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ABSTRACT

Immune evasion is indispensable for cancer initiation and progression, although its
underlying mechanisms in pancreatic ductal adenocarcinoma (PDAC) remain elusive. Here,
we unveiled a cancer cell-autonomous function of PGRN in driving immune evasion in
primary PDAC. Tumor- but not macrophage-derived PGRN was associated with poor overall
survival in PDAC. Multiplex immunohistochemistry revealed low MHC class 1 (MHCI)
expression and lack of CD8+ T cells infiltration in PGRN-high tumors. Inhibition of PGRN
abrogated autophagy-dependent MHCI degradation and restored MHCI expression on PDAC
cells. Antibody-based blockade of PGRN in a genetic PDAC mouse model remarkably
decelerated tumor initiation and progression. Notably, tumors expressing LCMV-gp33 as
model antigen were sensitized towards cytotoxic gp33-TCR transgenic T cells upon
anti-PGRN antibody treatment. Overall, our study uncovered an unprecedented role of

tumor-derived PGRN in regulating immunogenicity of primary PDAC.

STATEMENT OF SIGNIFICANCE

Immune evasion is a key property of PDAC, rendering it refractory to immunotherapy. Here
we demonstrate that tumor-derived PGRN promotes autophagy-dependent MHCI
degradation, while anti-PGRN increases intratumoral CDS8 infiltration and blocks tumor
progression. With recent advances in T cell-mediated approaches, PGRN represents a pivotal

target to enhance tumor antigen-specific cytotoxicity.
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INTRODUCTION

Although immunotherapy is an established treatment strategy in many cancers, pancreatic
ductal adenocarcinoma (PDAC) is so far refractory to immunomodulatory approaches and
still remains largely untreatable. The ability of tumor cells to evade immune elimination is
fundamental to tumor initiation, progression and therapy resistance (1,2). Down-regulation of
major histocompatibility complex class I (MHCI) is a common mechanism evolved by
neoplastic cells to evade immune recognition and cytotoxicity (3,4). Efficacy of
immunotherapies was reported to depend on the expression levels of MHCI on tumor
cells(5-7). Understanding the mechanism to restore tumor MHCI expression is therefore
critical to induce antitumor immunity in this deadly disease.

Recently, Nielsen et al showed that macrophage-derived progranulin (protein: PGRN; gene:
GRN) promoted liver metastasis of PDAC (8) and contributed to immunotherapy resistance in
metastatic PDAC (9). However, the study did not address the role of PGRN in tumor cells.
Tumorigenic role of PGRN is well-documented in various cancers, where it promotes cell
proliferation, migration and chemoresistance (10-15). In HCC, PGRN enhances the shedding
of tumor cell MHC class I chain-related protein A (MICA), an innate NK and T cell
stimulatory molecule (16,17), suggesting that PGRN might represent a tumor-intrinsic factor
rendering tumor cells invisible to immune elimination. In PDAC, however, the role of
tumor-derived PGRN in immune evasion is largely unaddressed.

Here, we applied multiplex immunohistochemistry and spatial analysis, as well as functional
studies in human PDAC and next-generation genetic mouse models of spontaneous PDAC to
elucidate the role of PGRN in immune evasion and tumor development of PDAC.
Importantly, we used a spontaneous mouse model with inducible expression of lymphocytic
choriomeningitis virus (LCMV)-glycoprotein (gp)33 as defined antigen to mechanistically
address the effect of PGRN blockade in restoring tumor immunogenicity and tumor

antigen-specific cytotoxicity.
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MATERIALS AND METHODS

Clinical specimens

Expression of PGRN was analyzed in three independent cohorts of patients from the
University Hospitals Essen (Essen cohort) and Radboud University Medical Center
(Nijmegen cohort) and the phase III adjuvant CONKO-001 randomized trial (18).

For Essen cohort, a retrospective study was carried out according to the recommendations of
the local ethics committee of the Medical Faculty of the University of Duisburg-Essen.
Clinical data were obtained from archives and electronic health records. In this exploratory
retrospective study, a cohort of 53 patients that had undergone pancreatic resection with a
final histopathologic diagnosis of human PDAC between March 2006 and February 2016 was
used (Approval no: 17-7340-BO).

Additionally, 31 patient samples from an independent cohort from Radboud University
Medical Center, Nijmegen, were used to confirm the findings of Essen cohort. The Nijmegen
cohort consisted of 31 patients with histologically proven pancreatic ductal adenocarcinoma
(PDAC) between November 2004 and January 2015. Importantly, these patients underwent
pancreatic resection and the whole tumor was enclosed in large format cassettes allowing to
assess intratumoral heterogeneity. Given the retrospective nature of this study and the
anonymized handling of data, informed consent was waived by the institutional review board
(protocol CM02018-4420).

For CONKO-001, the clinical details of this study have been described previously (18). In
brief, 183 FFPE tissue samples of CONKO-001 patients were collected retrospectively.
Tissues from 165 patients was suitable for tissue microarray (TMA) construction. To model
the existence of intratumoral heterogeneity, three different tumor areas were selected for the
construction of TMAs using a manual tissue microarrayer (Beecher Instruments, Wisconsin,
USA). Here, we analyzed only the observation arm (n=71), in order to focus on the role of
PGRN in PDAC without treatment intervention.

Gene expression data analysis

Transcriptional profiling was performed by using dataset from Maurer et al (GSE93326),

generated from 65 pairs of tumor epithelium and stroma laser capture microdissected samples
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and 15 bulk tumors (19). The raw count data of GSE93326 were normalized for library size
into counts per million (CPM) by the RLE method implemented in EdgeR (3.28.0) to
generate an expression table. We split the dataset into stroma and epithelium samples to
analyze them separately. Both of them were further divided into GRN-high (n=32) and
GRN-low (n=32) groups by the median CPM value of GRN. Differential expression profile
was generated by EdgeR comparing the GRN-high and GRN-low groups. Gene set
enrichment analysis (GSEA) was performed by fgsea (1.12.0) using the default parameters.
Enrichment of the Hallmark and the KEGG pathways were tested against the differential
expression profiles ranked by —log (p-value) x sign (log2FC). Pathways with the
Benjamini-Hochberg method adjusted p-value (padj) smaller than 0.05 were considered
significant.

Cell type estimation using transcriptomes

Cell type-specific signals were determined similarly to Cima et a/ (20). First, we generated a
reference map of 80 genes specific for 43 different cell types of interest using the primary cell
atlas (GSE4991015) and the Q statistic introduced by Schug et al (21). Next, for each
RNA-Seq query sample of the stroma RNA samples derived from the Maurer dataset
(GSE93326), we selected genes with expression of >100 counts. From this data, we counted
the occurrence of the specific genes for each cell type present in our reference map. To
determine if the number of enriched genes was different from enrichment by chance, we
compared the counts obtained using our reference map with 1000 randomly selected gene
signatures. Finally, for each cell type in each experimental sample, a Fisher’s exact test was
applied to determine whether the number of enriched specific genes was equal to the number
of randomly enriched genes. The resulting odds ratios were used in inter-sample comparisons
to generate hypotheses on the differential content of cell types present in bulk tissues (Table
S1). To assess the association of each cell type with high and low GRN stromal samples, we
computed 100x fold random forests for each cell type, similarly to Tan et a/ (22). The top 20
predictors for GRN-high and -low samples were selected and are presented in supplementary

figure.
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Immunohistochemistry

Formalin-fixed paraffin-embedded (FFPE) sections were used for all IHC experiments.
Antigen retrieval was performed by heat-induced epitope retrieval using citrate buffer (pH6),
Tris/EDTA (pH9), or proteinase K treatment. After blocking with serum free protein blocking
solution (Dako), slides were incubated for primary antibodies for 1h at RT, secondary
antibody for 30 minutes at RT, and then subjected to Fast Red or DAB chromogen
development. The details of antibodies are shown in Table S2. Slides were then
counterstained with hematoxylin, dehydrated, and mounted. Stromal content and acinar cells
were determined by Movat's pentachrome staining following the manufacturer’s protocol
(modified according to Verhoeff, Morphisto GmbH, Germany).

Slides were scanned and digitalized by Zeiss Axio Scanner Z.1 (Carl Zeiss AG, Germany)
with 10x objective magnification. The percentage of positive cells for IHC staining was
quantified by Definiens (Definiens AG, Germany). For quantification, total number of cells
of the whole tissue section was determined based on nuclei staining (hematoxylin) detected
by the software (Figure S1).

Multiplexed immunofluorescent (IF) histological staining

Multiplexed IF was performed using the Opal multiplex system (Perkin Elmer, MA)
according to manufacturer’s instruction. In brief, FFPE sections were deparaffinized and then
fixed with 4% paraformaldehyde prior to antigen retrieval by heat-induced epitope retrieval
using citrate buffer (pH6) or Tris/EDTA (pH9). Each section was put through several
sequential rounds of staining; each includes endogenous peroxidase blocking and
non-specific protein blocking, followed by primary antibody and corresponding secondary
horseradish peroxidase-conjugated polymer (Zytomed Systems, Germany or Perkin Elmer).
Each horseradish peroxidase-conjugated polymer mediated the covalent binding of different
fluorophore using tyramide signal amplification. Such covalent reaction was followed by
additional antigen retrieval in heated citric buffer (pH6) or Tris/EDTA (pH9) for 10 min to
remove antibodies before the next round of staining. After all sequential staining reactions,

sections were counterstained with DAPI (Vector lab). The sequential multiplexed staining


https://doi.org/10.1101/2021.02.24.432700

bioRxiv preprint doi: https://doi.org/10.1101/2021.02.24.432700; this version posted February 25, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

protocol is shown in Table S3. Slides were scanned and digitalized by Zeiss Axio Scanner
Z.1 (Carl Zeiss AG, Germany) with 10x objective magnification.

Spatial imaging analysis

An intensity threshold was used to generate masks for each fluorescent channel and the
binary information for cellular and nuclear signals was coregistered. Automated analysis of
cell distance was performed by a Java and R based algorithm. Using Imagel, overlapping
mask regions were employed to identify cells, which were marked with a point at the center
of the DAPI" cell nucleus.

The R Package Spatstat' was used to convert cell coordinates to Euclidian distances between
cells of interest. The algorithm determines the average distance and number of unique
neighbors between any two cells. The threshold to pair up two cells was set to SO0mm. The
algorithm  gives the percentage of MHCI+ cells in PGRN+/PanCK+ and
PGRN-/PanCK+ populations, as well as the number of pairs between CDS8+ and
PGRN+/MHCI- or PGRN-/MHCI+ cells in each image(23).

Mouse strains and tumor models

Animal experiments were approved under license number 84-02.04.2017.A315 by the
Landesamt fiir Natur, Umwelt und Verbraucherschutz Nordrhein-Westfalen. All animal care
and protocols adhered to national (Tierschutzgesetz) and European (Directive 2010/63/EU)
laws and regulations as well as European Federation of Animal Science Associations

(FELASA) http://www.felasa.eu/. Animals were euthanized using the cervical dislocation

method. Ptf1a""";Kras"""*=%1?P .p53"" (CKP) mice have been described previously (24).
Mice were on a mixed C57BL/6;129/Sv background. FKPC2GP is generated by crossing
Pifla"""":Kras""™SFC10 p5 3 (FKP)  mice to  Gt(ROSA)26Sor™(CAG-Cre/ERT2)Das
(R267SF-CAG-CreERT2Y 414 G1(ROSA)26Sor ™ot -STOP-oxP-GP-IRES-YFP (5 gLSL-GP) (95 straing.

All animals were numbered, genotypes were revealed and animals then assigned to groups for
analysis. For treatment experiments mice were randomized. None of the mice with the
appropriate genotype were excluded from this study. Details of original and interbred mouse

strains are listed in Table S4.
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Cell culture and treatments

Human PDAC cell lines, PaTu8988T and MiaPaCa2 were purchased from the American
Type Culture Collection. Stable cell lines for GRN suppression were established by
transfecting GRN shRNA into Patu8988T and MiaPaCa2. Scramble shRNA was included as
negative control (nc) for transfection. Please refer to the Supplementary Experimental
Procedures for additional detail.

For GP82, it was established from the tumor of a FKPC2GP mouse no. 82. After enzymatic
digestion of the tumor, the desegregated cells were grown and maintained in 10%
FBS-supplemented DMEM. After third passage, cell expression of epithelial marker EpCAM
and fibroblast marker a-SMA were assessed by immunofluorescence staining and flow
cytometry, and confirmed an enrichment of epithelial cells with <1% contamination of
fibroblasts.

IF staining and flow cytometric analysis

For intracellular PGRN expression, cells were permeabilized with ice-cold 0.1% saponin and
then incubated with mouse anti-human PGRN(17,26), or equal amount of corresponding
isotype control, following by FITC-goat anti-mouse antibody (BD biosciences). CD3, CDS,
CD45.1 on T cells, cells were stained with corresponding antibodies or equal amount of
corresponding isotype controls. For intracellular granzyme B, TNF-a and IFN-g in T cells, or
LCMV-gp33 in tumor cells, cells were fixed with 4% paraformaldehyde for 10 min at 37°C.
After washing twice with PBS, cells were permeabilized with 0.1% Saponin for 20 min and
then stained with antibodies and corresponding isotype. Details of primary antibodies are
listed in Table S5. Cells were then washed, resuspended, and subjected to
analysis. Expression of corresponding molecules of 10,000 viable cells was analyzed by flow
cytometry (FACSCelasta; BD Biosciences) as mean fluorescence intensity (MFI). Raw data

were analyzed using FlowJo software version 7.5.5 (Tree Star Inc., Ashland, OR).
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Enzyme-linked immunosorbent assay

Soluble PGRN levels in human plasma samples and culture supernatants were detected by a
human PGRN ELISA kit (Adipogen Inc.). Please refer to the Supplementary Experimental
Procedures for additional detail.

In vivo antibody treatment on CKP

CKP mice were injected with or without mouse immunoglobulin (mlg) or anti-PGRN
antibody (clone A23, (27)) twice weekly at 50 mg/kg in PBS, via intraperitoneal injection at
four weeks of age for two consecutive weeks. Mice were weighted twice weekly throughout
experiment. Mice with >15% body weight loss were terminated even the endpoint was not
reached. At the endpoint, serum, tumors and organs were collected and processed for
histological and immunohistochemical analysis. Tumor burden was measured by establishing
gross wet weight of the pancreas/tumor.

Real-Time quantitative Reverse-Transcription Polymerase Chain Reaction

Real-time quantitative PCR (qPCR) was performed by Roche LightCycler® 480 using
LightCycler® 480 SYBR Green I Master Kit (Roche GmbH, Germany). Please refer to the
Supplementary Experimental Procedures for additional detail.

Immunofluorescence staining

Please refer to Table S6 for primary antibody list and the Supplementary Experimental
Procedures for additional detail.

Lysosomal staining

Lysosomal staining was performed using Cytopainter LysoGreen indicator reagent (Abcam)
according to manufacturer’s instructions. Please refer to the Supplementary Experimental
Procedures for additional detail.

Isolation of T cells from P14-TCR-Tg mice

Spleens harvested from P14-TCR-Tg mice were homogenized, and then lysed by
Ammonium-Chloride-Potassium lysis buffer. T cells were negatively selected by MACS
(Miltenyi Biotec) according to manufacturer’s instructions. After isolation, T cells were

labeled with S5SuM CFSE (Thermofisher), and resuspended 10% FBS-supplemented RPMI
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medium in pre-stimulated with 20ng/ml IL-2 (Peprotech) for 1hr, before co-culture with
GP82 cell line or orthotopic injection in C57BL/6J mice.

Co-culture of LCMV-gp33-reactive T cells and GP82 cells

GP82 cells were treated with or without tamoxifen to induce LCMV-gp33 expression for at
least 5 days, and then treated with or without PGRN Ab or mlg to suppress PGRN levels.
After 2-day treatment, cells were harvested and seed to 6-well with 10% FBS-supplemented
DMEM and were ready to co-culture. Then, LCMV-gp33-reactive T cells were isolated, and
then cultured with or without GP82 cell lines at ratio of 8:1, in 10% FBS-supplemented
DMEM for 2 days. Cells were then photographed under microscope, and then harvested for
anti-tumor cytotoxicity by propidium iodide (PI) staining. Besides, T cell activity was
assessed by staining for CDS, granzyme B, TNF-a, IFN-g by flow cytometry.

In vivo antibody treatment on orthotopic model of GP82 cells in C57BL/6J mice

GP82, primary cell line derived from one of the FKPC2GP tumor, was transplanted
orthotopically into the pancreas of C57BL/6J mice with needle injection under ultrasound
imaging guidance. After orthotopic transplantation of GP82 cells, ultrasound imaging was
performed once a week to monitor tumor growth. Once tumor volume reached 100mm’,
intraperitoneal injection of tamoxifen (75mg/kg) will be performed to induce LCMV-gp33
expression. After second injection of tamoxifen (2 days after first injection), mouse
immunoglobulin (mlg) or anti-PGRN antibody (clone A23, (27)) twice weekly at 50 mg/kg in
PBS, via intraperitoneal injection for 2 weeks. After the second treatment of A23 or mlg,
LCMV-gp33-reactive T cells isolated from P14-TCR-Tg mice were injected intravenously.
Mice were weighted twice weekly throughout experiment, and tumor growth was monitored
by ultrasound imaging once a week. Mice with >15% body weight loss were terminated even
the endpoint was not reached. At the endpoint, serum, tumors and organs were collected and
processed for immunohistochemical and flow cytometric analysis.

Statistical data analysis

All statistics were performed using GraphPad Prism 6.0 (GraphPad Software, La Jolla, CA).
Survival data was analyzed by Log-rank (Mantel-Cox) test, while correlation analysis was by

Spearman’s rank correlation coefficient. Chi-square test was used to assess the independency
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between two categorical variables. Two-tailed Mann-Whitney test was applied for
non-normally distributed data comparison between two groups. For multiple group
comparison, Kruskal-Wallis test was used. Data are represented as mean £ S.D. * p < 0.05;

**p<0.01; *** p<0.001

RESULTS

PGRN exerts distinct functions on tumor cells and macrophages in human PDAC

To understand the role of PGRN in human PDAC development, we delineated its expression
pattern at different stages in PDAC specimens (Essen cohort, n=53). PGRN expression was
observed in preneoplastic cells and remained throughout the malignant transformation
(Figure 1a). The staining was quantified and the number of PGRN+ cells was significantly
higher in tumor than non-tumor areas (Figure S2a). Patients were dichotomized into high and
low PGRN expression groups (Figure 1b) with median of PGRN+ cells as cutoff. Low
PGRN expression showed significantly superior survival than the high expression group
(Median overall survival: high vs low PGRN expression group: 9 vs 21mo, Figure S2b). We
validated the association of PGRN expression with survival in an independent cohort from
Nijmegen (n=31,Figure S2¢, d).

Intriguingly, PGRN expression was observed in both tumor and stromal compartments in
both Essen (Figure 1b, right panel) and Nijmegen cohorts (Figure S2d). To dissect the roles
of PGRN in tumor and stroma separately, we analyzed the RNA-sequencing dataset of
Maurer et al(19) (GSE93326, n=65), where PDAC malignant epithelium and stroma were
procured by laser capture microdissection. Cell type deconvolution was performed with the
transcriptomes derived from high GRN (n=32) and low GRN (n=32) stroma samples using 43
pre-defined different cell types, showing that macrophages were enriched in high GRN
stroma (Figure S2e, Table S1). Macrophages also represent the cell type with the highest
degree of variable importance in predicting high GRN stroma using random forest analysis
(Figure S2f).

Gene set enrichment analysis (GSEA) of the hallmark and KEGG pathways was performed

and revealed that the pathways enriched for high GRN were different for epithelium and
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stroma (Figure 1c¢, Table S7). Notably, in epithelium but not stroma, high GRN showed
down-regulation in the allograft rejection gene set, which implies a role in immune evasion;
as well as an enrichment in TGF-B signaling, which contributes to immune exclusion and
evasion in various cancer types(28). Besides, no significant correlation was observed between
GRN expression in epithelium and stroma (Figure 1d).

We performed multiplex immunofluorescence (mlIF) to distinguish PGRN expression derived
from tumor cells (PanCK+) and macrophages (CD68+) in tissue microarrays generated from
the adjuvant clinical phase III CONKO-001 cohort (gemcitabine vs no treatment, here: trial
arm without chemotherapy,n=71)(29,30). Three different patterns of PGRN expression were
observed: PGRN positive signals in 1) both tumor and macrophages; 2) in tumor only; and 3)
negative in both cell compartments (Figure 1e). Survival analysis showed that high PGRN
expression in total cells and tumor cells both predicted poor survival, while PGRN expression
in macrophages did not predict survival (Figure 1f). Besides, we analyzed the association of
tumor PGRN with various clinicopathological parameters and immune markers that were
characterized previously in this cohort(29,30). Interestingly, high tumor PGRN level was
significantly associated with CD8+ cell abundance in negative manner (Table S8), implying
a potential immunoregulatory role of PGRN expression in primary PDAC.

PGRN+ tumors of PDAC patients exhibit lower levels of MHCI expression and CD8
infiltration

To address the spatial interaction between tumor PGRN and CD8+ cells, we performed
multiplex immunofluorescence (mIF) in 8 cases of human PDAC. Intratumoral heterogeneity
was observed in all specimens with high and low PGRN-expressing tumor areas (Figure 2a).
Notably, in high PGRN-expressing tumor regions we rarely detected CD8+ cells, while the
opposite was found in low PGRN-expressing tumor regions of the same tumors (Figure 2b).
Next we determined if tumor PGRN expression is associated with cytotoxic activity of CD8+
cells, by including cytotoxic marker granzyme B (GzmB) and MHCI molecule HLA-A in the
mlF. In low PGRN-expressing tumor region, PGRN-/PanCK+ tumor cells showed stronger
expression of MHCI molecule HLA-A. Also, higher CDS8 infiltration could be observed, in

which a significant portion of them was GzmB+ (Figure 2c¢). On the contrary,
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PGRN+/PanCK+ tumor cells expressed no, or only low levels of MHCI, and infiltrating
CD8+ and GzmB+ cells were scarce (Figure 2¢). Spatial analysis showed that percentage of
MHCI+ cells in PGRN-/PanCK+ tumor cells was significantly higher than the PGRN+
counterparts. Besides, significantly more CD8+/GzmB+ cells could be found in close
proximity (<50uM radial distance) of PGRN-/PanCK+ cells (Figure 2d), implying a
potential regulatory role of PGRN in tumor immunogenicity and anti-tumor cytotoxicity in
PDAC.

PGRN suppression leads to surface MHCI upregulation and dysfunctional autophagy in
human PDAC cells

To assess the cell-autonomous effect of PGRN on MHCI expression, we examined the
surface MHCI molecules HLA-A/B/C, on human PDAC cell lines upon GRN suppression
using RNA interference. We selected two human PDAC cell lines, MiaPaCa2 and PaTuT
cells, with relatively high PGRN expression levels (Figure S3a-c). Surface expression of
MHCI on both cell lines was significantly augmented upon RNAi-mediated knockdown of
GRN (Figure 2e, S3d). MHCII was also examined and there was no significant change in
surface MHCII expression upon GRN suppression (Figure 2e, S3d), confirming that the
PGRN effect was restricted to MHCI. By IF, membranous staining of MHCI was observed
clearly in GRN suppressed cells, but not in the controls (Figure 2f, S3e).

It was demonstrated that pancreatic cancer cells down-regulated surface MHCI by
autophagy-mediated degradation(31). Coincidentally, PGRN was shown to regulate
autophagy in various cell types(32,33). PGRN-deficient mice showed defective degradation
of autophagosomes under starvation(34), which was mediated by lysosomal enzymes
cathepsin D(35). Notably, our GSEA data revealed in high GRN tumor an enrichment of
lysosome pathway (Figure 1¢,Table S7c¢) with multiple cathepsin (CTS) genes including
CTSD as the leading edge genes. Therefore, we reasoned that PGRN might control surface
expression of MHCI through autophagy. We measured lysosome marker LAMP1 in the
GRN-suppressed cell lines after nutrient starvation (1% FBS). Accumulation of lysosomes
was significantly increased in shGRN transfectants (Figure 2g, S3f). Next, we co-stained

MHCI and autophagosome marker LC3B in the cells under nutrient-starved condition. Upon
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GRN suppression, the number and size of LC3B puncta increased significantly when
compared to the controls(Figure 2h,i,S3g,h). The increase in LC3B punctae size was
comparable to the cells treated with the V-ATPase inhibitor bafilomycin A1, which blocks
the degradation of autophagosomes(Figure 2h,i,S3g,h), suggesting that the LC3B
accumulation observed in GRN suppression is caused by impaired clearance of
autophagosomes. Besides, in control cells, MHCI and LC3B clearly co-localized (Figure
2h,S3g), supporting the previous findings that PDAC cells down-regulated surface MHCI
molecules by autophagy-dependent lysosomal degradation(31). These findings suggest that
PGRN suppression in PDAC cells restores cell surface MHCI expression by inhibition of
autophagy-mediated degradation.

PGRN blockade suppresses tumorigenesis in vivo

Next, we investigated the effect of PGRN inhibition on PDAC development in vivo using an
antibody-based PGRN blockade strategy. Anti-PGRN antibody (Ab) was previously shown
to neutralize soluble PGRN (sPGRN) in liver cancer(16,27,36). Since PGRN is a secreted
glycoprotein regulating its own expression in autocrine/paracrine manner, neutralization of
SPGRN reduces both extracellular and intracellular PGRN(27). We treated MiaPaCa2 and
PaTuT cells with anti-PGRN Ab in vitro, and both cellular and secretory PGRN levels were
significantly reduced upon Ab treatment (Figure S4), supporting subsequent targeting of
cellular and circulating PGRN in vivo.

Since PGRN expression was observed in preneoplastic lesions in human PDAC, we
hypothesized a functional role in early PDAC development. We delineated PGRN expression
pattern during PDAC development in a well-characterized spontaneous endogenous PDAC

GI2D mutation and loss of

mouse model (termed CKP) with conditional oncogenic Kras
Tp53(24,37), which allows longitudinal characterization of tumor evolution. Pancreata were
harvested at the stages preneoplasia (4 weeks), early (6 weeks) and advanced PDAC (10
weeks). IHC revealed PGRN expression in preneoplastic lesions recapitulating expression

patterns in human PDAC. As lesions progressed to early PDAC, PGRN levels reached the

maximum, and slightly decreased in advanced stage (Figure 3a).
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Anti-PGRN Ab treatment started when mice were 4 weeks old (preneoplasia) and was
terminated at 6 weeks, when PDAC formation is frequently observed in this model (Figure
3b). Anti-PGRN Ab treatment significantly alleviated tumor burden as compared to controls
in terms of tumor weight (Figure 3c¢) and proportion of tumorous (PanCK+) tissues (Figure
3d). IHC analysis confirmed that PGRN+ cells in Ab-treated tumors were significantly
reduced (Figure 3e). Notably, Ki67+ tumor cells were also significantly reduced, indicating
reduced tumor proliferation (Figure 3f). Thus, PGRN blockade prominently halts tumor
initiation and progression in this aggressive genetic model of spontaneous PDAC
development.

In vivo PGRN blockade revives CD8 anti-tumor cytotoxicity

Next, we focused on the effect of PGRN blockade on tumor immune microenvironment. We
found the number of infiltrating CD3+ and CD8+, but not CD4+ cells, significantly increased
upon Ab treatment (Figure 4a). The increase of CD8+ cells was not solely due to the delayed
tumor progression. We previously delineated the dynamic of immune landscape throughout
PDAC development in this model(37) and found that CD8+ cells contributed to less than 4%
of cells in tumors (re-quantified in whole-tissue scale, Figure S5a). Upon Ab treatment, we
observed up to 10% CD8+ cells in the tumors (Figure 4a), indicating that PGRN blockade
promotes additional CD8+ cell infiltration.

Importantly, the expression of cytotoxic markers granzyme B, T-bet and Eomes were also
significantly augmented(Figure 4b), implying that PGRN Ab enhanced the cytotoxicity of
the infiltrating CD8+ T cells. The anti-tumor cytotoxicity induced by PGRN blockade was
confirmed by increased level of cleaved caspase-3 in tumor cells (Figure 4c).

Since TGF-f signaling was upregulated in high GRN epithelium, we assessed the effect of
PGRN blockade on regulatory T cells. The number of foxp3+ cells was significantly
suppressed upon PGRN blockade (Figure S5b). However, since the foxp3 expression level
was low in the CKP model, we consider it unlikely that the revived CD8 cytotoxicity was

caused by the suppression of regulatory T cells.
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In vivo PGRN blockade suppresses M2 polarization but not fibroblast accumulation

It was reported that macrophage-derived PGRN associates with M2 phenotypes, and most
importantly blocks the infiltration of CD8+ cells in metastatic PDAC by promoting fibrosis
(8,9). Here, we examined the effect of PGRN blockade on TAM infiltration and fibrosis.
Pan-macrophage marker F4/80 level was not significantly changed upon PGRN blockade
(Figure S5¢). However, TAM marker MRC1 level was greatly reduced, while M1 markers
phospho-STAT1 and iNOS increased upon treatment (Figure S5c), indicating that PGRN
blockade skewed macrophage polarization from M2 to M1 phenotype. However, CD4
infiltration remained unchanged upon PGRN blockade (Figure 4a), indicating that the
increase in M1 macrophages might not to be sufficient to attract the CD4+ T cells.

Our results regarding the effect of PGRN on M2 polarization echo the previous findings by
Nielsen et al/ in metastatic PDAC, in which macrophage-derived PGRN induced fibrosis in
non-cell autonomous manner and blocked CD8 infiltration(9). Therefore, we also examined
the abundance of fibroblasts in the PGRN Ab-treated tumors. Paradoxically, no significant
difference was observed in fibroblast accumulation (a-SMA+ cells) in the tumors (Figure
S5d), suggesting that the revived CDS infiltration and activation induced by PGRN blockade
is not mediated by fibrosis reduction.

In vivo PGRN blockade restores tumor MHCI expression that is spatially associated
with increased CD8 cell infiltration

Next, we assessed the expression of MHCI molecule H-2Db in the CKP tumors. H-2Db
expression, which appeared low or absent in tumor cells, was significantly restored upon
PGRN Ab treatment (Figure 5a). However, MHCII expression was not changed upon PGRN
treatment (Figure Sa), which echoes our earlier findings on the unchanged CD4 infiltration.
We also examined lysosome marker LAMP1 and autophagosome marker LC3B in PGRN
Ab-treated CKP tumors. Both markers were significantly increased upon PGRN blockade
(Figure S6a), implying the presence of dysfunctional autophagy that might be involved in the
PGRN blockade-mediated MHCI expression.

mlIF was performed to illustrate the spatial association among PGRN, MHCI and CD8 cells.

We observed heterogeneous expression patterns of PGRN and MHCI across the PGRN
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Ab-treated tumor (n=8, Figure 5b). Notably, MHCI expression was absent in the PGRN+
region with advanced PDAC tumor, while it was observed in the PGRN- region with mostly
preneoplastic lesions (Figure Sb). Spatial analysis demonstrated that the proportion of
MHCI+ cells was significantly higher in PGRN- tumor cells (Figure S6b). Besides,
significantly more CD8+ cells were found in the vicinity (<50um radical distance) of
PGRN-MHCI+ tumor cells when compared to PGRN+ counterparts (Figure Sc, S6b).

In vitro PGRN blockade promotes CD8 anti-tumor cytotoxicity via MHCI regulation
Next, we investigated if PGRN-induced MHCI restoration could effectively lead to functional
effects on anti-tumor cytotoxicity. Due to low mutational burden, neoantigen levels in PDAC
are relatively low. Thus, we generated a dual recombination (cre/lox;flp/frt) next-generation
mouse model with spatial and temporal controlled antigen expression, namely gp33 of
LCMV, in tumor cells. Here, flp-mediated activation of KrasG12D and loss of Tp53 in
pancreatic progenitors (FKP model) leads to spontaneous PDAC development mirroring
tumorigenesis in the cre-mediated CKP model. We interbred FKP mice with Rosa26-LSL-GP
and Rosa26-FSF-CreERT2 mice (FKPC2GP), in which CreERT2 expressing pancreatic cells
express LCMV-gp33 upon tamoxifen administration (Figure 6a). We established a primary
pancreatic cancer cell line, GP82, from a FKPC2GP mouse and induced LCMV-gp33
expression in GP82 in vitro. The induced GP82 cells were co-cultured with
LCMV-gp33-reactive T cells isolated from the spleen of P14-TCR-Tg mice (Figure 6b), to
assess the effect of PGRN Ab on tumor-specific cytotoxicity.

We first confirmed LCMV-gp33 expression in GP82 cells upon tamoxifen treatment (Figure
6¢) and treated them with PGRN Ab or mlg for 2 consecutive days. PGRN was significantly
down-regulated upon Ab treatment (Figure 6d). Congruent with our findings in
GRN-suppressed human cell lines, the surface expression of MHCI molecule H-2Db on GP82
cells increased significantly by PGRN Ab treatment (Figure 6e). IF staining also
demonstrated that H-2Db expression in PGRN Ab-treated cells was greatly increased with
membranous localization (Figure 6f).

Upon co-culture, LCMV-gp33-reactive T cells were found to accumulate close to GP82 cells

induced for LCMV-gp33 expression, but not to those without induction (Figure 6g, S7a,b).
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Upon treatment with PGRN Ab, accumulation of T cells in the vicinity of tumor cells was
markedly potentiated. However, the T cell accumulation was prominently abrogated upon
MHCI blockade with H-2Db neutralizing antibody (Figure 6g, S7a,b). Importantly, the
cytotoxicity level of LCMV-gp33-induced cells upon PGRN Ab treatment was significantly
increased as compared to control, and the PGRN Ab-induced cytotoxicity was abrogated
upon addition of anti-MHCI neutralizing antibody (Figure 6h, S7¢). We next assessed T cell
cytotoxic activity in the co-culture system. Quantities of granzyme B+, TNFa+, and [FNg+
CD8+ cells were all significantly increased in PGRN Ab treatment when compared to the
controls (Figure 6i, S7d), which again, was significantly diminished with the anti-MHCI
neutralizing antibody, confirming the indispensable role of MHCI in the PGRN Ab-induced
tumor-specific cytotoxic effect.

In vivo PGRN blockade promotes antigen-specific T cell cytotoxicity against tumors
Next, we validated the above effect of PGRN Ab treatment in vivo. Figure 7a illustrates the
experimental setup and treatment timeline. GP82 cells were transplanted orthotopically into
C57BL/6J mice. Upon tumor formation confirmation by ultrasound imaging, tamoxifen was
injected to induce LCMV-gp33 expression in the tumor. After two tamoxifen injections,
PGRN Ab (n=4) or corresponding isotype control (mlg,n=4) was given twice a week for two
weeks. LCMV-gp33-reactive T cells, freshly isolated from spleens of P14-TCR-Tg mice,
were injected intravenously one day after the first administration of PGRN Ab or mlg. Mice
were terminated one day after the last administration of Ab treatment.

LCMV-gp33 expression in the tumors was confirmed, using the GP82 xenografts that were
not treated with tamoxifen as controls (Figure S8a,b). Strikingly, tumor size was
prominently reduced upon PGRN Ab treatment when compared to mlg (Figure 7b). The
progression of tumor volume was monitored by ultrasound imaging. Tumor increase in
PGRN Ab treated tumor was slightly lower than that of mlg treatment, though not
statistically significant due to limited subject numbers (Figure 7c¢). Importantly however,
total T cell (CD3+) and exogenous LCMV-gp33-reactive T cell (CD45.1+) infiltration were
both increased upon PGRN Ab treatment (Figure 7d). Furthermore, levels of GzmB, TNFa

and IFNg were all significantly increased in PGRN Ab-treated tumors (Figure 7e). IHC
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confirmed that in PGRN Ab-treated mice, PGRN levels were reduced while MHCI, CD8+ T
cell infiltration, GzmB and cleaved caspase3 levels were all substantially increased compared
to controls (Figure 7f). Notably, in control mice without LCMV-gp33 expression and PGRN
Ab, injection of LCMV-gp33-reactive T cells did not elicit any CD8 infiltration and activity
(Figure S8¢). As a further control, treatment with both LCMV-gp33 expression and PGRN
Ab treatment, but without LCMV-gp33-reactive T cell injection, showed no significant CD8
infiltration and anti-tumor cytotoxicity, and no prominent benefit in tumor growth
suppression (Figure S8d,e). Since functional macrophages are present, the results imply that
the effect of PGRN Ab on macrophages as shown earlier does not contribute prominently to
the anti-tumor cytotoxicity in this model system. Overall, we conclude that PGRN blockade

promotes antigen-specific T cell cytotoxicity in endogenous PDAC.

DISCUSSION

Understanding the mechanisms exploited by the tumors is critical to overcome immune
evasion. PDAC has relatively few coding mutations, and thus few neoantigenic targets. In
light of this, antigenic tumor peptides or dendritic cells loaded with shared peptides have
been recently introduced to the clinic. However, despite the activation of specific anti-tumor
T cell immunity, the observed tumor regressions are so far below expectations, and one of the
possible reasons could be the absence or low level of tumor MHCI expression. Here, we
unveiled an imperative role of PGRN in tumor cells as a key instructive regulator of immune

evasion via MHCI regulation in PDAC cells in cell-autonomous manner.

We provided evidence that PGRN blockade restored MHCI expression by inhibiting
autophagy. A role for autophagy in MHCI downregulation in pancreatic cancer was recently
demonstrated by Yamamoto et a/ (31). In addition to autophagy, there are various
mechanisms regulating MHCI expression in tumor cells, such as NF-kB stabilization as well
as IFN, STAT3, and TGF-f signaling. Interestingly, the TGF-B gene signature was
significantly enriched in GRN-high tumors of the Maurer et al dataset (19), implying TGF-3

signaling as another potential mechanism underlying PGRN-induced MHCI downregulation
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in PDAC. Besides classical MHCI, PGRN is also known to decrease expression of the
non-classical MHCI molecule MICA on tumor cells (16,17), recently reported to impair
co-stimulation of CD8 T cells (38). Investigation of the secretome from PGRN-expressing
tumor cells could provide further insights into additional PGRN-mediated
immunosuppressive constraints in PDAC, and potentially aid in stratification of tumors for

appropriate treatment strategies.

PGRN blockade with Ab was used in vivo to demonstrate the functional effect of PGRN.
Since PGRN is expressed in both tumor cells and macrophages, where different biological
effects are exerted, our Ab approach is not able to distinguish the functions and significance
of PGRN in the two compartments. However, from a translational perspective, neutralizing
the secretory PGRN and subsequently reducing cellular PGRN to achieve systemic PGRN
blockage by PGRN Ab treatment is of value for future therapeutic development. Indeed, in
addition to MHCI regulation, we anticipate that PGRN might be involved in other immune
evasion mechanisms. Analysis from the Maurer et a/ dataset supports an enrichment of
mesenchymal phenotypes in high GRN epithelium, including upregulated EMT, TGF-§,
glycolysis and down-regulation in oxidative phosphorylation. It is known that mesenchymal
tumor cells possess high immunoevasive abilities (39-41). Further investigations are required
to comprehensively delineate the signaling pathways underlying PGRN-mediated

Immunoevasion in tumor cells.

The role of macrophage-derived PGRN was well-characterized in liver metastasis of PDAC
by Nielsen et al, who elegantly demonstrated that macrophage-derived PGRN activated
resident hepatic stellate cells (HSCs) into myofibroblasts secreating periostin, resulting in a
fibrotic microenvironment that promoted metastatic tumor growth and created physical
barrier to CD8 infiltration(8,9). However, in the CONKO-001 cohort, PGRN expression was
not associated with a-SMA intensity (Table S8). Besides, PGRN blockade in vivo also did
not lead to reduction in fibroblast accumulation (a-SMA+ cells) in the tumors (Figure S5D),

suggesting the revived CD8 activity induced was not due to fibrosis reduction. One potential
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explanation might be the difference between pancreatic stellate cells (PSCs) and HSCs.
Despite the similar morphological and functional features shared by the two, distinctive
organ-specific differences were observed between their transcriptomes. When compared to
HSCS, PSCs express higher levels of HIF1A, integrin a7, connective tissue growth factor,
cytoskeletal elements, etc (42). Besides, the exact origin of PSCs is still controversial as these
cells express both mesenchymal and neuroectodermal markers. Better understanding of PSCs

is therefore needed in order to clarify the influence of PGRN on them in PDAC.

Our findings identify a potential key mechanism exploited by tumor cells for immune evasion
in PDAC. Future studies on targeting PGRN in combination with other immunomodulatory
therapeutic strategies are needed to explore its clinical significance in inducing more durable
tumor rejection by targeting central immune escape routes in pancreatic cancer. Given the
devastating failure of immunotherapy in PDAC and yet the exciting developments in
chimeric antigen receptor T cell development, PGRN may be a pivotal target to enhance

potent tumor antigen-mediated cytotoxicity.
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Figure 1. PGRN exerts different functions on tumor cells and macrophages in human PDAC

(a,b) Essen cohort (n=53). (a) PGRN expression pattern during human PDAC development. Movat and
IHC staining of PGRN in normal pancreas, preneoplastic low- and high-grade PanIN stages, and tumorous
tissues of PDAC patients. (b) IHC staining of representative patient specimen with high and low PGRN
levels as defined by the quantification of Definiens, with median of number of PGRN+ cells as cutoff.
Right panel: PGRN expression in both tumor and stromal compartments of PDAC. Red arrowheads
indicate PGRN+ tumor cells; blue arrowheads indicate PGRN+ stromal cells. (¢, d) Maurer et al dataset
(GSE93326, n=65). (¢) GSEA result of hallmark and KEGG pathways in PDAC epithelium and stroma
samples reveals different enriched gene sets for high GRN in epithelium and stroma. Enrichment was
tested against the differential expression profile of GRN-high (n=32) versus GRN-low (n=32) in epithelium
and stroma samples separately. Pathways with padj < 0.01 from either epithelium or stroma groups were
shown with their NES and padj values. A complete list of significant pathways is shown in Table S7. Gene
sets of interest are highlighted in red. (d) No significant correlation between epithelium (tumor) and stroma
GRN expression levels (Log2CPM) in 65 pairs of PDAC specimens. (e, f) CONKO-001 cohort (n=71).
Tissue microarrays were stained for PGRN, CD68 (macrophage), PanCK (tumor) and DAPI by multiplex
immunofluorescent (mlIF) staining and quantified by Definiens. (e) Representative tissue cores showing
PGRN expression in: both tumor cells (Tumor) and macrophages (Mac), in tumor cells only, and negative
in both cell types. Right column: Filled arrowheads indicate PGRN+ tumor cells; Hollow arrowheads
indicate PGRN+ macrophages. (f) PDAC samples were categorized into high (n=35) and low (n=36)
expression groups (cutoff: median of the number of PGRN+ cells) based on the PGRN expression in all
the cells (Total PGRN), tumor cells (Tumor PGRN, PGRN+PanCK+) only, and macrophages
(Macrophage PGRN, PGRN+CD68+) only. Kaplan-Meier overall survival plots according to PGRN
expression level in different cell compartments. Scale bar unit: pm
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Figure 2. PGRN regulates MHCI expression via autophagy in human PDAC

(a) Representative mIF image demonstrates the intratumoral heterogeneity of PGRN expression in human
PDAC, where high and low PGRN-expressing tumor regions were observed in the same specimen. (b) mIF
staining of PGRN (yellow), CD8 (green) and PanCK (red) in human PDAC shows increased CD8
infiltration in low PGRN-expressing tumor area. (¢) Differential MHCI (HLA-A) expression in PGRN+
and PGRN- tumors, and the infiltration of GzmB+CD8+ cells in their corresponding neighborhoods. (d)
Automated computational analysis showing the percentage of MHCI+ cells in PGRN+/PanCK+ and
PGRN-PanCK+ populations, and the number of CD8+GzmB+ cells in proximity (<50uM radical distance)
of PGRN+/MHCI-/PanCK+ or PGRN-/MHCI+/PanCK+ tumor cells in human PDAC (n=8). (e) Surface
MHCI (HLA-A/B/C) and MHCII (HLA-DR) expression on human PDAC cell line MiaPaCa2 upon GRN
suppression is assessed by flow cytometry (n=4). (f) IF staining of MHCI marker HLA-A/B/C reveals
augmented surface MHCI expression on MiaPaCa2 upon GRN suppression. White arrowheads indicate the
membraneous staining of MHCI. (g) Lysosome content in MiaPaCa2 upon GRN suppression is assessed
by staining with fluorescent LysoGreen Indicator and measured by flow cytometry (n=4). (h, i) IF staining
of MHCI (red) and LC3B (green) in MiaPaCa2 cells upon GRN suppression or treated with autophagy
inhibitor Bafinomycin (Baf, 100nM, 24h). (i) Average size of LC3B puncta of 30 cells of each treatment
was measured by ZEN software. ctrl: parental PDAC cells; nc: shRNA scrambled control; sh/shGRN:
GRN shRNA; Baf: Bafinomycin. MFI: mean fluorescence intensity. **p<0.01, **p<0.01, ***p<0.001.
Scale bar unit: pm
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Figure 3. In vivo PGRN blockade suppresses tumor initiation and progression in mouse PDAC

(a) THC staining of PGRN in pancreas of wild type mice and CKP mice with preneoplasia (4 weeks), early
(6 weeks) and advanced (10 weeks) PDAC. (b) Timeline for treatment of CKP mice with mouse isotype
(mlg) or anti-PGRN antibody (PGRN Ab), 50mg/kg. (¢) Representative pictures of tumors and spleens
from mlg-treated (n=10), PGRN Ab-treated (n=8), and untreated (CTL, n=5) CKP mice. Right panel:
Weight of pancreas of CKP mice upon dissection. (d) PGRN blockade suppresses tumorigenesis in CKP
mice. Middle panel: H&E staining of pancreas and spleens of CKP mice. Non-tumorous pancreatic tissues
(left panel) are highlighted by black lines. Right panel: IHC staining of panCK in the CKP pancreata. The
lower panel shows the percentage of panCK+ cells in the whole pancreata. IHC staining of (¢) PGRN and
(f) Ki67 in CKP tumors. The lower panels show the percentage of PGRN+ and Ki67+ cells in the whole
pancreas. Mean + SD is shown. *p<0.05,**p<0.01,***p<0001. Scale bar unit: pm
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Figure 4. In vivo PGRN blockade revives CD8 anti-tumor cytotoxicity

IHC staining of (a) T cell markers CD3, CD4 and CDS; (b) cytotoxic markers granzyme B (GzmB), T-bet
and Eomes; and (c) apoptotic marker cleaved caspase 3 (Cl casp3) in CKP tumors treated with or without
PGRN Ab or mlg. ctrl: n=5; mlg: n=10; PGRN Ab: n=8. The right panels show the percentages of positive
cells in the whole tumors. *p<0.05,**p<0.01,***p<0001. Scale bar unit: pm
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Figure 5. In vivo PGRN blockade restores tumor MHCI expression that is spatially associated with
increased CD8 cells

(a) IHC of MHCI marker H-2Db and MHCII in CKP tumors treated with or without PGRN Ab or mlg.
ctrl: n=5; mlg: n=10; PGRN Ab: n=8. The right panels show the percentages of positive cells in the whole
tumors. (b) mIF of PGRN (yellow), MHCI (green), CD8 (purple) and PanCK (red) in PGRN Ab-treated
CKP tumors (n=8). Intratumoral heterogeneity of PGRN expression was observed, in which PGRN+ and
PGRN- regions were depicted in the representative tumor. PGRN and MHCI show opposite staining
pattern in the PGRN Ab-treated tumor. (¢) mIF showing the differential MHCI and CD8 expression in
PGRN+ and PGRN- tumor regions. **p<0.01. Scale bar unit: pm
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Figure 6. In vitro PGRN blockade promotes CD8 anti-tumor cytotoxicity via MHCI regulation

(a) Genetic strategy to induce spatially and temporally controlled GP33 expression by tamoxifen-mediated
activation of CreERT2 in pancreatic cells harboring mutant Kras“’’? and loss of 7Tp33.
Pifla""":Kras"""SF612 p5 37 (FKP) mice crossed to GH(ROSA)26Sor™ (A CreERIIDas (g o gFSE
CAG=CreERT2) “and Gt(ROSA)26Soy™oxr-STOP-loxP-GP-ARES-YEP (p» 6LSL-GPy strains to generate FKPC2GP mice.
(b) Experimental setup for co-culture of GP82, LCMV-gp33-expressing cell line derived from FKPC2GP
tumor, and the gp33-reactive T cells isolated from the spleen of P14-TCR-Tg mice. (¢) LCMV-gp33 (GP)
expression in GP82 cells treated with tamoxifen (25uM) or vehicle control DMSO for 2 days was assessed
by flow cytometry (n=4). Tam: Tamoxifen. (d) Cellular PGRN level in GP82 cells treated with or without
PGRN Ab or mlg (100ug/ml) was assessed by flow cytometry (n=4). (e) Surface expression of MHCI
marker H-2Db on GP82 cells treated with or without PGRN Ab or mlg (100ug/ml) was assessed by flow
cytometry (n=6). (f) IF staining of MHCI marker H-2Db of GP82 upon treatment with or without PGRN
Ab or mlg (100ug/ml). White arrowheads indicate the membraneous staining of MHCI. (g) Microscopic
images of GP82 cells and LCMV-gp33-reactive T cells (CFSE-labeled, green) after 2 days of co-culture.
When anti-MHCI (H-2Db) neutralizing antibody (MHCI Ab) was included in the treatment, MHCI Ab was
added 1h after PGRN Ab treatment. T cells were then added lh after MHCI Ab treatment. White
arrowheads indicate T cell clusters accumulated at GP82 cells. (h) Cytotoxicity level (PI+ %) of GP82
cells upon co-culture with LCMV-gp33-reactive T cells (n=6). Tu: LCMV-gp33-induced GP82 tumor
cells; PAb: PGRN Ab (100ug/ml); MAb: MHCI Ab (100ug/ml). (i) Percentage of CD8+ cells that are
positive for cytotoxic markers granzyme B (GzmB), TNF-a, and IFN-g (% in total T cells) assessed by
flow cytometer (n=6). MFI: Mean Fluorescence Intensity. *p<0.05; **p<0.01; ***p<0.001. Scale bar unit:
um
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Figure 7. In vivo PGRN blockade promotes antigen-specific T cell cytotoxicity against tumors in
orthotopic FKPC2GP model

(a) Timeline for treatment of anti-PGRN antibody (PGRN Ab) or mlg (50mg/kg) in orthotopic model of
GP82 cells in C57BL/6J mice. (b) Tumors and spleens of mlg-treated (n=4) and PGRN Ab-treated (n=4)
mice with orthotopic GP82 transplantation and intravenous injection of LCMV-gp33-reactive T cells
freshly isolated from P14-TCR-Tg mice. (¢) Tumor growth was assessed by ultrasound imaging and
presented as fold change in tumor volume before and after PGRN Ab or mlg treatment started. (d) Tumors
were digested into disaggregated cells and stained for T cell infiltration. Flow cytometric analysis showing
the percentage of tumor infiltrating T (CD3+) cells and the exogenously injected LCMV-gp33-reactive
(CD45.1+) T cells, in tumors treated with PGRN Ab (n=4) or mlg (n=4). (e) Flow cytometric analysis
showing the expression of cytotoxic markers granzyme B (GzmB), TNFa and IFNg on CD3+ T cells in
tumors with PGRN Ab (n=4) or mlg (n=4). (f) IHC staining of PGRN, MHCI marker H-2Db, CDS8, GzmB
and cleaved caspase 3 (CI Casp3) in orthotopic GP82 tumors with PGRN Ab (n=4) or mlg (n=4). The
lower panels show the percentages of positive cells in the whole tumors quantified by Definiens. Mean =+
SD is shown. *p<0.05. Scale bar unit: um
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