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A B S T R A C T   

Background: A combination therapy with immune checkpoint inhibitors (ICIs) and platinum-based chemo
therapy has become the first-line treatment for recurrent or metastatic head and neck squamous carcinoma 
(HNSCC). Although steroids are often used as anti-emetic medications during chemotherapy, their adverse effects 
on immune-combined chemotherapy are unclear in HNSCC. 

Methods: The effects of dexamethasone on tumor growth and immune cell population were evaluated in a 
mouse HNSCC model treated with PD-1 blockade combined with cisplatin. The effect of various doses of 
dexamethasone on cell proliferation, survival, surface markers, IFN-γ production, and antitumor effects in 
antigen-specific T cells was examined in vitro. The recovery of T cell dysfunction by IL-2 was assessed in vitro 
and in vivo. 

Results: In a mouse HNSCC model, dexamethasone showed limited antitumor effects on immunochemother
apy. Dexamethasone decreased the number of T cells and inhibited T cell differentiation into effector and central 
memory T cells. In the in vitro assessment, dexamethasone induced cell death, limited proliferation, and reduced 
the reactivity against HNSCC cell lines of antigen-specific T cells in a dose-dependent manner. The expression of 
inhibitory receptors on T cells was not affected by steroids. This inhibition was recovered by IL-2 and IL-2/anti- 
IL-2 complexes (IL-2 Cx) in vitro and in vivo, respectively. 

Conclusion: Our preclinical data indicate that dexamethasone diminishes the antitumor effects of immu
nochemotherapy in patients with HNSCC. IL-2 Cx recovered the inhibition of antitumor immunity by steroids and 
might be a potent immune adjuvant for patients who require steroids during PD-1 blockade and chemotherapy.   

Background 

Head and neck squamous cell carcinoma (HNSCC), which includes 
cancer of theoral cavity, nasal/sinonasal cavity, pharynx, and larynx, is 
the sixth most common cancer type worldwide, with little improvement 
in prognosis over the last few decades [1]. The first-line therapies for 
patients with advanced HNSCC are surgery and platinum-based che
moradiotherapy, both of which cause severe toxicity [2]. Despite initial 
treatment, several patients with HNSCC succumb to the disease due to 
recurrence or metastasis [3]. Cancer immunotherapy, including immune 
checkpoint inhibitors (ICIs), is a promising strategy to treat otherwise 
untreatable cancers, including HNSCC [4,5]. By blocking the interaction 

of negative immune checkpoint molecules with their ligands, the im
mune checkpoint blockade potentiates antitumor immune cells, fol
lowed by substantial antitumor responses. However, only 20% of the 
patients could receive the clinical benefits from ICI monotherapy [6,7]. 
Several clinical studies have shown that combination therapy with ICIs 
and cytotoxic chemotherapy (immunochemotherapy) is promising for 
the treatment of advanced cancer [8,9]. The spread of tumor epitopes 
through cytotoxic chemotherapy can augment antitumor T-cell stimu
lation by ICIs. Recently, pembrolizumab plus platinum and 5-fluoro
uracil chemotherapy have shown high clinical efficiency with 
acceptable safety compared to standard treatments (e.g., cetuximab plus 
platinum-based chemotherapy) in HNSCC [10]. Accordingly, the 

* Corresponding author at: Department of Innovative Head and Neck Cancer Research and Treatment, Asahikawa Medical University, Midorigaoka-Higashi 2-1-1- 
1, Asahikawa 078-8510, Japan.  

1 These authors contributed equally to this work. 

Contents lists available at ScienceDirect 

Translational Oncology 

journal homepage: www.elsevier.com/locate/tranon 

https://doi.org/10.1016/j.tranon.2022.101358 
Received 24 January 2022; Accepted 25 January 2022   

www.sciencedirect.com/science/journal/19365233
https://www.elsevier.com/locate/tranon
https://doi.org/10.1016/j.tranon.2022.101358
https://doi.org/10.1016/j.tranon.2022.101358
https://doi.org/10.1016/j.tranon.2022.101358
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tranon.2022.101358&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Translational Oncology 18 (2022) 101358

2

combination of ICI and platinum-based chemotherapy has become the 
first-line treatment for recurrent or metastatic HNSCC. 

ICIs can induce autoimmune diseases, such as immune-related 
adverse events (irAEs) by disrupting the immune homeostasis [11]. 
Steroids are typically administered to treat irAEs, which damage the 
lungs, liver, colon, pancreas, and skin [12,13]. However, immunosup
pressive drugs, including steroids, could be disadvantageous for cancer 
immunotherapy. Several clinical studies have shown that steroid use 
impeded the antitumor effect of ICI treatment [14–16]. In some clinical 
trials, the patients treated with corticosteroids were excluded from the 
ICI treatment [17]. Since patients undergoing platinum-based chemo
therapy, such as cisplatin (CDDP), a key drug for the treatment of 
HNSCC, often receive dexamethasone to prevent severe nausea, no 
consensus has been reached as to how steroids influence the antitumor 
activity of ICIs combined with CDDP. Therefore, preclinical examination 
is necessary to determine whether immunosuppression by corticoste
roids affects the efficacy of immunochemotherapy. In addition, few 
studies have elucidated the recovery of steroid-induced immunosup
pression. Herein, we aimed to analyze whether steroids reduce the 
antitumor effect of T cell-based immunotherapy on HNSCC in vivo and 
in vitro. Additionally, we showed that IL-2 restored the steroid-derived 
dysfunction of antigen-specific T cells in vitro, and IL-2/anti-IL-2 com
plexes (IL-2 Cx) recovered immune inhibition of steroids in an HNSCC 
mouse model treated with immunochemotherapy. 

Materials and methods 

Cell line and mice 

HSC4 (tongue SCC) was supplied by the RIKEN BioResource Center 
(Tsukuba, Ibaraki, Japan). HPC-92Y (hypopharyngeal SCC) was kindly 
provided by Dr. Syunsuke Yanoma (Yokohama Tsurugamine Hospital, 
Yokohama, Japan). MOC1 (tongue SCC derived from C57BL/6 mice) 
was supplied by Kerafast Inc. (Boston, MA, USA). All cell lines were 
maintained by tissue culture with RPMI1640 (Nacalai tesque, Japan), 
10% FBS (Sigma-Aldrich, Burlington, MA, USA), and Penicillin- 
Streptomycin (Gibco, Waltham, MA, USA). All cell lines were used 
within 10 passage after obtaining from the distributors. C57BL/6 mice 
(female, 8 to 10 weeks old) were purchased from Charles River Labo
ratories Japan, Inc. (Yokohama, Japan). All the mice were maintained in 
a specific pathogen-free facility at the Asahikawa Medical University. 
The experimental protocol was approved by the Institutional Animal 
Care and Use Committee of Asahikawa Medical University (#20001). 

In vitro proliferation and survival assay of antigen-specific CD4+ T cells 

The induction of EGFR875–889 -specific CD4+ helper T lymphocytes 
(HTLs) has been previously described in detail [18]. Briefly, purified 
HTLs were stimulated weekly with EGFR875–889 peptide, and 
peptide-specific T cells were selected by limiting dilution. The 

Fig. 1. Effect of dexamethasone on anti-tumor activity of CDDP combined with anti-PD-1 Ab in HNSCC mouse model;(A) Experimental schema. C57BL/6 mice were 
intradermally injected with MOC1(1 × 106). On days 18, 25, and 32 after tumor inoculation, the mice were intraperitoneally administered CDDP (6 mg/kg). Anti-PD- 
1 Ab (200 μg/mice) was administered three times every other day, and dexamethasone (1 mg/kg) was administered for 3 sequential days from the day of CDDP 
administration.(B) Tumor growth curves. Control PBS (red), dexamethasone monotherapy (blue), combination therapy with CDDP and anti-PD-1 Ab (yellow), and 
tri-combination therapy with CDDP, anti-PD-1 Ab, and dexamethasone (Green) (n = 4 or 5 /group). Bars and error bars indicate the mean and SD, respectively 
(**p<0.01, one-way ANOVA). 
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proliferation of T cells and HNSCC cell lines in response to dexameth
asone was investigated using the MTS assay (CellTiter 96® AQueous 
One Solution Cell Proliferation Assay, Promega, Madison, WI). The 
tumor cells (HSC4 or HPC-92Y) and EGFR875–889 -specific HTLs (T8) 
[18] were seeded in a 96-well culture plate and treated with dexa
methasone (0–300 µg/mL) for 24 h. After incubation with MTS solution 
for 1 h, the absorption was measured at 490 nm using a GloMax Discover 
Microplate Reader (Promega, Madison, WI). 

The T cell survival was assessed by flow cytometry (CytoFLEX flow 
cytometer, Beckman Coulter) using 7-AAD viability staining solution 
(BioLegend, San Diego, CA). EGFR875–889 -specific HTLs (T8) were co- 
cultured with dexamethasone (0–300 µg/mL) for 24 h, followed by 7- 
AAD staining. 

Characterization of antigen-specific CD4+ T cells 

EGFR875–889 -specific HTLs (T8) were treated with dexamethasone 
(0, 0.3, and 3 µg/mL) for 24 h, and stained with APC-conjugated anti- 
PD-1 (EH12.2H7) monoclonal antibody (mAb), PerCP-conjugated anti- 
LAG-3 (11C3C65) mAb, APC-conjugated anti-TIM3 (F38–2E2) mAb, 
APC/Cy7-conjugated anti-CD62L (DREG-56), PE-conjugated anti-CD44 

(BJ18) mAb, and isotype monoclonal mAb. All the antibodies used for 
flow cytometric analysis were obtained from BioLegend. All the samples 
were analyzed using a CytoFLEX flow cytometer and CytExpert (Beck
man Coulter). 

In vitro antigen recognition and anti-tumor effect of CD4+ T cells 

EGFR875–889 -specific HTLs (T8, 1 × 105) were co-cultured in 96-well 
culture plate with EGFR875–889 peptide-loaded antigen-presenting cells 
(APCs: γ-irradiated autologous PBMCs, 1 × 105) or HLA-DR-matched 
tumor cell lines (3 × 104) in the presence of dexamethasone (0–30 µg/ 
mL) for 24 h. The tumor cell lines used in this study expressed EGFR, as 
described previously [18]. The supernatants were collected and evalu
ated for IFN-γ by ELISA (BD Pharmingen, San Diego, CA, USA) according 
to the manufacturer’s instructions. To examine the timing of steroid 
treatment, T8 cells were pretreated with dexamethasone (Pre-Dex) for 
48 h before the co-culture, as indicated in the figure. In the killing assay, 
the tumor cell lines were labeled using the CellTraceTM CFSE Cell Pro
liferation Kit (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) 6 h before co-culturing with several effector/target cell (E: T) ra
tios of T cells. The dead cells were assessed by flow cytometry (CytoFLEX 

Fig. 2. Immune cell population analysis of spleens, tumor-draining lymph nodes, and tumor infiltrating lymphocytes.Immune cells from the spleen, tumor-draining 
lymph nodes (dLNs), and tumor-infiltrating lymphocytes (TILs) were harvested on day 45 after MOC1 inoculation. Each group was treated as shown in Fig. 1.(A) The 
percentage of CD4+T cells, CD8+ T cells, and Gr-1+ cells in spleens, dLNs, and TILs.(B) The percentage of CD44+ CD62L+or CD44+ CD62L− in CD4+ T cells in spleens, 
dLNs, and TILs.(C) The percentage of CD44+ CD62L+or CD44+ CD62L− in CD8+ T cells in spleens, dLNs, and TILs.(D) The percentage of PD-1+in CD4+ or CD8+T cells 
in spleens, dLNs, and TILs. Bars and error bars indicate the mean and SD, respectively (*p<0.05, **p<0.01, Student’s t-test). 
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flow cytometer, Beckman Coulter) using 7-AAD viability staining solu
tion (BioLegend). 

In some experiments, the T8 cells were cultured without dexa
methasone for 5–10 days or co-cultured with IL-2 (100 U/ml) after 
treatment with dexamethasone (0.3 or 3 µg/mL); additionally, the 
peptide reactivity was evaluated using IFN-γ ELISA. 

In vivo steroid treatment and tumor assessment 

C57BL/6 mice were intradermally injected with MOC1 (1 × 106). 
The mice were intraperitoneally administered CDDP (6 mg/kg) on days 
18, 25, and 32 after tumor inoculation. In the indicated group, anti-PD-1 
Ab (200 μg/mouse) and dexamethasone (1 mg/kg) were intraperitone
ally administered three times per week and three sequential days with 
CDDP administration, respectively. To assess the effect of IL-2 on ste
roids, IL-2 Cx was intraperitoneally administered three times every two 
days for one cycle from day 18. IL-2 Cx was prepared by mixing IL-2 
(BioLegend) and IL-2 mAb (JES6–5H4, BioXcell), which has a high af
finity for IL-2 receptor β chain (CD122), and incubating the complexes 
overnight at 4 ◦C. Tumor growth was monitored every 2–3 days. The 
results are presented as the mean tumor size (mm2) with SD. 

The surface markers of immune cells in the spleen, tumor-draining 
lymph nodes (dLNs), and tumor-infiltrating lymphocytes (TILs) were 
assessed on day 45. The TILs were disaggregated from tumor tissues 
using collagenase (1 mg/ml) and gentlMACS (Miltenyi Biotec, Berguch, 
Germany) according to the manufacturer’s instructions. The immune 
cells were stained with APC-conjugated anti-I-A-I-E (M5/114.15.2) 
mAb, PerCP-conjugated anti-CD4 (GK1.5) mAb, APC/Cy7-conjugated 
anti-CD8a (53–6.7) mAb, FITC-conjugated anti-CD62L (MEL-14) mAb, 

PC-7-conjugated anti-CD44 (IM7) mAb, PE-conjugated anti-PD-1 
(29F.1A12) mAb, PC5.5-conjugated anti-NK-1.1 (PK136) mAb, APC/ 
A750-conjugated anti-GR-1 (RB6–8C5) mAb, and the isotype mono
clonal mAb. All the antibodies used for flow cytometric analysis were 
obtained from BioLegend. All samples were analyzed using a CytoFLEX 
flow cytometer and software (Beckman Coulter). 

Statistical analysis 

The statistical differences between groups were determined using the 
Student’s t-test and one-way ANOVA with Tukey’s method (GraphPad 
Prism 8). The statistical significance was set at p < 0.05. 

Results 

Steroid inhibits the effect of PD-1 blockade with chemotherapy in vivo 

Since steroids are frequently used in clinics to relieve nausea with 
high-risk emetic chemotherapy including CDDP-combined PD-1 
blockade, we evaluated whether immunosuppression by dexamethasone 
inhibits the anti-tumor effects of immunochemotherapy in a mouse 
model. The combination therapy consisted of CDDP and anti PD-1 with 
or without dexamethasone (Fig. 1A). As shown in Fig. 1B, dexametha
sone significantly reduced the antitumor effects of the combination 
therapy. Dexamethasone alone had no effect on the tumor growth. 

To elucidate the effect of dexamethasone on the immune cells in 
vivo, the immune cell profiles of spleens, dLNs, and TILs after 3 cycles of 
treatment (Day 45) were investigated using flow cytometric analysis 
(Supplementary Fig. 1). As shown in Fig. 2A, dexamethasone 

Fig. 2. (continued). 
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significantly reduced the percentage of CD4+ T cells and CD8+ T cells in 
spleens, dLNs, and TILs, irrespective of immunochemotherapy. In 
addition, NK cells also decreased following steroid treatment (Supple
mentary Fig. 2). In contrast, the percentage of Gr-1+ myeloid cells 
increased with steroid treatment in the spleen. Notably, the percentage 
of both CD44+ CD62L− (effector memory) and CD44+ CD62L+ (central 
memory) subsets in CD4+ and CD8+ T cells was reduced by dexameth
asone in all the samples (Fig. 2B and C). The reduction of both effector 
and memory cells in PBMCs was found one week after treatment (Sup
plemental Fig. 3), indicating that steroids inhibit immune cells within 
the early period of treatment. The percentage of PD-1+ T cells was not 
affected by the steroids (Fig. 2D). These results suggest that steroids 
might inhibit antitumor immunity by reducing central memory and 
effector memory subsets, in addition to total CD4+ T cells and CD8+ T 
cells. 

Dexamethasone regulates survival and proliferation of antigen-specific T 
cells in vitro 

Several studies have shown that steroids lead to the apoptosis of T 
cells [19]. Because T cell epitopes have not been identified in the mouse 
HNSCC model, we used EGFR-specific CD4+ helper T lymphocyte 
(HTLs) clones from human PBMCs [18] to further elucidate the effects of 

steroid in tumor antigen-specific T cells. Being widely expressed in 
HNSCC, EGFR is selected as a model tumor antigen. HNSCC cell lines 
(HPC-92Y and HSC4) expressed EGFR, which remained stable with 
dexamethasone (Supplementary Fig. 4). After co-culturing with 
EGFR875–889-reactive HTLs (T8), dexamethasone reduced the prolifera
tion of EGFR875–889-reactive HTLs in a dose-dependent manner 
(Fig. 3A). The proliferation of tumor cell lines (HPC-92Y and HSC4) was 
not affected by dexamethasone. Similar to the proliferation, the survival 
of T cells was directly impeded by dexamethasone in a dose-dependent 
manner, whereas the tumor cells were not affected (Fig. 3B). PD-1, 
LAG-3, and TIM-3 are negative immune checkpoints expressed on 
exhausted T cells. In addition to the in vivo model (Fig. 2D), the 
expression of these surface markers on EGFR875–889-reactive HTLs 
remained stable with high- (3 μg/ml) or low-dose (0.3 μg/ml) dexa
methasone (Fig. 3C). Similar to the in vivo experiment (Fig. 2C), both 
the CD44+ CD62L− (effector memory) and CD44+ CD62L+ (central 
memory) cells in EGFR875–889-reactive HTLs were also decreased by 
dexamethasone (Fig. 3D). Altogether, steroid-induced apoptosis, the 
limited proliferation of antigen-specific CD4+ T cells, and reduced 
memory T cell proportion without upregulating inhibitory checkpoints. 

Fig. 3. Effects of dexamethasone on cell proliferation, survival, and surface markers of T cells and tumor cells;(A) The proliferation of EGFR875–889-reactive HTLs (T8) 
and tumor cell line (HPC-92Y and HSC4) co-cultured with various concentration of dexamethasone was evaluated by MTS assay.(B) The survival of T8 and tumor cell 
line (HPC-92Y and HSC4) co-cultured with various concentration of dexamethasone were evaluated by flow cytometry using 7-AAD viability staining solution.(C) 
Expression levels of PD-1, LAG-3, and TIM3 on T8 with high-dose (3 μg/ml) or low-dose (0.3 μg/ml) dexamethasone were evaluated by flow cytometry. The panels 
show averages values of mean fluorescence intensity (MFI). (ns: not significant, Student’s t-test). The error bars indicate standard deviations of triplicates.(D) The 
percentage of CD44+ CD62L+or CD44+ CD62L− in T8 with high-dose (3 μg/ml) or low-dose (0.3 μg/ml) dexamethasone was assessed by flow cytometry.Bars and 
error bars indicate the mean and SD, respectively (*p<0.05, **p<0.01, Student’s t-test). 
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Fig. 4. Direct recognition and anti-tumor effect by EGFR875–889-reactive HTLs with dexamethasone;(A) T8 were evaluated for IFN-γ production with EGFR875–889 
peptide (3 µg/ml) and various concentration of dexamethasone in the context of autologous PBMCs as APCs.(B) Direct tumor recognition by T8 with various 
concentration of dexamethasone was evaluated by co-culturing T cells and tumor cell lines (HPC-92Y and HSC4). IFN-γ production was used as an output.(C, D) T8 
were co-cultured with various concentration of dexamethasone for 48 h and washed with PBS. Subsequently, IFN-γ production of steroid-pretreated T8 in the context 
of (C) peptide-pulsed γ-irradiated autologous PBMCs or (D) tumor cell lines (HPC-92Y and HSC4) was evaluated.(E) T8 were concurrently (Dex) or pre-treated for 48 
h (Pre-Dex) with dexamethasone (3 μg/mL), and evaluated for IFN-γ production with tumor cell lines.(F) Tumoricidal ability of T8 with concurrently (Dex) or pre- 
treated for 48 h (Pre-Dex) with dexamethasone (3 μg/mL). T8 was co-cultured with CSFE-labeled tumor cell lines (HPC-92Y and HSC4) for 6 h with several E: T 
(Effector: Target cells) ratio, and evaluated the percentages of dead tumor cells (CFSE+ 7-AAD+ cells) with flow cytometry. Symbols and error bars indicate the mean 
and SD, respectively. Experiments were performed in triplicate. (*p<0.05, **p<0.01, ***<0.001, Student’s t-test). 

Fig. 5. IL-2 recovers the function of EGFR-reactive HTLs impaired by dexamethasone;EGFR875–889 -specific HTLs (T8) were co-cultured with dexamethasone (3 μg/ 
mL) for 48 h and washed with PBS. (A) Pre-treated T8 cells were rested for 5 or 10 days, and IFN-γ production in tumor cells was evaluated by ELISA. (B) Pre-treated 
T8 cells were co-cultured with various concentrations of IL-2 for 48 h after washing, and IFN-γ production in tumor cells was evaluated by ELISA. Bars and error bars 
indicate the mean and SD, respectively. The experiments were performed in triplicate (*p<0.05, Student’s t-test). (C) Pre-treated T8 cells were co-cultured with IL-2 
(10 U/ml or 100 U/ml) for 48 h after washing, and the percentage of CD44+ CD62L+or CD44+ CD62L− in T8 cells was evaluated by flow cytometry. 
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Dexamethasone inhibits anti-tumor effect of antigen-specific T cells in vitro 

To evaluate the functional regulation of HTLs by steroids, 
EGFR875–889-reactive HTLs (T8) were co-cultured with peptide-pulsed 
autologous PBMCs or EGFR-expressing HLA-DR-matched HNSCC cell 
lines in the presence of dexamethasone. As shown in Fig. 4A, IFN-γ 
production in T8 cells co-cultured with EGFR875–889 peptide-pulsed 
γ-irradiated autologous PBMCs was attenuated by dexamethasone in a 
dose-dependent manner. The IFN-γ production in T8 cells co-cultured 
with tumor cell lines was also reduced by dexamethasone (Fig. 4B). To 
examine whether the reduction of IFN-γ production from T cells requires 
concurrent culture with steroids and APCs, T8 cells were pre-treated 
with dexamethasone (0–30 µg/mL) for 48 h and washed with PBS. As 
shown in Fig. 4C and D, pretreatment with dexamethasone reduced the 
production of IFN-γ from T8 against γ-irradiated autologous PBMCs or 
tumor cell lines. The IFN-γ production was equally suppressed in T8 cells 
treated with concurrent or pre-dexamethasone (Fig. 4E). Similarly, the 
tumor-killing activity of T8 also decreased with or pre-treatment with 
dexamethasone (Fig. 4F). These results suggest that steroids can directly 
diminish the antigen reactivity and cytotoxicity of tumor-reactive HTLs, 
irrespective of the presence of APCs. 

IL-2 recovers antigen reactivity of steroid-induced anergic T cells 

Subsequently, we investigated whether the reduced antigen reac
tivity of HTLs by dexamethasone was recovered by resting or adding 
cytokines. As shown in Fig. 5A, IFN-γ production from HTLs was not 
recovered by resting for 5 to 10 days after co-culturing with dexa
methasone. In contrast, steroid-induced anergic HTLs recovered IFN-γ 

production in tumor cells with IL-2 supplementation (Fig. 5B). The 
proportion of memory T cells reduced by steroids was also recovered by 
100 U/ml IL-2 (Fig. 5C). These results indicate that the steroid-induced 
suppression of antitumor T cells can be recovered by IL-2. 

IL-2 complex recovers antitumor effect of immunochemotherapy impaired 
by steroid in HNSCC mouse model 

To assess whether IL-2 restores the immunosuppression of antitumor 
T cells by steroids in vivo, IL-2 Cx was added to the immunochemo
therapy/steroid mouse model (Fig. 6A). As shown in Fig. 6B, IL-2 Cx 
significantly diminished the negative effects of dexamethasone in the 
immunochemotherapy model. The percentage of CD4+ and CD8+ T cells 
decreased by dexamethasone in the spleen, dLNs, and TILs was restored 
by IL-2 Cx. The percentage of Gr-1+ myeloid cells was not affected by the 
IL-2 Cx treatment. Moreover, the percentages of both CD44+ CD62L−

(effector memory) and CD44+ CD62L+ (central memory) subsets in 
CD4+ and CD8+ T cells were also recovered to the extent of the non- 
steroid group by IL-2 Cx (Fig. 7B and C). The recovery of T cells from 
steroids was observed during the early period of treatment (Supple
mentary Fig. 5). In addition, the number of NK cells, which was down
regulated by steroids, was also recovered with IL-2 Cx (Supplementary 
Fig. 6). Collectively, these data demonstrate that IL-2 Cx recovered the 
antitumor effect of immunochemotherapy suppressed by dexametha
sone by restoring the number of total CD4+ T cells, CD8+ T cells, 
memory T cells, and NK cells. IL-2 is a potent immune adjuvant that 
activates antitumor T cells during immunochemotherapy with steroids. 

Fig. 6. IL-2 complex recovers antitumor effect of immunochemotherapy impaired by steroids in HNSCC mouse model.(A) Experimental schema. C57BL/6 mice 
intradermally injected with MOC1 (1 × 106) were administered intraperitoneally with IL-2 Cx 3 times every other day for 1 cycle in addition to CDDP, anti-PD-1 Ab, 
and dexamethasone as indicated in Fig. 1.(B) Tumor growth curves. Control PBS (Red), combination therapy with CDDP and anti-PD-1 Ab (Blue), tri-combination 
therapy with CDDP, anti-PD-1 Ab and dexamethasone (Yellow), and quad-combination therapy with CDDP, anti-PD-1 Ab, dexamethasone, and IL-2 complex (Green) 
(n = 4 or 5 /group). Bars and error bars indicate the mean and SD, respectively (**p<0.01, one-way ANOVA). 
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Discussion 

To the best of our knowledge, there have been no reports regarding 
the effects of steroids on ICIs combined with chemotherapy in clinical or 
preclinical models of HNSCC. In this study, we showed that dexameth
asone caused immunosuppression and tumor growth inhibition in an 
HNSCC mouse model treated with PD-1 blockade and CDDP. In other 
types of cancer, several reports indicate that steroids have adverse ef
fects on patients undergoing ICIs. Corticosteroids have been associated 
with poor prognosis in non-small-cell lung cancer patients treated with 
anti-PD-(L)1 antibody (Ab) [14,20]. In patients with glioblastoma 
receiving anti-PD-(L)1 Ab therapy, the baseline use of dexamethasone 
attenuated the overall survival [21]. Tallon de Lara et al. showed that 
the addition of dexamethasone to ICIs with gemcitabine resulted in a 
synergistic clinical response [22].The induction of IFN-γ responses to 
personalized neoantigen-targeting vaccines was also inhibited by 

dexamethasone [23]. Conversely, some studies have suggested that 
steroids have no significant impact on the efficacy of ICIs. In hepato
cellular carcinoma, corticosteroid therapy did not influence the response 
rate or overall survival following ICIs [24]. Jeffrey et al. showed that 
corticosteroid use did not affect the overall response rate in advanced 
melanoma with nivolumab monotherapy [25]. However, these patients 
received corticosteroids due to irAEs, which is associated with improved 
survival in the patients treated with ICIs [26]. Thus, steroids are likely to 
have adverse effects on cancer immunotherapy; however, the direct 
association between steroids and treatment responses to ICIs remains to 
be elucidated in the clinic. 

In general, steroids attenuate T cell activation, differentiation, 
migration, and cytokine production with increasing regulatory T cells 
[19,27]. Our results show that steroids suppress effector memory T cells 
and central memory CD4+ T cells and CD8+ T cells both of which play 
essential roles in ICIs [28] [29]. The impediment of CD28-mediated cell 

Fig. 7. IL-2 complex recovers immune cells reduced by steroid in HNSCC mouse model.Immune cells from the spleen, tumor-draining lymph nodes (dLNs), and 
tumor-infiltrating lymphocytes (TILs) were harvested on day 45 after MOC1 inoculation. Each group was treated as shown in Fig. 6.(A) The percentage of CD4+T 
cells, CD8+ T cells, and Gr-1+ cells in spleens, dLNs, and TILs. (B) The percentage of CD44+ CD62L+or CD44+ CD62L− in CD4+ T cells in spleens, dLNs, and TILs.(C) 
The percentage of CD44+ CD62L+or CD44+ CD62L− in CD8+ T cells in spleens, dLNs, and TILs. 
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cycle entry and CTLA-4 induction by steroids might inhibit the differ
entiation of naïve T cells into these two essential subsets [30]. Since 
steroid inhibits the migration of T cells, the number of periphery T cells 
was inhibited in addition to lymph tissues and tumor-infiltrating cells. 
Thus, lymphocyte migration might be indispensable for the inhibition of 
antitumor T cell responses by dexamethasone in the anti-PD1 therapy 
model. Moreover, we showed that dexamethasone decreased the NK 
cells, which can kill tumor cells through antibody-dependent cytotoxic 
activity [31]. Steroids not only suppress T cells and NK cells, but also 
stimulate M2 macrophage skewing [32], and inhibit dendric cells pro
liferation and maturation [33]. 

In this study, the function of T cells remained anergic after dexa
methasone removal. Giles et al. have shown that dexamethasone upre
gulates CTLA-4 molecules on the T cells and blocks CD28-mediated cell 
cycle entry and differentiation [30] suggesting that the absence of 
CD28/CD80 or CD28/CD86 costimulatory signaling induces an anergic 
state in T cells. Moreover, the T cell receptor complex is disrupted after 
binding the glucocorticoid to the corresponding receptor [34]. Since 
Tokunaga et al. have shown that early corticosteroids in malignant 
melanoma patients treated with CTLA-4 inhibitors shortened the overall 
survival [35], the CTLA-4 blockade alone is not sufficient to overcome 
steroid-mediated immunosuppression. As Wayne et al. have reported 
[36], the T cell exhaustion markers (PD-1, LAG3, and TIM3) did not 
change with steroid treatment in this study, indicating that PD-1 
blockade cannot overcome steroid-induced immunosuppression. In 
addition to the lack of costimulatory signaling, the corticosteroids cause 
T cell dysfunction by suppressing IL-2 production [19]. Because IL-2 is 
an essential cytokine that activates the antitumor activity of cytotoxic T 
cells and NK cells [37], we used IL-2 as an adjuvant to overcome 
steroid-induced immunosuppression. The supplementation with IL-2 
was efficient in recovering the inhibited antitumor T cells by steroids 
in vitro and in vivo. Regardless of steroids, IL-2 is considered as a 
promising immunoadjuvant in various types of immunotherapy, 
including peptide vaccines [38,39]. Although the safety of IL-2 

administration in humans has been confirmed in clinical practice for 
treating patients with melanoma and renal cell carcinoma, IL-2 is 
rapidly degraded in vivo. To increase the half-life of IL-2, IL-2 can be 
combined with an anti-IL-2 antibody to produce IL-2 Cx that augments 
tumor-reactive T cell responses [38,39] and efficiency of ICIs [40,41]. 
Since we have shown that steroids inhibit the stimulation of T cells 
through the MHC-peptide-T cell receptor complex, further studies are 
required to elucidate whether the pre-activated T cells are suppressed by 
steroids, and the appropriate dose or timing to spare the negative effects 
of corticosteroids on ICIs in a larger cohort of patients. The maximum 
recommended dose of dexamethasone is 20 mg for antiemetic as well as 
in the treatment for immune-related adverse effects or auto-immune 
diseases. The maximum observed concentration of 20 mg dexametha
sone is 0.26 ng/ml [42], which is almost similar to the dose sufficient to 
inhibit antitumor T cell responses in this study (0.3 ng/ml, Fig. 4). Thus, 
we believe that the dexamethasone dose in our in vitro experiments is 
relevant to the clinical setting. The dose used in our mouse models (1 
mg/kg) was relatively higher than the dose used for antiemetic in 
human. However, it would be difficult to directly compare the intrave
nously administered dose in human with the intraperitoneally admin
istered dose in mice since the bioavailability of drug is different between 
intravenous and intraperitoneal route due to the first pass metabolism 
[43]. Further studies to examine the different doses of steroid with PD-1 
blockade are required. As dexamethasone is more potent and 
long-acting than other corticosteroids, immunosuppression among the 
types of steroids should also be examined. A limitation of the mouse 
model in study is that the T cell epitope from mouse HNSCC has not been 
identified. To study the influence of steroid in antigen-specific T cell 
responses, we used human EGFR-reactive HTLs. Fortunately, steroid 
decreased T cells in both mouse and human models. The establishment 
of a tumor antigen-specific T cell model in mouse HNSCC is required to 
further examine the antitumor T cell responses in the future. 

Fig. 7. (continued). 
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Conclusions 

Dexamethasone decreased the antitumor effect of combination 
therapy with anti-PD-1 Ab and CDDP in an HNSCC mouse model by 
reducing the T cell proliferation and suppressing memory T cells. In vitro 
assessment using antigen-specific T cells showed that dexamethasone 
induced apoptosis, decreased proliferation, and reduced tumor cyto
toxicity. Notably, IL-2 or IL-2 Cx restored steroid-induced immunosup
pression of T cells by restoring the proliferation and function of T cells in 
vitro and in vivo. These results suggest that the use of steroids should be 
avoided unless necessary during immunochemotherapy in HNSCC pa
tients, and IL-2 Cx might be a promising adjuvant to recover immuno
suppression with steroids. 
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