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Abstract

Purpose: Myeloid cells are a prominent immunosuppressive component within the stroma of
pancreatic ductal adenocarcinoma(PDAC). Previously, targeting myeloid cells has had limited
success. Here, we sought to target the myeloid cells through modifying a specific stromal
component.
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Experimental Design: A murine model of metastatic PDAC treated with an irradiated whole
cell PDAC vaccine and PDAC specimens from patients treated with the same type of vaccine were
used to assess the immune-modulating effect of stromal hyaluronan (HA) degradation by
PEGPH20.

Results: Targeting stroma by degrading HA with PEGPH20 in combination with vaccine
decreases CXCL12/CXCR4/CCR7 immunosuppressive signaling axis expression in cancer-
associated-fibroblasts, myeloid, and CD8* T-cells, respectively. This corresponds with increased
CCRY7(-) effector memory T-cell infiltration, an increase in tumor specific IFN-y, and improved
survival. In the stroma of human PDACs treated with the same vaccine, decreased stromal CXCR4
expression significantly correlated with decreased HA and increased cytotoxic activities,
suggesting CXCR4 is an important therapeutic target.

Conclusions: This study represents the first to dissect signaling cascades following PDAC
stroma remodeling via HA depletion, suggesting this not only overcomes a physical barrier for
immune cell trafficking, but alters myeloid function leading to downstream selective increases in
effector memory T-cell infiltration and anti-tumor activity.

Keywords
Stroma; Myeloid; Hyaluronic Acid; CXCR4; PEGPH20; Hyaluronidase; Immunotherapy

INTRODUCTION

Pancreatic adenocarcinoma (PDAC) is an aggressive malignancy broadly resistant to current
treatment modalities. There is a distinct demand for the development of novel therapeutic
approaches such as immunotherapy. Cancer immunotherapy has been a monumental
advancement over the last decade for the treatment of many disease biologies(1-4).
Unfortunately, single agent immunotherapy treatment, such as checkpoint inhibitors, have
failed to show efficacy in PDAC (4,5). While the infiltration of effector CD8* T-cells may
confer survival benefit and is predictive of a beneficial response to immunotherapy, their
presence is rare while immunosuppressive myeloid cells dominate the PDAC tumor
microenvironment (TME)(6-8). PDAC classically elicits an intense desmoplastic reaction
including a well-developed stromal component comprising as much as 90% of tumor mass
in both primary and metastatic disease(9,10). This stroma serves as an impenetrable physical
barrier limiting therapeutic access as well as forming a complex signaling axis between
neoplastic and stromal cells. This network of signals regulates cancer growth, manipulates
immune surveillance and limits the efficacy of both classic chemotherapy and
immunotherapy(9-11). However, the role of stromal depletion in PDAC is controversial, as
prior studies reported an acceleration of cancer progression following the reduction of
cancer associated fibroblasts (CAF) via the hedgehog signaling pathway(12,13).

Although broad depletion of stroma may fundamentally inhibit immunosurveillance,
targeting a specific stromal component may still yield antitumor immune-modulating effects.
Hyaluronan (HA) is an extracellular glycosaminoglycan component of tissues that binds to
proteoglycans and other hyadherins forming a complex network in the extracellular
matrix(14,15). Accumulation of HA occurs in many human tumors and is predictive of more
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aggressive disease and treatment resistance(15,16). HA is abundant in the desmoplastic
stromal component of PDAC and thus hypothesized to significantly contribute to the pro-
tumorigenic impact of the TME and its ability to prevent maximal chemotherapeutic drug
accumulation(15-17). HA accumulation is associated with a parallel increase in collagen, a-
SMA expression, and proteoglycans, all together cooperating to form a complex, tumor-
promoting TME(18). Thus, HA is an attractive therapeutic target. PEGPH20 is a PEGylated
recombinant human PH20 hyaluronidase developed to degrade HA following its systemic
administration. Depletion of HA through hyaluronidase diminishes collagen synthesis,
depletes chondroitin sulfates and remodels the tumor stroma(18-22). The accumulation of
HA in untreated PDAC is typically associated with elevated interstitial fluid pressure
exceeding typical arteriolar and capillary pressures, thus serving as a major impediment to
therapeutic access. Following systemic dosing of PEPGHZ20, interstitial fluid pressure
significantly decreased and a corresponding significant increase in the percentage of CD31*
vessels with discernable, patent lumens was appreciated, although without a change in the
total vessel number. Furthermore, after PEGPH20 dosing, a significant increase in drug
delivery, as noted by doxorubicin fluorescence intensity, was appreciated, further suggesting
a restoration of functional perfusion and unimpeded therapeutic access(19). The reduction of
tumor HA thereby improves vascular perfusion, diminishes hypoxia, and increases
chemotherapy penetration and dispersion(18,22—24). This concept was supported with initial
phase 1b and 2 studies showing safety and improved efficacy of PEGPH20 in combination
with standard chemotherapeutics, Gemcitabine and nab-paclitaxel, lengthening progression-
free survival in PDAC patients(25,26). However, the role of PEGPH20 in enhancing the
efficacy of chemotherapy was questioned by another phase 2 study showing that the
FOLFIRINOX chemotherapy in combination with PEGPH20 was inferior to FOLFIRINOX
alone for metastatic PDAC patients(27). The difference in the results of two PEGPH20
studies may be explained by different chemotherapy regimens used in combination with
PEGPH20 or different schedules of PEGPH20 used in different clinical trials. Nevertheless,
the potential role of PEGPH20 in facilitating the intratumoral infiltration of immune cells is
still intriguing. One study demonstrated that PEGPH20 enhanced NK cell infiltration,
antibody delivery and antibody-dependent cell-mediated cytotoxicity in preclinical models
of various solid tumors(28). Manuel et a/. reported that PEGPH20 in combination with
shIDO-ST, a salmonella based therapy targeting indolemaine 2,3-dioxygenase, resulted in an
increased infiltration of anti-tumor polymorphonuclear neutrophils leading to reduced PDAC
tumor burden in mice(23). While not exclusively targeting HA, Elahi-Gedwillo et al.
reported that general inhibition of fibrotic activity by Halofuginone treatment altered the
PDAC TME leading to an increase in the infiltration of inflammatory macrophages and
cytotoxic CD8* T-cells, with the greatest immune infiltration observed in regions of low
HA(24). Nevertheless, whether targeting HA can modulate the function of tumor infiltrating
immune cells has not been addressed.

Myeloid cells are a prominent cell type within the pancreatic stroma(29). These cells are
known to be predominately immunosuppressive in PDAC via a myriad of signals
contributing to the paucity of infiltrating anti-tumor effector immune cells(29-31). Targeting
the myeloid cells has been challenging with growing efforts to manipulate their function by
targeting tumor-promoting signaling cascades, such as CXCR2, in order to enhance T-cell
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infiltration, inhibit metastases and improve survival(7,32). Another notable signaling
cascade target is the CXCR4 pathway. CXCR4 is most prominently recognized for its role as
a co-factor required for entry of the HIV virus into CD4* T-cells, however, it is also a
commonly overexpressed chemokine receptor in multiple human malignancies (33,34). This
pathway has previously been shown to polarize the TME towards a more
immunosuppressive nature by increasing myeloid-derived suppressor cell (MDSC)
recruitment and promoting tumor progression and growth (35-37). The development of a
therapeutic antibody targeting a G-protein coupled receptor such as CXCR4 has been
challenging. Inhibition of CXCR4 with small molecular drugs such as AMD3100 has shown
significant benefit in preclinical models of PDAC and has been associated with increased
CD8™" T-cell infiltration and tumor volume regression(38); however, the clinical feasibility
and translatability of applying AMD3100 for cancer treatment remains questionable.
Nevertheless, clinical trials with CXCR4 inhibition have largely shown limited benefit for
PDAC, potentially due to the broad expression of CXCR4 across multiple cell types other
than stromal myeloid cells. The inhibition of myeloid cells has so far similarly demonstrated
limited benefit in PDAC, thus highlighting the importance of developing therapeutic agents
that are able to modulate the function of myeloid cells instead of blocking or depleting them.
Previously, it was shown that depleting stromal fibroblasts by targeting fibroblast activation
protein-a (FAP) enhances antitumor immunity(39). It is therefore of interest to consider
targeting the myeloid cells through modifying a specific stromal component.

In this study, we investigate the role of HA and its targeted depletion by PEGPH20, an agent
that is being tested clinically in combination with chemotherapy in the late drug
development phase, in modulating the functions of myeloid cells and T-cells in the setting of
induced T-cell infiltration by vaccine immunotherapy in both a murine PDAC model and
treated human PDAC specimen. We demonstrate that targeting HA can modulate myeloid
cell function through inhibiting the CXCR4-mediated signaling axis and subsequently lead
to a quantitative increase of T-cell infiltration with a specific rise of intratumoral effector
memory T-cells in PDAC.

MATERIALS AND METHODS

Cell lines

KrasLSL.G12D/*; p53R172H/*; PdxCretg/* (KPC) tumor cells are a previously established
PDAC cell line derived from a C57BI/6 background mouse model utilizing cre recombinase
under the control of the pancreas-specific pdx-1 promoter and floxed KRASCG12D in
combination with mutated p53 (Trp53R172H/*) expression(40). They were developed and
cultured as previously described(40,41). The cell lines were validated by short-tandem-
repeat profiling and tested for mycoplasma every 6 months. B78H1-GM cells are an MHC
class I-negative variant of the B16 melanoma tumor, engineered to secrete GM-CSF and
utilized in the formulation of the whole cell autologous GVAX vaccine(37).

Mice and in vivo experiments

C57BI6 female mice (6—8 weeks) were purchased from Harlan Laboratories (Frederick,
MD) and maintained in accordance with the Institutional Animal Care and Use Committee
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(IACUC) guidelines. Mice considered to have reached a “survival endpoint” including
hunched posture, lethargy, dehydration and rough hair coat were euthanized. The IACUC
mouse protocol was maintained by third-party management.

The hemispleen technique of tumor inoculation was performed on Day 0 as previously
described in details in a video journal(42). In brief, a left subcostal incision is made, the
spleen is eviscerated from the mouse, clipped and hemisected. One half of the spleen is
injected with 2x10° KPC cells resuspended in a volume of 100pl and flushed with 150yl
phosphate buffered saline (PBS) in the same syringe. Cells are injected slowly into the
exposed hemispleen keeping the syringe upright at all times to avoid spillage of cells. The
splenic vessels are then clipped and the injected hemispleen resected to remove residual
tumor cells. Following this procedure, diffuse liver metastases are developed (Supplemental
Figure 1) and all untreated mice die in 4-6 weeks(42,43).

PEGPH20 was provided by the Halozyme Therapeutics, Inc. formulation group and was
generated by conjugating recombinant human hyaluronidase as previously described(20).
PEGPH20 (40ug/kg) was administered intravenously (V) by tail vein injection on Day 6
following surgery. A single low dose of cyclophosphamide (Cy) (100mg/kg; Bristol-Myers
Squibb, New York NY) was administered on Day 6 for regulatory T-cell depletion as
previously reported(44,45). The human whole cell granulocyte macrophage colony-
stimulating factor (GM-CSF) secreting PDAC vaccine (GVAX) composed of allogeneic
PDAC tumor cell lines engineered to secrete GM-CSF, was utilized for treatment(46).
Cultured KPC and B78H1-GM cells were harvested and combined at an equal concentration
of 2 x 107/mL of each cell type. This whole cell combination was irradiated at 50 Gy and
administered subcutaneously in three limbs on Day 7. Mice were monitored daily for
survival analysis and euthanized by CO, inhalation if IACUC approved criteria was met. For
CD8™" T-cell depletion, anti-CD8a antibody (10mg/kg IP; 2.43, BioXcell) was started on day
3 following the hemispleen procedure, and administered IP twice weekly until day 30. IgG
isotype control (10mg/kg IP; LTF2, BioXcell) was given to the other treatment groups.

For investigation of murine HA expression both the hemispleen technique as well as
orthotopic implantation of 1Imm3 of KPC tumor directly into the mouse pancreas were
performed. At 24 hours, 72 hours, 7 days, and 14 days following PEGPH20 treatment, livers
and pancreas were fixed in formalin and mounted on slides for immunohistochemistry
analysis.

Cell processing and isolation

Dissected orthotopic pancreatic tumors and murine livers with diffuse metastases were
collected on Day 16 following tumor inoculation by the orthotopic and hemispleen
procedure respectively, for analysis of tumor infiltrating lymphocytes (TILs). Each was
mechanically processed sequentially through 40-um and 100-pm nylon filters and brought to
a volume of 20 mL of CTL medium. Suspensions were centrifuged at 1500 rpm for 5
minutes. Cell pellets were suspended in 4 mL of ACK lysis (Quality Biological) and
subsequently spun at 1500 rpm for 5 minutes. Liver cell pellets were then resuspended in 6
mL 80% Percoll (GE Healthcare LifeSciences), overlaid with 6 mL 40% Percoll and
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centrifuged at room temperature for 25 minutes at 3200 rpm without brake. The lymphocyte
layer was removed and quenched with 30mL of CTL media.

Direct Technique isolation for fibroblast cells was performed using the Cellection Biotin
Binder Kit (LifeTechnologies) and the sheep anti-human FAP biotinylated affinity purified
antibody (R&D Systems Inc.) from processed tumor. Isolated TILs were enriched for CD8*
cells using negative isolation kits (LifeTechnologies) and CD11b* cells using CD11b
positive beads (LifeTechnologies) according to manufacturers’ protocols.

Flow Cytometry

Processed cells from each mouse were stained with Live Dead Aqua Dead Cell Kit
(Invitrogen) for 30 minutes on ice, washed with PBS and then blocked with rat anti-mouse
Fc antibody (CD16/CD32 clone 2.4G2, BD Biosciences) in FACs buffer for 10 minutes.
Following blocking, cells were stained for the following anti-mouse fluorophores for 1 hour
on ice: CD3-PerCP Cy5.5 (Biolegend), CD3-APC Cy7 (Biolegend), CD4-APC Fire
(Biolegend), CD8-PE Cy7 (Biolegend), CD44-PE (Biolegend), CD62L-APC (Biolegend),
CCR7-BV421 (Biolegend), CD11b-PETR (ThermoFisher), Ly6C-PerCP Cy5.5 (Biolegend),
Ly6G-V450 (Biolegend), F480-PE (ThermoFisher), and CXCR4-APC (Biolegend). Cells
were then washed, resuspended in FACs buffer and assayed on a Cytoflex flow cytometer
(Beckman Coulter). FACs buffer consisted of HBSS (Sigma) with 2% bovine calf serum
(Sigma), 0.1% sodium azide (Sigma) and 0.1% HEPES.

The “total number” of immune cells was determined by the end gated count by FACS
analysis of the single cell suspension and represent the absolute number of cells infiltrating
in the entire analyzed tissue. The “percentage” of immune cells represents the percentage of
an immune cell subtype gated among the gated live immune cell counts as determined by
Live Dead Aqua and the plot of side scatter vs forward scatter.

Immunohistochemistry and RNA sequencing

Tumor tissues for human correlative immunohistochemistry (IHC) staining were obtained
from specimens collected in patients who underwent surgery concurrently at our institution
under the Institutional Review Board-approved protocol NA_00074221(47). Informed
consent was obtained for all patients and studies were conducted in accordance with
recognized ethical guidelines. These patients received one dose of GVAX two weeks prior to
resection. Formalin-fixed paraffin-embedded (FFPE) tissue blocks were sectioned at 5um
thickness. IHC staining was performed using Dako Catalyzed Signal Amplification system
as previously described(48). Antigen-retrieval and IHC staining were performed manually
for CXCR4 with mouse anti-human-CXCR4 (12G5)(ThermoFisher). Slides were de-
identified, scanned and individually analyzed using HALO Image Analysis Software
(PerkinElmer). Peritumoral stroma, excluding epithelium, was circled and analyzed with the
Positive Pixel Count algorithm to quantify stromal cell surface CXCR4 expression. Cell
density was defined by the ratio of the positive pixels divided by the total specified stromal
area. A count of >1.5 pixels/mm? was considered high expression of CXCRA4.

FFPE tissue sections were stained for HA using the immune-adhesin HT1-601 with DAB
used as the chromogen as described in Jadin et al (49). Two slides were stained for every
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tissue sample. For each pair, one slide was pretreated with recombinant human
hyaluronidase PH20 in PIPES buffer at pH 5.5 to digest HA as a negative control. The other
slide was pretreated with PIPES buffer alone leaving HA intact. Stained slides were
evaluated manually for accumulation of HA using the VMSI scoring algorithm (Halozyme,
San Diego, CA). A VMSI score of =60 was considered high expression of HA.

FFPE tissue from the same human cohort of GVAX treated PDAC patients used for IHC had
stroma microdissected, RNA purified and amplified as previously described(47). Whole
exome RNA sequencing was performed at MedGenome, (Foster City, CA). In brief, cDNA
was generated from the cleaved RNA fragments using random priming during first and
second strand synthesis and sequencing adapters were ligated to the resulting double-
stranded cDNA fragments. The coding regions of the transcriptome were then captured from
this library using sequence-specific probes to create the final stranded RNA-Seq library.
Reads mapping to ribosomal and mitochondrial genome were removed before performing
alignment. Unwanted sequences, especially nonpolyA tailed RNAs, and contamination were
removed. Paired-end reads were aligned to the reference human genome GRCh37/hg19.
Raw read counts were normalized to the total prior to analysis, whereby the geometric mean
was calculated for each gene across all samples. The counts for a gene in each sample were
then divided by this mean. The data discussed in this publication have been deposited in the
MINSEQE-compliant public NCBI’s Gene Expression Omnibus(50) and are accessible
through GEO Series accession number GSE125506. CXCR4 expression of 24000 was
considered high based upon the distribution of normalized CXCR4 expression across all
groups. Reference genes expression were calculated including GAPDH (median normalized
read count=25,482) and ACT7B (median normalized read count=174,687). Heat maps were
generated using the Heatmapper software suite(51).

Statistical Analysis

RESULTS

Statistical analyses and graphing were performed using GraphPad Prism software (GraphPad
Software, SanDiego, CA). Kaplan-Meier curves and log-rank tests were performed for
survival estimates. One-way ANOVA or Student #tests were applied to compare the mean
value among or between groups. A p-value of <0.05 was considered statistically significant.

Additional methods detail in supplemental files.

Untreated PDAC in murine liver and pancreas have high expression of HA that is
effectively degraded by PEGPH20

To assess whether PEGPH20 effectively targeted HA in murine PDAC, we performed IHC
of HA on resected liver and pancreas in our surgically implanted PDAC murine models.
KPC tumor cells derived from the genetically engineered KPC mouse mirror human PDACs
in their pathogenesis and immunobiology, including an inflammatory reaction and exclusion
of effector T-cells, and as a result are as difficult as human PDACs to treat by
immunotherapeutic agents(40). We found that in both our hemispleen model of liver
metastases and our orthotopic pancreatic implantation model, that HA was highly expressed
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and focally located in stromal islands surrounding the untreated tumor itself (Figure 1A, B).
We then examined whether PEGPH20 could effectively target and degrade the HA in the
stroma. To this end, IHC analysis of HA expression in tumor-bearing murine liver and
pancreas was performed after mice were treated with one dose of PEGPH20(40ug/kg) and
were sacrificed in series performing IHC of HA on murine liver and pancreas at different
time intervals following drug administration. As shown in Figure 1, HA was effectively
degraded in both liver and pancreas stroma following PEGPH20. This effect was transient as
HA began to reappear at approximately one week and was again highly expressed in the
tumor stroma at two weeks. This demonstrates that our murine model appropriately reflects
the high HA stroma content in human PDAC, and that PEGPH20 effectively targets and
transiently degrades this HA after one dose.

PEGPH20 enhances vaccine induced CD4" and CD8" T-cell infiltration into the tumor
microenvironment

Next, we examined whether PEGPH20 could enhance the intratumoral infiltration of T-cells.
As vaccine therapy, such as the GVAX vaccine, can induce tumor antigen specific T-
cells(52), we examined whether PEGPH20 treatment can enhance T-cell infiltration into
GVAX-treated tumors in two mouse models of PDAC. As described above, mice in these
two models were either inoculated with KPC tumors orthotopically into the pancreas or
spontaneous hepatic metastases were formed following an injection of KPC tumor cells
through the hemisplenectomy procedure. Tumor-bearing mice were treated starting on Day 6
to allow tumor implantation and stromal development. On Day 16, dissected primary
pancreatic tumors or livers with diffuse metastases were harvested, respectively, for
fluorescence-activated cell sorting (FACS) analysis of TILs (Supplemental Figure 2). A
significant increase in the total number of infiltrating CD3*CD8* T-cells was observed with
the PEGPH20/GVAX combination treatment comparing to untreated and single agent
PEPGH20 or GVAX treated tumors in both the orthotopic and hemispleen mouse models
(Figure 2A, B). Additionally, a significant increase in the relative percentage of infiltrating
CD3*CD8* T-cells was appreciated in the PEGPH20/GVAX combination treatment
comparing to single agent GVAX treatment when analyzing the total TIL of dissected
orthotopic tumors (Figure 2A). The relative percentage of CD3*CD8* T-cells among total
infiltrating immune cells was also significantly increased with the PEGPH20/GVAX
combination treatment compared to untreated or PEPGHZ20 treatment when analyzing the
TIL of metastatic tumors in the hemispleen model, with a positive trend compared to the
GVAX treatment (Figure 2B). A significant increase in the relative percentage of infiltrating
CD3*CD4* T-cells was also observed in the TIL of dissected orthotopic tumors with the
PEGPH20/GVAX combination treatment compared to single agent PEGPH20 or untreated
controls, with a similar positive trend that did not reach statistical significance when
compared to GVAX treatment (Figure 2C). Nevertheless, the relative percentage and
absolute number of CD3*CD4* T-cells was significantly increased with the PEGPH20/
GVAX combination treatment compared to single agent or untreated controls in the analysis
of the TIL of metastatic tumors (Figure 2D). There are slight discrepancies between the
absolute number of tumor infiltrating CD4* and CD8* T-cells and the percentage of these
CD4" and CD8™ T-cells among the total immune infiltrates in the two different PDAC
models. These discrepancies could be attributed to changes in the infiltration of other
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immune cell subtypes, thus indirectly affecting the percentage of T-cells among the total
immune infiltrates. Nevertheless, the results obtained from two different PDAC models are
overall consistent. Of note, PEGPH20 as a single agent did not significantly enhance the
percentage or absolute number of T-cells within the TME. We reasoned that the intratumoral
infiltration of CD8* T-cells that are enhanced by PEGPH20 are predominantly not tumor
antigen-specific. By contrast, the GVAX treatment is known to induce tumor-specific T-cells
peripherally(52), and thus provides more tumor-specific T cells that can then traffic
efficiently into the tumors as a result of the PEGPH20 treatment. These data from both
murine PDAC models, suggest that stromal HA depletion by PEGPH20 may allow improved
access and infiltration of T-cells within the TME potentially enhancing antitumor effects.

PEGPH20 in sequential combination with GVAX improves survival in a murine model of

PDAC

We then tested whether targeted HA stromal depletion with PEGPH20 can augment the anti-
tumor activity of immunotherapy when given in sequence with GVAX. We chose not to use
the orthotopic model to perform efficacy experiments because we found that PEGPH20
treatment led to an immediate, transient decrease of the measured size of tumors presumably
due to the depletion of stroma, thus inaccurately reflecting the actual tumor volumes.
Therefore, the hemispleen model was utilized for efficacy experiments. The PEGPH20/
GVAX combination treatment resulted in significantly improved survival of mice compared
to GVAX or PEGPH20 as single agents (Figure 2E). No statistically significant difference
was appreciated between the untreated and PEGPH20-treated mice. GVAX in combination
with anti-PD1 antibody served as a positive control and similarly resulted in improved
survival over GVAX as a single agent (Supplemental Figure 3A). However, combination
treatment with PEGPH20, GVAX and anti-PD1 antibody did not offer additional survival
benefit (Supplemental Figure 3B).

This may be explained by observations of the FACS analysis of dissected orthotopic tumors,
whereby, expression of PD-L1 within the myeloid and macrophage subsets in pancreatic
tumors was not induced in PEGPH20-treated mice as compared to untreated mice
(Supplemental Figure 4A-B). By contrast, a trend towards an increased percentage of PD-
L1 expression in the intratumoral myeloid cells was noted in mice that received GVAX
treatment. Similarly, the relative expression of PD1 within the CD3*CD8* T-cell subset in
the pancreatic tumors was also not induced by PEGPH20 treatment (Supplemental Figure
4C). However, GVAX treatment induced a significant increase in the relative percentage of
PD1 expression in CD3*CD8™" T-cells as compared to untreated mice. Interestingly, mice
treated with the PEGPH20/GVAX combination, had lower PD1 expression comparing to
GVAX-treated mice (Supplemental Figure 4C). The number of PD1*CD8* cells has
previously been predictive of sensitivity to checkpoint inhibitor therapy(7). Our results may
explain why adding anti-PD1 antibody did not further improve the survival of the mice
treated with the PEGPH20/GVAX combination (Supplemental Figure 3A). Thereby, these
expression data are consistent with our survival experiments and suggest that PEGPH20
alone does not effectively prime the tumor microenvironment for effective anti-PD1 or anti-
PD-L1 therapy.
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To assess if the improved survival is T-cell dependent, CD8" T-cell depletion was performed
starting on day 3 following the hemispleen procedure. No significant difference was
appreciated between the untreated mice and CD8" depleted mice receiving the PEGPH20/
GVAX combination treatment. A significant survival advantage was then appreciated when
comparing the PEGPH20/GVAX combination treatment without CD8* depletion to the
PEPGH20/GVAX combination treatment with CD8* depletion or compared to untreated
mice. (Figure 2F). In summary, these data suggest that PEGPH20 enhances the immunologic
anti-tumor effect of vaccine treatment, improving survival in a CD8" T-cell dependent
manner in tumor bearing mice.

Targeting the stroma with PEGPH20 alters the CXCL12/CXCR4/CCR7 immunosuppressive
signaling axis within the tumor microenvironment

Degradation of stromal HA by PEGPH20 reduces interstitial pressure, improves vascular
perfusion and increases access of anticancer therapies in PDAC(17-20). We assessed if
PEGPH20’s targeted remodeling of tumor stroma may also affect the stroma’s
immunosuppressive signaling. Because myeloid cells are prevalent role players within the
stroma, we first assessed if the number of myeloid cells (CD3~CD11b*) within the TME
was altered by FACS. While a trend towards decreased myeloid cells was appreciated, a
significant difference was not identified with PEGPH20 treatment or the PEGPH20/GVAX
combination treatment in neither the orthotopic nor hemispleen models (Supplemental
Figure 5). While significant quantitative differences were not noted, remodeling of the tumor
stroma may affect qualitative function of these myeloid cells. Therefore, we used qPCR to
analyze the mRNA gene expression of a large panel of T-cell trafficking related signals in
the myeloid cells isolated from TIL with CD11b* beads. RNA was extracted and gPCR
analysis revealed the majority of these, including chemokines such as Cxc/9, Cxc/10,
Cxcl11, and Cc/2, are not significantly affected following PEGPH20 treatment (data not
shown); however, a significant upregulation of Cxcr4 expression in single agent GVAX
treated groups was appreciated. This upregulation of Cxcr4 expression after single agent
GVAX treatment was significantly mitigated with the combination PEGPH20 and GVAX
treatment in both the orthotopic (Figure 3A) and hemispleen models(Figure 3B). This
change in expression was consistent with the identified changes of infiltrating T-cells on
FACS, as CXCR4 signaling can inhibit T-cell accumulation. This suggests that the stromal
remodeling by PEGPH20 decreases myeloid CXCR4 expression upregulated by GVAX, and
may serve as an additional mechanism beyond decreased vascular impedance for enhanced
T-cell infiltration. Immune analysis by flow cytometry supported these gPCR expression
results. While the total number of myeloid cells was not decreased (Supplemental Figure 5),
the PEGPH20/GVAX combination treatment diminishes the percentage of live CD3"CD11b
* cells that specifically expressed CXCR4 (Figure 3C).

The expression of CXCR4’s ligand CXCL12 in FAP* CAFs has previously been shown to
play a role in PDAC immune suppression (38). CAF cells were isolated from TIL with FAP*
beads and RNA was extracted. Stromal depletion by PEGPH20 in the setting of GVAX
decreases Cxc/12 gene expression in CAF cells (Figure 3D). Notably, Cxc/12gene
expression itself was not significantly affected by single agent treatment, including GVAX
alone.
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Because modulation of the CXCR4 signal in myeloid cells was associated with a change in
T-cell infiltration and function, we therefore investigated the gene expression of Ccr7, a
downstream signal of CXCR4, in CD8" cells. CXCR4 signaling is deemed important for
stable Ccr7gene expression, facilitates CCR7 ligand binding and can affect trafficking
function(53,54). For this study, CD8" cells were isolated from TIL by negative selection and
RNA isolated. Similar to Cxcr4 expression in myeloid cells, Ccr7was upregulated with
single agent GVAX treatment and decreased with the PEGPH20/GVAX combination
treatment (Figure 4A). These results provide an additional mechanistic explanation of why
stromal remodeling by PEGPH20 enhances CD8* lymphocyte infiltration beyond increased
therapeutic vascular perfusion in the setting of vaccine therapy.

Stromal signaling changes induced by PEGPH20 are associated with increased effector
memory CD8* T-cell subtype percentage and number with improved antitumor activity

To determine if altered stromal signaling by PEGPH20 enhanced the quality of infiltrating
CD8* T-cells, we assessed IFN+y production as well as the percent of naive, effector and
central memory T-cells by FACS. The above results suggest that the mechanism by which
PEGPH20 enhanced vaccine-induced immune effect is by altering stromal signaling. One of
the genes whose expression was decreased by the PEGPH20/GVAX combination treatment
was Ccr7, a receptor found in CD8* T-cells associated by FACS surface markers with naive
T-cells (CD8"CD44~CD62L*CCR7*) and central memory T-cells (CD8"CD44*CD62L
*CCR7%). Of note, effector memory T-cells (CD8*CD44*CD62L~"CCR7"~) do not express
Ccr/(55). We thus performed FACS analysis of TIL from tumor-bearing mice to investigate
if the proportion of infiltrating CD8* T-cell subtype was altered with combination treatment.
Notably, treatment with GVAX as a single agent or in combination with PEGPH20, resulted
in an increased absolute number of naive T-cells within the TIL compared to untreated or
PEPGH20 treated mice (Figure 4B). Interestingly, despite a greater total number, the
PEGPH20/GVAX combination treatment resulted in a significantly lower relative percentage
of total CD8* T-cells characterized as naive by FACS surface markers (Figure 4B). Both the
relative percentage and total number of CD8* T-cells with central memory markers were
increased in mice treated with GVAX as single agent or in combination with PEGPH20
treatment (Figure 4C). Notably, while the total number and percentage of CD8* T-cells with
effector memory markers were increased with single agent GVAX treatment, the PEGPH20/
GVAX combination treatment resulted in an additional significant increase of the effector
CD8™" T-cell subset within the TIL (Figure 4D). These results suggest that the PEGPH20/
GVAX combination treatment leads to enhanced infiltration of effector CD8* T-cells
compared to untreated or single agent treated mice. In addition, following the PEGPH20/
GVAX combination treatment, the effector phenotype makes up the greatest proportion of
the total T-cells infiltrating the tumor.

Next, we assessed for tumor specific CD8* T-cell activity with murine IFNy ELISA analysis
by co-culturing irradiated autologous tumor cells to serve as a tumor-specific effector T-cell
target. The PEGPH20/GVAX combination treatment significantly increased the tumor-
specific IFN+y secretion by CD8" T-cells in the TME compared to single agent or untreated
therapies (Figure 4E). Similarly, gPCR analysis of isolated CD8* T-cells from TIL revealed
increased expression of /fny (Figure 4F). Taken together, these data suggest that PEGPH20
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modulates stromal CXCL12/CXCR4/CCRY7 signaling in the presence of GVAX, resulting in
increased infiltration of the effector CD8* subtype and increased tumor-specific IFNy
activity.

High HA expression in human PDAC tissue treated with GVAX is associated with the
CXCR4 signaling axis and T-cell infiltration

IHC of HA and CXCR4 were performed on PDACs surgically resected from patients treated
with GVAX two weeks prior to surgical resection (n=21). We next leveraged original data
from a previously published study using multiplex IHC of various immune cell markers to
assess patterns of immune cell infiltration in these human PDAC specimens(56). As the
majority of PDACs express HA in the stroma, which may have more or less suppressed the
CD4* and CD8* T-cell infiltration, HA status did not have significant associations with
CD8* or CD4* T-cell infiltration (Supplemental Figure 6). However, as anticipated based on
our findings in the mouse model, high HA expression was significantly associated with high
CXCR4 expression within the stroma, and similarly low CXCR4 expression with lower HA
(Figure 5A, B). Further investigation of the relationships of CXCR4 and immune cell
infiltration was then performed. These data show that human PDAC tumor with low stromal
CXCR4 expression have a higher percentage of CD8* cells infiltrating the tumor (Figure
5C). Furthermore, a significant increase in the proinflammatory IL17 expressing T-cells was
also seen in PDAC tumor with low CXCR4 expression (Figure 5D). Changes were not
appreciated in ThO, Th1 or Th2 cells (Figure 5E-G). Similarly, no significant difference was
noted with the quantity of myeloid subsets of cells (Supplemental Figure 6). A heat map was
generated to visualize the relationship of protein expression of CXCR4 and the density of
immune cell infiltrates, particularly CD8* T-cells, according to the quantification of IHC
results (Figure 5H). It demonstrated that low expression of CXCR4 correlates with increased
intratumoral infiltration of CD8* T-cells and many other subtypes of T helper cells.

RNA sequencing data of dissected pancreatic specimen stroma was performed and high and
low stromal CXCR4 gene expression determined. Consistently, low CXCR4 gene expression
in PDAC stroma was correlated with high expression of cytotoxic effector T-cell activity
including Granzyme A, IFNy and Perforin (Figure 5 I-K). A second heat map was
generated to visualize the relationship between the RNA expression of CXCR4 and the
expression of markers of effector T-cell function including: /FNa, IFNy, IFNB, GZMA and
PRF1 (Figure 5L). It demonstrated that low RNA expression of CXCR4 correlates with
increased effector T-cell function.

Overall survival (OS) and progression free survival (PFS) outcomes of the patients with
CXCR4 high and CXCR4 low tumors was also investigated. A trend towards shorter OS and
PFS was noted in CXCR4 high tumors in patients who received GVAX treatment(47)
(median OS: 11.5 months in CXCR4 high vs 35.3 months in CXCR4 low, p=0.24; median
PFS: 9.6 months in CXCR4 high vs 31.4 months in CXCR4 low, p=0.59) although statistical
significance was not met, likely due to small sample sizes (Supplemental Figure 7). Together
these expression patterns show similar associations of the TME in human PDAC to our
murine studies in regards to HA, stromal CXCR4 expression, downstream T-cell infiltration
and effector function. This suggests CXCR4 remains a promising therapeutic target and the
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potential downregulation of this pathway may also result in enhanced anti-tumor effect as
seen with combination PEGPH20 and GVVAX treatment in our preclinical murine model.

We further investigated PD-L1 expression in GVAX treated human PDAC tumor utilizing
multiplex immunohistochemistry and the HA high and low subgroups. Low HA expression
was not associated with any change in the percentage of PD-L1 expression in myeloid or
macrophage cells. The relative expression of PD1 on CD8* cells was also not significantly
increased in the HA low subgroup (Supplemental Figure 8A—C). An association with PD-L1
and PD-L2 gene expression with RNAseq was also investigated within the HA high vs HA
low tumors. To this end, no significant difference was appreciated in the expression of
CD274 (PD-L1) nor PDCD1L G2 (PD-L2) when comparing the HA high and HA low
subgroups (Supplemental Figure 8D, E). This is consistent with the findings in our mouse
model that the targeted degradation of HA by PEGPH20 does not induce significant PD1 or
PD-L1 expression thus failing to effectively prime for anti-PD1 or anti-PD-L1 therapy.

DISCUSSION

Presented here is the first study in PDAC of a stromal targeting agent that modulates the
myeloid cells thereby increasing the effector memory T-cell subset within the tumors.
Despite rapid progress for immunotherapy in multiple cancer biologies, PDAC remains
largely resistant with dismal patient survival. The optimal treatment regimen for PDAC will
likely require rational combinations of therapeutics in order to improve patient
prognoses(43). An effective stromal-targeting agent is imperative for the immunotherapy
armamentarium in order to overcome desmoplasia, manipulate the microenvironment’s
signaling cascade, and allow for optimal drug delivery and immune surveillance. In this
report, we find that targeted HA depletion with PEGPH20 in combination with the irradiated
whole cell PDAC vaccine GVAX, decreases expression of the CXCL12/CXCR4/CCR7
immunosuppressive signaling axis in CAFs, myeloid and CD8* cells respectively. This
corresponded with an increase in infiltration of the CCR7(-) effector memory T-cell subset
in the combination treatment group with associated increase in tumor specific IFN-y and
improved mouse survival compared to single agent therapies. These findings suggest that
remodeling the PDAC peritumoral stroma via HA depletion with PEGPH20 can modify the
function of myeloid cells leading to downstream increases in CD8* T-cell infiltration and
anti-tumor function in the setting of GVAX. In human PDAC tissue, low CXCR4 expression
in dissected stroma consistently correlated with high expression of markers of cytotoxic
effector T-cell activity such as PRFI1, IFNy and GZMA, supporting CXCR4 as a promising
target for PDAC therapy. Furthermore, initial patterns associating low HA expression, low
CXCR4 expression and high CD8" T-cell infiltration in these GVAX treated human PDAC
specimens suggests manipulation of this pathway by PEGPH20 may also enhance anti-
tumor effector function, and thus this preclinical study may have future translatability in
human patients.

We hypothesize that HA within the TME activates resident CAFs to produce more CXCL12
and subsequently activate CXCR4. HA depletion and stromal modulation with PEGPH20
treatment then interferes with this pathway abrogating these downstream effects (Figure 6).
Thus, one would anticipate decreased Cxc/12gene expression in CAF cells following single
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agent PEGPH20 treatment, although this was not observed in this study. However, it was
decreased in tumor treated with both PEGPH20 and GVAX. It remains to be investigated
why the effect of PEGPH20 on the expression of Cxc/12from CAF is associated with
GVAX treatment. The upregulated immunosuppressive pathway within the stroma in
response to GVAX treatment may diminish maximal therapeutic effect of the vaccine and
offer insight to why the vaccine has been ineffective as a single agent for PDAC(57).
PEGPH20 serves to mitigate these upregulated signals on CXCR4 pathway in the presence
of GVAX treatment synergizing and enhancing its anti-tumor immunologic effects.

In this study, we see that treatment with single agent GVAX upregulates myeloid Cxcr4
expression and subsequently CD8" cell Ccr7expression in parallel. The addition of
PEGPH20 modulates these cells mitigating the upregulation and resulting in significantly
decreased Cxcr4 expression. In accordance, Ccr7 expression was also downregulated
following the PEGPH20/GVAX combination treatment. This further supports the
relationship of CXCR4 and CCR7 within the signaling cascade and the proposed potential
benefit of targeted inhibition of this pathway. Interestingly while overall Ccr7 expression
was decreased and the infiltration of CCR7(-) effector memory T-cells enhanced, no
significant difference in the total number of infiltrating CCR7* central memory cells was
observed in the combination treatment group compared to single agent therapies.
Manipulation of the TME to enhance effector memory T-cells is imperative as a naturally
occurring tumor-reactive T-cell response in untreated PDAC is limited in quantity and

quality(8).

While the lengthened survival in mice treated with combination treatment is encouraging, no
mice were cured in this study. However, when compared to other studies utilizing the
hemispleen model, treatment was notably delayed following tumor implantation in an
attempt to ensure PEGPH20’s treatment was acting on the desmoplastic peritumoral stroma
as opposed to preventing tumor establishment(43). This delay resulted in a more aggressive
tumor biology and earlier murine death. Additionally, only a single dose of vaccine was
given for this study which has previously been shown not to cure mice(43). Multiple cycles
were not used in this study due to the initial observance of disrupted postoperative wound
healing and flank tumors following repetitive treatments in these mice shortly following
their procedure.

GVAX treatment permits T-cell infiltration into the PDAC tumor not previously seen in the
untreated immune excluded tumors(43,47). GVAX treatment however leads to a parallel
increase of immunosuppressive and exhausted signals: more PD1 expression, more MDSC
and tumor associated macrophage infiltration, and upregulation of pathways such as myeloid
CXCRA4. This provided the rationale for the use of previously ineffective checkpoint
blockade in combination with GVAX. However, preliminary data did not show synergistic
effects with the addition of anti-PD1 antibody to PEGPH20 and GVAX in a triple
combination (Supplementary Figure 3A). In this study, PEGPH20 influences the phenotype
of T-cells that infiltrate the tumor by decreasing Ccr7expression thereby enhancing the
CCR7(-) effector subtype in the setting of GVAX treatment. While anti-PD1 antibody
interrupts the checkpoint cascade broadly improving T-cell exhaustion, it is possible it has a
less optimal role in this “preselected” phenotype of effector cells, thereby explaining a lack
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of synergy. In the future, further consideration combining PEGPH20 with T-cell agonists
instead of GVAX may be prudent and remains to be explored.

The human PDAC tissue for this study was subgrouped by HA expression. In the future, it
will be intriguing to examine the effect of targeted HA depletion on the myeloid cells and
effector memory T-cells in pancreatic specimen from a clinical trial investigating treatment
with PEGPH20. Additional investigation focusing more on the signaling of CXCR4 is also
of interest. Associations of low HA, low CXCR4 and high CD8* and TH17 infiltration
suggest a similar effect may be seen with combination PEGPH20 treatment in human
PDAC. The density of myeloid cells was not distinctly different in HA high vs HA low
groups amongst GVAX treated human PDAC (Supplemental Figure 6) suggesting that the
quantity of the myeloid cells is unlikely to be affected by PEGPH20 treatment. Consistently
in our animal model, PEGPH20 treatment correlates with decreased Cxcr4 stromal cell
expression, but does not significantly influence total myeloid cell number. Therefore, our
study suggests that the CXCR4* myeloid cells are the targets of stromal modulating
immunotherapy.

The findings of this study are limited to the setting of GVAX treatment. PDAC is known to
be an immune desert with scarce T-cells at baseline, and thus it is necessary to use a T-cell
priming agent in combination with stroma targeting agents to assess the latter’s immune
modulating effects of stroma targeting agents PEPGH20 treatment alone may increase CD8*
T-cell infiltration, however, a survival advantage of single agent treatment was not
appreciated in this study, perhaps due to a lack of tumor antigen-specific cells. Conversely,
GVAX treatment induces tumor antigen-specific effector T-cells within the periphery(43,47),
that may then more effectively infiltrate the TME when used in combination with PEGPH20
treatment. Future studies will need to examine whether PEGPH20 has a similar or different
immune modulating effects with alternative T-cell priming agents. As we did not observe
synergistic effect of the combination of PEGPH20 and anti-PD1 antibodies, it remains to be
explored what other immune modulating agents can synergize with the myeloid modulating
effect of PEGPH20. For example, inhibitors of Focal Adhesion Kinase (FAK) have shown
encouraging effects in preclinical models of PDAC with an ability to modulate the myeloid
compartment by targeting stromal signaling(58). It would be intriguing to examine whether
the simultaneous targeting of extracellular stromal signaling with PEGPH20 and
intracellular stromal signaling with FAK inhibitor would have a synergistic effect on
myeloid cell modulation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance:

Pancreatic ductal adenocarcinoma (PDAC) has a dismal prognosis with broad resistance
to therapeutics, due in part to its dense desmoplastic stroma. It has been long
hypothesized that the stroma serves as both a physical barrier and a source of
immunosuppressive signals. An effective stromal targeting agent able to overcome
desmoplasia would be anticipated to permit immune surveillance. However, the role of
stromal depletion in PDAC is controversial. Thus, in this study, we investigate the role of
modulating the PDAC stroma and its signaling via the use of PEGylated human
hyaluronidase (PEGPH20). For the first time, our study shows that targeting stroma in
combination with vaccine therapy remodels the immunosuppressive signaling axis and
subsequently enhances the effector memory T-cell infiltration in the tumors. This study
thus suggests that PEGPH20 in combination with immunotherapy have a potential
translatability in treating PDAC patients by enhancing immune anti-tumor effector
memory T-cell function.
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Figure 1. Hyaluronan is expressed in peritumoral stroma and is degraded by PEGPH20in
murineliver and pancreas.

Pancreatic adenocarcinoma was established by either the hemispleen procedure or orthotopic
implantation. One dose of IV PEGPH20 (40ug/kg) was given to mice on Day 6 following
surgery. Mice were sacrificed at periodic intervals following the single PEGPH20 treatment
with corresponding liver and pancreas sectioned and embedded in FFPE. Untreated mice
were sacrificed on Day 5. Immunohistochemistry for hyaluronan was performed in FFPE
sections in (A) livers of hemispleen model mice (n=9) and (B) pancreata of orthotopic
implantation model mice (n=9).
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Figure 2. Tumor stromal depletion of hyaluronan by PEGPH20 in combination with GVAX
enhances CD8" T-cell infiltration in PDAC and improves survival compared to single agent
therapies.

Following the inoculation of KPC tumor cells by either orthotopic implantation or the
hemispleen procedure, mice were treated with Cy (100 mg/kg) on Day 6, PEGPH20
(40pg/kg) on Day 6 and GVAX on Day 7. Flow cytometry was performed on tumor
infiltrating lymphocytes (TIL) isolated from processed dissected orthotopic tumor or
diffusely metastatic liver respectively. Each experimental group consisted of 3 or 4 mice
analyzed individually. Relative percentage and total number of live CD3*CD8* TIL in the
combination PEPGH20/GVAX treatment group compared to single agent treatment groups
in the (A) orthotopic model and (B) hemispleen model respectively. Relative percentage and
total number of live CD3*CD4™" TIL in the combination PEGPH20/GVAX treatment group
compared to single agent treatment groups in the (C) orthotopic model and (D) hemispleen
model respectively. Data represent mean £ SEM from one representative experiment that
was repeated three times. 725 not significant, * p<0.05,** p<0.01, ***p<0.001. (E) Kaplan
Meier survival curves of mice implanted with PDAC cells in untreated mice (n=22), mice
treated with Cy/GVAX alone (n=18), PEGPH?20 alone (n=18), or the combination
PEGPH20/GVAX treatment (n=18). Data represent the combined data of two consecutive
experiments. nsnot significant, * p<0.05. (F) Kaplan Meier survival curves of mice
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implanted with PDAC cells in untreated mice (n=10) or mice treated with the combination
PEGPH20/GVAX treatment with CD8" T-cell depletion (n=10) and without CD8* T-cell
depletion (n=10). ns not significant,** p<0.01.
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Figure 3. PEGPH20 in combination with GVAX decreases RNA expression within the CXCL 12/
CXCRA4 signaling axis of cellsin the tumor microenvironment.

Following the inoculation of KPC tumor cells by either orthotopic implantation or the
hemispleen procedure, tumor-bearing mice were treated with Cy (100 mg/kg) on Day 6,
PEGPH20 (40ug/kg) on Day 6 and GVAX on Day 7. Mice were sacrificed on Day 16. RNA
was extracted from myeloid cells isolated with CD11b* beads from the tumor
microenvironment of (A) dissected orthotopic tumors or (B) diffusely metastatic livers of
hemispleen mice, respectively. Quantitative real-time reverse transcription polymerase chain
reaction (QPCR) reveals patterns of myeloid Cxcr4 expression in single agent treatments or
the combination PEGPH20/GVAX treatment group (n=3 mice). (C) Flow cytometry was
performed on tumor infiltrating lymphocytes (TIL) isolated from processed diffusely
metastatic murine livers of hemispleen mice. Relative percentage of CD3"CD11b* cells
expressing CXCR4 as determined by immune analysis of 4 mice analyzed individually by
flow cytometry. RNA was extracted from cancer associated fibroblasts isolated with FAP*
beads from diffusely metastatic murine livers (n=3 mice). gPCR reveals patterns of CAF (C)
Cxcl12expression (n=3 mice). Data represent mean = SEM from one representative
experiment that was repeated twice. /s not significant, * p<0.05,** p<0.01, ***p<0.001.
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Figure 4. Modulation of CXCL 12/CXCR4/CCRY7 axis by PEGPH20 in combination with GVAX
is associated with increased number of effector memory CD8* T-cellswith enhanced antitumor
IFN7y secretion and expression.

Following hemispleen implantation of KPC cells, tumor-bearing mice were treated with Cy

(100 mg/kg) on Day 6, PEGPH20 (40pg/kg) on Day 6 and GVVAX on Day 7. Mice were
sacrificed on Day 16. (A) CD8" cells were isolated from tumor infiltrating lymphocytes
(TIL) by negative selection and RNA extracted (n=3 mice). qPCR reveals patterns of CD8*
cell CCR7 expression in single agent treatment and combination treatment groups. Flow
cytometry was performed on TIL isolated from processed murine liver in 3 mice analyzed
individually. Histograms show the percentage and total number of live (B) naive T-cells as
identified by the markers: CD8*CD44-CD62L*CCR7*, (C) central memory T-cells:
CD8*CD44*CD62L*CCR7* and (D) effector memory T-cells: CD8*CD44*CCR7-CD62L".
(E) ELISA assays were performed to assess IFNy secretion of isolated CD8* T-cells in each
treatment group (n=5 mice pooled). Autologous irradiated KPC tumor cells were utilized as
antigenic targets and cocultured with CD8" T-cells isolated from TIL by negative selection.
(F) gPCR reveals IFNy expression in CD8" cells isolated from tumor infiltrating
lymphocytes by negative selection (n=3 mice). Data represent mean £ SEM from one
representative experiment that was repeated twice. ns not significant, * p<0.05,** p<0.01,
***p<0.001.
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Figure 5. Relationships of hyaluronan and the CXCR4 axis are appreciated in human PDAC in

the setting of GVAX.

Human PDAC tissue were collected from patients after one dose of neoadjuvant GVAX and
subsequent surgical resection at our institution (n=22). (A) Immunohistochemistry (IHC)
staining of CXCR4 (n=17) and hyaluronan (HA) expression was performed (n=15). (B)
Analysis of HA expression in GVAX treated PDAC tumor with high stromal CXCR4
expression compared to tumor with low CXCR4 expression by IHC. The percentage of total
cell subsets, as determined by multiplex IHC, were compared between high vs low CXCR4
expression groups: (C) CD8* T-cells: [CD45*CD3*CD8*] (D) Th17* T-cells:
[CD45*CD3*CD8*Foxp3~RORIt*] (E) ThO: [CD45*CD3*CD8 Foxp3~RORgt Thet
~“GATA37] (F) Thl: [CD45*CD3*CD8 Foxp3 RORgt Thet*] (G) Th2:
[CD457CD3*CD8 Foxp3 RORgt”GATA3*]. (H) Heat map generated to visualize the
relationship of protein expression of CXCR4 and the density of immune cell infiltrates,
particularly CD8* T-cells, according to the quantification of IHC results. Whole exome RNA
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sequencing was performed on dissected pancreatic stroma of the same cohort of patients
(n=17). (H) Granzyme A (1) IFN+y and (J) Perforin expression in PDAC tumor with high
stromal CXCR4 expression were compared to tumor with low CXCR4 expression. (K) Heat
map generated to visualize the relationship between the RNA expression of CXCR4 and the
expression of markers of effector T-cell function. Data represent mean = SEM. ns not
significant, * p<0.05,** p<0.01
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Figure 6. A working model of the mechanistic role of PEGPH20 in the microenvironment of
PDAC.

The pancreatic cancer tumor microenvironment is dense, fibrotic and excluded from immune
surveillance leading to a paucity of CD8 T-cells. PEGPH20 targets and depletes the
extracellular matrix hyaluronic acid allowing vascular expansion and access to the tumor. An
associated decrease in CXCL12 expression is appreciated in the cancer associated
fibroblasts within the stroma. Downstream CXCR4 expression is diminished in the myeloid
cells. CCR7 expression is then decreased in infiltrating CD8 cells leading to a skew towards
the effector memory T-cell subtype.
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