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Progranulin mediates immune evasion of pancreatic ductal 

adenocarcinoma through regulation of MHCI expression



REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): 

The manuscript submitted by Cheung and collaborators is a very nice and well conducted study 

showing that cancer cell progranulin (PGRN) drives immune evasion in PDAC. Through a wide 

experimental approach, technically sound and displaying robust data the authors demonstrate the 

role of PGRN in PDAC immunogenicity and show that PGRN blockade restores tumor 

immunogenicity and antigen-specific cytotoxicity in a spontaneous mouse model expressing LCMV-

gp33 antigen. 

Comments: 

There is a recent paper showing that KRAS drives immune evasion in a mouse model and identify 

BRAF and MYC as key mediators (Ischenko Nat. Commun. 2021 12:1482). Activating KRAS 

mutations are found in 90% of PDAC patients. However, It will be interesting to know whether 

PGRN-driving immune evasion was independent of KRAS status and/or whether there are any 

evidences that could sustain KRAS and PGRN acting through cooperative mechanisms for immune 

escape in PDAC. 

In the in vivo experiment of PGRN blockade, authors examined the abundance of fibroblasts in the 

tumor stroma. They conclude that there were no variations in the tumor fibrosis based on the 

staining of alpha-SMA. In this study the authors predominantly analyzed the myofibroblast subtype 

of cancer associated fibroblasts (myCAF). However, in line with the heterogeneity of CAF subtypes, 

authors should analyze whether PGRN blockade was triggering any effect in the inflammatory iCAF 

population. 

Minor points: 

Figure 1a. PGRN staining is difficult to appreciate in the representative images, particularly in High 

grade PanIN and PDAC. 

Was there any specific reason to detect MHC I in mice experiments recognizing only the H-2Db 

class I molecule?. Did the authors analyze effects on H-2Kb class I? 

Materials and Methods: There is no need to specify the method of euthanasia used in the study. 

Reviewer #2 (Remarks to the Author): 

In this manuscript the authors unveiled a novel function of progranulin (PGRN) in the regulation of 

MHC I in PDAC. They demonstrate that tumor cell-derived PGRN drives MHC I downregulation in 

both murine tumors and human biopsies, correlating with lower CD8 infiltration. In addition, they 

demonstrate that PGRN blockade in vivo increases CD8 cytotoxicity and tumor infiltration. This 

effect is lost with simultaneous blockade of MHC I. The manuscript is well written, science is novel 

and methods and statistics are appropriate. This reviewer has the following comments: 

1. While PGRN blockade had an effect on tumor progression in a genetic PDAC model, it did not in

tumors expressing LCMV-gp33 in the absence of adoptive transfer of gp33-TCR Tg T cells. What

are the possible reasons for such discrepancy?

2. Does PGRN blockade have any effect on long-term survival in these models?

3. To really establish CD8 TILs as the main effectors upon PGRN blockade, authors should provide

survival and/or antitumor data with CD8 depletion in a PDAC model.

Reviewer #3 (Remarks to the Author): 

The study by Cheung and colleagues describe a role for tumor cell expressed progranulin in 



regulation of MHC-I and immune evasion in pancreatic ductal adenocarcinoma. The authors show 

that increased PGRN expression in tumor epithelial cells increases with stage of malignancy and 

correlates with poor patient prognosis. Interestingly, macrophage-associated PGRN does not 

correlate with patient outcomes. Further, PGRN expression levels were shown to correlate with 

MHC-I expression and T cell infiltration in PDAC tumors – where PGRN low cells show higher MHC-I 

expression and increased T cell association. Accordingly, knockdown of PGRN or treatment with an 

PGRN blocking antibody is able to increase MHC-I levels and induce greater activated CD8+ T cell 

infiltration in FKP mouse model of PDAC. Mechanistically, the authors provide some data to 

suggest that PGRN suppression inhibits autophagy – which was recently shown to regulate MHC-I 

levels and surface expression in PDAC. 

Finally the authors develop and utilize a new model antigen mouse model to further test the 

efficacy of utilizing an anti-PGRN ab for enhancing MHC-I expression, increasing T cell infiltration 

and blocking tumor growth. While a significant change in tumor growth was not observed in this 

model, increase MHC-I and T cell association as seen in the FKP studies were recapitulated. Overall 

this is a rigorous and well executed study that highlights a previously unrecognized role for tumor 

cell autonomous PGRN in modulation of immune evasion in PDAC. However, the lack of clear 

mechanism connecting PGRN and MHC-I is a weakness of the study. Moreover, the claim that 

tumor cell autonomous effects exclusively effect MHC-I and immune evasion is not entirely 

justified given that ECM, stromal cell, endothelial cell derived PGRN are not considered. Therefore, 

my suggestions are mostly focused on strengthening these aspects of the manuscript. 

1. If the authors wish to establish PGRN as an upstream regulator of autophagy in PDAC they 

should complement the data shown in figure 3 with autophagy flux assays which are standard in 

the field. These include use of the dual fluorescent LC3 autophagy reporter or western blot analysis 

of LC3 lipidation in the presence/absence of lysosome blockade in the PRGN WT/KD setting. 

2. Likewise, if the authors believe that PRGN loss impacts lysosome function then appropriate 

assays to test lysosome activity should be included (pH measurements, ability to degrade cargo, 

diameter measurements etc). For example, GRN-/- microglia show lysosomal defects 

(PMC4860138). It would be interesting to know whether PGRN suppression in PDAC display similar 

defects. 

3. It is unclear why the authors chose to conduct the shPGRN KD experiments in combination with 

serum starvation (Fig. 3c). Can the authors repeat these experiments in normal media conditions 

to definitely establish serum independent PGRN effects on autophagy? 

4. It is unclear the extent to which PGRN is secreted from PDAC cells versus intracellular localized 

and how this compares to macrophages or other cellular populations within the tumor 

microenvironment. Accordingly, is PGRN secretion important for its role in modulating MHC-I 

levels? Or is the function of PRGN in regulation of MHC-I restricted to an intracellular role? 

5. The authors show in Fig. S2a that human PDAC cells show differential PGRN expression levels. 

How does this correlate with MHC-I levels and localization given that MHC-I is low across PDAC? 

6. It would be beneficial to provide quantification of the level of PRGN at different stages of PDAC 

progression (Fig.4a) in order to justify the statement that “as lesions progressed to early PDAC, 

PGRN levels reached the maximum and slightly decreased in advanced stage” – line 197. 

7. What is the overall survival of FKP mice with or without PGRN antibody treatment? This 

information would be very useful to include. 

8. In figure 5 it is difficult to assess whether the increase levels of activation marks are simply 

reflective of increased infiltration of CD8+ T cells. It would be useful to establish % co-staining 

between CD8 and the activation markers to gain a clearer indication of the percentage of total CD8 

cells that are also positive for granzyme B, Eomes, T-bet. This would justify the statement “PGRN 

Ab enhanced the cytotoxicity of the infiltrating CD8+ T cells” 

9. Can the authors confirm via flow cytometry that anti-PGRN (KD or antibody treatment) leads to 



increased cell surface MHC-I in vitro or better yet in vivo? 

10. It is confusing as to why gp33 expressing tumors treated with PGRN Ab but without LCMV-

gp33 reactive T cell injection do not show significant native CD8 T cell infiltration (line 319-322). 

The authors show that the tumor cells elevate MHC-I (Fig S7d), which should be sufficient to elicit 

increased native T cell infiltration against endogenous antigen as in the FKP model, and lead to 

some level of anti-tumor response. Could the authors explain why this does not occur? 

Overall the data generated utilizing the model antigen system, while useful, is less compelling than 

the results obtained using the FKP model. This is also reflected in the absence of a significant 

decrease in overall tumor volume T/Tu/GP/Pab arm. 

Minor comments: 

Clear definition of abbreviations for Figure 7g and H should be indicated in the legend. Statistical 

testing should be calculated between the T/Tu/GP vs T/Tu/GP/P-AB treatment arms in order to 

establish whether blocking PGRN can elevate T cell activation and anti-tumor cytotoxicity. 

In Fig. 2c MHC-I low status in PRGN negative section correlates to areas in which PanCK staining is 

also low. Is this representative and if so can the authors explain this? 

Line 331 of the discussion relating to “antigenic tumor peptides or dendritic cells loaded with 

shared peptides ….” requires references. 

Line 334 of the discussion which states that PRGN in tumor cells is “a key instructive regulator of 

immune evasion” is overstated given that the exact mechanism as to how this occurs is not 

established and the data showing a block in autophagy is not convincing. This sentence should be 

revised if additional data in support of a role for PGRN in regulation of autophagy in PDAC is not 

provided. 
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REVIEWERS' COMMENTS 

Reviewer #1 (Remarks to the Author): 

The authors have well-addressed all the comments. 

Reviewer #2 (Remarks to the Author): 

I am satisfied with the revisions made by the authors. All my concerns have been properly 

addressed. 

Reviewer #3 (Remarks to the Author): 

The authors have address the majority of my suggestions and generated a strong study in support 

of progranulin mediated regulation of autophagy and MHC-I levels in PDAC. 

I have a few comments related to language and some inaccuracies in the text. 

1. line 194-195: "the size of lysosomes increased...". Size was not measured here. Rather total

Lamp1 fluorescence intensity was measured. This sentence should instead discuss "Lysosome

number" or "Lysosome staining intensity.."

2. Line 202: The sentence "DQ-BSA is quenched upon cleavage by proteolytic enzymes in

lysosomes" should read "DQ-BSA is dequenched upon cleavage by proteolytic enzymes in

lysosomes" (leading to increased fluorescence). Therefore, the loss of DQ-BSA fluorescence in

shPRGN cells is consistent with loss of lysosome proteolytic activity.

3. Regarding the claim in the abstract "we unveiled a cancer-cell autonomous function..." and line

400 of the discussion, I don't believe the authors have provided sufficient evidence in support of

this claim. As noted in my prior comments, the contribution of ECM, stromal and endothelial cell

derived PRGN is not addressed - (the authors respond to my point by focusing on macrophages

and fibroblasts). I would suggest removing this statement from the abstract and focus instead on

the finding that "Tumor derived but not macrophage derived PRGN" is important.

4. Given that the authors have largely confirmed a large body of recent literature indicating a

critical role for autophagy/lysosome suppression in regulation of MHC-I / immune evasion (see

references below) it may be prudent and scholarly to include these references and discuss the

findings in the discussion.

PMC7190323; PMC7458662; PMID33443027; PMC7296553; PMC8205437; PMID32968282; Qiao Y 

et al Nature Cancer 2021; Poillet-Perez et al Nature Cancer 2020 

5. The methods section for "Immuno-fluorescence staining" should be corrected as it currently

includes use of Trametinib which is not used in this study.



REVIEWERS' COMMENTS

Reviewer #1 (Remarks to the Author): 

The authors have well-addressed all the comments.

Response: Thank you for the positive comments and constructive suggestions to improve the 
manuscript. 

Reviewer #2 (Remarks to the Author): 

I am satisfied with the revisions made by the authors. All my concerns have been properly addressed. 

Response: Thank you for the positive feedback, as well as the helpful comments and suggestions to 
improve our manuscript.  

Reviewer #3 (Remarks to the Author): 

The authors have address the majority of my suggestions and generated a strong study in support of 
progranulin mediated regulation of autophagy and MHC-I levels in PDAC. 

I have a few comments related to language and some inaccuracies in the text. 

1. line 194-195: "the size of lysosomes increased...". Size was not measured here. Rather total
Lamp1 fluorescence intensity was measured. This sentence should instead discuss "Lysosome
number" or "Lysosome staining intensity.."

Response: Thank you for the correction. We have changed the terms to “lysosome staining intensity” 
(line 197, highlighted).  

2. Line 202: The sentence "DQ-BSA is quenched upon cleavage by proteolytic enzymes in
lysosomes" should read "DQ-BSA is dequenched upon cleavage by proteolytic enzymes in
lysosomes" (leading to increased fluorescence). Therefore, the loss of DQ-BSA fluorescence in
shPRGN cells is consistent with loss of lysosome proteolytic activity.

Response: Thank you for the correction. We have made the correction accordingly (line 204, 
highlighted).  

3. Regarding the claim in the abstract "we unveiled a cancer-cell autonomous function..." and line 400
of the discussion, I don't believe the authors have provided sufficient evidence in support of this claim.
As noted in my prior comments, the contribution of ECM, stromal and endothelial cell derived PRGN
is not addressed - (the authors respond to my point by focusing on macrophages and fibroblasts). I
would suggest removing this statement from the abstract and focus instead on the finding that "Tumor
derived but not macrophage derived PRGN" is important.

Response: We agree with the reviewer, and have replaced “cancer-cell autonomouse function” with 
“the role of tumor-derived PGRN” in the abstract (line 51, highlighted). 

4. Given that the authors have largely confirmed a large body of recent literature indicating a critical
role for autophagy/lysosome suppression in regulation of MHC-I / immune evasion (see references
below) it may be prudent and scholarly to include these references and discuss the findings in the
discussion.

PMC7190323; PMC7458662; PMID33443027; PMC7296553; PMC8205437; PMID32968282; Qiao Y 
et al Nature Cancer 2021; Poillet-Perez et al Nature Cancer 2020 

Response: Thank you for the suggestion. In the discussion section of revised manuscript, we have 
discussed our findings focusing on the role of autophagy/lysosome suppression in regulation of MHC-
I / immune evasion, with the references kindly suggested by the reviewer (Line 406-416, highlighted). 



5. The methods section for "Immuno-fluorescence staining" should be corrected as it currently
includes use of Trametinib which is not used in this study.

Response: Thank you for the kind reminder. We have made the correction accordingly (Line 657-659, 
highlighted).  


