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Human research participants
Policy information about studies involving human research participants and Sex and Gender in Research. 

Reporting on sex and gender

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

BULdis7d0FbETaoNzMXx0Q]. The remaining data are available within the Article, Supplementary Information or Source Data file. Source data are provided with this
paper.

N/A

N/A

N/A

N/A

No effect size was predetermined, but sample sizes employed in this study are consistent with previously published works (LWang, Y., Zhou,
SK., Wang, Y. et al. Nat Commun 14, 1993 (2023); or KLi, N., Quan, A., Li, D. et al. Nat Commun 14, 1986 (2023).). For example, in vitro studies
were repeated at least three times independently and in the in vivo experiments with at least 5 mice per group were performed.

No data was excluded from the analysis.

Experiments were repeated at least three independent experiments with similar results. All experiments were reproduced to reliably support
conclusions stated in the manuscript.

For the transplant models, tumor cells were inoculated into female mice aged 8-10 weeks of similar weight, randomized before tumor
inoculation. Tumor volume was calculated as width × width × length × 0.5 and randomly assigned to the various treatment groups. KPC mice
were enrolled based on the size of spontaneously arising tumors rather than age or weight. KPC mice were monitored by ultrasound and were
randomly assigned to the various treatment groups when the tumor volume reached 50-100 mm3.

Investigators were blinded to group allocation during experiments. Investigators performing tumor measurements were blinded to treatment
procedures during data collection and analysis.
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Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Alexa Fluor® 700 anti-mouse CD45 (1:100,Cat#: 157616), Alexa Fluor® 700 anti-mouse CD45.2 (1:100,Cat#: 109822), Brilliant Violet
605™ anti-mouse CD45.1 Antibody (1:100, Cat#: 110738), APC/Cyanine7 anti-mouse CD45.1 (1:100, Cat#: 110716), PE/Cyanine5
anti-mouse CD3$ (1:100, Cat#: 100310), APC/Cyanine7 anti-mouse CD4 (1:100, Cat#: 100414), Brilliant Violet 421™ anti-mouse CD4
(1:100, Cat#: 100438), Brilliant Violet 785™ anti-mouse CD279 (PD-1, 1:100,Cat#: 135225), Brilliant Violet 650™ anti-mouse/human
Ki-67 (1:100,Cat#: 151215), PE anti-mouse CD69 (1:100, Cat#: 104508), Brilliant Violet 421™ anti-mouse LAP (TGF-"1, 1:100, Cat#:
141408), PerCP/Cyanine5.5 anti-mouse LAP (TGF-"1, 1:100,Cat#: 141410), Alexa Fluor® 647 anti-mouse FOXP3 (1:100, Cat#: 126408),
Brilliant Violet 605™ anti-mouse Ly-6C (1:100, Cat#: 128036), APC anti-mouse Ly-6C (1:100, Cat#: 128016), APC/Cyanine7 anti-mouse
I-A/I-E (1:100, Cat#: 107628), PE/Cyanine5 anti-mouse I-A/I-E (1:100, Cat#: 107612), PE anti-mouse Ly-6G (1:100, Cat#: 127608),
Brilliant Violet 650™ anti-mouse CD11c (1:100, Cat#: 1173390), Brilliant Violet 605™ anti-mouse CD103 (1:100, Cat#: 121433),
Brilliant Violet 650™ anti-mouse CD206 (MMR, 1:100, Cat#: 141723), PE/Cyanine5 anti-mouse CD19 (1:100, Cat#: 115510), PE/
Cyanine7 anti-mouse NK-1.1 (1:100, Cat#: 156514), APC/Cyanine7 anti-mouse CD326 (Ep-CAM,1:100, Cat#: 118218), Alexa Fluor®
647 anti-mouse CD326 (Ep-CAM, 1:100,Cat#: 118212), PE/Cyanine7 anti-mouse CD326 (Ep-CAM, 1:100, Cat#: 118216), Brilliant
Violet 785™ anti-mouse CD90.2 (Thy-1.2, 1:100, Cat#: 105331), PE anti-mouse CD90.2 (Thy-1.2, 1:100, Cat#: 105308), Alexa Fluor®
647 anti-mouse CD90.2 (Thy1.2, 1:100, Cat#: 105318), Alexa Fluor® 647 anti-mouse CD31 (1:100, Cat#: 102416), PE anti-mouse IFN-#
( 1:100, Cat#: 505808), Brilliant Violet 711™ anti-mouse IFN-# (1:100, Cat#: 5058360), APC anti-mouse TNF- ! (1:100, Cat#: 506308),
Brilliant Violet 650™ anti-mouse TNF-! (1:100, Cat#: 506333), PerCP/Cyanine5.5 anti-human/mouse Granzyme B Recombinant
Antibody (1:100, Cat#: 372212), PE anti-human/mouse Granzyme B Recombinant Antibody (1:100, Cat#: 372208) were purchased
from Biolegend. BUV805 Mouse Anti-Mouse CD45.1 (1:100, Cat#: 612900), BUV805 Rat Anti-Mouse CD4 (1:100, Cat#: 612900),
BUV395 Mouse Anti-Mouse CD366 (TIM-3, 1:100, Cat#: 747620), PerCP-Cy™5.5 Rat Anti-CD11b (1:100, Cat#: 550993), BUV395 Rat
Anti-Mouse Ly-6G (1:100, Cat#: 563978), BUV805 Hamster Anti-Mouse CD11c (1:100, Cat#: 749090), BV421 Hamster Anti-Mouse
CD11c (1:100, Cat#: 562782), BV711 Rat Anti-Mouse F4/80 (1:100, Cat#: 565612) were purchased from BD Biosciences. PE-Cyanine7
CD8a Monoclonal (1:100, Cat#: 25-0081-82) were purchased from eBioscience. Primary antibodies were: Recombinant Anti-
Fibroblast activation protein, alpha antibody, 1:1000, Abcam, Cat#: ab207178; Goat polyclonal Anti-GFP, 1:1000, Abcam, Cat#:
ab6673; Rabbit polyclonal Anti-CD3,1:1000, Abcam, Cat#: ab5690; Recombinant Anti-CD8 alpha,1:1000, Abcam, Cat#: ab217344;
Recombinant Anti-CD4 ,1:1000, Abcam, Cat#: ab183685; Recombinant Anti-FOXP3,1:1000, Abcam, Cat#: ab215206; Recombinant
Anti-F4/80, 1:1000, Abcam, Cat#: ab111101; Recombinant Anti-CD103, 1:1000, Abcam, Cat#: ab224202; Anti-Ly6g+Ly6c (Gr-1),
1:1000, Abcam, Cat#: ab25377; Recombinant Anti-Ki67, 1:1000, Abcam, Cat#: ab16667; Recombinant Anti-Cytokeratin 19, 1:1000,
Abcam, Cat#: ab52625; Recombinant Anti-Mesothelin , 1:1000, Abcam, Cat#: ab187063; Mesothelin Monoclonal, MSLN, 1:1000,
NeoBiotechologies, Cat#: 10232-MSM1-P1; Monoclonal Rat anti-Mouse MSLN/Mesothelin , 1:1000, LSBio, Cat#: LS-C179484-100;
TGF beta 1 Polyclonal , 1:1000, Bioss, Cat#: BS-0086R; Mouse/Rat CD31/PECAM-1 , 1:1000, R&D Systems, Cat#: AF3628; Mouse
PDGFR alpha, 1:1000, R&D Systems ,Cat#: AF1062; Mouse Podoplanin, 1:1000, R&D Systems Cat#: AF3244; Mouse/Rat IFN-gamma
Antibody , 1:1000, R&D Systems, Cat#: AF-585-NA; Mouse MMR/CD206, 1:1000, R&D Systems, Cat#: AF2535; Mouse PD-1 Antibody,
1:1000 , R&D Systems, Cat#: AF1021; Rabbit Polyclonal Anti-RFP , 1:1000, Rockland, Cat#: 600-401-379; Collagen Hybridizing Peptide,
Biotin Conjugate (B-CHP) , 1:1000, 3Helix, Cat#: BIO300; Rabbit Polyclonal Anti-Fibronectin , 1:1000, Sigma-Aldrich, Cat#: F3648;
Rabbit Cleaved Caspase-3 , 1:1000, Cell Signaling Technology, Cat#: 9664. Secondary antibodies were: Alexa Fluor™ Plus 488 Donkey
anti-Rabbit (1:1000, Invitrogen, Cat#: A32790), Alexa Fluor™ Plus 555 Donkey anti-Rabbit (1:1000, Invitrogen, Cat#: A32794), Alexa
Fluor™ Plus 647 Donkey anti-Rabbit (1:1000, Invitrogen, Cat#: A32795), Alexa Fluor™ Plus 488 Donkey anti-Goat (1:1000, Invitrogen,
Cat#: A32814), Alexa Fluor™ Plus 555 Donkey anti-Goat (1:1000, Invitrogen, Cat#: A32816), Alexa Fluor™ Plus 647 Donkey anti-Goat
(1:1000, Invitrogen, Cat#: A32849), DyLight™ 488 Donkey anti-Rat (1:1000, Invitrogen, Cat#: SA5-10026), DyLight™ 550 Donkey anti-
Rat (1:1000, Invitrogen, Cat#: SA5-10027), DyLight™ 650 Donkey anti-Rat (1:1000, Invitrogen, Cat#: SA5-10029), DyLight™ 488
Donkey anti-Mouse (1:1000, Invitrogen, Cat#: SA5-10166), DyLight™ 550 Donkey anti-Mouse (1:1000, Invitrogen, Cat#: SA5-10167),
DyLight™ 560 Donkey anti-Mouse (1:1000, Invitrogen, Cat#: SA5-10169). InVivoMAb anti-mouse PD1 (Cat#: BE0146) was purchased
from BioXCell. CD16/CD32 Monoclonal Antibody (Cat#: 14-0161-82) eBioscience. APC AffiniPure F(ab')& Fragment Goat Anti-Mouse
IgG, F(ab')& fragment specific (1:1000, Cat#: 115-136-072), APC AffiniPure F(ab')& Fragment Goat Anti-Human IgG, F(ab')& fragment
specific (1:1000, Cat#: 109-136-097) were purchased from Jackson ImmunoResearch. Mouse monoclonal Anti-Actin, !-Smooth
Muscle - Cy3™ (1:1000, Cat#: C6198) were purchased from Sigma-Aldrich, Alexa Fluor™ 488 Pan-Cytokeratin Monoclonal (1:100,
Clone AE1/AE3, Cat#: 53-9003-82) were purchased from eBioscience. InVivoMAb anti-mouse PD1 (RMP1-14, Cat#: BE0146) was
purchased from BioXCell (5 mg/kg twice a week).

All antibodies used in this study were commercial and validated by the manufacturer. Species and application validations and

citations for primary antibodies can be found from the manufacturer's websites.

Human CCD-19 lung fibroblast (CCD19-Lu), human AsPC-1 and Capan-2 PDAC tumor cells, human 293T cells and Phoenix-ECO
packaging cells were purchased from ATCC. Mesothelin-positive 4662 cells were established from the fully backcrossed
C57BL/6J KPC PDAC mouse model and kindly provided by Dr. Robert H. Vonderheide (University of Pennsylvania).
3T3.mFAP.GFP/Luc expressing high level of FAP and 3T3.GFP/Luc without FAP expression cells were generated by
transduction with the lentivirus of firefly luciferase as previously described. All of the cell lines were tested negative for
mycoplasma in University of Pennsylvania cell center.

A short tandem repeat DNA profiling method was used to authenticate the cell lines and the results were compared with

reference database. There is no mycoplasma contamination in the above cell lines.

All cell lines were tested for mycoplasma contamination. No mycoplasma contamination was found.

These cell lines we used were not listed in commonly misidentified lines in ICLAC Register.




