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Abstract
Background

Tumor infiltrating neutrophils generally correlates to worst prognosis and refractoriness to
immunotherapy yet the complexity and significance of diverse subsets resident in tumor tissues has
just begun to emerge. In lung tumors, a network of neutrophils states with graded protumorigenic
properties is conserved between mouse and humans and include a subset of mature, long lived cells
expressing the sialic-acid-binding protein SiglecF (SiglecF"%" neu). The mechanism of recruitment
of SiglecF"d9" neu into tumor tissues and the impact on local anti-tumor T cell responses and

interference with immunotherapy is still elusive.
Methods

We used an immunogenic model of Kras®?P Tp53 null adenocarcinoma of the lung to screen for
factors inducing the recruitment of SiglecF"9" neu, followed by gene editing to delete selected
candidates. We analyzed frequencies and effector functions of endogenous CD8 T cell responses in
controls and SiglecF"9" neu depleted tumors by flow cytometry and functional assays. Tissues
fluorescence and confocal imaging of lung sections was used to explore the relative distribution of
neu and CD8 T cells. To establish the impact of SiglecF"9" neu on anti-tumoral immune responses
we treated cohort of animals with anti-PD-L1 antibodies to evaluate tumor growth in control

conditions and under therapy.
Results

We found that tumor tissues express high levels of CXCL5, mapping to cancer cells. Upon deletion
of chemokine expression by gene editing, the recruitment of SiglecF"9" neu was almost entirely
abrogated. In tumors depleted of SiglecF"9" neu, the density of tumor specific endogenous CD8 T

cells was 3-fold higher than in controls and showed significantly enhanced activation and effector
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functions. Importantly, checkpoint blockade with anti PD-L1 antibodies was ineffective in control

tumors but showed a significant benefit in SiglecF"9" neu depleted tumors.
Conclusion

This study demonstrates that SiglecF"9" neu differentiating in lung tumor tissues inhibit local CD8 T
cell responses and interfere with the success of checkpoint blockade. These data suggest that blocking

selectively tissue resident neu may promote better responses to immunotherapy.
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Background

The impact of neutrophils (neu) on tumor progression has been extensively documented. Most
experimental reports converge toward a pro-tumorigenic role of neu via promotion of cancer cell
growth (1, 2), metastasis (3, 4, 5 ), stimulation of angiogenesis (6, 7) and modulation of T cell
responses (8-10). Nevertheless, in some cancer types and tumor stages, neu possess anti-tumoral
properties through direct killing of cancer cells and activation of T cell-dependent anti-tumor
immunity (11, 12). In lung cancer, a high neu to lymphocyte ratio in peripheral blood is a well-
established negative prognostic marker and neu density in tumor tissues has been associated to worst
disease outcome (13-15). More recently, an abundant neu infiltrate has been associated to limited
efficacy of checkpoint inhibitors in various cancers, including lung cancer (16-18) and neu density in
tumor tissues was directly linked to decreased local antitumoral CD8 responses (19). Single cell
sequencing and mass-cytometry has begun to unravel the diversity and complexity of neu subsets in
tumor bearing hosts, underscoring the presence of different states with diverse tumor promoting
potential and the importance to focus on neu infiltrating, non- ectopic, relevant tumor tissues (20-22).
In particular, the structure of neu subsets in lung tumor tissues is well conserved between human lung
adenocarcinomas and the orthotopic Kras®'?PWT: Tp53 (KP) mouse model (20, 23). KP lung tumors
contain a dominant population of SiglecF expressing neu, representing aged neutrophils with high
glycolytic activity that differentiate in situ (23-25). SiglecF expressing neu have been identified as
well in other inflammatory conditions (26, 27), yet the exact tissue cues determining upregulation of
SiglecF and the functional significance of its expression are only partially understood. In lung tumors,
SiglecFM9" neu were shown to produce reactive oxygen species and to promote cancer cells growth,
however the impact of SiglecF"" neu accumulation of anti-cancer T cell responses and the

interference of these cells with immunotherapy is still limited.

In this study, we identified tumor-derived CXCLS5 as crucial to promote accumulation of SiglecF"iah

neu in lung tumor tissues. Genetic deletion of Cxcl5 inhibited recruitment of SiglecF"9" neu in lung
4
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tumors and promoted expansion and activation of tumor specific CD8 T cells. Importantly, depletion

of SiglecFM9" neu increased the sensitivity of KP tumors to PD-L1 checkpoint blockade.
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Material and Methods

Mice

C57BL/6 and OT-I (C57BL/6-Tg(TcraTcrb)1100Mjb/J) mice were purchased from Envigo or
Jackson Laboratories respectively. Animals were maintained in sterile isolators at the ICGEB animal
Bio-experimentation facility (12h/12h light and dark cycle, 21 °C + 2°C).

Sample size was determined based upon prior knowledge of the intragroup variation of tumor
challenges by our laboratory and published studies ((24, 28) and was sufficient to detect meaningful
biological differences with good reproducibility.

Cell lines

The KP cells (LG1233) were generated from lung tumors of C57BL/6 KP mice (K-rast-SL612D/+: n53l/l
mice) and Kindly provided by Dr. Tyler Jacks (Massachusetts Institute of Technology, Cambridge,
USA) (29). KP OVA cells were generated by transduced with the lentiviral vector Pdual-1iOVAha-
PuroR as described in (30). To generate KO®XCLS cells, the KP OVA cells were transiently co-
transfected with pSpCas9(BB)-(PX458) and pZac2.1-U6sgRNA-CMV-ZsGreen plasmids, carrying
5’-caccgCTGCCGCAGCATCTAGCTGA-3’ guide. The ZsGreen* cells were sorted and single
clones were tested for CXCL5 expression by ELISA (abcam ab100719).

To rescue CXCL5 expression in KP OVA KOCXCLS cells were transduced with a lentivirus carrying
the expression vector pLVX-IRES-G418-CXCL5 or empty vector pLVX-IRES-G418 as control.
After antibiotic selection, CXCL5 expression was tested by ELISA.

All cell lines were maintained in DMEM media (containing 1g/L of glucose) supplemented with 10%
fetal bovine serum (FBS, Euroclone) and Gentamicin (50ug/mL, Gibco) and routinely tested for
mycoplasma contamination. The growth rate in vitro was assessed by crystal violet assay.

Tissue preparation for flow cytometry.

Lung tissues from control or tumor bearing mice were harvested after PBS lung circulatory perfusion,
mechanically cut into small pieces and digested with 0,1 % Collagenase type 2 (265U/mL;
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Worthington) and DNase I (250U/mL; Thermo scientific) at 37°C for 30’. Cells were filtered using
70um cell strainer (Corning), to obtain single cells suspension. Blood was collected through
subclavian vein puncture, follow by red blood cell lysate. Spleen, lymph nodes (mediastinal and
inguinal) were smashed and filtered with a 70 um and 40 pum cell strainer respectively. Bone marrow
was extracted from femur and tibia, flush to obtain a sing single cell suspension.

Flow cytometry

For cell staining, FCR binding sites were blocked by using aCD16/CD32 and viability of cells was
assessed by staining with LIVE/DEAD dye). The antibodies used for the experiments are listed in
Supplementary Table 1. To analyze Cxcl5 expression, CD45" °" ~ populations from healthy or tumor
bearing lungs were stained with CD45-A647 antibody and sorted. MHC-I-OVA pentamers
(SIINFEKL/H-2Kb Pro5, Proimmune) were used to identify OVA specific CD8 T cells following
manufacturer’s instruction. For intracellular detection of IFNy, single cell suspensions were
stimulated with OVA peptide (SIINFEKL) 2uM 37°C for 4 hrs in the presence of Golgi Stop
(monensin, BD Biosciences). Upon extracellular staining, cells were fixed and permeabilized using
Cytofix/Cytoperm solution (BD Biosciences) following manufacturer’s instructions.

To identify effector EOMES Thet* CD8* T cells, we performed a nuclear staining analyzed using
Foxp3/transcription factor staining buffer set (ThermoFisher) following manufacturer’s instructions.
To measure OVA expression, cells were fixed and permeabilized using Cytofix/Cytoperm solution
(BD Biosciences) following manufacturer’s instructions, stained with rat-monoclonal ocHA and then
with aRAT-AF488. Where indicated, absolute cell count was analyzed by adding TrueCount Beads
(Biolegend) to the samples following manufacturer’s instructions. Samples were acquired with FACS
Celesta (BD Biosciences) and analyzed with FlowJo software (Tree Star, Inc.).

Flow cytometry experiments are based on objective measurements and blinding was not

required.
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Real time PCR

RNA from total lungs or sorted cells was extracted using Trizol reagent (ThermoFisher Scientific),
according to manufacturer’s instruction. cDNA was synthesized using Superscriptll (ThermoFisher)
and quantitative real-time PCR (gRT-PCR) was performed using SsoFast EvaGreen Supermix
(Biorad) with specific primers: Gapdh For (AGAAGGTGGTGAAGCAGGCAT) Rev
(CGAAGGTGGAAGAGTGGGAGT), Cxcl5 For (GCT GCC CCT TCC TCA GTC AT) Rev (CAC
CGT AGG GCA CTG TGG AC). Gene expression profiling of inflammatory cytokines and receptors
of normal and KP-OVA tumor bearing lungs was performed by custom RT? Profiler PCR Array
(Qiagen, cat. 330221) following manufacturer’s instructions.

Immunohistochemistry

To assess tumor burden, lung tissues were harvested and fixed in formaldehyde 10% and paraffine
embedded following standard procedure. Consecutive sections of 8um were dewaxed and rehydrated
and stained with the H&E using (Bio-Optica, Milano Spa). The area of tumor nodules was quantified
manually over consecutive sections and averaged (3 sections/sample).

To identify neutrophils or proliferating cells within nodules, sections were treated with antigen-
retrieval solution (Vector laboratories) for 20 min at 120°C. Slides were treated for 10 minutes in
H20: and after blocking in 10% goat serum in 0.1% Tween20 for 30 minutes and incubated overnight
at 4°C with specific antibody diluted in PBS 0,1%Tween20: anti-mouse Ly6G (1A8, BD Pharmingen,
cat 551459), or anti-mouse Ki67 (D3B5, Cell Signaling, cat 12202s). Detection was performed using
the IMmPRESS polymer detection system (Vector Laboratories), according to manufacturer’s
Instructions. Automatic thresholding and measurements were performed using llastik or imagel
software, respectively. Images were acquired by Leica microscope. For tumor burden, neutrophil

and proliferating cells measurements slides were scored blindly by two independent operators.
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Immunofluorescence staining

To identify SiglecF"9" neu, tumor tissues were intratracheally perfused with 1% paraformaldehyde
(PFA), fixed in 4% PFA and embedded in a frozen tissue matrix following standard procedure.
Sections of 5um were dried 10* at RT, fixed with 4% PFA for 15° and permeabilized for 15 with
PBS 0,5% Triton. After blocking in 5% mouse serum in PBS 1%BSA/0,1%NP-40 for 30°, slides
were incubated overnight at 4°C with specific antibody diluted in PBS 1%BSA/0,1%NP-40: anti-
mouse Ly6G-PE and anti-mouse SiglecF-BB515 (listed in Supplementary Table 1). Nucleus were
labelled by Hoechst 15” at RT. Images were acquired with LSM880 META reverse microscope.

To assess spatial distribution of neutrophils and CD8 T cells, tumor tissues were paraffine embedded.
Sections of 8um were dewaxed, rehydrated, treated with antigen-retrieval solution, and incubated
overnight at 4°C with rat anti-mouse CD8 (4SM15, Invitrogen) and rabbit anti-mouse Ly6G (E6Z1T,
Cell Signaling) antibodies diluted in PBS 0,1%Tween20 followed by a-rat 647 (Invitrogen) and .-
rabbit AF488 (Invitrogen) nucleus were labelled by Hoechst.

Images were acquired with C1 Nikon reverse microscope. Automatic thresholding was performed by
Ilastik. ImagelJ software was used to quantify CD8 T cells and neu and to measure nodule’s area.
Nodules having an area <0,09 mm?2 were classified as small, the ones having an area ranging from
0,091 to 0,2 mm? as medium and those with an area >0,2 mm? as large nodules. Spatial distribution

of neu and T cells was performed blindly on code-labeled slides.

In vivo tumor challenge and blocking studies

To establish the adenocarcinoma tumor models C57BL/6 WT female mice at 8-10 wks of age, were
intravenously injected with 7x10* KP cells or with 2x10° KP OVA variants (WT or KO®XCL5,
K QCXCLS (lenti-CXCLS) gy K QCXCLS (lenti-vec)) - Otherwise indicated, mice were sacrificed at initial (9 days)
or at established stage of tumorigenesis (18 days). To deplete neutrophils in vivo, KP OV A bearing

mice were intraperitoneally treated every 3 days, starting from the 6™ day to 12" day, with 200 ug of
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anti-Ly6G antibody (InVivo Plus, clone 1A8, Bio X Cell) or isotype control (Rat 1gG2a isotype
control, clone 2A3, Bio X Cell) and sacrificed at day 13"

In PD-L1 blockade experiments, mice were challenged with KP OVA WT or KO®XCLS cells,
intraperitoneally treated every 3 days with 200ug of aPD-L1 (InVivoMab, clone 10F.9G2, BioXcell)
or isotype control (InVivoMab, rat 1gG2b isotype control, clone LTF-2, BioXcell). Mice were
sacrificed at day 18™.

For adoptive transfer of tumor specific T cells, mice were challenged with WT or KO®XCL cells. 9
days after 2x10% OTI*CFSE* T cells were intravenously injected and after 2 days mice were sacrificed
to assess IFN-y production in OTI T cells.

Human gene expression data.

Details on collection and processing of human lung cancer gene expression data, human neutrophil
fraction analysis and survival analysis are indicated in supplementary methods.

Statistic

Primary data were collected in Microsoft Excel and statistical analysis were performed by using
Graphpad Prism 8 software. Values reported in figures are expressed as the standard error of the
mean, unless otherwise indicated. For comparison between two or more groups with normally
distributed datasets 2-tailed Student’s T test, multiple T test, one-way ANOVA or 2-way ANOVA
were used as appropriate. For the comparison of matched groups, we used Wilcoxon test. The non-
parametric Kruskal-Wallis test with Dunn’s multiple comparison was performed to compare 3 or
more unmatched groups. p values > 0.05 were considered not significant, p values < 0.05 were
considered significant: * p<0.05, ** p<0.01, *** p <0.001, **** p <0.0001.

No exclusion criteria or data has been performed.
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Results

Parental KP and immunogenic KP lung tumors are dominated by SiglecF™9" neu

To corroborate sparse indications on the impact of neu infiltration for disease outcome, we first
analyzed a large compendium of lung adenocarcinoma (LUAD) (Table 1), that integrates multiple
RNAseq datasets. Stratification of patients based on low and high neu content using CIBERSORT

(31) showed a clear correlation of high neu content with bad survival.

A second stratification method, based on expression of transcripts that define intratumoral neu (20),
confirmed that tumor tissue neu are associated to worst outcome (Fig 1A). To study neu function, we
next moved to the KP lung adenocarcinoma model that reflects features of the human disease and it
is highly infiltrated by neu (20, 32). In parallel, we analyzed the recently generated OV A expressing
immunogenic KP counterpart (KP-OVA), to allow tracking of tumor specific T cell responses, (30).
KP-OVA lung tumors were dominated by a large proportion of CD11b*/Ly6G* infiltrating cells,
similarly to the non-immunogenic tumors (Fig 1B). Both KP and KP-OV A showed a slight decrease
in CD4 and B cells, as compared to normal lungs and KP-OVA showed, as expected, an increment
in the fraction of CD8 T cells (Fig 1B and S1A). To further phenotype tumor infiltrating neu, we
analyzed expression of SiglecF, which was recently reported to mark a specific subpopulation of
long-lived, mature lung tumors neu, distinct from other myeloid cells (23-25). Up to 70% of
CD11b*/Ly6G* cells in both KP and KP-OVA tumors expressed high SiglecF (SiglecFMe" neu),
whereas the majority of neu in normal lungs, and a minor proportion in tumors, were SiglecF low
(SiglecF'®¥ neu) (Fig 1C). A small fraction of SiglecF"9" neu was found as well in the tumor draining
lymph node (mediastinal, mLN). In contrast, we found no SiglecF"9" neu in the blood, bone marrow,
spleen or non-draining lymph nodes, indicating that this subset is not present systemically in tumor
bearing animals, but it is restricted to lung tumor tissues and the connected lymph node (Fig 1D). We

next used tissue imaging to visualize the distribution of neu within KP nodules.
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Immunohistochemistry readily detected a dense infiltrate of Ly6G™* cells located deeply into tumor

nodules (Fig 1E), the majority of which stained also positive for SiglecF (Fig 1F).

CXCLS5 is highly expressed by mouse lung tumors and correlates to neutrophil infiltrate in

human cancers

To explore the mechanism controlling accumulation of neu in lung tumor tissues we profiled normal
and tumor lung tissues using a gene array of chemokines and chemokine receptors. KP-OVA lung
tumor tissues displayed a 20-fold and 10-fold upregulation of Cxcl5 and Cxcl9 transcripts,
respectively, and a slight induction of other chemokines implicated in monocytes and neu recruitment
(Fig 2A). The CXCL5 chemokine binds to CXCR2 and it was previously associated to neu
recruitment in inflammation and cancer (33-35). Fractionation of tumor tissues into CD45 positive
and negative fractions showed that Cxcl5 expression maps to cancer or stromal cells and not to
infiltrating immune cells (Fig 2B). Ex-vivo analysis confirmed high Cxcl5 production by KP cells and
low expression in the other cell lines tested, including Lewis Lung carcinoma cells (3LL) (Fig 2C).
We conclude that Cxcl5 in KP tumor tissues derives primarily by a cancer-cell autonomous

mechanism, possibly downstream mutated Kras (36).

To validate these observations in the human context, we evaluated expression of CXCL5, and the
highly homologous CXCL6, across the LUAD compendium. Patients were deconvolved using the
CIBERSORT algorithm and divided into 3 categories, presenting low, medium and high neu density.
Interestingly, we observed a high positive correlation between high chemokine expression and neu
content (Fig 2D). Moreover, expression of tumor tissue neutrophils gene transcripts associated to bad
prognosis (Fig 1A), strongly correlated to CXCL5/6 expression in LUAD (Fig 2E). These data suggest
that in humans, as in mice, enrichment of neu in lung cancer tissues is associated to overexpression

of CXCL5.
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CXCLS5 deletion inhibits accumulation of tumor associated SiglecF"9" neu.

We next targeted expression of CXCL5 in KP-OVA cells by CRISPR/CAS9 genome editing to assess
its impact on accumulation of neu in lung tumors tissues. WT and KO®XCL> KP-OVA clones were
selected by ELISA and validated for equal OVA expression and in vitro growth rate (Fig 3A and
S2A-C). Lung tumors formed by KP-OVA WT cells showed the expected increase in Cxcl5
transcripts whereas lungs of mice injected with KP-OVA KOCXCLS cells showed only a minor increase
both in early and established tumors, confirming efficient deletion and indicating that the chemokine
is produced primarily by cancer cells and not by stromal cells conditioned by tumor environmental
factors (Fig 3B). Interestingly, KO®XCL® tumors showed only a minor accumulation of neu both at
early and advanced stages, with low SiglecFM9" expression (Fig 3C). Immunohistochemistry
confirmed lack of Ly6G* cells in nodules of KO®XCL5 challenged mice, both at initial stages and in
more advanced tumors (Fig 3D). Lack of CXCLS5 secretion by KP-OVA cells had no impact on the
frequency of circulating and splenic neu whereas it resulted in higher neu content within the bone

marrow, likely reflecting reduced mobilization (S2D-F).

To ascertain that lack of neu recruitment in KO®XCLS tumors is causally linked to chemokine
expression, we reintroduced CXCL5 expression by lentiviral transduction, creating KQCXCL5(lenti-
CXCLS) or control KOCXCLS(lenti-ve) (Ejg S3A), Cells were validated for CXCL5 expression in vitro and
in lung tissues upon challenge (Fig S3B,C). Importantly, recruitment of neu was restored in the TME
of KQOCXCL5(lent-CXCLS) tymors, but not in control KQCXCLS(enti-vec) indicating that chemokine
expression alone is sufficient to induce neu influx (Fig S3D). Notably, neu were highly recruited in
K QCXCLS(lenti-CXCLS) tymors but the fraction of SiglecF"9" expressing cells was diminished as compared
to WT. This finding suggests that CXCL5 overexpression accelerates recruitment of immature neu
that are not yet fully converted into mature-aged SiglecF expressing neu, in line with recent reports
pointing to local differentiation, aging and acquisition of SiglechF expression in lung tumor tissues

(24, 25).
13
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Blocking accumulation of SiglecF"9" neu improves activation of CD8 T cells

Multiple reports documented the T cell suppressive potential of circulating and splenic neutrophils
isolated from tumor bearing hosts, in various cancer types, including lung cancer (9, 22, 37-39). The
suppression of T cells in relevant, not ectopic, tumor tissues by well-defined specific neu subsets is
less documented. Given that CXCL5 deletion in KP cells abrogates accumulation of SiglecF"9" neu
in lung cancer tissues we next sought to assess the consequences on tumor specific T cell responses,
locally in lung tumor tissues. Animals were challenged with WT or KO*¢> KP-OVA cells and
tissues were harvested at a time point corresponding to the peak of the T cell response in this model
(30). Interestingly, the fraction of endogenous, OVA specific CD8 T cells in the lungs of animals
challenged with KO*Scancer cells was significantly higher (3-fold) than in WT tumors (Fig 4A).
We used three combinations of markers to define the status of lung infiltrating T cells, as activated
and functional (PD-1"LAG3*TIM3"), effector/memory (CD62L CD44*), and tumor specific not
exhausted (Thet"EOMES"). All three parameters were statistically higher in CD8 T cells infiltrating
KOCXCLS Jung tumors (Fig 4B). Importantly, ex-vivo restimulation of lung CD8 T cells with OVA
class-1 peptide to detect IFN-y production, showed a 2-fold increase in the lungs of animals carrying
KOCXCLS tumors (Fig 4C), indicating enhanced cytotoxic functions. We observed a slight
enhancement in the fraction of CD44* CD8 T cells also in LN draining KO®XCLS tumors, but no
differences in markers of activation, effector memory or IFN-y producing CD8 cells between the
tumor genotypes (Fig S4A,B). We did not find any major difference in expression of activation
markers in CD4 T cells infiltrating the lung or in tumor draining LNs (Fig S4C,D). These data are
consistent with the notion that SiglecF"9" neu suppress CD8 responses locally in the lung, whereas
priming in LNs, where SiglecF"9" neu are less abundant, is not primarily affected. To further establish
whether SiglecF"9" neu inhibit activation of tumor specific CD8 T cells or interfere with priming, we

transferred OVA specific CD8 T cells (OTI) in tumor bearing mice. The extent of IFNy production
14
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by OTI in the lung was higher in KO®XCL5 tumors, suggesting that SiglecFM9" neu suppress ongoing
responses (Fig 4D). To corroborate the impact of neu on local CD8 responses in the lung we
performed as well depletion by classical Ly6G antibodies (3, 40). Depletion was efficient in the blood,
however, flow cytometry and immunohistochemistry showed a large fraction of neu expressing
SiglecF persisting in lung tumor tissues which precluded further analysis of T cell function (41)(Fig
S5A-C). Collectively, these data show that SiglecF"9" neu accumulating in lung tumor tissues inhibit

locally anti-tumoral effector CD8 T cell.

Neu density inversely correlates to CD8 T cell density in lung tumor tissues

Suppression of CD8 T cell by neu has been attributed to several pathways such as production of ROS,
T cell antiproliferative molecules and nutrient deprivation (37). However, the relative spatial
distribution of CD8 T cells and neu within tumor tissues remains poorly defined. Visualization of
CD8 T cells within nodules of WT and KO®XCLS tumors by immunohistochemistry showed a
statistically significant increment in neu depleted nodules. To correlate the presence of CD8" and neu
we next performed co-labeling on cryosections. Unfortunately, triple labeling with SiglecF staining
failed to unequivocally discriminate SiglecF"9" neu from alveolar macrophages, so we focused on
Ly6G to precisely identify and quantify neu. High magnification images of tumor nodules revealed
several neu-CD8 synapses and some areas where CD8 T cells were surrounded by multiple neu,
suggesting tight inter-cellular interactions. This is reminiscent of the recently described shielding of
cancer cells by neutrophils extracellular traps, which may apply as well to sequestration of CD8 T
cells (39) (Fig 5B). We further classified nodules as small (area<0,009mm?), medium (area between
0,0091mm? and 0,02mm?) and large (area>0,021mm?) to quantify the number of CD8 T cells and neu

within each nodule. Interestingly, CD8 T cells outhumbered neu in small nodules, were equal to neu

15


https://doi.org/10.1101/2021.10.21.464997
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.10.21.464997; this version posted October 21, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

in nodules of medium size and were underrepresented in larger nodules (Fig 5C), suggesting that

inhibition may be mediated by physical interaction in tissues, rather than by systemic soluble signals.

SiglecF"9" neu impair the efficacy of aPD-L1 checkpoint inhibitors

We next examined whether the observed enhancement of CD8 effector functions in KO®XCLS tumors
had an impact on tumor development. The size of tumor nodules and the number of proliferating
tumor cells was evaluated in initial and established tumors. At early stages, nodules were significantly
reduced in KO®*CLS tumors and the fraction of proliferating cancer cells was diminished (Fig 6A).
However, tumor growth was similar between the two genotypes at later time points, indicating that
tumor containment by cytotoxic CD8 T cells was overcome at later stages. Expression of inhibitory
ligands on tumor cells and tumor infiltrating myeloid cells is a key obstacle to spontaneous T cell
responses to tumor antigens and neutrophils were previously documented to express PD-L1 in various
settings (42, 43). Of note, we found that SiglecF"%" neu express abundant PD-L1 molecules as
compared to SiglecF'®" neu, substantially contributing to increase the load of inhibitory ligands in the
tumor microenvironment (Fig 6B,C). We thus reasoned that lowering PD-L1 burden by depleting
SiglechF"i9h neu may favor effectiveness of checkpoint inhibitors. To test this hypothesis, we treated
mice carrying WT or KOCXCL5 KP tumors with anti PD-L1 antibodies (Fig 6D). We established a
common endpoint for all groups and the tumor burden was quantified as a proxy of treatment efficacy.
PD-L1 blockade had no impact on the growth in WT KP tumors. In contrast, PD-L1 blockade
effectively decreased the growth of KO®XCLS tumors (Fig 6E-F). We concluded that accumulation of
SiglechFMe" neu with T cell suppressive activity restricts the efficacy of anti PD-L1 treatment in lung

adenocarcinoma.

Discussion
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In this study we provide the first evidence that SiglecFM9" neu accumulating in murine lung
adenocarcinomas inhibit anti-cancer CD8 T cell responses and restrict the efficacy of PD-L1
blockade. These findings complement previous reports characterizing the origin and properties of
SiglecF"9" neu by uncovering their T cells suppressive potential. Importantly, our study identifies
CXCLS5 as sufficient to attract SiglecF"9" neu in KP lung murine tumors and show its correlation with
neu gene signatures in human LUAD. SiglecF"9" neu were initially characterized as a protumorigenic
subtype with high ROS and VEGF-A production, arising as a consequence of altered osteoblastic
activity in the bone marrow of lung tumor hosts (23). Subsequent studies demonstrated that
SiglecF"9" neu are mature, aged neu with an enhanced glucose metabolism, that differentiate in tumor
tissues (25). Neutralization of systemic G-CSF blunted recruitment of neu and decreased the
proportion of SiglecFM" neu, however the pathway that regulate neu accumulation in KP lungs
remained elusive. Infiltration of tumor tissues by neu has been associated to deregulated expression
of CXCR2 ligands such as CXCL1, CXCL5 and CXCL6 in hepato-cellular carcinoma (HCC), breast
cancer and squamous lung cancer (44-46). In vivo studies directly associated mutations in KRAS and
LBK1 to overexpression of CXCL5 and CXCLS8 and recruitment of neu (36). Our results align with
these previous findings showing that several ligands of CXCR2 are overexpressed in neu infiltrated
KP lung tumor tissues, with CXCL5 showing the highest levels. Genetic deletion of CXCL5 and the
complementary overexpression experiment demonstrate the non-redundant role of the chemokine in
promoting accumulation of SiglecF"" neu in KP tumors. Interestingly, CXCL5 overexpression
rescued neu recruitment and increased the proportion of SiglecF'®" cells (Fig S3D), suggesting that
the chemokine induces accumulation of young neu precursors, rather than controlling local
conversion into SiglecF expressing neu. Transplantable KP lines were validated in several previous
studies addressing the composition of the immune infiltrate and testing combinatorial therapy (20,
28). SiglecFM9" neu accumulate also in autochtonous KP tumors (25), yet it remains to be explored

whether recruitment in slow progressing lesions may rely on the same or a different set of
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chemokines. Human data somehow reinforce the role of CXCL5, and its homolog CXCLS6, in
controlling neu density in human LUAD, a finding reported also in the context of HCC (47), colon
cancer (35), melanoma (34) and lung inflammation (48-50), where it was proposed to be related to

lung cancer progression through various mechanisms (45, 51, 52).

Genetic deletion of CXCLS5 in the OVA expressing KP line offered the opportunity to analyze CD8
T cell responses in a tumor microenvironment depleted in SiglechF"9" neu, avoiding the limitations
of poorly specific and inefficient antibody depletion. The increment in numbers and the improvement
of effector functions in cancer specific CD8 T cells in CXCL5 deficient KP tumors, uncovered the
immune suppressive potential of SiglechF"9" neu, a feature that was not investigated in previous
reports. Although the mechanism of T cell suppression was not addressed in this study, imaging of
tumor nodules identified areas of tight neu-CD8 T cells synapses and a gradual inversion of the
CD8/neu ratio in small nodules as compared to larger nodules, suggesting replacement of CD8 by
incoming neu. Expression of PD-L1 on neu was previously identified in HCC (42), gastric cancers
(43) and on activated CD14* neu infiltrating mouse ectopic tumors (22) and we here show that it is
higher on SiglecF"%" neu as compared to SiglecF'®" neu. In lung cancer, high PD-L1 expression in
the tumor and a high neu to lymphocyte ratio are two major predictors of response to immunotherapy
(53-55). However, the contribution of PD-L1 expressed by neu to immune suppression and
immunotherapy resistance has not formally addressed. Our results show that depleting SiglecF"9" neu
makes refractory KP tumor responsive to anti PD-L1 treatment. This may be explained by a
quantitative effect by which SiglecF"9" neu depletion lower the load of PD-L1 molecules to a level
that allows effective blockade. Alternatively, other inhibitory signals arising from SiglecF"9" neu and
unrelated to PD-L1 expression, counteract the efficacy of checkpoint inhibition. Treatment of tumors
with blockers of neu infiltration using CXCR2 inhibitors alone or in combination with checkpoint
inhibitors are actively investigated in preclinical models and clinical trials. In conclusion our study
uncovers that SiglechF"9" neu accumulating in lung cancer tissues suppress spontaneous and
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immunotherapy induced anti-cancer T cells responses and suggest interference with the CXCL5axis

as a way to improve the efficacy of checkpoint blockade.
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Legends to main Figure

Figure 1. Characterization of neutrophils density in lung adenocarcinoma patients and in the
KP model.

A) Overall survival of LUAD patients with the highest and lowest neu proportions calculated with
CIBERSORT (left) and the highest and lowest expression of infiltrating human neu (hNeutrophils,
right) gene signature (Supplementary Table 1). B-E) Mice were challenged intravenously with KP,
KP-OVA cells or PBS (nLung). The immune composition of lung tumor tissues was evaluated by
flow cytometry in normal and established tumor bearing lungs. B) Relative abundance of each subset
expressed as a fraction of CD45* cells (neu=neutrophils, NK= Natural Killer cells, Eosin=
Eosinophils, AM= Alveolar Macrophages, B cells= B lymphocytes, CD4*= CD4 T lymphocytes,
CD8*= CD8 T lymphocytes, DCs= Dendritic Cells). Data represents mean+SEM of 2-4 mice each
group. Significance was determined by two-way ANOVA with *p<0.05; **p<0.01; ***p<0.001;
**%*¥p<0.0001. C) Representative dot plot of SiglecF staining. Numbers in quadrant show
percentages of SiglecF"9"low among CD11b*Ly6G* cells. Bars show quantification of neu
frequencies on CD45* total lung cells and the fraction of SiglecF"9"1°w among neu (percentages above
bars refer to SiglecF"9" neu). Data are mean+SEM of 3-5 mice/group. D) Percentage of SiglecF"igh/low
neu within CD11b*Ly6G™* cells in the indicated organs isolated from KP OVA tumor bearing mice
(mLN=mediastinal lymph node, LN=inguinal lymph node, BM=bone marrow). Data represent the
mean+SEM of 3-6 mice each group. E) Representative 10x image of paraffine embedded KP-OVA
tumor tissue labelled with Ly6G antibody (brown) and the corresponding 40 x magnification. Scale
bars (100um) are showed. F) Representative cryo-sections showing Ly6G (green) and SiglecF (red)
in tumor nodules and the corresponding magnification. Scale bars (50 or 10um) are indicated.

Figure 2. CXCL5 is highly expressed in mice tumors and human LUAD. A) Differential
expression of chemokines and chemokine receptors in established KP-OVA lung tumor tissues over
normal lung tissues. Data shows a representative of 2 independent experiments. B) Quantitative gRT-
PCR of Cxcl5 mRNA in CD45-positive or CD45-negative fractions isolated from nLung or KP OVA
tumor bearing lungs. Graph shows mean+SEM of 3 replicates, significance was determined by one-
way ANOVA with ***p<0.001; ****p<0.0001. C) Quantitative gRT-PCR of Cxcl5 mRNA in
different tumor cells and nLung was evaluated in 2-7 independent RNA extraction. Graph shows
mean+SEM, significance over KP OVA cell line was determined by one-way ANOVA with
**p<0.01; ***p<0.001. D) Patients from the compendium in Supplementary Tablel, were stratified
based on low, medium or high neu content based on CIBERSORT and correlated to the level of
expression of a CXCLs chemokine (CXCL5 and CXCL6). E) Correlation between a human neu
(hNeutrophils) gene signature and expression of CXCLs genes within the Compendium in
Supplementary Table 1.

Figure 3. CXCLS5 deficiency in immunogenic KP cells results in a selective and efficient
inhibition of SiglecF"9"-neu recruitment in lung. A) The production of CXCLS5 in the supernatant
of KP-OVA WT and KO®*CS cells was measured by ELISA. Data represent the mean+SEM of 5-9
independent measurements. Significance was determined by a one-way ANOV A with ****p<0.0001.
B-D) Mice were challenged with PBS, KP-OVA WT and KO®XCLS, Lung tissues were harvested after
9 (initial) or 18 (established) days for analysis. B) Relative abundance of Cxcl5 transcripts in total
lung were evaluated by qRT-PCR. Data are expressed as fold induction over nLung. Data represent
the mean+SEM of 4-6 independent RNA extraction. Significance was determined by two-way
ANOVA with *p<0.05, **p<0.01, ****p<0.0001. C) Representative flow cytometry dot plots of
SiglecFMa"low expression on neu (gated on CD45* cells). Number in quadrants refer to percentages of
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SiglecF* on CD11b*/Ly6G* cells. Bars on the right are mean of frequencies (%) of neu on live CD45*
lung cells. The fractions of SiglecFHi9" and SiglecF-°" within neu is indicated. Data represent the
mean+SEM of 2 independent experiment, 3-4 mice each group. D) Representative IHC tissue sections
of initial or established nodules labelled with Ly6G antibody (brown dots). Scale bars (100um) are
indicated. Graph on the right represents quantification of Ly6G* on nodule area (count/nm?). Data
are mean£SEM of 3-5 mice each group. Significance was determined by a two-way ANOVA with
*#p=<0.01; ***p<0.001.

Figure 4. Lack of SiglecF"9" neu promotes expansion and activation of CD8 T cells

A-C) Mice were challenged with WT or KO®XCL> KP-OVA cells and endogenous T cell responses
were analysed at early time point. A) Representative dot-plot showing OVA class-I pentamers
labelling on lung CD8" T cells. The fraction of CD8*pentamer* over total CD8" is plotted and
quantified. Data are mean+SEM of 4 independent experiments with 4 mice/group. Significance was
determined by one-way ANOVA with **p<0.01, ***p<0.001, ****p<0.0001. B) Expression of T
cell activation markers on CD8" T cells in the lungs of control and tumor bearing animals.
Frequencies of activated CD8* PD1*TIM3*LAG3" (left) memory CD8*CD62L "CD44* (middle) and
effector CD8*EOMES Thet" (right) expressed as % on total CD8* T cells are shown. Data represent
mean+SEM of 2-8 mice/group. Significance was determined by one-way ANOVA with *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001. C) Representative dot plot and quantification of IFNy-
producing lung CD8* T cells. Data represent mean=SEM of 4 independent experiments with 2-4 mice
each group. Significance was determined by one-way ANOVA with **p<0.01, ****p<0.0001. D)
Mice received CFSE-labelled OV A-specific CD8* T cells (OTI), 9 days after challenge with WT or
KOCXCLS KP OV A cells. OTI activation was measured by intracellular IFNy staining. Representative
dot plot and quantification of the fraction of IFNy* OTI on total OTI, in tumor bearing lungs 2 days
after transfer. Data represent mean+SEM of 4 mice each group. Significance was determined by
unpaired t-test with *p<0.05

Figure 5. Spatial distribution of neu and CD8 T within tumor nodules.

A) Representative images of WT or KOXCL5 KP OVA lung tumor nodules labelled with anti CD8
antibodies (brown). Graph on the right shows quantification of the CD8* infiltrate (CD8 count/nm?)
in 2 independent experiments with 5 mice each group (meantSEM). Significance was determined by
an unpaired t-test with **p<0.01. Scale bars (100um) are indicated. B) High magnification examples
of representative lung sections from WT KP OVA tumors co-labelled with antibodies to CD8 (red)
and Ly6G (green) and counterstained with Hoechst to visualize nuclei. C) Nodules were classified
into 3 categories based on the area (small<0,009 mm?, 0,0091 mm? <medium<0,02 mm?, large>0,021
mm?). Scale bars (50um) are indicated. On the right, quantification of the relative abundance of CD8
and neu within nodules of different sizes. Data are expressed as ratio of CD8/neu (mean+SEM of 90
nodules from 2 independent experiments with 2 mice each). Significance was determined by one-
way ANOVA with *p<0.05, **p<0.01.

Figure 6. Targeting CXCL5-mediate neutrophils recruitment increase the effectiveness of aPD-
L1 treatment. A) Mice were challenged with WT or KO®XCLS KP-OVA cells and lungs were
harvested after 9 or 18 days to score tumor burden (area nodules/area lobe) and cancer cell
proliferation. Representative images of tumor nodules labelled by HE and Ki67 staining. Bars show
quantification of tumor burden and fraction of Ki67+ cells/lobe area (nm?). Data are mean+SEM of
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1 or 2 experiments with 4-5 mice each group. Significance was determined by two-way ANOVA
with ns p>0.05, *p<0.05, **p<0.01. B) PD-L1 expression on lung infiltrating neu. Representative
histogram of PD-L1 expression on neu from nLung or KP-OVA WT tumors. PD-L1 MFI (median
fluorescence intensity) are indicated in the histogram and plotted on the right as meanSEM of 2
experiments with 2-4 mice each group. Significance was determined by one-way ANOVA with ns
p>0.05, ***%p<(.0001 C) Mice were challenged with WT or KO®XCL5 KP-OVA tumor cells and the
frequency of PD-L1 expressing neu on total CD45* cells was evaluated after 9 days. Data are
mean+SEM of 2 independent experiments with 2-4 mice each group. D) Schematic representation of
PD-L1 therapy in WT and KO®XCL5, Mice were treated with aPD-L1 or isotype control at day 3, 6, 9,
12 after tumor challenge. Lung tissue were harvested at day 18 to evaluate tumor burden by HE. E)
Representative H&E staining of lung sections. F) Treatment efficacy is expressed as the percentage
of reduction in tumor nodules over not treated controls. Data represent the mean+SEM of 2
experiments with 3 mice each group. Significance was determined by two-way ANOVA with ns
p>0.05, *p<0.05, ****p<0.0001.
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Table 1. Datasets composing the lung cancer compendium (AC: adenocarcinoma; SCC: squamous
cell carcinoma).

Samples

Dataset Data source Affymetrix array AC SCC References

Duke GSE3141 HG-U133 Plus 2.0 58 53 Bild et al., 2006

DKFZ GSE10245 HG-U133 Plus 2.0 40 18 Kuner et al., 2009

ocCI GSE14814 HG-U133A 28 52 Zhu et al., 2010

EMC GSE19188 HG-U133 Plus 2.0 40 24 Hou et al., 2010
Okayama et al., 2012;

NCCRI GSE31210 HG-U133 Plus 2.0 226 - Yamauchi et al, 2012

HILM 92

MI GSE68465 HG-U133A 187 --- Shedden et al., 2008

DFCI 82 ---

MSKCC1  http://cbio.mskcc.org/publi HG-U133A 107 -—- Chitale et al., 2009;

MSKCC2  c/lung_array_data/ 129 - Nguyen et al., 2009
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Genes used to determine the hNeutrophils signature in Figure 1A and 2E.

hNeutrophils

PI3 DGAT2 MXD1 XPO6
CXCL8 LCP2 MMP25 DUSP1
G0S2 FPR2 IER3 TNFRSF1A
CXCR2 GCA LIMK2 MBOAT7
S100A8 PLEK PPIF KCNJ15
FCGR3B CXCL1 SMIM25 ACSL1
IL1R2 AQP9 CYSTM1 TDP2
PROK2| AL356273.3 FOS RIPOR2
IFITM2 USP10 LINC01001 RALGDS
CSF3R SLPI MME| ATP2B1-AS1
TREM1 CCRL2 SAT1 UBE2B
AL034397.3 SOD2 ADGRG3 CPD
AC245128.3 FFAR2 MTHFS BASP1
OSM HCAR3| AC023157.3 PADI4
IVNS1ABP VNN2 CEBPB DOK3
IL1RN HCAR2 CDA| MAP1LC3B2
BCL2A1 FPR1 CCL4L2 C150rf48
S100P CMTM2 CYP4F3 H3F3A
S100A9 NAMPT MAP1LC3B ETS2
S100A12 CXCR1 LITAF IFIT3
KATNBL1 LRG1 IL1A NSMAF
ALOX5AP TNFAIP6 RILPL2 LRRK2
TRIB1 PHACTR1 LINC01506 RNF24
CLEC4E ADM CLEC4A MSRB1

ANP32A FGR
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