, R.; Schroder, ].M.; Jepsen, S. The novel human beta-defensin-3
is widely expressed in oral tissues. Eur. ]. Oral Sci. 2002, 110, 121-124. [CrossRef]

Harder, ].; Bartels, J.; Christophers, E.; Schroder, ].M. Isolation and characterization of human b-Defensin-3,
a novel human inducible peptide antibiotic. J. Biol. Chem. 2001, 276, 5707-5713. [CrossRef] [PubMed]
Yang, D.; Biragyn, A.; Hoover, D.M.; Lubkowski, J.; Oppenheim, J.J. Multiple roles of antimicrobial defensins,
cathelicidins, and eosinophil-derived neurotoxin in host defense. Annu. Rev. Immunol. 2004, 22, 181-215.
[CrossRef]

Joly, S.; Maze, C.; McCray, P.B., Jr.; Guthmiller, ]. M. Human beta-defensins 2 and 3 demonstrate strain-selective
activity against oral microorganisms. J. Clin. Microbiol. 2004, 42, 1024-1029. [CrossRef]

Klotman, M.E.; Chang, T.L. Defensins in innate antiviral immunity. Nat. Rev. Immunol. 2006, 6, 447-456.
[CrossRef]

Saito, A.; Ariki, S.; Sohma, H.; Nishitani, C.; Inoue, K.; Ebata, N.; Takahashi, M.; Hasegawa, Y.; Kuronuma, K,;
Takahashi, H.; et al. Pulmonary surfactant protein A protects lung epithelium from cytotoxicity of human
beta-defensin 3. . Biol. Chem. 2012, 287, 15034-15043. [CrossRef] [PubMed]

Kraus, D.; Deschner, ].; Jager, A.; Wenghoefer, M.; Bayer, S.; Jepsen, S.; Allam, J.P.; Novak, N.; Meyer, R.;
Winter, J. Human beta-defensins differently affect proliferation, differentiation, and mineralization of
osteoblast-like MG63 cells. J. Cell. Physiol. 2012, 227, 994-1003. [CrossRef] [PubMed]

Niyonsaba, F.; Ushio, H.; Nakano, N.; Ng, W.; Sayama, K.; Hashimoto, K.; Nagaoka, I.; Okumura, K;
Ogawa, H. Antimicrobial peptides human beta-defensins stimulate epidermal keratinocyte migration,
proliferation and production of proinflammatory cytokines and chemokines. J. Invest. Dermatol. 2007, 127,
594-604. [CrossRef] [PubMed]

Harvey, L.E.; Kohlgraf, K.G.; Mehalick, L.A.; Raina, M.; Recker, E.N.; Radhakrishnan, S.; Prasad, S.A.;
Vidva, R.; Progulske-Fox, A.; Cavanaugh, ].E.; et al. Defensin DEFB103 bidirectionally regulates chemokine
and cytokine responses to a pro-inflammatory stimulus. Sci. Rep. 2013, 3, 1232. [CrossRef] [PubMed]
Borgwardt, D.S.; Martin, A.D.; Van Hemert, ].R.; Yang, ].; Fischer, C.L.; Recker, E.N.; Nair, PR.; Vidva, R.;
Chandrashekaraiah, S.; Progulske-Fox, A.; et al. Histatin 5 binds to Porphyromonas gingivalis hemagglutinin B
(HagB) and alters HagB-induced chemokine responses. Sci. Rep. 2014, 4, 3904. [CrossRef] [PubMed]
Prohaszka, Z.; Nemet, K.; Csermely, P.; Hudecz, F.; Mezo, G.; Fust, G. Defensins purified from human
granulocytes bind Clq and activate the classical complement pathway like the transmembrane glycoprotein
gp41 of HIV-1. Mol. Immunol. 1997, 34, 809-816. [CrossRef]

van den Berg, R.H.; Faber-Krol, M.C.; van Wetering, S.; Hiemstra, P.S.; Daha, M.R. Inhibition of activation of
the classical pathway of complement by human neutrophil defensins. Blood 1998, 92, 3898-3903. [PubMed]
Funderburg, N.; Lederman, M.M.; Feng, Z.; Drage, M.G.; Jadlowsky, J.; Harding, C.V.; Weinberg, A.; Sieg, S.F.
Human p-defensin-3 activates professional antigen-presenting cells via Toll-like receptors 1 and 2. Proc. Natl.
Acad. Sci. USA 2007, 104, 18631-18635. [CrossRef] [PubMed]


http://dx.doi.org/10.1038/nm730
http://www.ncbi.nlm.nih.gov/pubmed/12091876
http://dx.doi.org/10.1084/jem.193.7.839
http://www.ncbi.nlm.nih.gov/pubmed/11283156
http://dx.doi.org/10.1038/cddis.2015.162
http://www.ncbi.nlm.nih.gov/pubmed/26086965
http://dx.doi.org/10.1002/cbic.200700560
http://www.ncbi.nlm.nih.gov/pubmed/18350527
http://dx.doi.org/10.1074/jbc.M709238200
http://www.ncbi.nlm.nih.gov/pubmed/18180295
http://dx.doi.org/10.1034/j.1600-0722.2002.11186.x
http://dx.doi.org/10.1074/jbc.M008557200
http://www.ncbi.nlm.nih.gov/pubmed/11085990
http://dx.doi.org/10.1146/annurev.immunol.22.012703.104603
http://dx.doi.org/10.1128/JCM.42.3.1024-1029.2004
http://dx.doi.org/10.1038/nri1860
http://dx.doi.org/10.1074/jbc.M111.308056
http://www.ncbi.nlm.nih.gov/pubmed/22418431
http://dx.doi.org/10.1002/jcp.22808
http://www.ncbi.nlm.nih.gov/pubmed/21520074
http://dx.doi.org/10.1038/sj.jid.5700599
http://www.ncbi.nlm.nih.gov/pubmed/17068477
http://dx.doi.org/10.1038/srep01232
http://www.ncbi.nlm.nih.gov/pubmed/23390582
http://dx.doi.org/10.1038/srep03904
http://www.ncbi.nlm.nih.gov/pubmed/24473528
http://dx.doi.org/10.1016/S0161-5890(97)00097-7
http://www.ncbi.nlm.nih.gov/pubmed/9808583
http://dx.doi.org/10.1073/pnas.0702130104
http://www.ncbi.nlm.nih.gov/pubmed/18006661

Antibiotics 2019, 8, 161 90f9

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

Judge, C.J.; Reyes-Aviles, E.; Conry, S.J.; Sieg, S.S.; Feng, Z.; Weinberg, A.; Anthony, D.D. HBD-3 induces
NK cell activation, IFN-gamma secretion and mDC dependent cytolytic function. Cell. Immunol. 2015, 297,
61-68. [CrossRef]

Brenner, J.C.; Graham, M.P.; Kumar, B.; Saunders, L.M.; Kupfer, R.; Lyons, R.H.; Bradford, C.R.; Carey, T.E.
Genotyping of 73 UM-SCC head and neck squamous cell carcinoma cell lines. Head Neck 2010, 32, 417-426.
[CrossRef]

Tao, R.; Jurevic, R.J.; Coulton, K.K.; Tsutsui, M.T.; Roberts, M.C.; Kimball, J.R.; Wells, N.; Berndt, J.; Dale, B.A.
Salivary antimicrobial peptide expression and dental caries experience in children. Antimicrob. Agents
Chemother. 2005, 49, 3883-3888. [CrossRef] [PubMed]

Kesting, M.R.; Loeffelbein, D.]J.; Hasler, R.J.; Wolff, K.D.; Rittig, A.; Schulte, M.; Hirsch, T.; Wagenpfeil, S.;
Jacobsen, E; Steinstraesser, L. Expression profile of human beta-defensin 3 in oral squamous cell carcinoma.
Cancer Invest. 2009, 27, 575-581. [CrossRef]

DasGupta, T.; Nweze, E.I; Yue, H.; Wang, L.; Jin, J.; Ghosh, S.K.; Kawsar, H.I.; Zender, C.; Androphy, E.J.;
Weinberg, A.; et al. Human papillomavirus oncogenic E6 protein regulates human beta-defensin 3 (hBD3)
expression via the tumor suppressor protein p53. Oncotarget 2016, 7, 27430-27444. [CrossRef] [PubMed]
Ghosh, S.K.; McCormick, T.S.; Weinberg, A. Human beta defensins and cancer: Contradictions and common
ground. Front. Oncol. 2019, 9, 341. [CrossRef] [PubMed]

Shuyi, Y.; Feng, W.; Jing, T.; Hongzhang, H.; Haiyan, W.; Pingping, M.; Liwu, Z.; Zwahlen, R.A.; Hongyu, Y.
Human beta-defensin-3 (hBD-3) upregulated by LPS via epidermal growth factor receptor (EGFR) signaling
pathways to enhance lymphatic invasion of oral squamous cell carcinoma. Oral Surg. Oral Med. Oral Pathol.
Oral Radiol. Endodontol. 2011, 112, 616-625. [CrossRef] [PubMed]

Syrjanen, S. Human papillomaviruses in head and neck carcinomas. N. Engl. J. Med. 2007, 356, 1993-1995.
[CrossRef] [PubMed]

Carbognin, L.; Pilotto, S.; Milella, M.; Vaccaro, V.; Brunelli, M.; Calio, A.; Cuppone, F.; Sperduti, I;
Giannarelli, D.; Chilosi, M.; et al. Differential activity of Nivolumab, Pembrolizumab and MPDL3280A
according to the tumor expression of programmed death-ligand-1 (PD-L1): Sensitivity analysis of trials in
melanoma, lung and genitourinary cancers. PLoS ONE 2015, 10, e0130142. [CrossRef] [PubMed]

Sunshine, J.; Taube, ].M. PD-1/PD-L1 inhibitors. Curr. Opin. Pharm. 2015, 23, 32-38. [CrossRef] [PubMed]
Marzec, M.; Zhang, Q.; Goradia, A.; Raghunath, P.N.; Liu, X.; Paessler, M.; Wang, H.Y.; Wysocka, M.;
Cheng, M.; Ruggeri, B.A; et al. Oncogenic kinase NPM/ALK induces through STAT3 expression of
immunosuppressive protein CD274 (PD-L1, B7-H1). Proc. Natl. Acad. Sci. USA 2008, 105, 20852-20857.
[CrossRef] [PubMed]

Yamamoto, R.; Nishikori, M.; Tashima, M.; Sakai, T.; Ichinohe, T.; Takaori-Kondo, A.; Ohmori, K.; Uchiyama, T.
B7-H1 expression is regulated by MEK/ERK signaling pathway in anaplastic large cell lymphoma and
Hodgkin lymphoma. Cancer Sci. 2009, 100, 2093-2100. [CrossRef]

Bedran, T.B.; Mayer, M.P,; Spolidorio, D.P,; Grenier, D. Synergistic anti-inflammatory activity of the
antimicrobial peptides human beta-defensin-3 (hBD-3) and cathelicidin (LL-37) in a three-dimensional
co-culture model of gingival epithelial cells and fibroblasts. PLoS ONE 2014, 9, e106766. [CrossRef] [PubMed]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.cellimm.2015.06.004
http://dx.doi.org/10.1002/hed.21198
http://dx.doi.org/10.1128/AAC.49.9.3883-3888.2005
http://www.ncbi.nlm.nih.gov/pubmed/16127066
http://dx.doi.org/10.1080/07357900802620851
http://dx.doi.org/10.18632/oncotarget.8443
http://www.ncbi.nlm.nih.gov/pubmed/27034006
http://dx.doi.org/10.3389/fonc.2019.00341
http://www.ncbi.nlm.nih.gov/pubmed/31131258
http://dx.doi.org/10.1016/j.tripleo.2011.02.053
http://www.ncbi.nlm.nih.gov/pubmed/22035653
http://dx.doi.org/10.1056/NEJMe078004
http://www.ncbi.nlm.nih.gov/pubmed/17494934
http://dx.doi.org/10.1371/journal.pone.0130142
http://www.ncbi.nlm.nih.gov/pubmed/26086854
http://dx.doi.org/10.1016/j.coph.2015.05.011
http://www.ncbi.nlm.nih.gov/pubmed/26047524
http://dx.doi.org/10.1073/pnas.0810958105
http://www.ncbi.nlm.nih.gov/pubmed/19088198
http://dx.doi.org/10.1111/j.1349-7006.2009.01302.x
http://dx.doi.org/10.1371/journal.pone.0106766
http://www.ncbi.nlm.nih.gov/pubmed/25187958
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	PD-L1 Inducers 
	Cell Lines 
	Immunohistochemistry 
	Induction of PD-L1 Expression 
	Detection of Cells Expressing PD-L1 by Flow Cytometry 
	Statistical Analysis 

	Conclusions 
	References

