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Objectives: The immune status of the tumor microenvironment has a marked impact on clinical outcomes. Here
we examined the immune environments of tumor-infiltrating leukocytes (TILes) in two murine models of
squamous cell carcinoma and compared the effects of immunotherapeutic agents, including a TLR7 agonist and
an immune checkpoint inhibitor, and a chemotherapeutic agent, gemcitabine, in these models.

Materials and methods: TILes from NR-S1- and SCCVII-grafted mice were analyzed by flow cytometry. NR-S1-
inoculated mice received resiquimod (a synthetic TLR7 agonist), an anti-PD-L1 antibody, or both, and tumor
growth and TILs were examined. Gemcitabine was administered to deplete CD11b™ cells.

Results: More than 50% of TILes from NR-S1- and SCCVII-inoculated mice were CD11b*Gr-1* cells. A major
fraction of NR-S1 CD11b™ cells was Ly6G"#"Ly6C'®*"°8?F4,/80~ tumor-associated neutrophils (TANs) and the
majority of SCCVII CD11b™* cells were Ly6G'®“Ly6C~F4/80" tumor-associated macrophages. NR-S1 TANs did
not express MHC class IT and CD86, but did express reactive oxygen species and PD-L1. Resiquimod, alone and in
combination with an anti-PD-L1 antibody, did not regress NR-S1 tumors, but the combination increased the
CD8/regulatory T cell-ratio, and IFN-y and PD-1 expression in CD8* TILes. Pre-administration of low-dose
gemcitabine prior to the combination treatment suppressed the progression of NR-S1 tumors.

Conclusions: NR-S1 tumors with abundant recruitment of TANs were resistant to treatments with a TLR7 agonist,
alone and in combination with PD-1 blockade, and required an additional gemcitabine treatment. The phenotype
and status of tumor-infiltrating CD11b* myeloid cells may influence the efficacy of immunotherapeutic agents.

Introduction of a response to therapy.

The immune status of the tumor microenvironment (TME) exerts a

Head and neck squamous cell carcinoma (HNSCC) is the sixth most
common cancer globally and has a high mortality rate; moreover, a
substantial proportion of patients suffer recurrent and metastatic dis-
ease [1,2]. Monotherapy with an immune-checkpoint inhibitor (ICI),
such as nivolumab or pembrolizumab (anti-PD-1 antibody), provides
considerable benefit but the overall response rate in patients with re-
current and metastatic HNSCC is less than 20% [3,4]. To improve the
efficacy of ICI treatment, it is important to identify markers predictive
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marked impact on clinical outcomes [5]. The reproducibility and
prognostic power of CD3* and CD8" tumor-infiltrating lymphocyte
(TIL) densities were validated in colon cancer [6]. TILs comprise var-
ious immunostimulatory and immunoregulatory cell types. The im-
mune environment varies among tissues and by degree of tumor dif-
ferentiation, as well as among individual patients. A recent tissue
microarray analysis of HNSCC showed that infiltration of all types of T
cells, including CD8*, CD4™", and regulatory T cells (Treg) is an
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Fig. 1. NR-S1 and SCCVII tumors exhibit different CD11b* cell profile in the tumor microenvironment (TME). NR-S1 and SCCVII cells were inoculated, and the
tumor masses and spleens were resected when the tumor volume reached around 1500 mm?®. (A) Tumor-infiltrating leukocyte (TILe)-fractions were stained with
fluorochrome-conjugated anti-CD45, anti-CD3, anti-CD11b, and either anti-Gr-1, anti-Ly6C, anti-Ly6G, and anti-F4/80, or anti-CD4, anti-CD8, and Foxp3 mAbs and
analyzed by flow cytometry. Electronic gates were placed on CD45 " FSC'°"igh Jarge-lymphocytes (CD45 ™ gate), FSC'®“CD3*CD11b ™~ lymphocytes (CD3 " T-gate),
FScov-hishcp3—cD11b* myeloid cells (CD11b™* gate), Ly6GhighLy6C1°""'nega cells (Fr-1 gate), and Ly6Gl°""Ly6Cl°""'nega cells (Fr-2 gate) and then the proportions and
expression profiles (as contour plots) of the indicated populations are shown. For T-cell analysis, the proportions of CD8*CD4~ (CD8 ") T cells, CD8 “CD4*Foxp3~ T
cells (conventional T cells, CD4 ™ Tcon), and CD8 ~CD4 *Foxp3™* (regulatory T cells, Tregs) are shown. (B) Total splenocytes were counted and cells were stained
with fluorochrome-conjugated anti-CD3, anti-CD11b, anti-Ly6C, and anti-Ly6G mAbs and analyzed by flow cytometry. An electronic gate was placed on
CD37CD11b™ cells (CD11b* gate), and the expression profiles of Ly6C and Ly6G were assessed; these are shown as contour plots. All quadrant markers were
positioned to include > 95-98% of control fluorochrome-stained cells. Values are means = SD (n = 5). *p < 0.05.

independent prognostic factor [7], and suggested that so-called ‘in- as an adjunct to PD-1/PD-L1 blockade therapy. The proportion of
flamed tumors’ have a better prognosis. HNSCC frequently has an im- CD11b*Gr-1"* cells in TILs from both NR-S1 and SCCVII tumor-bearing
munocompromised and TGF-f3 signaling-rich TME [8,9]. Therefore, in mice increased with tumor progression, but the phenotypic profiles of
addition to T-cell-centered immune evaluation, factors unique to these cells were different [12-15].
HNSCC also deserve attention. Gemcitabine (Gem) is a deoxycytidine analog antimetabolite with
We previously examined the effect of treatment with an anti-PD-L1 anti-tumor activity. Gem has been shown to selectively eliminate
monoclonal antibody (mAb; PD-L1 blockade) in NR-S1 and SCCVII CD11b*Gr-1* cells in several murine tumor models and reduce mye-
murine models of SCC, both of which originated from the C3H strain. loid cells in patients with pancreatic cancer [14,16-18].
NR-S1 is more sensitive to PD-L1 blockade, but the single treatment In this study, we performed a comparative analysis of tumor-in-
cannot eradicate either of the tumors [10,11]. We recently reported filtrating CD11b* Gr-1* cells in two models of SCC and examined the
that systemic administration of low-dose resiquimod, a synthetic ago- efficacy of resiquimod and/or PD-L1 blockade, with or without gem-
nist of Toll-like receptor (TLR) 7, enhanced early activation of dendritic citabine pretreatment, against NR-S1 tumors.

cells (DCs), resulting in enhanced priming of CD8" T cells and a de-
creased Treg frequency, which suppressed the growth of SCCVII tumors
[11]. The combination of resiquimod and PD-L1 blockade markedly
regressed the growth of SCCVII tumors. Thus, resiquimod has potential
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Fig. 2. Expression of functional molecules in NR-S1 Fr-1- and SCCVII Fr-2-TILes. TILes were obtained as described in Fig. 1A. Cell-surface expression of MHC class II,
CD86, and PD-L1, and intracellular expression of arginase 1 and reactive oxygen species (ROS) were determined. Electronic gates were set for Fr-1 and Fr-2; the
expression levels of the indicated factors are displayed as gray histograms with the controls as open histograms, or dotted plot with forward scatter (x-axis). Data are
representative of three mice with similar results. Values in the right corners are positive percentages.

A
3000 Cont RQ
E
g 2000 Cont
)
€
=}
©
>
S 1000 RQ+PD
€
e
-L1
0 T 1
0 5 10 15

Days after the start of treatment

Materials and methods
Mice

Female C3H/HeN (C3H) mice (6-7-weeks of age) were purchased
from Japan SLC (Hamamatsu, Japan). All mice were maintained under
specific pathogen-free conditions at Tokyo Medical and Dental
University. All experimental procedures were reviewed and approved
by the Animal Care and Use Committee of Tokyo Medical and Dental
University (0170344A and A2018-262C).

Inoculation of SCC cells and treatment

NR-S1 [10,19] and SCC VII [20,21] are murine SCC cell lines of C3H
origin. A subline of NR-S1 (NR-S1K) [12,15] was used in this study. The
expression profiles of MHC class I and PD-L1, after stimulation with or
without IFN-y, are shown in Supplementary Fig. 1. Cultured SCC cells
were freeze stocked simultaneously, and cells that had been cultured for
5-7 days were used for tumor inoculation. NR-S1 (1 x 10° cells) and
SCCVII (2 x 10° cells) cells were injected subcutaneously (s.c.) into the
shaved right flank of syngeneic C3H mice, and tumor volumes were
estimated using the following equation: tumor volume (mm?) = [long

B
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Fig. 3. Effect of resiquimod and/or PD-L1
blockade on NR-S1 tumor growth. NR-S1 cells
were inoculated into C3H mice, and treatments
were started at a tumor volume of 30 mm?.
(] Control reagents (PBS or rat IgG), resiquimod
(RQ), anti-PD-L1 mAb (PD-L1) and both
(RQ + PD) were injected intraperitoneally four
times at 3-days intervals. Tumor volume was
measured daily. (A) Values are means * SD
(n = 5). Left small panels, individual growth
curves. (B) Tumor volumes at 14 days after the
start of treatment are shown. Data are re-
presentative of two independent experiments
with similar results.
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length (mm) x short length (mm)?1/2 [22,23]. Treatment was started
when the tumor volume of individual mice reached 30 mm?® (6-8 days
after tumor inoculation). Resiquimod (1.7 pg/mouse) and/or an anti-
PD-L1 mAb (MIH5, rat IgG2a, 200pug/mouse) [24] were in-
traperitoneally administrated four times at 3-day intervals [10,11,24].
For control group, PBS or rat IgG (Sigma-Aldrich) was administrated. In
some experiments, gemcitabine (30 mg/kg, Wako, Osaka, Japan) was
intraperitoneally injected 1 day before the initial treatment.

Isolation of tumor-infiltrating leukocytes (TILes)

TILes were isolated by digestion with collagenase I, hyaluronidase,
and DNase and density-gradient centrifugation, as described previously
[11].

Monoclonal antibodies and flow cytometry

Monoclonal antibodies (mAbs) against CD3 (17A2, rat IgG2b), CD4
(GK1.5, rat IgG2b), CD8 (53-6.72, rat IgG1), CD45 (30-F11, rat IgG2b),
IFN-y (XMG1.2, rat IgG1), Foxp3 (FJK-165, rat IgG2a), CD11b (M1/70,
rat IgG2b), Gr-1 (Ly6C/Ly6G, RB6-8C5, rat IgG2b), Ly6C (HK1.4, rat
1gG2c), Ly6G (1AS8, rat IgG2a), F4/80 (BMS, rat IgG2a), CD86 (PO3.1,
rat 1gG2b), MHC class II (M5/114, rat IgG2b), PD-1 (J43, Armenian
hamster IgG), and PD-L1 (MIH5, rat IgG2a) were used. All
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Fig. 4. Immunophenotypic changes of TILes. Tumor masses from NR-S1-in-
oculated mice were collected at 24 days after tumor inoculation and TILes were
isolated. For analyses of CD11b™ cells (A), the isolated cells were stained with
anti-CD45, anti-CD3, anti-CD11b, and Gr-1 mAbs. For analysis of T cells (B), the
cells were stimulated with phorbol-12 myristate-13-acetate (PMA), ionomycin,
and brefeldin A for 6 h, and cells were stained with anti-CD45, anti-CD3, anti-
CD4, anti-CD8, anti-Foxp3, anti-IFN-y, and PD-1 mAbs or appropriate fluor-
ochrome-conjugated control Abs. The stained cells were analyzed by flow cy-
tometry. Electric gates were placed on large CD45 " lymphocytes, CD45 " CD3*
lymphocytes (T cells), CD457CD3*CD8*" (CD8* T cells), and
CD45%CD3*CD8IFN-y " cells, and their proportions were analyzed. Data are
representative of two independent experiments with similar results. Bars show
means = SD (n =5). p < 0.05.

fluorochrome (FITC, PE, PE-Cy7, PerCP-Cy5.5, APC, APC-eFluor780,
eFluor450, and Brilliant Violet 510)-conjugated mAbs were obtained
from Thermo Fisher Scientific (Carlsbad, CA), BD-Biosciences (San Jose,
CA), or Biolegend (San Diego, CA). Blocking of non-specific binding via
FcyR and multicolor cell staining for cell surface and intracellular
(Foxp3, IFN-y) molecules was performed as described previously [23].
For detection of reactive oxygen species (ROS), the CellRox® Green
Flow Cytometry Assay Kit (Thermo Fisher Scientific) was used ac-
cording to the manufacturer’s protocol. For detection of arginase 1, cells
were pre-stimulated with lipopolysaccharide (LPS) (100 ng/mL, Sigma-
Aldrich L6511) for 4h and subjected to multicolor cell surface and
intracellular staining using a Foxp3 staining kit and PE-anti-arginase 1

24
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antibody (R&D systems, Minneapolis, MN). Stained cells were analyzed
using a FACSVerse flow cytometer (BD Biosciences) and a FlowJo
software (Tree Star, Ashland, OR).

Statistical analysis

Statistical analyses were performed using the Mann-Whitney U test.
A value of p < 0.05 was considered to indicate significance.

Results
Tumor-infiltrating CD11b* myeloid cell composition

We first analyzed the composition of CD45* TILes in 1500 mm® NR-
S1 and SCCVII tumors grafted to syngeneic C3H mice. Interestingly,
CD11b™* cells constituted more than half of TILes in both tumors. The
proportion of CD11b* cells in NR-S1 tumors was significantly lower
than that in SCCVII tumors, and the proportion of CD3* T cells was
higher (Fig. 1A). No clear difference in the proportions of the three
major T-cell subsets (CD8 " T cells, Foxp3~CD4™" conventional T cells
(Tcon), and Foxp3"CD4" Tregs) was observed between NR-S1 and
SCCVII tumors. CD11b ™ cells showed different levels of Gr-1 expression
(Fig. 1, upper right). Because the anti-Gr-1 antibody recognizes both
Ly6C and Ly6G, we used specific a mAb specific for Ly6C or Ly6G. A
major fraction of the CD11b* cells in NR-S1 tumors had a Ly6-
GhishLy6Clownsa phenotype (Fr-1), whereas the majority of CD11b™
cells in SCCVII tumors had a Ly6G'°"Ly6C~ phenotype (Fr-2). NR-S1
Fr-1 cells were forward scatter (FSC)™9, side scatter (SSC)™9, and F4/
80, whereas SCCVII Fr-2 cells were FSC™", SSC™&" and F4/80". The
expression of F4/80 and Ly6G, cell size by FSC, and intracellular
granule status by SSC indicated that Fr-1 and Fr-2 possess neutrophil-
and macrophage-like phenotype, respectively [25,26]. NR-S1 CD11b™"
cells comprised ~60% Fr-1 and ~20% Fr-2 cells, whereas ~80% of
SCCVII CD11b™ cells were Fr-2.

Consistent with our previous report [12], spleens from NR-S1
tumor-bearing mice showed apparent splenomegaly and a twofold
greater number of splenocytes than in SCCVII-bearing mice (Fig. 1B).
Based on the expression profiles of Ly6C and Ly6G, CD11b™ spleno-
cytes were divided into three populations: Ly6GM8"Ly6ClY, Ly6-
G Ly6CM#" and Ly6G'®"/ ~Ly6C~ cells. The former two populations
present similar phenotype to polymorphonuclear-myeloid-derived
suppressor cells (PMN-MDSCs) and monocytic-MDSCs (M-MDSCs), re-
spectively [26]. The first population was similar phenotype to that of
NR-S1 Fr-1 cells. The spleens of NR-S1 tumor-bearing mice contained a
higher ratio of Ly6G"" and lower ratio of Ly6C™&" cells.

Our results demonstrate that the immune status of the TMEs of the
two SCC tumors are different, particularly in terms of CD11b* myeloid
cells. Ly6G"&" F4/80~ Fr-1 predominated in NR-S1 tumors, and
Ly6G!®" F4/80" Fr-2 predominated in SCCVII tumors.

Ly6G"" Fr-1 cells in NR-S1 express PD-L1 and ROS

We next examined functional molecule expression in Fr-1 and Fr-2
cells. MHC class II and CD86, critical cell-surface molecules required for
antigen-presentation, were barely expressed on NR-S1 Fr-1, but were
highly induced on SCCVII Fr-2 cells (Fig. 2). MHC class II expression in
SCCVII Fr-2 cells had two peaks. Both Fr-1 and Fr-2 cells expressed the
immune-checkpoint ligand PD-L1, but its expression was higher in NR-
S1 Fr-1. ROS and arginase 1 (a cytosolic enzyme that downregulates
nitric oxide production) are often correlated with immunosuppressive
activity by MDSCs [27]. Most NR-S1 Fr-1 cells contained ROS but did
not express arginase 1 to any significant degree. In contrast, a portion of
SCCVII Fr-2 cells contained ROS and express arginase 1. Among NR-S1
TILes, Fr-2 cells had similar expression profiles of the above molecules
to those of SCCVII Fr-2 cells (data not shown). Since phenotypic profile
of NR-S1 Fr-1 cells was similar to that of PMN-MDSCs [26], we next



H. Tachinami, et al.

Cont
1054 2.5+2.2% 2.8+2.4%
104
zZ D R R 1Y
iC 1034= 4 e
= e S Y .
‘ ‘i"éﬁ*ﬁﬁ
1021 - L .-
04 49.8+25.4%
"0 102 10° 104 105
PD-1
anti-PD-L1
105] 2.2+1.0% 5.242.3%

] 62.8410.2%
2) 1IO2 1I03 1IO4 1IO5
PD-1

Oral Oncology 91 (2019) 21-28

Resiquimod (RQ)

1054 2.5+1.4% 3.6+x2.3%
1043 :
.
£ 100
102
04 65.1+10.3%
0 102 103 104 105
PD-1
RQ+anti-PD-L1
1051 1.541.7% | 8.5+3.0% *
10 )
.
£ 10°-
102,
0 4
3 75.6+9.7%
] 6 l1.‘02 103 I 164 1:)5
PD-1

Fig. 5. Expression profiles of IFN-y and PD-1 in CD8™" TILs. TILes were isolated and stained as described in Fig. 4. An electric gate was placed on CD45* CD3*CD8*
cells and the expression profiles of IFN-y and PD-1 are shown as dotted plots. Quadrant markers were positioned to include > 97% of control fluorochrome-stained
cells. Values are means + SD (n = 5). "Significant difference from the control group (p < 0.05).

investigated inhibitory function of these cells in a T-cell suppression
assay. The addition of CD11b*Gr-1"8" cells isolated from the tumors
and spleens of NR-S1 tumor-bearing mice did not suppress proliferative
responses by CD4* and CD8" T cells stimulated with anti-CD3 and
anti-CD28 mAbs (Supplementary Fig. 2). IFN-y production by whole T
cells was rather increased by the addition of CD11b* Gr-1"i8" cells.

NR-S1 Fr-1 expressed PD-L1 and contained ROS, but did not possess
antigen-presenting ability and direct suppressive function to T cells.
SCCVII Fr-2 contained both antigen-presenting immunostimulatory
cells and immunoregulatory cells containing ROS and expressing argi-
nase 1.

Resiquimod does not inhibit the growth of NR-S1 tumors

Low-dose systemic administration of resiquimod inhibited the
growth of SCCVII tumors and, in combination with PD-L1 blockade,
further reduced tumor growth by enhancing the CD8/Treg ratio of TILs
[11]. In this study, resiquimod, which reduced the growth of SCCVII
tumors, did not affect the growth of NR-S1 tumors (Fig. 3A and B). The
anti-PD-L1 mAb treatment gradually decreased the mean tumor vo-
lume, but the final effects were individually variable. The combination
of resiquimod and PD-L1 blockade did not exert any additional effect on
tumor growth.

25

Combination treatment increases the CD8/Treg ratio and IFN-y expression
in TILs

We performed an immunophenotypic analysis of TILes on day 24.
The proportions of CD11b* myeloid cells in TILes, and of Gr-1Mieh Fr-1
in CD11b™* cells, were not changed by any of the treatments (Fig. 4A).
The combination of resiquimod and PD-L1 blockade decreased the
percentage of Tregs, and increased the CD8/Treg ratio (Fig. 4B). The
combination treatment increased the expression of the effector cytokine
IFN-y in CD8" TILs; however, the cell-surface expression of the im-
mune-checkpoint receptor PD-1 was also increased (Figs. 4B and 5). The
proportion of PD-1- and IFN-y double-positive CD8* TILs was sig-
nificantly increased by the combination treatment. Consistent with the
CD8™ TIL profiles, the combination treatment markedly increased the
proportion of IFN-y " cells in splenic CD8* T cells, which expressed PD-
1 at a negligible level (data not shown). Therefore, none of the three
treatments decreased the accumulation of Fr-1 cells in NR-S1 tumors,
and all of them increased PD-1 expression on CD8 " TILs.

Gemcitabine plus the combination treatment reduces NR-S1 tumor growth

The failure of NR-S1 tumor inhibition by the combination treatment
may be due to persistent accumulation of Ly6G"&" Fr-1 cells. Multiple
administrations of 60-120mg/kg gemcitabine eliminated Gr-
1*CD11b* cells and enhanced antitumor immunity [14,16,17].
Therefore, we administered 30 mg/kg gemcitabine 1day before the
start of treatment. The percentage of Gr-1"8"CD11b™ peripheral blood
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Fig. 6. Gemcitabine prior to the combination
treatment prevents the growth of NR-S1 tumors.
Inoculation of NR-S1 and treatments were con-
ducted as described in Fig. 3. Gemcitabine
(30 mg/kg) was intraperitoneally administered
1day before the start of treatment with re-
siquimod and anti-PD-L1 mAb (+Gem). (A)
Tumor volume was measured daily. Small panels
at left, individual growth curves; values are the
number of mice with a dormant tumor. Data are
pooled from two independent experiments
(n = 11). Right, tumor volumes at 14 days after
the start of treatment. (B) Spleens were collected
24 days after tumor inoculation, and the total
cell numbers were counted. Splenocyte and red
blood cell-depleted peripheral blood leukocytes
were stained with anti-CD11b and anti-Gr-1
mAbs and analyzed by flow cytometry. Percen-
tages of Gr-1"8"CD11b™* cells are shown. Values
for splenocytes are means = SD (n = 11) of
pooled two independent experiments. Values for
peripheral blood are means = SD (n = 6).
p < 0.05.
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cells was reduced by half 3 days after gemcitabine administration (data
not shown). Addition of gemcitabine prevented the growth of NR-S1
tumors in most of the mice and significantly decreased the tumor vo-
lume at 14 days compared to the combination treatment (Fig. 6A). Six
of eleven mice (54.5%) achieved a dormant tumor status. Because the
tumors were too small to permit isolation of TILes, we analyzed spleens
on the final experimental day. The addition of gemcitabine markedly
reduced the total cell number and the proportion of Gr-1"8*CD11b*
cells as compared to those in the combination treatment group
(Fig. 6B). The proportion of peripheral blood Gr-1"8"CD11b™* cells was
also decreased by gemcitabine pretreatment. Low-dose gemcitabine,
alone or together with resiquimod, did not reduce the volume of NR-S1
tumors (Supplementary Fig. 3). Our results demonstrate that elimina-
tion of Gr-1"8"CD11b* cells at an earlier time point dramatically en-
hanced the efficacy of the combination of resiquimod and PD-L1
blockade against NR-S1 tumors.

Discussion

We here demonstrate that CD11b*Gr-1" cells comprised over half
of the TILs from two SCC tumors (NR-S1 and SCCVII), but their phe-
notypic profiles were different, and these differences greatly influence
the efficacy of immunotherapy.

Phenotypic analysis of TILes at the late time point (Fig. 1) showed
that tumor-infiltrating CD11b*Gr-1* cells comprised Fr-1, Ly6-
GMi8PLy6C~F4/80 "FSC°“SSC™? and Fr-2, Ly6G°“y6Co" ™ e8aF4/
80 TFSChighSSCMiEh cells. The Fr-1 cells showed: (i) high expression of
granulocyte marker Ly6G, (ii) lack of expression of the monocyte/
macrophages markers Ly6C and F4/80, (iii) minimal expression of
antigen presentation-related molecules, MHC class II and CD86, (iv)
marginal arginase 1 expression, and (v) no suppressive function to T

RQ+PD
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cells ex vivo. These results indicate that Fr-1 cells are prefer to be called
tumor-associated neutrophils (TANs) rather than PMN-MDSCs. The Fr-2
cells showed (i) low Ly6G and lack of Ly6C expression, (ii) high F4/80
expression, and (iii) a large cell size and intracellular granules. These
results indicate that Fr-2 cells are tumor-associated macrophages
(TAMs), but not M-MDSCs because of lack of Ly6C expression. Although
Ly6G ~Ly6C*" M-MDSC-like cells were observed in spleens from both
tumor-bearing mice, they were a minor fraction of the TILs at the late
time point. The proportions of Ly6G ~Ly6C™ cells in TILes were higher
at earlier time points, and in mice with smaller tumors (data not
shown). This indicates that tumor-recruiting Ly6C " monocytic cells are
converted to Ly6C~F4/80%" TAMs during tumor progression, in
agreement with a previous report [26]. The differential expression
profiles of MHC class II, ROS, and arginase 1 in SCCVII Fr-2 cells sug-
gest that TAMs include immunostimulatory (anti-tumor) and im-
munoregulatory (tumor-promoting) macrophages. Further studies are
required to determine the function of SCCVII-associated TAMs.
Resiquimod did not exhibit efficacy against NR-S1 tumors, unlike
against SCCVII [11]. In addition, despite the marked elevation of the
CD8/Treg ratio (which is closely correlated with the tumor growth),
and of the ratio of IFN-y-expressing CD8* TILs (functional cytotoxic T
lymphocytes), the combination treatment did not inhibit the tumor
growth of NR-S1. This may be due to accumulation of TANs and the
elevation of PD-1 expression on CD8" TILs. Although resiquimod
treatment markedly decreased the accumulation of TAMs in SCCVII
[11], none of resiquimod, PD-L1 blockade, or both suppressed the ac-
cumulation of TANs, which expressed PD-L1 (Fig. 3 and [15]). The
combination treatment increased the number of IFN-y-expressing acti-
vated CD8* TILs, but concurrently upregulated PD-1 expression. The
most critical effect of resiquimod is activation of DCs [11]. It is possible
that, in NR-S1 tumors, accumulating TANs may physically disrupt the
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interactions of activated DCs with T cells in the TME, and may also
induce PD-L1-mediated co-inhibitory signaling to the PD-1-expressing
tumor-infiltrating T cells by trans-coinhibition as we described pre-
viously [28]. The high level of ROS in NR-S1 TANs may modulate the
immunoregulatory TME. Thus, the priming and effector functions of
CD8™* T cells might be suppressed in the presence of Gr-1"8"CD11b™*
cells in both lymphoid and tumor tissues. Earlier depletion of Gr-
1M8hCD11b ™" cells by low-dose gemcitabine may restore normal cell-
cell interactions and induce a switch from an immunoregulatory to an
immunostimulatory TME. Similar to the M1- and M2-like phenotypes of
TAMs [25], TANs also exhibit N1 (anti-tumor)- and N2 (tumor-pro-
moting)-like features [29]. The unique TME in NR-S1 tumors may po-
larize towards an N2-dominant status. Further studies are required to
clarify suppressive mechanisms of TANs in the TME.

In human, peripheral blood samples have been used for most ana-
lyses of CD11b™" myeloid cells in tumor-bearing patients and functional
activity has not been confirmed. Therefore, it is difficult to discriminate
general circulating neutrophils and PMN-MDSCs in human. The per-
ipheral blood PMN-MDSCs defined as CD11b*HLA-DR~CD14~CD33™
cells are associated with progression of HNSCC [30]. A high neutrophil-
to-lymphocyte (NLR) ratio in peripheral blood has a strong correlation
with the number of circulating PMN-MDSCs (defined as CD11b " HLA-
DR~ CD147CD15%) and a poor prognosis in HNSCC [31]. A standard
gemcitabine chemotherapy in patients with pancreatic cancer showing
a characteristic immunosuppressive TME transiently reduced periph-
eral blood PMN-MDSCs with elevation of CD8* T/Treg ratio [18].
Gemcitabine shows potential for combined chemotherapy and che-
moradiotherapy in patients with HNSCC [32,33]. Thus, in patients with
high numbers of circulating PMN-MDSCs (or a high NLR), use of
gemcitabine may increase the efficacy of ICIs and TLR7 agonists.
Comparative analyses of tumor-infiltrating and circulating myeloid
cells in human samples, and identification of suitable markers to dis-
criminate neutrophils and PMN-MDSCs are needed.

In summary, we distinguished between tumor-associated neu-
trophils and macrophages in two murine SCC graft models and de-
monstrated that the differences of CD11b* myeloid cell composition
influence the immunotherapeutic efficacy of a TLR7 agonist, alone and
in combination with PD-L1 blockade. Assessment of the phenotypic
features of CD11b™ myeloid cells in HNSCC might enable prediction of
the efficacy of ICIs, both alone and in combination with agents of other
classes.
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