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Abstract

Pancreatic ductal adenocarcinoma (PDAC) is an insidious disease with a low five-year survival rate.
PDAC is characterized by infiltration of abundant tumor-associated macrophages (TAMs) that promote immune
tolerance and immunotherapeutic resistance. Here we report that macrophage spleen tyrosine kinase (Syk)
promotes PDAC growth and metastasis. In orthotopic PDAC mouse models, genetic deletion of myeloid Syk
reprogrammed macrophages into immunostimulatory phenotype, increased the infiltration, proliferation, and
cytotoxicity of CD8+ T cells, and repressed PDAC growth and metastasis. Furthermore, gemcitabine (Gem)
treatment induced an immunosuppressive microenvironment in PDAC by promoting pro-tumorigenic
polarization of macrophages. In contrast, treatment with the FDA-approved Syk inhibitor R788 (fostamatinib)
remodeled the tumor immune microenvironment, “re-educated” pro-tumorigenic macrophages towards an

immunostimulatory phenotype and boosted CD8+ T cell responses in Gem-treated PDAC in orthotopic mouse
models and an ex vivo human pancreatic slice culture model. These findings illustrate the potential of Syk

inhibition for enhancing the anti-tumor immune responses in PDAC and support the clinical evaluation of R788

either alone or together with Gem as a potential treatment strategy for PDAC.

Significance: Syk blockade induces macrophage polarization to an immunostimulatory phenotype that
enhances CD8+ T cell responses and improves gemcitabine efficacy in pancreatic ductal adenocarcinoma, a

clinically challenging malignancy.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive lethal malignancy with a mortality rate
closely paralleling its incidence rates (1,2). With a five-year survival rate of 11%, PDAC represents the third
leading cause of cancer-related deaths in the United States (3). Current standard therapies are not curative for
advanced disease and minimally improve survival (4,5); hence novel therapies are urgently required to combat

this devastating malignancy.

The characteristic features of PDAC are the presence of a highly desmoplastic stroma and extreme
intra-tumoral heterogeneity, which drives immune and drug resistance in these tumors (6,7). Tumor-infiltrating

immune cells of the myeloid lineage, including tumor-associated macrophages (TAMs), and myeloid-derived
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suppressor cells (MDSCs), play crucial roles in generating an immunosuppressive microenvironment that
diminishes effective anti-tumor immune responses in pancreatic cancer (8-11). Among these myeloid cells,
CD206"MHCII" TAMs are abundantly infiltrated in the PDAC tumors and promote PDAC growth (12). Emerging
studies have shown that TAMs interact with the CD8+ T cells in the TME to reduce the mobility of T cells in the
tumor stroma and limit their entry into the tumors (13). TAMs can also inhibit the function of CD8+T cells by
secreting immunosuppressive cytokines like TGFB (14) or limiting the metabolites required for T cell
proliferation (L-arginine) by expressing arginase-1 enzyme (15). Recent studies have highlighted that
gemcitabine (Gem) chemotherapy, the single most commonly used agent in PDAC, also promotes the
polarization of macrophages to an immunosuppressive phenotype in the PDAC tumor microenvironment
(TME), ultimately leading to Gem resistance (16,17). Consequently, approaches that modulate the pro-
tumorigenic functions of TAMs have demonstrated that targeting these immune cells can unleash effector T

cell responses and enhance responses to Gem treatment in PDAC (10,11,18,19).

We have recently shown that Syk signaling downstream of a4B integrin promotes stabilization of
hypoxia-inducible factor (HIF1a) to limit CD8+ T cell responses in lung adenocarcinoma (20,21). Moreover,
using Syk inhibitor, R788 (fostamatinib), which is an FDA-approved drug for the treatment of patients with
chronic immune thrombocytopenia (22), we have shown that Syk inhibition induces immunostimulatory
transcriptional programming in macrophages to suppress tumor growth (20). The role of Syk in PDAC
progression has not been previously explored in detail and one study reported that it acts as a tumor

suppressor (23). For this reason, we sought to study the role of Syk in PDAC growth and metastasis.

Here we report that Syk is abundantly present in PDAC-associated macrophages and promotes
polarization of macrophages into a pro-tumorigenic type, leading to immunosuppression, tumor growth, and
metastasis in mouse models of PDAC. Using orthotopic mouse models and an organotypic PDAC slice culture
model, we demonstrated that pharmacological inhibition of Syk using FDA-approved drug R788,
reprogrammed TAMs towards immunostimulatory phenotype that promoted CD8+ T cell activation and
improved responses to Gem. These results suggest the therapeutic potential of R788 alone or in combination

with chemotherapy to augment anti-tumor immune responses in this cancer.
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Materials and Methods

Human samples

Human tissues from deidentified patient samples were received from UC San Diego Moores Cancer Center

Biorepository under IRB-approved protocol #181755.

Cell lines

The murine KPC1245 and KPC1242 pancreatic adenocarcinoma cell lines derived from Kras®'??*, p53R'72H*

Pdx1-Cre” (KPC) mice (24) were a kind gift from Dr. David Tuveson (Cold Spring Harbor Laboratory, CSHL).
The Panc02 cell line derived from C57BL/6 mice is described before (25). All cell lines were grown in
Dulbecco’s modified Eagle Medium (DMEM) media supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin and streptomycin (Panc02) or supplemented with sodium pyruvate, non-essential amino acids for
KPC-derived cells. All cell lines were maintained at low passage numbers and were cultured at 37°C and 5 %

CO; in a humidified incubator. Cells were routinely tested for mycoplasma contamination and no cell

manipulations were performed for this study.

Animals and in vivo experiments
All procedures involving animals were approved by the UCSD Animal Care Committee, which serves to ensure
that all federal guidelines concerning animal experimentation are met. Floxed Syk mice, lysozyme M (LysM)

k" mice were

Cre and CD19 cre recombinase transgenic mice were purchased from Jackson laboratories. Sy
crossed with LysM cre or CD19 cre mouse models to specifically delete Syk from monocyte and macrophages
(SykM*° mice) (20) or from B cells (SykB<*°mice) respectively. C57BL/6 mice used for drug treatment studies
were obtained from Charles River Laboratories. Fifty thousand KPC1245 or KPC1242 cells and one million
Panc02 cells were implanted orthotopically into the pancreata of 6-8 week old Syk™°"T (aka Syk®“"T), Syk®
KO and SykM“*° mice and C57BL/6 mice (25,26). The metastatic nodules on mesenteric lymph nodes and liver
were counted under dissecting microscope. In some studies, C57BL/6 mice bearing PDAC tumors were

treated with 50 mg/kg R788 (five times/ week) either alone or in combination with 15 mg/kg Gem (3

times/week) or in combination with 200ug anti PDL1 mAb (clone 10F.9G2, BioXCell), or isotype control LTF2
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5
(BioXcell). R788 was obtained from Selleck Chemicals (Houston, TX) and Gemcitabine-HCL was purchased
from Biotang (Waltham, MA, USA). CD11b+F4/80+ macrophages were isolated using CD11b and F4/80

magnetic beads (Miltenyi Biotec, San Diego) according to manufacturer’s instructions.

Macrophage-depletion and CD8+ T cell depletion experiments

For macrophage depletion experiments, mice bearing KPC1245 tumors were treated with 50 mg/kg of anti-
CSF1R antibody (clone AFS 98, BioXcell, administered intraperitoneally, every alternate day, until tumors were
harvested on day 15. For CD8 depletion experiments, mice with KPC1245 tumors were treated with 200ug of
anti-CD8 (clone YTS169.4) or an isotype rat IgG2b control (LTF-2) from Bio-X-Cell administered ip on day -3,
0, 3, 6 and 10 of tumor inoculation as described before (20).

Cell Proliferation Assay

KPC1245 cells were plated at 4 x 10* cells/well in 96-well plates in media containing DMEM+10% FBS. Cells
were incubated overnight and treated with DMSO or R788 for 48 hr. Cell viability assay was performed using

AlamarBlue® (Roche) according to the manufacturer’s protocol.

Single-cell preparation for flow cytometry

Single cell suspensions from tumors were prepared as described before (20). Briefly, tumors were isolated,
minced, and incubated for 30-45 min at 37°C in a dissociation solution containing Hanks Balanced Salt
Solution supplemented with 0.5 mg/ml collagenase IV (Sigma), 0.1 mg/ml hyaluronidase V (Sigma), and 0.005
MU/mI DNAse | (Sigma). The undigested tissues were removed by passing through 70 ym nylon mesh and
centrifuged at 1500 rpm for 5 min. The red blood cells were lysed using RBC lysis buffer (Pharm Lyse, BD
Biosciences, San Jose, CA, USA) and cells were prepared for flow cytometry.

Flow cytometry

For flow cytometry staining, dissociated cells were incubated with a fixable viability stain 510 (BD, Biosciences)
followed by staining with primary antibodies directed against CD45 (30-F11), CD11b (M1/70), Gr1 (RB6-8C5),
F4/80 (BM8), CD206 (C068C2), MHCII (AF6-120.1), CD44 (IM7), PDL1 (MIH5), TIGIT (1G9), CD69 (H1.2F3)
obtained from BD Biosciences; CD3 (145-2C11), CD4 (GK1.5), CD8 (53-6.7), pSyk"*® (moch1ct) from

eBioscience, PD1 (29F.1A12), and CD62L (MEL-14) from Biolegend. Samples were acquired on BD
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Fortessa or LSRIl and data were analyzed using FlowJo software version 10 (Treestar, Ashland, OR, USA).
Immunohistochemistry and Immunofluorescence

Formalin fixed paraffin embedded (FFPE) tissue sections (4um) of human PDAC were obtained from UC San
Diego Moores Cancer Center Biorepository. Formalin-fixed paraffin-embedded (FFPE) tissue sections (4um) of
human PDAC or mouse tumors were used for immunohistochemistry (IHC) or immunofluorescence (IF)
studies. Slides were baked overnight and then either stained for H and E staining or Trichome staining or
processed for IHC and IF staining. For IHC studies, human samples were stained with the following
antibodies: anti-CD20 (ab64088, 1:100, Abcam), anti-CD68 (MA5-12407, 1:50, Invitrogen), anti-CD206
(ab64693, 1:100, Abcam), anti-CD3 (ab16669, 1:500, Abcam), anti-CD4 (ab288724, 1:1000, Abcam), anti-CD8
(70306S, 1:50, Cell Signaling). Mouse tumors were stained with the following antibodies: anti-SMA (ab5694,
1:1000, Abcam), anti-CD3 (ab16669, 1:500, Abcam) anti-CD8 (14-0195-82, 1:50, Invitrogen), anti-B220
(553086, 1:200, BD Pharmingen), and anti-CD68 (ab125212, 1:50, Abcam). Antigen retrieval was carried out
in citrate buffer (pH 6.0, Vector Laboratories) at 95°C for 30 min. After antigen retrieval, tissue sections were
incubated with BLOXALL (Vector Laboratories) for 10 min followed by blocking Blotto (Thermo) for 10 min.
Sections were stained with primary antibodies at recommended dilutions in Blotto for 1 hr at room temperature.
After washing primary antibodies, the samples were stained with anti-mouse or anti-rabbit secondary
antibodies HRP Polymer (Cell IDX for 30 min at RT followed by DAB staining using DAB chromogen (VWR,
95041-478) for 5 min. The images with positive staining were captured using Olympus inverted microscope.
The whole area of the tumor was selected as a field of interest, and the area with immunohistochemically
positive staining within the field of interest was calculated by the Image J software after setting the thresholds.
The results are expressed as the percentage of the positively immunolabelled area within the total area of the
tumor. For immunofluorescence staining, antigen retrieval was carried out as described above followed by
blocking with Blotto for 10 min. The tissues were then incubated with Syk (clone EP573Y, ab40781, 1:1000,
Abcam) and CD68 (MA5-12407, 1:50, Invitrogen) antibodies in Blotto for 1 hr at room temperature. After two
washings with 1X TBST buffer, samples were stained with anti-mouse or anti-rabbit HRP polymer-conjugated
secondary antibodies (Cell IDX) for 30 min at RT. Tissues were then incubated with Alexa Fluor 488 and Alexa

Fluor 594 Tyramide reagents (Thermo) for 10 min. DAPI was used to counterstain the nuclei. For some
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studies, the slides were deparaffinized, and rehydrated, followed by antigen retrieval in citrate buffer. The
slides were bleached with 4.5% H,O, and 24 mM NaOH in PBS with exposure to light. After 45 minutes the
bleaching solution was refreshed, and bleaching was continued for 45 more minutes. The slides were then
blocked followed by incubation with the following antibodies; anti-CD8a (14-0808-82, 1:400, Invitrogen) and
anti-Ki67 (ab16667, 1:200, Abcam) detected with donkey anti-rat AF647 (A48272, 1:500, Invitrogen) and
donkey anti-rabbit (A10042, 1:500, Invitrogen, anti-CD31 (DIA-310, 1:200, Dianova) detected with
donkey anti-rat AF647 (A48272, 1:500, Invitrogen), anti-F4/80 (70076S, 1:200, Cell Signaling) detected with
goat anti-rabbit AF647 ( A32733, 1:500, Invitrogen).The images of fluorescent staining were captured using
Keyence BZX-700 fluorescent microscope.

Macrophage polarization studies

Bone marrow derived macrophages (BMDMs) were generated from C57BL/6 mice as described before (21).
Tumor conditioned media (TCM) was prepared from confluent KPC1245 cells. For this, cells were grown to
80% confluence, washed with PBS and media changed to DMEM without FBS for another 48 hrs. TCM was
collected after 48 hrs. and used for co-culture experiments. For inhibitor studies, BMDMs stimulated with
20ng/ml IL4, or WT BMDMs incubated with TCM from KPC1245 cells were treated with 500nM R788 for 24 hrs

followed by RNA isolation.

Syk activation studies

TAMs were isolated from Panc02 PDAC tumors based on FACS sorting of cells stained with CD11b and
F4/80. TAMs were stimulated for Fc gamma ligation or LPS or a4 integrin stimulation. For Fc gamma ligation,
cells were incubated with purified rat anti-mouse CD16/CD32 (BD Pharmingen) at 1.0 pg/10° cells for 10 min
4°C and then incubated with goat anti-rat F(ab’)2 (25 pg/ml, Jackson ImmunoResearch) for 10 min followed by
lysate preparation. For TLR4 signaling, TAMs were stimulated with 1ug/ml of LPS for 10 min, followed by
lysate preparation. For asB4 integrin studies, non-tissue culture petri dishes were coated with 10 ug/ml of H296
(ligand for a4B+ integrin) in PBS for 1 hr, followed by washing with PBS and plating of cells for 10 min and

lysate preparation.

Western blot analysis
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BMDMs, CD90.2 + T cells, CD19+ B cells isolated from splenocytes of PDAC-bearing mice, in vitro cultured
Panc02, KPC1245 cells and CD11b+F4/80+ TAMs stimulated with LPS or by Fc gamma ligation or a4
integrin ligation were solubilized in RIPA buffer containing protease and phosphatase inhibitors. Proteins were
run on SDS-PAGE gels, electro transferred to nitrocellulose membranes and were immunoblotted with

antibodies from pSyk"**® (Abcam), Syk (Santa Cruz), B-actin (Santa Cruz) as described before (21).
Real Time PCR

Total RNA was isolated from BMDMs or murine or human PDAC slices using the Qiagen RNAeasy kit (Qiagen,
Hilden, Germany) and cDNA was prepared using iscript cDNA synthesis kit (Bio-Rad, Hercules, CA). cDNA
was amplified by RT-PCR reactions with 1x SYBR green supermix (Bio-Rad, Hercules, CA) in 96-well plates
on an CFX96 Real time system (Bio-Rad, Hercules, CA), using the program and the custom designed primers
obtained from Integrated DNA Technologies. Relative expression levels were normalized to Gapdh expression

as previously described (20).
Organotypic slice culture

Human PDAC slices and slices derived from eight-nine week old KPC mice-a genetically engineered mouse
model (GEMM) were cultured as described previously (27,28). The tissues were first sectioned into fragments
(approximately 5-10 ml cubed) and imbibed in low melting agarose followed by cutting 200um sections using a
vibroslicer (VT1000P; Leica Biosystems). The slices were transferred into 0.4um trans well cell culture inserts
(Cat# CLS3450-24EA) containing RPMI media and incubated with either 250 nM Gem or 2.5 yM R788 or
combination of Gem and R788. The media was changed the next day and after three days of culture,

supernatants were used for cytokine ELISA and slices were used for RNA isolation or immunohistochemistry.
ELISA assays

Tissue culture supernatants from PDAC slices were assayed for total TGF-f1 or MCP1 (CCL2) by using
commercially available Legend Max ELISA kits from BioLegend (San Diego, CA) according to manufacturer’s

instructions.

Gene expression analysis
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Gene expression microarray data and sample information of matched tumor and normal samples from 36
Pancreatic Adenocarcinoma patients were downloaded from Gene Expression Omnibus (GEO) accession
GSE15471 (29). Sequence analysis on IL-4 polarized BMDMs from Syk°"T and Syk™“*° mice was
performed as described previously (20). Briefly, RNAseq expression data of IL-4 polarized BMDMs from Syk“®
WT and SykM“*° were downloaded from GEO accession GSE115109 (20) and aligned using a STAR (30) to
the mm10 mouse reference genome with reads quantified by Salmon (31) in a standard RNAseq BCBio
pipeline workflow. Differential gene expression in the IL4-exposed SykM““T and Syk“*° BMDMs were
compared using DESeq2 (32) with apeglm being used for empirical shrinkage effect size estimation (33). P-
values were multiple hypotheses corrected using the Benjamini-Hochberg method in the python stats models
package. The heatmap of relevant differentially expressed genes was made using the Python seaborn

package. The results are available at GSE115109.
Sc-RNA-Seq data acquisition, integration, and analyses

Single-cell RNA-seq data from 24 human PDAC tumor samples and 11 normal pancreases were downloaded
from GSA accession CRA001160 along with sample information and cell identity metadata, available

at https://ngdc.cncb.ac.cn/gsa/browse/CRA001160. The cells for each sample were separated, and counts of

each gene from cells of the same type were averaged (sum of gene counts/number of cells of type in sample);
non-immune cells were grouped together in the non-immune category for clarity. Finally, a box plot of SYK
expression across the different cell types was generated and p-values between each cell type were computed
using the Kruskal-Wallace paired sample test due to the paired nature of the data.

Statistical analysis

For all in vitro studies, experiments were performed three or more times with three or more biological replicates
per group. All in vivo experiments were performed at least twice with 8-10 animals assigned/group. Data were
normalized to standard where applicable. Significance testing was performed by one-way ANOVA with Tukey’s
post-hoc testing for multiple pair-wise testing with more than two groups and by student’s t-test when only two
groups were compared. Statistical analysis was performed using GraphPad Prism V.9 software. Unless
otherwise stated, data are shown as mean + SEM. In all cases, *p < 0.05, ** p < 0.01 *** p < 0.001, **** p <

0.0001, ns = not significant.

€202 UN[ G| UO IYSO EJomys ‘0Bai Ues - eiuiope Jo AisIaAun - 1aD Aq Jpd'Groe-22-Ued/zZ986EEE/SYIE-22-NYD ZLS-8000/8S | | 01L/10p/pd-ajoile/Se1190ue0/610"s|euInoloee/:d)y Wolj papeojumoq



238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

10

Data availability statement

Gene expression microarray data of matched tumor and normal samples from Pancreatic Adenocarcinoma
patients were downloaded from Gene Expression Omnibus (GEQO) accession GSE15471. RNAseq expression
data of IL-4 polarized BMDMs from Syk“"T and Syk“®*° were downloaded from GEO accession
GSE115109. Single-cell RNA-seq data from human PDAC tumor samples and normal pancreases were

downloaded from accession CRA001160 available at https://ngdc.cncb.ac.cn/gsa/browse/CRA001160. All

other raw data are available upon request from the corresponding author.

Results:

Syk positive macrophages accumulate in murine and human PDAC

Tumor associated macrophages are principal regulators of tumor progression and chemo- and
immunotherapeutic resistance in PDAC (8-10,34). Similar to previous reports (11,35) demonstrating the
increased infiltration of TAMs into pancreatic tumors, we also observed an increase in the presence of
CD68+ macrophages in human PDAC compared with healthy pancreatic tissue (Fig. 1A). To examine the
accumulation of macrophages in murine PDAC, we orthotopically implanted KPC1245 and KPC1242 cells in
C57BL/6 mice. Immunostaining of pancreata from normal and tumor-bearing mice revealed that F4/80+
macrophages are abundantly infiltrated in KPC1245 and KPC1242 tumors (Supplementary Figs. S1A-B). In
addition, we found that macrophages are crucial regulators of PDAC growth as administration of anti-mouse
anti-CSF 1R suppressed tumor growth in mice bearing KPC1245 tumors (Supplementary Figs. S2A-C).

Based on the abundance of macrophages in PDAC, we sought to test if Syk, is expressed in PDAC and
if therapeutic targeting of this kinase is efficacious in treating this recalcitrant neoplasm. We found an abundant
increase in SYK+ cells in the tissue sections of invasive human PDAC as compared to normal tissue using
immunofluorescence microscopy (Fig. 1B). Correspondingly, analysis of the publicly available dataset,
GSE15471, and single cell RNAseq data set (accession number: CRA001160) revealed high expression of
SYK in human PDAC as compared to normal pancreas (Figs. 1C and D).

Like human PDAC, Syk levels were high in murine PDAC tumors compared to normal pancreatic tissue
(Supplementary Fig. S3A). Syk was expressed specifically in CD45+ immune cells isolated from orthotopically

implanted KPC1245 tumors and minimally in CD45- tumor cells as revealed by RTPCR (Supplementary Fig.
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S3B). Most notably, we observed the presence of Syk in CD11b+F4/80+ TAMs isolated from murine PDAC
tumors (Fig. 1E). Syk is also expressed in CD19+ B cells isolated from spleens of mice bearing PDAC tumors
and to a lower extent in BMDMs. However, Syk is not expressed in murine PDAC cell lines, Panc02 and
KPC1245 and CD90.2+ T cells from spleens of mice bearing PDAC tumors (Fig. 1E). Likewise, the analysis of
sc-RNA-seq data (CRA001160), revealed that Syk is maximally expressed in macrophages, followed by B cells
and non-immune cells while not in T cells from human PDAC (Fig. 1F). Immunofluorescence microscopy also
confirmed immunoreactivity of Syk in CD68+ TAMs in the tissue sections of human PDAC specimens (Fig.
1G).

In macrophages, Syk is known to be activated upon binding to phosphorylated ITAMs of Fc gamma
receptor, or by binding to the cytoplasmic domains of integrin adhesion receptors, most notably 3 and
Bs integrin or by TLR4 (36,37). We have previously shown that asB4 integrin can maximally activate Syk at
Y348 site in TAMs isolated from the lung adenocarcinoma tumors (20). Here, we found that macrophages in
PDAC tumors showed higher expression of pSYK**® as compared to macrophages from normal pancreas (Fig.
1H). In addition, TAMs are activated downstream of a,B4 integrin and Fc gamma receptors in the PDAC TME,
with no activation by TLR4-mediated signaling (Fig. 11). Taken together, these results clearly indicate that Syk
is abundantly present in PDAC-associated-macrophages and is activated downstream of a,31 integrin or/and
Fc gamma receptors in the PDAC TME and may function to modulate PDAC growth and metastasis.
Macrophage Syk promotes PDAC growth and metastasis and limits infiltration, proliferation, and
activation of CD8+ T cells in the PDAC TME

As Syk is abundantly present in macrophages and to some extent in B cells (Fig.1E and F), we next
investigated if deletion of Syk in macrophages or B cells can impede PDAC growth. For this study, we used
our previously established conditional myeloid Syk KO mice (Syk™“*®) (20) and recently generated B cell Syk
KO (SykB“*°) mice and examined tumor growth of two syngeneic murine PDAC cell lines: KPC1245 and
Panc02 according to the depicted schema (Fig. 2A). We found that CD19+ B cells were significantly reduced in
SykBS*° mice, but tumor growth is similar in Syk®“"T and SykB“*° mice implanted with orthotopic KPC1245
tumors (Supplementary Figs. S4A-C), suggesting that Syk deletion in B cells is not responsible for PDAC

growth. However, we found that both orthotopic Panc02 and KPC1245 pancreatic tumors from SykM“*° mice
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were significantly smaller than pancreatic tumors from Syk“°"T mice (Fig. 2B and C). Remarkably, the
prevalence of metastases in colonic lymph nodes and liver was also substantially reduced in pancreatic tumors

kMC—KO

from Sy mice, indicating that myeloid Syk promotes PDAC growth and metastatic progression (Fig. 2B

and C). Analysis of pancreata from KPC1245-bearing mice by immunofluorescence or immunohistochemistry

reveals that Syk"e"T

animals exhibited abundant expression of smooth muscle actin (SMA) and Trichrome, as
well as increased CD31 staining (Fig. 2D), suggesting a role for myeloid Syk in promoting desmoplasia.

As myeloid Syk deletion has significant impact on PDAC growth (Figs. 2B & C), we analyzed alterations
in immune cells in tissues from PDAC-bearing SykM°"T and Syk™“*° mice by flow cytometry. We found that
Syk deletion has no significant impact on the recruitment of CD19+ B cells, CD11b+Gr1- monocytes,
CD11b+Gr1+ granulocytes and CD11b*Gr1'F4/80" TAMs into PDAC tumors (Supplementary Figs. S5A-D).
Importantly both Panc02 and KPC1245 PDACs from Syk““™"° mice exhibited significantly more CD3+ and
CD8+ T cells than PDACs from SykM°"T mice (Figs. 2E-F), with no significant impact on the systemic
infiltration of T cells in the spleens of tumor bearing Syk™“"" and Syk"°*° mice (Supplementary Figs. S6A-D).
We found a significant increase in the T cell chemo attractants CXCL5, CXCL9 and CXCL10 in the SykMc*©
treated tumors (Supplementary Fig. S6E). In addition to increased infiltration, CD8+T cells proliferate in the
SykMCKO treated tumors (Fig. 2G). Accordingly, T cells isolated from the PDAC-bearing Syk"°*° mice showed
higher expression of Ifng, Gzmb and Prf (Fig. 2H). These results clearly suggest that myeloid Syk promotes

immunosuppression, PDAC growth, and metastasis.

Syk enhances an immunosuppressive phenotype of macrophages in vitro and in vivo

Since we observed that Syk deletion promotes recruitment and activation of T cells in PDAC, we
postulated that Syk promotes immunosuppressive programming of macrophages to impede CD8+ T cell
responses in PDAC. We found that Syk deletion reprogramed TAMs towards immunostimulatory phenotype as
we observed an increase in the frequency of MHCII® TAMs with a concomitant reduction in CD206"

immunosuppressive TAMs in PDAC tumors from SykMc*©

mice (Figs. 3A and B). Similarly, we found higher
expression of immunosuppressive genes in TAMs isolated from KPC1245 tumors implanted in Syk™“"T mice
while TAMs sorted from Syk“*° mice showed higher expression of proinflammatory genes like /112, Ifng,

Nos2, as shown by RTPCR (Fig. 3C). We next determined if Syk can regulate the transcriptional programming
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in macrophages in vitro. It is well-documented that incubation with IL4 or TCM promotes immune suppressive
polarization of macrophages in vitro (38). RNA-seq data revealed that IL4 stimulated Syk““"'" BMDMs
exhibited higher expression of genes related to immune suppression such as Ido1, Vegfd, Arg1, and Ccl2 as
compared to IL4 stimulated Syk““° BMDMs (Fig. 3D). Interestingly, we also found higher expression of genes
related to metastasis, such as Pdgfa, Pdgfb (39), in IL4 stimulated Syk"°*'T BMDMs, which may help explain
the increased metastasis observed in SYKM"T mice (Figs. 2 B and C). We next asked if pharmacological
inhibition of Syk can reduce pro-tumorigenic polarization of macrophages in vitro. For this, we used a
commercially available Syk inhibitor, R788 has an IC50 of 41 nM for Syk with no inhibition of ZAP-70 and Lyn
kinases (22). We observed that R788 prevented IL4-induced expression of immunosuppressive genes (Fig.
3E). While co-culture of BMDMs with TCM from KPC-1245 tumor cells increased the gene expression of //6,
1110, Ccl2, Arg, Tgfb, Mmp9, and Vegf, R788 downregulated the expression of these genes (Fig. 3F). Taken
together, these results indicate that Syk inhibition reduces expression of immune suppressive genes and
stimulates expression of proinflammatory genes in macrophages, which likely contribute to enhanced CD8+T
cell recruitment, proliferation, and activation in PDAC tumors.

To investigate if deletion of Syk specifically in macrophages is sufficient to block PDAC growth, we
treated Syk™“"T and Syk““*° mice bearing KPC1245 tumors with R788. We found that administration of R788

significantly reduced tumor growth in Syk™e"T

mice (Figs. 3G). However, R788 further did not significantly
reduce tumor growth in Syk™°*® mice (Fig. 3G). As Syk is predominantly expressed in CD45+ immune cells in
PDAC tumors (Fig. S2B) with no contribution of B-cell Syk in PDAC growth (Fig. S4C) and minimal effect of
Syk inhibitors on PDAC cells in vitro (Supplementary Fig. S7), we conclude that macrophage Syk promotes
immunosuppression and PDAC growth.
Syk inhibition with FDA-approved drug R788 synergizes with Gem to suppress PDAC growth and
metastasis

As Syk controls immunosuppressive programming of macrophages, we speculated that Syk inhibitors
either alone or together with immunotherapy or chemotherapy will improve the outcomes of pancreas cancer.

To test this hypothesis, Panc02, and KPC1245 cells were orthotopically injected into the pancreata of WT

mice, and mice were then treated with R788 either alone or in combination with anti-PDL1 mAb or Gem,
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according to the schema as depicted in Fig. 4A. We observed that vehicle mice developed large pancreatic
tumors with numerous metastatic nodules in liver and colon, whereas R788 treated tumors were significantly
smaller with rare metastatic nodules (Figs. 4B-D). We found that antibodies targeted against programmed
death ligand 1 (anti-PDL1 mADb) either alone or in combination with R788 significantly reduced tumor growth in
the Panc02 PDAC (Fig. 4B). However, no significant synergy was observed between anti-PDL1 mAb and R788
in the KPC1245 PDAC (Fig. 4C-D). We found that PDL1 is expressed both on CD45- tumor cells and CD45+
TAMs, and R788 didn’'t impact the expression of PDL1 either on macrophages or on TAMs (Supplementary
Fig. S8) which explains the lack of synergy between R788 and anti-PDL1 mAb in KPC1245-treated tumors.
However, we found that R788 synergizes with Gem to reduce tumor growth, and metastasis in Panc02,
KPC1245, and in another KPC-derived cell line, KPC1242 (Figs. 4B-E). In addition, histological evaluation of
KPC-1245 tumors from Gem and R788 treated mice showed reduced desmoplasia as revealed by Trichome
staining (Fig. 4F).
Gem endows TAMs with pro-tumorigenic properties but R788 reprograms TAMs to overcome Gem-
induced immunosuppression in PDAC in a CD8+T cell dependent manner

Several studies have shown that macrophage infiltration and macrophage-induced immunosuppression
both contribute to Gem resistance in PDAC (16,17). As Syk inhibition reduced immune suppressive
polarization of macrophages in vitro and in vivo (Fig. 3), we investigated if R788 can overcome Gem-induced
immunosuppression and can boost CD8+ T cells responses in these tumors. We found that treatment of
KPC1245 tumors with R788 or Gem did not significantly reduce infiltration of total CD45+ cells, while there is
significant decrease in CD11b+ cells on R788 treatment (Figs. 5A-B). Most notably, Gem treatment reduced
infiltration of TAMs but has no impact on the infiltration of CD206" immunosuppressive TAMs in the PDAC
tumors while R788 alone or together with Gem significantly reduced the infiltration of CD206+ TAMs in the
tumor bed (Figs. 5C-D). In addition, Gem-treated tumors show increased gene expression of Arg, 1110, Tgfb
and Ccl2 as compared to vehicle tumors and R788 reduced Gem-induced immunosuppressive transcription in
these tumors (Fig. 5E).

Remarkably, we observed that R788 treatment increased infiltration of CD8+ T cells as compared to

vehicle tumors (Figs. 5F-H). Furthermore, these CD8+ T cells are more proliferative in the R788 treated group
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or Gem + R788-treated group as compared to vehicle or Gem (Fig. 5G). In addition, PDAC infiltrating CD8+ T
cells were highly activated in R788 and Gem + R788 treated group as they exhibit increased infiltration of
CD44+CD62L- effector T cells and CD69+ T cells as well as enhanced gene expression of I[fny and Gzm in
treated tumors (Fig. 5H-I). Similarly, we found higher infiltration of CD69+ CD8+ T cells in the R788-treated
KPC1242 tumors (Supplementary Fig. S9A-B). Most notably, we didn’t observe any significant changes in the
expression of exhaustion markers PD1 and TIGIT on tumor infiltrating CD8+ T cells in the R788-treated tumors
(Supplementary Fig. S9C-D). We found that depletion of CD8+ T cells in R788-treated tumors or Gem + R788
treated tumors restored the tumor growth in both groups, with no changes in tumor growth in the Gem-treated
group (Fig. 5 J), elucidating that synergy between Gem and R788 treatment is CD8+T cell dependent.
Altogether these results indicate that Gem treatment promotes immune suppressive polarization of
macrophages (this is actually a wound-healing response), but when combined with Syk inhibitors it remodels
the TME towards immune stimulation, boosted T cell proliferation and activation to improve anti-tumor immune
responses in PDAC.
R788 remodels the immune microenvironment in ex-vivo murine and human PDAC slice cultures

To determine whether R788 together with Gem can improve anti-tumor immune responses in
spontaneous murine models and human PDAC, we employed a tumor slice culture model as shown in Fig. 6A.
Similar to the results observed in mouse orthotopic tumor models, we found that slices derived from KPC
GEMM mouse tumors and treated with Gem showed increased expression of Arg, Vegf, Tgf3, Ccl2, and /110
as compared to vehicle slices, showing immunosuppressive TME in Gem-treated tumor slices (Figs. 6B-F).
However, the treatment of these slices with R788 downregulated the expression of these immunosuppressive
genes (Figs. 6B-F) and upregulated the expression of /fng, and Gzmb (Fig. 6G-H). R788 and Gem treatment

also reduced the protein expression of MCP1 (CCL2) (Fig. 6l).

Similarly, treatment of human PDAC slices with Gem and R788 led to the reduction in the mRNA
expression of ARG1, VEGF, IL10, and TGFB in three different patient PDAC samples (Fig. 7A-C, Table S1)
and decreased the secretion of TGFf (Supplementary Fig. S10). We also found that R788 treatment alone
was able to reduce the CD206+ TAMs without any significant changes in the number of CD68+ macrophages

as shown by immunohistochemistry (Figs. 7D-E). Most notably, we also observed an increase in the number of
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CD8+ T cells in R788-treated slices as well as Gem + R788- treated slices suggesting an effect on T cell

proliferation (Figs. 7D-F).

Discussion

PDAC tumors exhibit profound infiltration of macrophages, which promote immunosuppression, and
relapse from therapy (12,18). It is now well accepted that relieving the immunosuppressive activities of these
cells to enhance cytotoxic T cell activity and to mobilize CD8+T cells in the tumor stroma, can prove useful for
mounting durable anti-tumor immune responses (10,11). Here, we have identified Syk as a potential regulator
of immunosuppression and metastasis in pancreatic cancer. Contrary to a previous study by Layton et al (23),
we found higher expression and activation of Syk in CD68+ TAMs infiltrating in mouse and human PDAC, with
no expression of Syk in pancreatic cell lines. We found that macrophage Syk plays a critical role in regulating
PDAC growth and metastasis. Our studies reveal that Syk promotes immunosuppressive transcriptional
programming of macrophages by stimulating the expression of Arg, Ccl2, 1110, Mmp9, and TgfB. In contrast,
inhibition of this kinase increased the expression of /112, Ifng, and Nos2 and skewed the macrophages toward
an immunostimulatory phenotype in vitro and in vivo. This reprogramming of macrophages towards an
immunostimulatory phenotype in Syk-inhibitor treated tumors was accompanied by increased CD8+ T cell
recruitment to PDAC tumors, enhanced CD8+ T cell proliferation, increased T cell expression of Ifng, Gzm,
and Prf and bolstered CD8+ T cell responses in the PDAC tumors. We found that Syk inhibitors synergize with
Gem to slow PDAC growth in a T-cell dependent manner. Finally, using slice cultures established from
resected human PDAC tumor specimens, we show that Syk inhibitors, either alone or in combination with

Gem, decrease the expression of markers associated with an immunosuppressive phenotype.

Syk can be activated downstream of various receptors and play diverse biological functions (36).
Similar to our observation in lung adenocarcinoma tumors (20), macrophage Syk is activated downstream of
a4B1 integrin in the PDAC tumors. In contrast to lung tumors, Syk is also activated downstream of Fc gamma
receptors in the PDAC TME. In a related study, BTK-mediated signaling in B cells and FcRy positive
macrophages promotes PDAC growth (10). While, we have not evaluated the Syk-mediated crosstalk between
B cells and FcRy-positive macrophages in PDAC, we observed that Syk signaling in B cells have no role in

PDAC growth. Though B cells, are reported to play a protumorigenic role in PDAC progression (10,40), there
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are discrepancies in the literature regarding their role, and a recent study has shown that B cells do not favor
PDAC progression (41). However, the role of regulatory B cells (Breg) in promoting PDAC progression and
immunosuppression has recently been reported by several groups (40,42). It might be feasible that similar to
BTK, Syk has a role in regulating Breg-mediated immunosuppression in PDAC. In our studies, we used CD19
cre mice that depletes all mature and immature B cells and not specifically the Breg population. Hence, future
studies will be focused on using specific strategies to deplete Bregs to study the role of Syk in Breg

differentiation and Breg-mediated immunosuppression in PDAC.

We demonstrated that administration of anti-PDL1 mAb alone reduced tumor growth in orthotopic
mouse models as reported before (43-45). However, we didn’'t observe additive effects of targeting Syk and
PDL1 together in PDAC. These findings are similar to our studies in the B16 melanoma model, where we
demonstrated that Syk inhibitors and anti-PDL1 mAb alone reduced tumor growth but combination of R788 and
anti-PDL1 showed no significant additive effect (20). Interestingly, in related studies, PI3K gamma inhibitors or
BTK inhibitor ibrutinib reprogrammed the macrophages and slowed PDAC growth but showed no additive

effects in combination with immunotherapies (10,11).

Notably, our studies have shown that Syk inhibitors can be used as a potential agent to reduce Gem-
induced immunosuppression in the PDAC TME. It has been reported before that multiple doses of clinical Gem
treatment regimen can induce an immunosuppressive TME and hampers CD8+ T cell activity in PDAC tumors
(46). This study has shown that treatment of KPC GEMM mice with 100 mg/kg dose of Gem for two weeks,
lead to an increase in PDL1 expression and an increase in the expression of IL1, CCL2 and TGF [ (46).
Similarly, Wu et al have shown that multiple doses of clinical Gem treatment regimen induce
immunosuppressive TME, although the tumor growth was delayed in the EQ771-tumor bearing mice (47). In
our studies, we used a low dose of Gem as reported before (10) and found that Gem reduced tumor growth but
induced immunosuppressive transcriptional programming in macrophages leading to diminished cytotoxic T
cell activity in PDAC tumors. These observations are similar to previous studies demonstrating that PI3Ky and

BTK inhibitors suppress macrophage polarization and improve responses to gemcitabine in PDAC (10,11).
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Interestingly, we also observed that Gem treatment reduced the infiltration and activation of CD8+ T
cells. Though the effect of Gem on T cells has not been widely explored (48), one study has shown that Gem
treatment reduced CD4+, CD8+T cells in a non-small lung cancer mouse model (49) and another study has
shown that CD3+ T cells and memory T cells decrease in gem-treated PDAC patients after second and third
infusions (50). Our studies on orthotopic mouse models showed that R788 reinvigorates cytotoxic T cells by
reducing macrophage-mediated immunosuppression, and combining R788 with Gem eliminated the inhibitory
effects of Gem in T cell-dependent manner. Surprisingly, we also observed increased CD8+ T cells in R788-
treated slices ex vivo. Similar to our observations in in vivo models, R788 might have increased the

proliferation and reactivation of endogenous tumor reactive CD8+ T cells.

Taken together these studies establish a paradigm that Syk has a crucial role in regulating
macrophage- mediated immunosuppression in PDAC tumors and concomitantly in calibrating the effective anti-
tumor immune responses in these tumors. Syk inhibitors have long been used in the treatment of B-cell
malignancies. However, Syk inhibitors including FDA approved drug fostamatinib (R788) have never been
tested in patients with PDAC. The data presented in this manuscript prompt the hypothesis that fostamatinib in
combination with gemcitabine may be an effective therapeutic strategy for PDAC that could be rapidly tested in

clinical trials.
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Figure legends:

Fig. 1. Syk positive macrophages accumulate in murine and human PDAC. A-B. Left panel shows IHC or

IF staining of human invasive PDAC patient sample and normal pancreas for CD68 (A) and SYK (B) (scale bar

= 20 ym). The right panel shows quantification of CD68+ macrophages or SYK+ cells /40X microscopic field in
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the tissue sections (n = 3). The tissue sections were stained with DAPI to detect nuclei in Fig. B. Statistical
significance was determined by student’s t-test, ** p < 0.01, **** p < 0.0001. C-D. Relative SYK mRNA
expression in human PDAC as compared to normal pancreas tissue in data set, GSE15471 (C) and single cell
RNA-seq data set (CRA001160) (D). Statistical significance was determined by Wilcoxin signed rank test. E.
Western blot images showing expression of Syk and B actin in cell lines, B cells, T cells, TAMs and BMDMs. F.
Syk expression in macrophages, B cells and non-immune cells in human PDAC, using single cell RNAseq data
set (CRA001160). G. Figure shows IF staining of Syk (red) and CD68 (aqua) in a tissue section from human
invasive PDAC. The dual positive cells are indicated by arrows; scale bar = 10um. H. FACS quantification of
pSyk**®" CD11b*F4/80" cells in normal pancreas and KPC1245 PDAC (n = 3). I. Immunoblot showing pSyk>*®
activation in Panc02 PDAC TAMs stimulated with Fc gamma ligation, 1 pg/ml LPS or adhered to H296 (ligand

for asf31).

Fig. 2. Macrophage Syk regulates immunosuppression, PDAC growth and metastasis: A. Panc02 and

MC-WT MC-KO
k K

KPC1245 tumors were orthotopically implanted into Sy and Sy mice according to the depicted
schema. B-C. Left panel shows weights of pancreata containing Panc02 (B) or KPC1245 (C) tumors from
SykM“YT and SykM*° mice. Figs. in the right panel of B and C shows quantification of metastatic nodules in
colonic lymph nodes and liver. Significance testing was performed by non-parametric t-tests, *p < 0.05, ** p <
0.01 *** p < 0.001, *™** p < 0.0001. D. Representative images showing Trichrome, aSMA and CD31 staining
in KPC1245 PDAC tumors (scale bar = 50um). Left panel shows CD31 quantification. E. FACS quantification
of CD3+, CD4+ and CD8+ T cells in Panc02 PDAC tumors. F. Left panel shows IHC of KPC1245-PDAC
tumors for CD3, CD4+ and CD8 (scale bar = 20 um). Right panel shows immunodetection of T cells/
microscopic field (n = 3). G. Upper panel shows IF staining of CD8 (yellow), DAPI (blue), and Ki67 (red) in
KPC1245-PDAC tumors. Lower panel shows quantification data. scale bar = 10um. H. mRNA expression of
Ifng, Gzm and Prf in orthotopic Syk™“"T and SykM®™"°® Panc02 tumors. Statistical significance was determined
using the student f test or one-way ANOVA with Tukey’s post-hoc multiple pairwise testing when analyzing more
than two groups, *p < 0.05, ** p < 0.01 *** p < 0.001, **** p < 0.0001.

Fig. 3. Syk promotes immunosuppressive programing of macrophages in vitro and in vivo. A-B. Left

panel shows representative FACS plots, and right panel shows FACS quantification of MHCII" TAMs (A) and
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CD206" TAMs (B) in representative KPC1245 tumors from SykM“"T and SykM“*° mice (n = 4). Cells were
gated on CD11b*F4/80°Gr1” TAMs. C. Relative mRNA expression of genes in TAMs isolated from orthotopic
SykM“"T and SykM“© Panc02 tumors. D. Relative mRNA expression of genes in N.S and IL4 stimulated
SykMCWT and SykMeK° BMDMSs as determined by RNA sequencing. E-F. Relative mRNA expression of genes in
R788 treated macrophages polarized with IL4 in vitro (E) or KPC1245-TCM induced TAMs in vitro (F), G.
Weight of R788 treated and control treated orthotopic tumors from Syk™*"T and Syk™°*° mice (n = 5).

Fig. 4. Syk inhibition reduces tumor growth and sensitizes PDAC tumors to gemcitabine: A. Schemas
for the administration of R788 or anti-PDL1 mAb or Gem in Panc02 or KPC1245 tumors. B-C. Weights of
pancreata from Panc02 (B) and KPC1245 (C) tumors treated with drugs (n = 5) as depicted in schema in Fig.
A. D. Metastatic nodules in treated KPC1245 (n = 5) PDAC tumors. Significance testing was performed by one-
way Anova with Tukey post-hoc multiple pairwise testing, ns- not significant, * p < 0.05, *** p < 0.001. E. Weights
of pancreata from KPC1242 tumors treated with drugs (n = 5) as depicted in schema. F. Images showing
Trichrome staining in PDAC tumors (scale bar = 50 um).

Fig. 5. R788 overcomes Gem-induced immunosuppression and increases cytotoxic T cells in PDAC:
A-D. FACS quantification of intratumoral CD45+ cells (A), CD11b+ cells (B), CD11b+Gr1-F4/80+ TAMs (C),
and CD206+ TAMs (D) in end-stage KPC1245 tumors (n = 4) from Fig. 4C. E. Relative mRNA expression data
of immunosuppressive genes in KPC1245 tumors from Fig. 4C (n=3). F. Left panel shows IHC of KPC1245
PDAC tumors for CD8 (scale bar = 20 um) and right panel shows quantification of CD8+ cells/40X (n = 3). G.
Left panel shows IF staining of CD8 (yellow), and Ki67 (red) in KPC1245-PDAC tumors. Right panel shows
quantification data, scale bar = 20um H. FACS plots (right panel) and quantification (left panel) of CD3+, CD4+
CD8+ T cells, CD44"CD62L", CD69+ T cells in KPC1245 PDAC. I. Relative mRNA expression of Ifny and
Gzmb in KPC1245 tumors (n = 3). J. Schema showing administration of different drugs together with anti-CD8
depleting antibodies (upper panel). Lower panel shows the weight of pancreata containing KPC1245 tumors.
Significance testing was performed by one-way Anova with Tukey post-hoc multiple pairwise testing, *p < 0.05, ** p
<0.01 *** p <0.001, **** p < 0.0001.

Fig. 6: R788 remodels immune microenvironment in KPC GEMM PDAC slice culture: A. Schematic

representation of slice culture technique used for generating human and KPC GEMM PDAC slices. B-H.
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Relative mRNA expression of immune-response genes in the KPC GEMM PDAC slices treated with either 250
nM Gem or 2.5uM R788 or a combination of both drugs. I. Concentration of MCP-1 (CCL2) in Gem or /and
R788-treated slices. Significance testing was performed by one-way Anova with Tukey post-hoc multiple pairwise

testing, ns- not significant *p < 0.05, ** p < 0.01 *** p < 0.001, **** p < 0.0001.

Fig. 7. R788 reduces the expression of markers associated with immunosuppressive TAMs and
augments immunostimulatory responses in human PDAC slice culture ex vivo: A-C. Relative mRNA
expression of immunosuppressive genes in the human PDAC slices treated with either 250 nM Gem or/ and
2.5uM R788 from patient 1 (A), patient 2 (B) and patient 3 (C). Significance testing was performed by one-way
Anova with Tukey post-hoc multiple pairwise testing, ns- not significant *p < 0.05, ** p < 0.01 *** p < 0.001, **** p
< 0.0001. D-E. IHC (D) of human PDAC slices derived from donor 1 for CD206+, CD68+ macrophages and
CD8+ T cells (scale bar = 20 ym) and quantification of CD68+, CD206+ and CD8+ cells/40X field (E) F. IHC of

human PDAC slices derived from patient 4 for CD8+ T cells (scale bar = 20 ym).
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Fig. 6

Downloaded from http://aacrjournals.org/cancerres/article-pdf/doi/10.1158/004G8-5472.CAN-22-3645/3339862/ ﬁnﬂﬁv@r - University of California ..W Diego, Shwetg J nmv
N4 *H %
5 %, x ¥ 2 ﬁ &
Bl FAV * =
* 2
«nw\ 2
2 - ®\0 A %
m + .\Q T T T Q@
ﬁ — T T T 1 () o o o o o Q
= =S=== Tp] o o) o -7 o o o o
=] 4 ca X bR o o o o
O woown uoIssaldx3 z|oD aAle|oy e < o N -«
E £ oddld (Iw/6d) L-dOW
g E5E5EE .
N §>zxooc _
= = oo
. I %
* *
- *
[d — - *
byl = " T T T
o| & o © < 5 : -
. El B o
J_Hlﬁx_‘ S| g () uoissaidx3 qj6] annejey ak > o
i = uoissaldxg wzo) anneey
£ &
S| E = - x 9P
=]
S| ® = m«x@ﬂ&\
% | LUl O
= O H NQQ
*
P or ! X x| ¥ & | "
{ * | % _H
o L *
K *

';
-!
&
\)
& &

c O ©o © ¢+ N o 7
@ W = :
8§ & e uoissaldx3 j69/\ annejoy o
M~ uolIss
o |® < !
o = w _ x S
o Bs 58 2 By -
£ N 8E o= 3 S
G v S Ofr e @ O
S i o=c = &
- - T < = * o,
=<3 B * x O *
x®5 o * N *
e Hﬁ % X
] %, i
S & © © o °®
A m © © ¥ « =7 LI &
uoissaidx3 bBiy anlje|oy

uoissaidx3 Q|| eAle|ey



Fig. 7
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