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ABSTRACT
The anti-Ly6G antibody is used to deplete Ly6Gpos neutrophils and study their role in diverse pathologies. 
However, depletion is never absolute, as Ly6Glow neutrophils resistant to depletion rapidly emerge. 
Studying the functionality of these residual neutrophils is necessary to interpret anti-Ly6G-based experi
mental designs. In vitro, we found anti-Ly6G binding induced Ly6G internalization, surface Ly6G paucity, 
and primed the oxidative burst of neutrophils upon TNF α co-stimulation. In vivo, we found neutrophils 
resistant to anti-Ly6G depletion exhibited anti-neutrophil-cytoplasmic-antibodies. In the pre-clinical 
KrasLox-STOP-Lox-G12D/WT; Trp53Flox/Flox mouse lung tumor model, abnormal neutrophil accumulation and 
aging was accompanied with an N2-like SiglecFpos polarization and ly6g downregulation. Consequently, 
SiglecFpos neutrophils exposed to anti-Ly6G reverted to Ly6Glow and were resistant to depletion. Noting 
that anti-Ly6G mediated neutrophil depletion alone had no anti-tumor effect, we found a long-lasting rate 
of tumor regression (50%) by combining anti-Ly6G with radiation-therapy, in this model reputed to be 
refractory to standard anticancer therapies. Mechanistically, anti-Ly6G regulated neutrophil aging while 
radiation-therapy enhanced the homing of anti-Ly6G-boundSiglecFneg neutrophils to tumors. This anti- 
tumor effect was recapitulated by G-CSF administration prior to RT and abrogated with an anti-TNFα 
antibody co-administration. In summary, we report that incomplete depletion of neutrophils using 
targeted antibodies can intrinsically promote their oxidative activity. This effect depends on antigen/ 
antibody trafficking and can be harnessed locally using select delivery of radiation-therapy to impair 
tumor progression. This underutilized aspect of immune physiology may be adapted to expand the scope 
of neutrophil-related research.
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Introduction

The anti-Ly6G antibody (ab) has been widely used to deplete 
neutrophils and investigate their role in malignancies.1–6 

However, this strategy suffers limitations: the depletion efficacy 
of anti-Ly6G is partial, transient, and neutrophil numbers 
rebound as soon as 3 d after treatment initiation.7 The mechan
ism involved in this rebound or resistance to depletion is 
unclear, but seems independent from schedule of treatment7 

or from the occurrence of abs against the anti-Ly6G ab.7 

Enhanced granulopoiesis was further proposed as a depletion 
resistance mechanism, but the transient efficacy of anti-Ly6G 
has also been shown in granulocyte colony-stimulating factor 
(G-CSF)-driven models, 5 suggesting that resistance could be 
dependent upon an adaptative process. Recently, we reported 
that neutrophils silence ly6g under physiological condition as 
they exit from the bone marrow (BM) and that neutrophils 
resistant to anti-Ly6G depletion had low surface expression of 
Ly6G .8

In cancer studies, partial or transient neutrophil depletion 
complicates the interpretation of results, as cancer models 
require several weeks of antibody-treatment and follow-up.9 

The biological significance of residual and anti-Ly6G bound 
neutrophils has not been investigated. However, clinical 
pathologies, such as transfusion-related acute lung injury, 10 

and granulomatosis polyangiitis ;11 where antibodies targeting 
the membrane of neutrophils and anti-neutrophil cytoplasmic 
antibodies (ANCAs) are, respectively, found; suggest that anti
body-targeted neutrophils can be harmful, especially to lung 
tissues. Whether this latter feature might be used to enhance 
the efficacy of anti-cancer treatment has not been envisaged 
previously.

Neutrophilia after radiation therapy (RT) translates to poor 
clinical outcome.1,12–15 These correlative studies are mostly 
based on blood neutrophil analysis, but the physiology of 
tumor-associated-neutrophils (TANs) after RT requires 
further investigation. The KrasLox-STOP-Lox-G12D/WT; 
Trp53Flox/Flox (KP) non-small-cell lung cancer (NSCLC) 
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model mimics the natural course of human adenocarcinoma.16 

KP-tumor infiltrating myeloid cells, including TANs, are con
served across individuals and mouse/human species, 17 accord
ing to a single-cell RNAseq analysis publically available.17 High 
KP-TAN prevalence was shown to correlate with KP-tumor 
progression.2 Treatment with the anti-Gr1 ab, which recog
nizes both Ly6C and Ly6G antigens (ags), reduced KP-TAN 
prevalence by 70%, slowed KP-tumor growth but did not 
induce tumor regression.2,3 A N2-like subset of SiglecFpos 

TANs with a tumor-associated transcriptomic profile has 
recently been described and shown to arise from a tumor- 
induced specific ontogeny.3,18 Additionally, TANs transiently 
dominated the microenvironment of KP-tumors after RT.19 

KP-tumors have been shown to be refractory to various anti- 
cancer treatment including RT; whole thorax irradiation 
(WTI) with a single dose of 15.5Gy20 and single-nodule stereo
tactic irradiation at 2 × 8.5Gy21 comparably slowed KP-tumor 
growth down, but did not induce any tumor regression. In KPs, 
several tumors arise asynchronously and their immune micro
environment display strong intra-inter individual 
heterogeneity.2,3,22 Therefore, radiological evaluation has 
been used in those studies to monitor the growth of single 
nodules to avoid histological section plan biases.2,3 In a KP- 
sarcoma model, anti-Ly6G administration prior to RT 
enhanced its efficacy, but did not result in tumor regression.1

We investigated the intrinsic effect of anti-Ly6G bind
ing on residual neutrophil physiology. Based on our data, 
we propose that anti-Ly6G/Ly6G internalization along 
with the presence of ANCA, respectively, act as 
a resistance mechanism to anti-Ly6G-mediated depletion; 
and as an intrinsic signal for TNFα-mediated cytotoxic 
oxydative burst. Using the treatment-resistant KP model, 
we report that an anti-Ly6G ab exhibits synergy with RT 
to achieve a 50% partial KP-tumor regression rate in 
a TNFα-dependent manner, in absence of neutrophil 
depletion. This novel proposed function of anti-Ly6G ab 
treatments bring into question previous interpretations of 
neutrophil depletion (reviewed in 24) and opens some 
exciting new opportunities to study and manipulate neu
trophil function.

Results

Anti-Ly6G ab is rapidly internalized in vitro

We used the imagestream technology to track the anti- 
Ly6G-PE ab localization after binding. BM neutrophils 
were incubated in cytochalasin D to block cytoskeleton 
prior anti-Ly6G staining (Figure 1(a)). We observed 4 PE 
distribution patterns: 1) membrane diffuse; 2) membrane 
condensation; 3) intra-cellular condensation; 4) diffuse 
intracellular (Figure 1(b)). After 1 hour of binding, 80% 
of neutrophils showed anti-Ly6G-PE internalization versus 
20% of them if cytoskeleton was chemically inhibited 
(Figure 1(c)). PE signal colocalizing with membrane 
CD45 inversely varied (Figure 1(d)). A less sensitive addi
tional methodology, using fluoro-labeled anti-rat antibody 

to detect the rat anti-Ly6G ab, validated this point (Fig. 
S1a-f).

Anti-Ly6G ab generates ANCAs in vivo

We treated mice C57Bl6 mice with anti-Ly6G ab for 5 d 
and tracked its distribution in vivo. Despite daily treatment 
with anti-Ly6G, neutrophil prevalence was not affected in 
BM, blood and lung (Figure 1(e-f)). As we previously 
reported, adult C57Bl6 mice background is refractory to 
neutrophil depletion as newly synthesized Ly6Glow neutro
phils reconstitute the pool of circulating neutrophils as 
early as 1 d after treatment initiation.8 We then character
ized the anti-Ly6G ab localization in the cell with image
stream. In anti-Ly6G treated cells, we found, respectively, 
25% and 90% of BM and blood neutrophils exhibiting 
cytosolic anti-Ly6G ab (Figure 1(g-i)). Additionally, on 
cytospined BM cells, we observed a colocalization of the 
in vivo delivered anti-Ly6G ab with calnexin, an endoplas
mic reticulum protein. Despite an ethanol fixation, the 
distribution of the in-vivo delivered anti-Ly6G was cytoso
lic and not peri-nuclear. We conclude anti-Ly6G generates 
cytoplasmic-ANCA (c-ANCA) in vivo. Our setting was not 
adapted to determine whether anti-Ly6G entered the cyto
sol directly through membrane pores in vivo, or if it leaked 
from endosomes to the cytosol after internalization.

The Ly6G/anti-Ly6G complex internalization is a depletion 
resistance mechanism

The expression of Ly6G on the surface of neutrophils 
increases as they mature.23 Accordingly, the mean fluor
escence intensity (MFI) for Gr1 (that recognizes the Ly6G 
ag despite previous anti-Ly6G binding) in blood neutro
phils was higher than in BM (Figure 2(a)). However, in 
anti-Ly6G treated mice, blood neutrophils had a lower 
Gr1 MFI than BM neutrophils, suggesting an active loss 
of the Ly6G ag during/after they exit from the BM 
(Figure 2(a)). Moreover, TNF α exposure enhanced 
Ly6G translocation to the membrane (Figure 2(a)) and 
partially rescued the Gr1 MFI loss in anti-Ly6G treated 
BM-neutrophils, but not those in blood (Figure 2(a)). 
Since ly6g is downregulated at the RNA level when neu
trophils exit from the BM, 8 we hypothesized that neu
trophils may exhibit lower levels of Ly6G protein on the 
membrane when internalization exceeds translocation of 
Ly6G. Since the anti-Gr1 ab also recognizes Ly6C, we 
confirmed that there were no differences in Ly6C expres
sion (Figure 2(b)). Since anti-Ly6G and anti-Gr1 are 
pauci-competitive (Fig. S2a-g), we implemented our 
recently published method8 to stain Ly6G in a specific 
and sequential manner. This approach confirmed that 
neutrophils treated with anti-Ly6G were Ly6Glow both at 
the membrane and intracellular levels (Fig. S2h-k). 
Control experiments using CD11b, another membrane 
marker of neutrophil maturation, showed no changes in 
its level of expression (Fig. S2l.m). In conclusion, anti- 
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Figure 1. Neutrophils resistant to anti-Ly6G depletion exhibit ANCAs. (a). Ly6G binding and trafficking: untreated BM cells were incubated with DMEM or cytochalasin 
D before anti-Ly6G-PE staining. After 1 hour of incubation, bone marrow (BM) cells were stained with CD45-APC. (b). Representative images obtained with imagestream
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to localize Ly6G-PE. (c.d). Quantification from b (n = 3 DMEM, n = 4 Cytochalasin D, 500 neutrophils/sample). (e) Gated on immune cells. Sensitive strategy based on 
S100A9 and intra-cellular Ly6G staining to detect neutrophils after anti-Ly6G treatment. Note that only the MFI for intra-cellular Ly6G is lower in anti-Ly6G treated mice. 
f Neutrophil prevalence quantification in BM, blood and lungs after 5 d of isotype CTR or anti-Ly6G treatment (n = 5 mice per group, 25 µg of ab, daily). g. Scheme of 
experiment to track anti-Ly6G delivered in-vivo after 5 d of treatment (25 µg of ab, daily). Excess unlabeled anti-Ly6G (200 ml at 10µ g/mL for 15 minutes) is added prior 
fixation to allow CTR cell detection with an anti-rat-FITC. h. Imagestream images obtained from g are compatible with anti-neutrophil cytoplasmic antibodies (ANCAs) in 
BM neutrophils. Neutrophils were gated on the basis of the FITC positive signal: note that both anti-rat antibodies are polyclonal and displayed no competition at the 
surface membrane. DAPI stained nucleus shows several segmentations, which confirms the granulocytic nature of gated cells. (i) Quantification of the intracellular 
presence of anti-Ly6G ab after 5 d of treatment in the BM, or 1 hour of treatment in the blood (the blood endpoint was added from an additional experiment).j 
Representative illustration on projected BM cells showing the in-vivo delivered anti-Ly6G colocalizes with calnexin, an endoplasmic reticulum protein).* p < .05, ** 
p < .01, *** p < 0,001, **** p < 0,0001 from Mann-Whitney test; error bars represent s.d.
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Ly6G ab physically triggers depletion resistance via Ly6G 
internalization that limits its functional recognition 
(Figure 2(c)).

Anti-Ly6G binding potentiates TNF α- mediated oxidative 
burst

Next, we investigated whether the process of antigen/antibody 
(Ag/Ab) binding and intracellular trafficking were able to 
modify neutrophil biology (Figure 2(c)). We incubated neu
trophils with or without anti-Ly6G for 15 minutes and stimu
lated them with TNFα. Anti-Ly6G treatment increased reactive 
oxygen species (ROS) production in both onset and intensity 
after TNFα stimulation (Figure 2(d)). Both Fc-receptor block
ade and cytoskeleton inhibition with cytochalasin D limited the 
relative increase in TNF α-induced ROS (Figure 2(e)), suggest
ing that anti-Ly6G binding and trafficking primes the cytotoxic 
oxidative function of neutrophils under TNFα stimulation.

In summary, we found anti-Ly6G binding at the neutrophil 
surface-induced internalization of the Ag/Ab complex causing 
subsequent resistance to depletion. We also report in the pre
sent study that anti-Ly6G produced ANCAs. We characterized 
the phenotype of the residual neutrophils as Ly6Glow and 
found a potentiation of their cytotoxic function with an 
enhanced capacity to produce ROS upon a pro-inflammatory 
stimulus. With this new information, we sought to validate the 
relevance of these findings using a KP NSCLC model, where 
the neutrophil contribution in modulating tumor response has 
been well documented.

TAN aging in KP mice is associated with SiglecF+ 
differentiation

First, we characterized TANs in KP tumors with a specific 
focus on their lifespan and kinetics of infiltration, since we 
previously reported anti-Ly6G reduces the longevity of 
neutrophils.8 After a single-injection of BrdU (Figure 3(a)), 
we found that CD11bhigh Ly6Cint Ly6Ghigh F4/80neg SSCalow 

neutrophils started to infiltrate tumors 60-hours after BrdU 
incorporation. Following BrdU injection, BrdU+ TANs were 
detected up to 10 d afterward (Figure 3(b)). While 50% of 
TANs expressed SiglecF (Figure 3(c)), none of the young (60- 
hour) infiltrating neutrophils expressed SiglecF (Figure 3(d)). 
From day 6, the prevalence of BrdU among the SiglecFneg 

TANs declined while reaching a transient plateau in 
SiglecFpos TANs. At 10 d after BrdU injection, the rare remain
ing BrdU+ TANs were exclusively SiglecFpos (Figure 3(d)). 
Additional markers and histological analyses confirmed those 
results and excluded an eosinophil contamination (Fig. S3). 
Thus, we conclude that TANs have an aberrantly long lifespan 
and that they locally differentiate toward N2-like SiglecFpos 

cells in a time-dependent manner. We next evaluated the effect 
of anti-Ly6G delivery on these TAN populations.

Anti-Ly6G treatment gives rise to Ly6G negative TANs

The occurrence of Ly6G negative MDSCs has been reported 
after anti-Ly6G treatment (reviewed in24). The existence of 
these cells is controversial as they were proposed to result 

from a Ly6G ag masking issue.24 To clarify this point and 
evaluate the efficacy of neutrophil depletion in KPs, we used 
intracellular staining for Ly6G to circumvent membrane mask
ing, and S100A9 as an additional neutrophil marker, to inves
tigate this further (Figure 3(f)). In untreated KP-TANs, flow 
cytometry revealed that SiglecFhigh and SiglecFneg TANs had 
comparable cell surface levels of Ly6G. Additionally, S100A9 
was specific and sensitive for identification of TANs and neu
trophils (Figure 3(g)). Upon anti-Ly6G treatment, intracellular 
staining for Ly6G resolved any potential confounding effects of 
ag masking and was sufficient to detect neutrophils in BM, 
blood, and lung tissues, despite reduced MFI Ly6G signal 
(Figure 3(e-f)). However, the Ly6G ag was lost in SiglecFpos 

TANs after anti-Ly6G treatment (Figure 3(g)), suggesting that 
70% of SiglecFpos TANs are no longer detectable with the Ly6G 
epitope after anti-Ly6G treatment. This loss of Ly6G expres
sion may reflect an uncompensated Ly6G degradation after 
antibody binding, since SiglecF TANs were reported as ly6g 
low at the RNA level (Figure 3(h) adapted from an available 
online database17).

Antibody-mediated TAN depletion is limited and exhibits 
no anti-tumor effect

We challenged KP mice with three antibody-based neutrophil 
depletion strategies (Anti-Gr1, Anti-Ly6G, Anti-Ly6G 
+Mar18.5) and monitored tumor response with unbiased CT- 
scan imagery. Consistent with previous studies, 2,21,25 

untreated KP-tumors grew 2.3 fold in 2 weeks (Figure 4(b- 
d)). Anti-Gr1-reduced TAN prevalence and decreased tumor 
growth by 35% in the absence of regression (Figure 4(b,c)). 
Anti-Ly6G failed to reduce TAN prevalence and did not affect 
tumor growth (Figure 4(b,c)). Anti-Gr1 is less specific than 
anti-Ly6G, as it recognizes Ly6C, but was more efficient than 
anti-Ly6G to reduce TAN prevalence (Figure 4(b,c)). To dis
criminate between these two variables, we used a recent strat
egy involving anti-Ly6G+anti-Rat-Mar18.5 to reduce TAN 
prevalence comparably to anti-Gr1.8 Despite an incremental 
improvement in TAN depletion, an anti-tumor effect was not 
observed (Figure 4(d,e)) suggesting that reductions in the pre
valence of TAN alone does not impede tumor growth. Finally, 
the anti-tumor effect of anti-Gr1 was recapitulated by G-CSF 
administration, while TAN prevalence was drastically 
enhanced (Figure 4(b,c)). Altogether, we conclude TAN deple
tion per se does not impair tumor growth. The common phe
notype observed with G-CSF and anti-Gr1 administration 
suggests that the whole number of TAN is less relevant than 
their functionality to appreciate the physiology of KP tumors.

RT partially removes TANs but enhances neutrophil 
homing into tumors

We then investigated the effect of anti-Ly6G when combined 
with RT, a standard lung cancer treatment. A single clinically 
relevant26–28 dose of 11,7 Gy, partially removed TANs, as 
detected by a BrdU chase (Fig. S4a-d). However, the absolute 
count of TAN was compensated by day 1.5 as an enhanced 
recruitment of old CXCR4+ BrdU-60hneg neutrophils (Fig. S4). 
A reduction of CD62L SiglecFneg TANs was also found after RT 
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(Fig. S4), compatible with enhanced trans-endothelial 
migration.29,30 Additionally, CD62L SiglecFneg TANs exhibited 
a higher MFI for CXCR4, 23 a marker typically upregulated as 
neutrophils mature.

RT uncovers the anti-tumor effect of Ly6G-bound residual 
neutrophils

At the tumor level, RT lowered tumor growth by 50%, but 
did not elicit tumor regression (Figure 5(a-c)). This result 
was comparable to various RT treatment schemes published 
previously,19,21 using either WTI or stereotactic RT to spare 
the BM. When anti-Ly6G ab was delivered prior to RT, 

a partial regression rate of 50% was found 1 month after 
treatment (Figure 5(a-d)). Data confirmed that RT alone 
enhanced TAN prevalence among CD45 immune cells 1.5 
d after treatment, but not their absolute count, as measured 
with histological myeloperoxidase staining (Figure 5(e,f) 
and Fig. S5a-d). After day 1.5 of the anti-Ly6G+RT treat
ment, an enhanced recruitment of neutrophils both in 
terms of prevalence and absolute numbers was observed 
(Figure 5(e,f) and Fig. S5a-d). As opposed to RT alone, 
the anti-Ly6G+RT combination preferentially enhanced 
the recruitment of young SiglecFneg BrdU-60hpos neutro
phils (Figure 5(g,h)). This latter result suggests that anti- 
Ly6G accelerates the recruitment of neutrophils after RT. 
Furthermore, we observed that radiosensitization with anti- 

Figure 3. TAN aging enables SiglecF differentiation and depletion resistant Ly6Gneg neutrophils. (a). Scheme of treatment: KP mice received 1 mg of BrdU injected i.p 
(single dose) and sacrificed at dedicated endpoints to correlate neutrophil aging with SiglecF expression. (b). representative FACS plot gated on CD45+ CD11b 
+Ly6GhighF4/80neg SSCalow TANs at each endpoint. (c). SiglecF proportion among all TANs in terminal KP tumor tumors. (Merge of three independent experiments 
labeled in different colors) (d). TAN BrdU+ fraction according to the SiglecF status from the arrival of BrdU+ TANs 60 h post-BrdU injection, to their extinction 240 post- 
BrdU injection. Each dot is a quantification of a single tumor. Each endpoint is a single experiment with 4 KP mice per group, 6 to 12 micro-dissected single tumors 
analyzed. **** p < 0,0001 from one-way ANOVA; error bars represent s.d. (e-f). Representative dot plot, gated on CD45+ CD11b+ immune cells, from KP treated for 8 d 
with anti-Ly6G or relevant isotype CTR. After anti-Ly6G, anti-Ly6G is sensitive to detect S100A9 neutrophils in lungs but not in tumors. (g). Estimation of false negatives 
upon treatment in old SiglecFpos TANs. **** p < 0,0001 from Mann-Whitney test; error bars represent s.d. (h). Differential ly6g expression at the transcriptomic level (data 
extrapolated from an online single-cell RNA database).
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Ly6G was independent from the duration of antibody treat
ment (Fig. S6a.b). Finally, this effect was partially recapitu
lated with an adoptive transfer of BM neutrophils pre- 
incubated with anti-Ly6G, although a lower regression 
rate was observed in the absence of systemic anti-Ly6G 
treatment (Fig. S6c.d). Altogether, we conclude that the 
anti-Ly6G ab intrinsically enhance the anti-tumoral activity 
of TANs.

Anti-Ly6G mediated radiosensitization is reversed by anti- 
TNF α administration

To experimentally validate neutrophils can potentiate RT, we 
administered a single dose of G-CSF 1-hour prior RT, which 
recapitulated the efficacy of the anti-Ly6G+RT treatment 
(Figure 5(i)). Given that we found anti-Ly6G bound neutro
phils to produce more ROS upon TNFα, together with RNA 
sequencing data showing that TANs prominently express 
TNFα receptors, and given that RT leads to the overexpression 
of TNFα, 31 we decided to investigate directly the role of this 
cytokine (Figure 5(j-l)). TNF α inhibition consistently abro
gated the radiosensitizing effect of anti-Ly6G treatment, 
demonstrating that anti-Ly6G synergizes with RT through 
a TNFα-dependent neutrophil gain-of-function.

Discussion

In the present study, we have reported that anti-Ly6G/Ly6G 
binding and internalization mediates the resistance of neutro
phils to depletion. In mice treated with anti-Ly6G, we high
lighted the occurrence of Ly6Glow neutrophils with ANCAs, 
a diagnostic feature of granulomatosis with polyangiitis. At 
a mechanistic level, in vitro studies showed anti-Ly6G binding 
and trafficking potentiated the pro-oxidant activity of neutro
phils in response to TNFα. Therefore, while anti-Ly6G is typi
cally used to deplete neutrophils, we investigated whether such 
a classical strategy actually modified neutrophil biology. In the 
pre-clinical NSCLC KP-model, we report abnormal neutrophil 
aging associated with a SiglecF differentiation and a ly6g down
regulation. Those cells were prone to depletion resistance. 
Further, we showed specific reduction of TANs was not suffi
cient to reduce tumor growth. However, anti-Ly6G administra
tion combined with RT induced a strong and long-lasting tumor 
regression that was TNF α dependent, while RT alone only 
slowed tumor growth. Phenotypically, this response was asso
ciated with an enhanced homing of anti-Ly6G bound neutro
phils to the tumor. Importantly, this acceleration could only be 
determined on the basis of dynamic measures of newly born 
neutrophils using BrdU, whereas previous studies generally 
quantify net yields of neutrophils. Altogether, our data suggest 

Figure 4. Neutrophil depletion alone has no anti-tumor effect. (a). Experimental design: KP-tumor-bearing mice were exposed for 2 weeks with different treatment 
regimen affecting neutrophil. Top: anti-Ly6G1A8, anti-Gr1-RB6 were injected i.p every other day (100 µg/mice). G-CSF is injected daily subcutaneously (7,5 µg/mice). 
Bottom: combination of anti-Ly6G+anti-rat abs to incrementally optimize the killing effect of anti-Ly6G and be comparable to anti-Gr1. Tumor follow-up is performed by 
CB-CT scan at d0 and d14. Each tumor is contoured using the medical Osirix software and a 3D volume reconstitution is performed. (b): relative to D0 tumor growth after 
14 d of treatment. Results obtained from 3 to 7 KP mice per group; (c): TAN prevalence at the end of treatment completion. (d). relative to D0 tumor growth after 14 d of 
treatment. results obtained from 7 KP mice per group. e.Anti-Ly6G+antirat combination has no anti-tumor effect despite it reduces TANs by >50%. Results from b + c 
and d + e comes from independent experiment. * p < .05, ** p < .01, *** p < 0,001, **** p < 0,0001 from Mann-Whitney test; error bars represent s.d.

ONCOIMMUNOLOGY e1876597-7



Figure 5. Anti-Ly6G enhances the recruitment of young neutrophils and synergizes with RT. (a). Scheme of treatment: well-established KP tumor-bearing mice received 
1 week of isotype/anti-Ly6G ab (100 µg/mice, once every other day), followed by a radiation (RT) treatment at day 0. (b.c). Tumor response is measured as relative 
growth compared to day 0 by CB-CT scan. Five mice per groups. The number of regressive tumors is given below and indicates regressing tumors. Because untreated 
mice systematically give rise to escapers and tumor merge, the follow-up had to be stopped after 1 month in CTR group. (d). Illustrative CB-CT scan-based follow up at
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an early anti-tumor effect of neutrophils in the KP tumor model, 
properties that are gradually lost with aging. This work high
lights how anti-neutrophil ab therapy can be harnessed further 
to unleash increased functionality in the fight against cancer.

In cancer patients, neutrophilia is often associated with poor 
prognosis, 32 which may reflect a multitude of underlying 
immune-modulated activities. Several approaches are available 
to modify neutrophil function33 in efforts to provide mechan
istic insight. Genetic neutrophil ablation with Csfr3r knockout 
mice revealed that TANs impair uterine carcinogenesis by 
enhancing elimination of hypoxic tumor cells.34 TAN analysis 
performed with human primary tumor resections showed they 
were promoting anti-tumor T cell response in early-stage 
disease.34 In mouse Lewis Lung Carcinoma and the sponta
neous mammary MMTV-PyMT+ models, genetic ablation of 
the neutrophil MET proto-oncogene impaired their recruit
ment and worsened tumor status.35 In the same PyMT+ model, 
tail vein infusion of neutrophils reduced the metastatic burden 
while anti-Ly6G administration increased it.36 However, the 
role of neutrophils in the PyMT+ model has been challenged 
several times using distinct approaches dedicated to promoting 
neutrophil deficiency, including Gcsf-null background, 
diphtheria toxin-mediated depletion and anti-Ly6G adminis
tration. All these approaches have induced an impairment of 
the metastatic process in the PyMT+ model. In addition, 
a subset of IL-17-producing γδ T cells were shown to elicit 
granulopoiesis and neutrophil polarization, leading to CD8 
repression and metastasis enhancement.5 Interestingly, γδ 
T cells were since then shown to have low expression of the 
antioxidant glutathione and to be highly sensitive to neutro
phil-derived ROS.33 Thus, the reported immune-suppressive 
loop in PyMT may be auto-regulated by neutrophil ROS 
activation.33 Collectively, these studies highlight the intricacies, 
if not confounding impact of neutrophils in cancer, an appar
ent duality that is recapitulated by the TAN1/TAN2 differen
tiation paradigm.37 Interestingly, our work reports that 
neutrophil aging enables such differentiation.The temporal 
progression of the neutrophil response is critical to understand 
their function during infection and inflammation.38 For 
instance, upon infection or inflammation, old CXCR4pos neu
trophils home faster39 to the injury site to mitigate threats, 
while after myocardial lesion, local neutrophil aging results in 
SiglecF neutrophil differentiation prone to remodeling based 
on transcriptomic signatures.40 In the present study, we show 
for the first time that both paradigms are relevant to the 
physiology of neutrophils after RT.

Under physiological conditions, neutrophils have an intrin
sically short lifespan and are produced at a high rate.23 We 
propose that anti-Ly6G binding and internalization maintain 
newly synthesized neutrophils under a threshold of Ly6G sur
face expression that impairs depletion. Regardless, neutrophils 

under anti-Ly6G pressure retain a shorter lifespan than non- 
treated neutrophils.8 However, coupled with the enhanced 
granulopoiesis, a reduced lifespan remains sufficient to rescue 
neutrophil prevalence. A key finding of our study is that young 
neutrophils limit tumor growth after RT. Further work is 
required to clarify the pro-versus anti-tumoral role of older 
TANs and if/how sequestrated neutrophils may develop an 
exhausted profile, or passively compete with fresh neutrophil 
recruitment, thereby losing anti-tumor efficacy.

Some human patients develop anti-neutrophil abs. On one 
hand, auto-antibodies targeting neutrophil at their surface, 
such as anti- Human Neutrophil Antigen 1 and 2 (HNA1-2), 
-CD16/32 and -CD11b are classically associated with primary 
and secondary auto-immune neutropenia.41 On the other 
hand, antibodies targeting intracellular proteins or ANCAs, 
such as anti-MPO/proteinase3 abs, are associated with 
vasculitis.11 How antibodies enter into the neutrophil cytosol 
is not well understood11 and models to study ANCAs-related 
diseases are scarce.42 Noting that anti-Ly6G treatment did not 
induce neutropenia but instead generated ANCAs and as 
given the known severity of ANCA-related disease, the anti- 
Ly6G may, under specific circumstances, actually activate 
neutrophil rather than limit their functionality. 
Furthermore, since Ly6Gneg MDSCs have been described 
previously, and as given the frequently reported limited 
depleting efficacy of anti-Ly6G ab; it is likely that the present 
report showing the sequence: 1) neutrophil aging, 2) anti- 
Ly6G internalization and 3) depletion resistance, 4) neutro
phil gain of function; may apply for other inflammatory/ 
cancer models.24 Finally, given the emerging importance of 
neutrophil extracellular traps (NETs) in cancer43 and consid
ering ANCA may intrinsically promote the NET formation, 
44,45 it would be interesting to address either administration 
of anti-Ly6G recapitulates this physiology and to question the 
role of NET in this primary lung cancer model, especially in 
the context of radiation-therapy.

To date, anti-Ly6G has been used to induce neutropenia and 
mimic neutrophil loss of function. Since neutrophil depletion 
and neutrophil acute activation are functionally antagonistic, 
a shift in the interpretation of the results is required where the 
treatment with anti-Ly6G ab would not induce neutrophil 
depletion but rather “an enhanced turn-over,” where neutro
phils have a shorter lifespan but a higher production incidence. 
This scenario enables the following: 1) to integrate young 
neutrophil anti-tumoral properties; 2) to implement ANCA 
generation and potential intrinsic activator effects of anti- 
Ly6G binding; 3) to consider undesirable age-related pro- 
tumoral differentiation. Realization of these potential opportu
nities may improve clinical outcomes for cancer patients and 
provides the rationale for advancing the clinical development 
of non-depleting anti-neutrophil antibodies.

indicated endpoints. €. Experimental design to assess early changes after treatment termination in single micro-dissected tumors (f.g.h), each dot is a single micro- 
dissected tumor). f. TAN prevalence among all immune cells. g. Prevalence of old SiglecF+ TANs among all TANs. h. Prevalence of “young” TANs of 60 hours or less 
(arrival phase). (i). Because the radiosensitizing effect of anti-Ly6G is associated with an increase of young infiltrating TANs, it suggests a potential gain of function of 
residual neutrophils. KP mice received a single dose of 7.5 µg of G-CSF one-hour prior RT and tumor growth was assessed as in a. j. Scheme of treatment: well- 
established KP tumor-bearing mice receive 1 week of anti-TNFα ± anti-Ly6G prior to RT (11.7 Gy). k. 2- and 6-weeks post-RT relative tumor growth: the radiosensitizing 
effect of anti-Ly6G is not recapitulated in the presence of anti-TNFα. i. Expression of Tnfrsf1b and Tnfrsf1a in KP-TAN (data extrapolated from single-cell RNA sequencing 
available online). Data from b-c; f-h; i and k are derived from independent experiments with 3 to 7 KP mice per groups. Each dot represents a single tumor. * p < .05, ** 
p < .01, *** p < 0,001, **** p < 0,0001 from Mann-Whitney test; error bars represent s.d.
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Material and methods

Animal experiments

Animal experiments were approved by the Swiss (VD2920 and 
3242) Ethics Committee for Animal Experimentation and per
formed within institutional guidelines.

Anti-Ly6G/Gr1 treatments

Anti-Ly6G (BP0075-1), anti-Gr1 (BE0075) and corresponding 
isotype controls (BP0290 and BP0089) were purchased from 
BioXcell. Antibodies were injected every other day i.p. Doses 
and schedule are indicated in Fig. S. An alternative approach 
with anti-Ly6G+anti-rat kappa Mar18.5 described previously8 

has been additionaly used. For in vitro analysis, BM were 
collected from untreated C57Bl6 mice and maintained in 
DMEM. Ex-vivo antibody incubation is performed in 200 µL 
of PBS with a 10 µg/mL concentration. To avoid cellular inter
action, re-incubations at 37° Celsius are performed in 1 mL of 
PBS under gentle agitation.

Autochthonous mouse model

K-rasLSL-G12D/WT and p53FL/FL mice in a C57BL6/J background 
purchased from the Jackson Laboratory, bred to obtain 
K-rasLSL-G12D/WT; p53FL/FL (KP) mice and provided by E. 
Meylan’s laboratory, (EPFL-Lausanne). KP tumors were 
initiated upon infection of lung epithelial cells with 
a lentiviral vector delivering Cre recombinase to activate onco
genic KrasG12D and delete p53 .22 Thirteen to sixteen-week-old 
mice were infected intratracheally with 3000 Cre-active lenti
viral units.

Irradiation and imaging device

X-ray irradiations were performed using an XRad 225Cx (Pxi 
Precision X-Ray). The dose prescription was determined at 
10 mm depth for a 20 × 20 mm2 field according to previous 
depth dose measurements in a solid water phantom. 
Irradiations were performed at 225 keV, 13 mA, with 
a 0.3 mm copper filter and delivered after fluoroscan imaging 
to position the mice. Whole thorax irradiation was performed 
with one vertical beam delivering 11.7 Gy in 256 seconds. 
During the follow-up period, the tumor volume was monitored 
once every two weeks starting from the fourteenth-week post- 
lentiviral instillation. Mice were imaged using the X-rad 225CX 
irradiator under isoflurane anesthesia. Single tumor volumes 
were assessed after contouring and reconstruction using the 
Osirix Lite Software. Treatment groups are randomized and 
tumor contouring is done blindly. As KP tumors have strong 
intra and inter-individual heterogeneity,2 we chose whole 
thorax radiation (WTI) to limit the number of animals since 
KP mice require 30 weeks of housing.

Tissue sampling and analysis

For flow cytometry analysis, single-cell suspension was 
obtained after tissue macro-dissection, following a procedure 
described previously.2 A LSRII SORP flow cytometer was used 

for acquisition. For histological analysis, lungs were gently 
insufflate with 0.5 mL of 50%PBS-50%OCT (Cell-Path ref 
81–0771-00) via the trachea using an I.V surflo catheter (ref 
SR+OX2225C1). Lobes were separated and OCT-frozen on dry 
ice. 20 sections of six µm were cut at different depths and then 
HE stained or stained with appropriated antibodies. Images 
were obtained with upright microscope Axio Imager.Z1 
motorized and analyzed with Zen Zeiss blue software.

G-CSF treatment

Solution of G-CSF was prepared at 250ug/mL of PBS. Mice 
were subcutaneously injected with 1uL/g daily over 14 d or 
with a single injection 1 hour prior RT.

BrdU injection and staining procedure

1 mg of BrdU (BD-552598) was injected into mice intra- 
peritoneally at 10 mg/mL in PBS. BrdU labeling was performed 
according to the provider’s protocol. Labeled samples were 
acquired within 48 hours.

Statistical analysis

All results are disclosed in the main text, as mean±SD. 
Statistical analysis was performed using nonparametric T-test 
“Mann-Whitney” using Prism 6 software. Statistical signifi
cance is indicated as *p < .05, **p < .01, ***p < .001, 
****p < .0001, or ns (not significant).

Main findings

Anti-Ly6G binding and internalization renders neutrophils resistant to 
depletion

Anti-Ly6G binding primes neutrophils to TNF α-induced oxidative 
burst

In vivo anti-Ly6G administration generates ANCAs
TAN aging enables N2-like SiglecFpos differentiation
Residual anti-Ly6G bound neutrophils synergize with radiation- 

therapy
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