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34  ABSTRACT

35  Depletion of CD4" cells in tumor-bearing mice has strong antitumor effects. However, the
36  mechanisms underlying these effects and the therapeutic benefits of CD4” cell depletion relative
37  to other immunotherapies have not been fully evaluated. Here, we investigated the antitumor
38  effects of an anti-CD4-depleting monoclonal antibody (mAb) as a monotherapy or in
39  combination with immune checkpoint mAbs. In B16F10, Colon 26 or LLC subcutaneous tumor
40  models, administration of the anti-CD4 mAb alone had strong antitumor effects that were
41  superior to those elicited by CD25" Treg depletion or other immune checkpoint mAbs, and
42 which were completely reversed by CDS8' cell depletion. CD4" cell depletion led to the
43  proliferation of tumor-specific CD8" T cells in the draining lymph node and increased
44  infiltration of PD-1"CD8" T cells into the tumor, with a shift towards type I immunity within the
45  tumor. Combination treatment with the anti-CD4 mAb and immune checkpoint mAbs,
46  particularly anti-PD-1 or anti-PD-L1 mAbs, synergistically suppressed tumor growth and
47  greatly prolonged survival. To our knowledge, this work represents the first report of robust
48  synergy between anti-CD4 and anti-PD-1 or anti-PD-L1 mAb therapies.
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49 INTRODUCTION

50 Immune  checkpoint modulators such as those targeting  cytotoxic
51  T-lymphocyte-associated antigen-4 (CTLA-4) and programmed cell death-1 (PD-1) have
52  attracted attention due to their extraordinary antitumor effects in patients with advanced
53  melanoma, lung cancer, and renal cancer (1, 2). A monoclonal antibody (mAb) against CTLA-4
54  (ipilimumab) that enhances both early T-cell activation and CTL function was approved for
55  treatment of patients with advanced melanoma in the USA in 2011. An anti-PD-1 mAb
56  (nivolumab) that protects activated T cells from exhaustion in peripheral tissues was approved
57  for treatment of patients with melanoma in Japan and in the US in 2014. In addition, other
58  mAbs against CTLA-4 (tremelimumab), PD-1 (pembrolizumab) and programmed death-ligand
59 1 (PD-L1, a ligand for PD-1) are currently undergoing clinical trials to evaluate their antitumor
60 efficacy. However, despite clear survival benefits in a subset of tumor patients, other groups of
61  patients are refractory to these single agent therapies.

62

63 Combination therapies comprising immune checkpoint modulators that have different
64  points of action, targeting for example the activation and expansion of T cells in lymphoid
65  tissues and the exhaustion and deletion of T cells in the effector site, represent promising
66  strategies for tumor immunotherapy (1). Synergistic anti-tumor effects in advanced melanoma
67  have been reported with a combination of anti-CTLA-4 and anti-PD-1 mAbs (3). The antitumor
68 efficacy of other combinations of regulators of lymphocyte activation and expansion (e.g.
69  Lymphocyte activation gene-3/LAG-3, OX40/CD134) and of lymphocyte exhaustion and
70  deletion (e.g. T-cell immunoglobulin mucin-3/TIM-3, 4-1BB/CD137, B- and T-lymphocyte
71  attenuator/BTLA, glucocorticoid-induced TNF-receptor/GITR) are currently under investigation.
72  Because immune checkpoint modulators play both positive and negative roles in the immune
73  inhibitory pathway with some redundancy, identification of optimal therapeutic combinations
74  remains a considerable challenge.

75

76 Another approach to immune checkpoint modulation involves depleting
77  immunosuppressive leukocyte populations such as forkhead box P3 (Foxp3)"CD25" regulatory
78 T cells (Treg), Th2 cells, T regulatory (Tr) 1/3 cells (4), myeloid-derived suppressor cells
79  (MDSC) and indoleamine-2,3-dioxygenase (IDO)" plasmacytoid DCs (pDC) (5-7). Several
80  groups have suggested that depletion of CD4" cells, including Tregs, Th2 cells, Tr1/3 cells, and
81  a subpopulation of MDSCs and pDCs, results in strong antitumor effects in mouse models due
82  to the enhancement of CTL responses (8-12). These antitumor effects may be associated with
83  the modulation of multiple immune checkpoints caused by CD4" cell depletion. However, the

84  relative advantage of CD4" cell depletion over other immune checkpoint mAb-based treatments
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85  remains unclear. Encouraged by the positive reports surrounding the benefits of anti-CD4 mAb
86  treatment in mice, and by the recent clinical data supporting anti-CTLA-4 and anti-PD-1 mAb
87  therapies, here we examine whether treatments that combine an anti-CD4 mAb and immune
88  checkpoint modulators produce synergistic antitumor activity.

89

90  Thus, in the present study we used comprehensive immunologic analyses to compare the
91  antitumor effects of an anti-CD4-depleting mAb with those of a variety of mAbs against
92  immune checkpoint molecules, including PD-1, PD-L1, PD-L2, CTLA-4, OX40, LAG-3,
93 TIM-3, BTLA and GITR, in mouse subcutaneous tumor models. We also investigated the
94  antitumor effects of treatments that combined an anti-CD4 mAb and antibodies against these
95  immune checkpoint molecules. We report that treatment with an anti-CD4 mAb alone induces
96  strong antitumor effects and expansion of tumor-specific CD8" T cells, and that combination of
97  an anti-CD4 mAb with anti-PD-1 or anti-PD-L1 mAbs results in striking synergy in the

98  suppression of tumor growth.
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