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Simple Summary: OK-432 is a potent immunotherapy agent for several types of cancer, including
oral cancer. We previously reported that OK-432 treatment can induce the production of high levels
of IFN-γ from peripheral blood mononuclear cells (PBMCs). Moreover, the IFN-γ production from
PBMCs by OK-432 is impaired by conditioned media (CM) from oral cancer cells. To determine the
inhibitory mechanism of IFN-γ production by CM, the genes involved in IFN-γ production was
retrieved by cDNA microarray analysis. We found that CD40 played a key role in IFN-γ production
via IL-12 production. Although the expression levels of CD40 were upregulated by OK-432 treatment
in PBMCs, CM inhibited OK-432-induced CD40 expression. These findings suggest that uncertain
soluble factor(s) in CM may suppress IFN-γ production via the CD40/CD40L–IL-12 axis in PBMCs.

Abstract: (1) Background: OK-432 is a penicillin-killed, lyophilized formulation of a low-toxicity
strain (Su) of Streptococcus pyogenes (Group A). It is a potent immunotherapy agent for several types
of cancer, including oral cancer. We previously showed that (i) OK-432 treatment induces a high
amount of IFN-γ production from peripheral blood mononuclear cells (PBMCs), and (ii) conditioned
medium (CM) from oral cancer cells suppresses both the IFN-γ production and cytotoxic activity of
PBMCs driven by OK-432. The aim of this study was to determine the inhibitory mechanism of OK-
432-induced IFN-γ production from PBMCs by CM. (2) Methods: We performed cDNA microarray
analysis, quantitative RT-PCR, and ELISA to reveal the inhibitory mechanism of CM. (3) Results:
We found that CD40 plays a key role in IFN-γ production via IL-12 production. Although OK-432
treatment upregulated the expression levels of the IL-12p40, p35, and CD40 genes, CM from oral
cancer cells downregulate these genes. The amount of IFN-γ production by OK-432 treatment was
decreased by an anti-CD40 neutralizing antibody. (4) Conclusions: Our study suggests that uncertain
soluble factor(s) produced from oral cancer cells may inhibit IFN-γ production from PBMCs via
suppressing the CD40/CD40L–IL-12 axis.

Keywords: OK-432; conditioned medium; interferon-γ; oral cancer; CD40

1. Introduction

OK-432 (Chugai Pharmaceutical, Tokyo, Japan) is a penicillin-killed, lyophilized for-
mulation of a low-toxicity strain (Su) of Streptococcus pyogenes (Group A). It is known as a
potent immunotherapy agent for several types of cancer, including oral cancer [1–5]. Ad-
ministration of OK-432 induces cytotoxic T lymphocytes (CTL) and cytotoxic macrophages
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and activates anti-tumor effecter cells, including lymphokine-activated killer (LAK) cells
and natural killer (NK) cells [6]. Moreover, OK-432 induces the production of anti-tumor
cytokines, such as interleukin (IL)-2, IL-12, interferon (IFN)-γ, and tumor necrosis factor
(TNF)-α from Th1 cells, NK cells, and monocytes/macrophages. Thus, OK-432 shows an
anti-tumor effect against several types of cancer via activation of immune cells [7–10]. OK-
432 also induces cancer antigen-specific CTL via maturation of antigen-presenting cells [11].
Our previous study showed that the combination therapy of OK-432 with radiation and
UFT (an oral fluoropyrimidine formulation with the combination of tegafur and uracil
at a 1:4 ratio; Taiho Pharmaceutical Co., Tokyo, Japan) exhibits a potent anti-tumor effect
against oral cancer [12,13].

CD40 is a regulatory molecule of IL-12. CD40 is a membrane antigen belonging to
the TNF receptor family and is mainly expressed on B cells [14]. CD40 is also expressed
on antigen-presenting cells, such as dendritic cells and macrophages [15]. Interaction
between CD40 on antigen-presenting cells and CD40L on activated T cells induces IL-12p40
expression. IL-12 is known to activate NK cells [16–18]. A glycoprotein, p70, forms a
heterodimer consisting of p40 and p35 subunits and functions as an IL-12 (active form
p70) [19,20]. In general, p35 is produced constantly by B cells, macrophages, and dendritic
cells [21], whereas p40 is produced by these cells upon antigen stimulation. IL-12p40 is
a potent inducer of IFN-γ via promoting T cell differentiation and activation [22]. IFN-γ
is the only member of the type II class of interferons and secreted mainly from activated
T cells, antigen-presenting cells, and NK cells. IFN-γ induces cytotoxic T cells, activates
NK cells, enhances anti-tumor effect of macrophages, and enhances the ability of tumors
to present MHC Class I and MHC Class II antigens, and thus is known as representative
anti-tumor cytokines [23].

We have previously shown that the serum concentration of IFN-γ in patients with
advanced cancer treated by OK-432 is lower than in patients with early cancer treated with
OK-432 [24]. This finding suggests that the anti-tumor response of OK-432 in patients with
oral cancer may be suppressed by cancer progression. We hypothesized that certain soluble
factors secreted from cancer cells may decrease the effect of OK-432 on IFN-γ production
from peripheral blood mononuclear cells (PBMCs). To demonstrate this hypothesis, we
established an in vitro simulation model. We simulated the immune status in oral cancer
patients by the addition of conditioned media (CM) derived from oral cancer cells to PBMCs
derived from healthy volunteers [25]. Then, we demonstrated that CM containing unknown
soluble factor(s) decreased the IFN-γ production from PBMCs by OK-432 treatment. We
also found that representative immunosuppressive cytokines including IL-4, IL-6, IL-10,
TGF (transforming growth factor)-β, and VEGF (vascular endothelial growth factor) were
not contained in the CM from oral cancer cells [25]. To identify an unknown molecule(s)
could be key to developing an effective immunotherapy against oral cancer. Therefore,
herein, we investigated the inhibitory mechanism of CM against OK-432-induced IFN-γ
production from PBMCs.

2. Materials and Methods
2.1. Cells and Cell Culture

Both B88 [26] and HNt cells [27] were from a human oral squamous cell carcinoma
cell line. The TYS cells [28] were from a human oral adenoid squamous carcinoma cell line.
All cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma-Aldrich,
St. Louis, MO, USA, D5796-500ML) supplemented with 10% (V/V) fetal bovine serum
(FBS) (Premium FBS, Bio-Whittaker, Walkersville, MD, USA, BW14-501F), 100 µg/mL of
streptomycin, and 100 U/mL of penicillin (Sigma-Aldrich, P4333-100ML). The PBMCs
were cultured in RPMI 1640 (Sigma-Aldrich, R8758-500ML) supplemented with 10% FBS.
All of the cells were incubated in a humidified atmosphere of 95% air and 5% CO2 at 37 ◦C.
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2.2. Preparation of PBMCs

The PBMCs from a healthy volunteer were obtained by Ficoll–Hypaque gradient
density centrifugation according to Boyüm’s protocol [29].

2.3. Preparation of CM

The sub-confluent of oral cancer cells (B88, HNt and TYS cells; 2.5 × 106 cells) in
100 mm dishes (Falcon 100-mm TC-treated Cell Culture Dish, CORNING, Glendale, AZ,
USA, 353003) in complete culture medium was subjected to CM collection. The cells were
washed three times by phosphate-buffered saline (−), and then cells were cultured for an
additional 72 h in 10 mL of the serum-free media. The media were filtrated using a 0.2 µm
pore membrane (Corning 28 mm Diameter Syringe Filters, 0.2 µm Pore PES Membrane,
CORNING, 431229). Then, they were used for the experiments as CM.

2.4. In Vitro Simulation Model of the Oral Cancer Patients

Establishment of an in vitro simulation model of patients with oral cancer was pre-
viously reported [25]. Briefly, PBMCs (1 × 106 cells/mL) were maintained in RPMI 1640
supplemented with 10% FBS. The media were replaced with CM-containing media at
the CM volume of 1/8, 1/4, or 1/2. Then, FBS and OK-432 were added to the final
concentrations of 10% and 1 µg/mL, respectively.

2.5. Isolation of Total RNA

The PBMCs were cultured in RPMI 1640 medium supplemented with 10% FBS with
or without OK-432 (1 µg/mL) and CM was retrieved. Then, the total RNA was extracted
using an ISOGEN RNA extraction mixture (NIPPON GENE, Toyama, Japan, 311-02501).

2.6. cDNA Microarray

cDNA from untreated PBMCs, PBMCs treated with OK-432 (1 µg/mL) for 12 h,
or PBMCs treated with OK-432 (1 µg/mL) followed by CM (at volume of 1/2) derived
from B88 cells were subjected to a cDNA microarray (GENECOM, Ehime, Japan). The
cDNA microarray was equipped with 29,098 total human genes. Gene Ontology (GO)
analysis was performed for genes whose expression was upregulated more than 2-fold
and downregulated less than one-half by OK-432/CM treatment compared to OK-432
treatment using Metascape. Then, a heatmap was created for the selected cytokine genes
using the R package “pheatmap.”

2.7. Quantitative Reverse Transcription–Polymerase Chain Reaction

Five micrograms of total RNA was reverse-transcribed by Moloney murine leukemia
virus reverse transcriptase (Promega, Madison, WI, USA, M170A) at 42 ◦C for 60 min
in a 20 µL mixture with a random primer (Promega, C1181). Two microliters of the
reverse-transcribed mixture was subjected to quantitative PCR for IFN-γ (Hs00174143),
IL-12p40 (Hs00233688), IL-12p35 (Hs00168405), CD40 (Hs00154345), CD40 Ligand (CD40L)
(Hs00163934), and GAPDH mRNA expression. The expression levels were measured by a
TaqMan® gene expression assay (Applied Biosystems, Foster City, CA, USA) and an ABI
PRISM7000 sequence detection system (Applied Biosystems).

2.8. Enzyme-Linked Immunosorbent Assay (ELISA)

The concentrations of cytokines (IFN-γ and IL-12) in the cell culture supernatant were
measured with an ELISA kit according to the manufacturer’s instructions (Quantikine
ELISA, Minneapolis, MN, USA, DIF50C and D1200). All experiments were performed
three times independently, and we showed the representative data.
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2.9. Effects of Anti-IL-12 Neutralizing Antibodies (Abs), Recombinant IL-12 (rIL-12), or
Anti-CD40 Ab on PBMCs by OK-432 Treatment

The PBMCs were treated with the following neutralizing Abs or rIL-12: An anti-IL-12
Ab (clone 3007; 0.1–10 µg/mL), an anti-CD40 Ab (clone 6708; 10–100 pg/mL), or a rIL-12
(clone 25209; 0.1–100 ng/mL). The cells were treated with OK-432 for 24 h; then, the IFN-γ
level in the culture supernatant was measured. All neutralizing Abs and rIL-12 used were
purchased from R&D Systems (Minneapolis, MN, USA).

2.10. Data Analysis

RNA-sequencing data from 515 HNSCC samples were released by TCGA PanCancer
Atlas. The RNASeqV2 data from TCGA were analyzed using cBioPortal (http://cbioportal.
org, Version 3.6.18 (accessed on 20 May 2021)). For investigating the prognostic value of the
target genes (CD40/CD40L, IL12, and IFN-γ) in HNSCC cases, we divided the cases into
two groups, “low” and “high,” based on the median expression level of each gene. Then,
we compared the survival rate of the “low” group with the “high” group by a log-rank test.

2.11. Statistical Analysis

The obtained data are expressed as the mean ± standard deviation using analysis
of variance (ANOVA) with p < 0.05 as the level of statistical significance. All statistical
analyses were conducted using Prism (GraphPad Software, San Diego, CA, USA).

3. Results
3.1. Effect of CM on the Cytokine Gene Expressions in PBMCs by OK-432 Treatment
(cDNA Microarray)

To identify the molecules in CM that reduce the IFN-γ production from PBMCs by
OK-432 treatment, we compared the gene expression profiles among the control, OK-
432 treatment, and OK-432 treatment with the CM from B88 cells by microarray. We
previously examined the inhibitory effect of the CM from B88, HNt, and TYS cells on
IFN-γ production from PBMCs by OK-432 treatment [25]. The CM from B88 inhibited the
IFN-γ production from PBMCs by OK-432 treatment more than the CM from HNt and
TYS. In this study, therefore, we used the CM from B88 cells to inhibit IFN-γ production.
GO enrichment analysis revealed that inflammation-related GOs, including IL-12p35, IL-
12p40, and CD40, were enriched in the genes whose expression was downregulated by
CM treatment (Figure 1A). The most enriched GO term in the downregulated genes by
CM treatment was “defense response to virus.” Interestingly, the IFN-γ-related GO terms
were significantly enriched. In the most enriched GO term, the IL-12p35, IL-12p40, and
CD40 genes were included. Interestingly, IL-12p35, IL-12p40, and other cytokines (IL-7,
IL-12R, IL-2, IL-17D, and IL-4), as well as IFN-γ, were upregulated by OK-432 treatment
and were downregulated by OK-432 treatment with CM derived from B88 cells in PBMCs
(Figure 1B). In this study, we focused on IL-12-related genes, IL-12p35 and IL-12p40, in the
subsequent experiments.

3.2. Blocking the Effect of CM on the mRNA Expression of IL-12-Related Molecules, IL-12p40, and
IL-12p35 in PBMCs by OK-432 Treatment

The expression levels of IL-12p40 and IL-12p35 mRNA in PBMCs were increased by
treatment with OK-432 and were significantly decreased in the presence of CM derived
from B88 cells by real-time PCR (Figure 2A,B).

http://cbioportal.org
http://cbioportal.org
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Figure 1. Expression of cytokine genes detected by cDNA microarray. (A) Heatmap of GO-enriched terms. GO analysis
was performed for genes whose expression was upregulated more than 2-fold and downregulated less than one-half by
OK-432/CM treatment compared to OK-432 treatment using Metascape. (B) cDNA microarray analysis revealed that some
cytokines were upregulated by OK-432 treatment and suppressed by OK-432 treatment with CM from B88 cells in PBMCs.
The expression values are centered and scaled in the row direction.

Figure 2. Blocking the effect of CM on the mRNA expression of IL-12-related molecules, IL-12p40,
and IL-12p35 on PBMCs induced by OK-432 treatment. In the PBMCs, OK-432 was treated for
24 h with or without CM. Then, the mRNA expression of IL-12p40 and IL-12p35 was analyzed by
real-time PCR. All samples were analyzed in triplicate. (A) IL-12p40 and (B) IL-12p35. * p < 0.001;
n.d., not detectable.

3.3. Blocking the Effect of CM on the mRNA Expression of IL-12-Related Molecules, IL-12p40, and
IL-12p35 in PBMCs by OK-432 Treatment

We previously showed that IFN-γ production from PBMCs by OK-432 treatment can
be decreased by the CM from oral cancer cells in a concentration-dependent manner [15].
The IL-12 production from the PBMCs was significantly increased by OK-432 treatment
and was decreased by adding CM from different oral cancer cells (B88, TYS, and HNt cells)
in a concentration-dependent manner (Figure 3A–C).
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Figure 3. Effect of CM from oral cancer cells on IL-12 production from PBMCs by OK-432 treatment. The PBMCs were
treated by OK-432 for 24 h with various concentrations of CM. Then, the amount of IL-12 in the culture supernatant was
measured by ELISA. All samples were analyzed in triplicate. (A) B88 cells, (B) TYS cells, and (C) HNt cells. * p < 0.001;
† p < 0.05.

3.4. Effects of Anti-IL-12 Neutralizing Ab or rIL-12 on IFN-γ Production from PBMCs by
OK-432 Treatment

To investigate the effect of IL-12 on IFN-γ production from PBMCs by OK-432 treat-
ment, we examined the IFN-γ production after treatment with an anti-IL-12 neutralizing
Ab or a recombinant IL-12 (rIL-12) protein. The IFN-γ production from the PBMCs was
decreased by anti-IL-12 neutralizing Ab treatment in a concentration-dependent manner
(Figure 4A). On the contrary, the CM-mediated inhibition of IFN-γ production was rescued
by treatment with an rIL-12 protein in a concentration-dependent manner (Figure 4B).

Figure 4. Effect of an anti-IL-12 neutralizing Ab or a rIL-12 protein on IFN-γ production from PBMCs
by OK-432 treatment. The PBMCs were treated with OK-432 for 24 h with or without an anti-IL-12
neutralizing Ab. Then, the amount of IFN-γ was measured by ELISA (A). In the presence of CM, the
PBMCs were treated by OK-432 with or without a rIL-12 protein for 24 h. Then, the amount of IFN-γ
was measured by ELISA (B). All samples were analyzed in triplicate. * p < 0.001; n.d., not detectable.

3.5. Blocking Effect of CM on the mRNA Expression of IL-12-Related Molecules, CD40, and
CD40L in PBMCs by OK-432 Treatment

We found the involvement of IL-12 in the suppression of IFN-γ production from
PBMCs by OK-432 treatment in the presence of CM derived from B88 cells. Therefore,
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we focused on CD40 and CD40L, which are upstream of IL-12 signaling pathway. It is
known that CD40L expressed on activated T cell ligates to CD40, and consequently IL-12
production is induced. Herein, the expression of CD40 mRNA in PBMCs was increased
by OK-432 treatment and was significantly decreased in the presence of CM derived
from B88 cells (Figure 5A). However, the CD40L mRNA expression was not altered by
OK-432 treatment with or without CM (Figure 5B). Then, we examined the effect of an anti-
CD40 neutralizing Ab on the IFN-γ production from PBMCs by OK-432 treatment. IFN-γ
production from PBMCs by OK-432 treatment was decreased by an anti-CD40 neutralizing
Ab (Figure 6).

Figure 5. Blocking effect of CM on the mRNA expression of IL-12-related molecules, CD40, and
CD40L on PBMCs by OK-432 treatment. The PBMCs were treated with OK-432 for 24 h with or
without CM. Then, the mRNA expression of CD40 and CD40L was analyzed by real-time PCR. All
samples were analyzed in triplicate. (A) CD40 and (B) CD40L. * p < 0.001; n.s., not significant.

Figure 6. Blockage effect of an anti-CD40 neutralizing Ab on IFN-γ production from PBMCs by
OK-432 treatment. The PBMCs were treated with OK-432 for 24 h with or without an anti-CD40
neutralizing Ab. Then, the amount of IFN-γ was measured by ELISA. All samples were analyzed in
triplicate. * p < 0.001; n.d., not detectable.
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4. Discussion

This study clearly demonstrated that the IL-12 pathway is important for IFN-γ pro-
duction from PBMCs by OK-432 treatment. IL-12 is identified as a cytokine for activating
NK cells [16–18] and is a 70 kDa glycoprotein that forms a heterodimer consisting of p40
and p35 subunits [19,20]. Generally, both IL-12p40 and IL-12p35 are generated in B cells
and macrophages or antigen-presenting cells, such as DCs [21]. IL-12p40 promotes the
differentiation and activation of T cells and then enhances the IFN-γ production from T
cells [30,31]. IFN-γ production from PBMCs by OK-432 treatment was suppressed by CM
and was rescued by rIL-12 treatment, suggesting a possible new therapy against oral cancer
with the combination IL-12 and OK-432. However, it has been reported that large amounts
of inflammatory cytokines, such as TNF-α, are induced by the administration of IL-12,
and serious adverse events occur in patients [32]. Therefore, adenovirus expressing the
IL-12 gene is developed and a clinical phase study to produce IL-12 under physiological
conditions is underway [33,34]. It has also been reported to be difficult to regulate the
expression level of IL-12, which does not have a drastic anti-tumor effect. Based on these
findings, we investigated the genes upstream of IL-12 that would enable patients to pro-
duce physiologic IL-12. We identified CD40, which regulates IL-12 expression. In this study,
CD40 expression on PBMCs was increased by OK-432 treatment, and the increased CD40
expression was significantly inhibited in the presence of CM (Figure 4A,B). Furthermore,
increased IFN-γ production from PBMCs by OK-432 treatment was decreased by adding
anti-CD40 Ab (Figure 5). These findings suggest that certain soluble factor(s) in CM may
decrease IFN-γ production via inhibiting CD40 expression on PBMCs. It is interesting
to examine the combination effects of OK-432 and IL-12 or upstream of IL-12, such as
CD40/CD40L, on tumor progression both in vitro and in vivo.

We previously found that IL-10 and TGF-ß contribute to the decreased expression of
CD40 [35,36]. However, we previously showed that neutralizing IL-10 and TGF- ß by using
an antibody does not rescue the inhibition of IFN-γ production from PBMCs by adding
CM [25], indicating that certain soluble factor(s), except for IL-10 and TGF-ß, in CM may
regulate CD40 expression. To clarify the mechanism on the regulation of CD40 expression
by CM, further experiments will be required.

IFN-γ production from PBMCs by adding CM may be inhibited by activation of the
CD40/CD40L signaling pathway. However, it is difficult to enhance CD40L expression,
because the half-life of the CD40L protein is short [37]. While anti-CD40 agonistic Ab has a
similar effect on CD40L, it shows various immune responses through the maturation of
DCs [38]. Interestingly, only anti-CD40 agonistic Ab treatment showed a strong anti-tumor
effect by activating cytotoxic T cells in a mouse B cell lymphoma transplantation model [39].
Although now anti-CD40 agonistic Ab is not used clinically, combination therapy with
OK-432 and anti-CD40 agonistic Ab may have potential in novel cancer immunotherapy.

In this study, we clarified that certain soluble factor(s) contained in CM inhibit IFN-γ
production from PBMCs by suppressing IL-12 production via inhibiting CD40 expression.
We examined the correlation of the expression of CD40/CD40L, IL12, and IFN-γ with
lymph node metastasis and prognosis using TCGA cohort data. Although no statistical
correlation between the expression of CD40/CD40L, IL12, and IFN-γ and lymph node
metastasis, CD40L and IFN-γ were statistically correlated with good prognosis (Figure 7).
This finding indicates that the CD40/CD40L–IL-12 axis could be a target for cancer im-
munotherapy. To reproduce the physiologic immune status in cancer patients, we applied
an in vitro simulation model to use the PBMCs isolated from healthy volunteers in the
presence of CM derived from oral cancer cell lines. Since PBMCs consist of various types of
immune cells, including T cells, B cells, DCs, macrophages, NK cells, and more, we should
isolate these cells and analyze their contribution to CM in a future study. Our study could
help develop a novel cancer immunotherapy against patients with advanced oral cancer
using OK-432.
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Figure 7. Correlation of the expression of CD40/CD40L, IL12, and IFN-γ with the prognosis of
patients with head and neck squamous cell carcinoma. Patients with high expression of CD40L and
IFN-γ show better overall survival. Red (high) and blue (low) show the expression of CD40/CD40L,
IL12, and IFN-γ, as assessed from the TCGA data.

5. Conclusions

Our study suggests that uncertain soluble factor(s) in CM inhibit IFN-γ production in
PBMCs by suppressing IL-12 production via inhibiting CD40 expression (Figure 8).

Figure 8. A schematic model of OK-432-induced IFN-γ production via the CD40-IL-12 axis in PBMCs
(A) and its inhibition by CM derived from oral cancer cells (B). OK-432 upregulates CD40 and
CD40L expression. Binding of CD40 on antigen-presenting cells and CD40L on activated T cells may
induce the expression of IL-12p40, which associates with IL-12p35 to produce IL-12. Secreted IL-12
may induce the production of IFN-γ, and then promotes T cell differentiation and activation. CM
including uncertain soluble factor(s) suppresses the CD40/CD40L–IL-12 axis.
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