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I. Supplementary Materials

Table S1. Antibodies used for flow cytometry.

Antibody Target Fluorophore Host/Isotype Clone Supplier
Ly-6G PE-Cy7 Rat / 1gG2b, kappa RB6-8C5

CDl1c PE Armenian hamster / IgG N418

CD11b FITC Rat / 1gG2b, kappa M1/70

CD206 PE-Cy7 Rat / 19G2b, kappa MR6F3

CD309 (VEGF) APC Rat / 19G2a, kappa Avasl2al

CD80 PE Armenian hamster / 1IgG  16-10Al

MHCII FITC Rat / 1gG2b, kappa M5/114.15.2

INOS PE-Cy7 Rat / 1gG2a, kappa CXNFT .
iNOS APC Rat / 19G2a, kappa CXNFT gg‘grmis“her
Isotype Control PerCP-Cy5.5 Armenian hamster / IgG  eBi0299Arm

Isotype Control PE-Cy7 Rat / 1gG2a, kappa eBR2a

Isotype Control PE Rat / 1gG2a, kappa eBR2a

Isotype Control FITC Rat / IgM, kappa eBRM

Isotype Control PerCP-Cy5.5 Rat/ 1gG2a, kappa eBR2a

Isotype Control PE-Cy7 Rat / 19G2b, kappa eB149/10H5

Isotype Control PE Armenian hamster / 1IgG  eBio299Arm

Isotype Control FITC Rat / 19G2b, kappa eB149/10H5

Sheep 1gG FITC Sheep / 1gG Polyclonal NOVUS
HIF-1a PE Rat / 1gG1 241812

Arg-1 FITC Sheep / 1gG Polyclonal Fisher Scientific
F4/80 PerCP-Cy5.5 Rat/ 1gG2a, kappa BMS8.1 Millipore Sigma




I1. Supplementary Methods

Mold fabrication. Silicon molds were fabricated using standard monolithic photolithography via
methods similar to those described previously (16). Briefly, hexamethyldisilazane adhesion
promoter was spin-coated on 3” single-side polished silicon wafers (Addison Engineering, Inc.).
SPR 220-7.0 (MicroChem Corp.) was spin-coated on each wafer at 4,000 rpm for 45 sec. Wafers
underwent a soft bake at 115°C for 90 sec, and were exposed to UV light (405 nm, MA/BAG6
Mask Aligner, Siiss MicroTec AG) through a chrome-patterned photomask consisting of an array
of 8 um transparent circles with a 16 pm pitch (Photo Sciences, Inc.). Wafers underwent a post-
exposure bake at 115°C for 90 sec and were submerged in MF-CD26 for 120 sec. Wafers were
cleaned by rinsing with water and drying with a stream of nitrogen gas. Prior to use, molds were
passivated with a thin film of trichloro(1H,1H,2H,2H-perfluorooctyl)silane (FDTS) by vapor
deposition.

Synthesis of aldehyde-modified hyaluronic acid (HA-AIld). HA-AId was synthesized via
methods described previously (61). Briefly, sodium hyaluronate (2,500 kDa) was dissolved in
100 mL DI H,0O at 2.5 mg/mL. A 667 pL aliquot of sodium periodate in DI H,O (10 mg/mL)
was added to the HA solution. The mixture was sealed, covered in foil, and vigorously stirred at
room temperature. After 2 h, a PBS tablet (Millipore Sigma) was added to the mixture and stirred
until fully dissolved. 1,000 mL acetone was then added, precipitating the HA-Ald. The
precipitate was collected and pressure was applied to the solid with a spatula to further remove
solvent. The precipitate was redissolved in 100 mL of PBS and precipitated again with 1,000 mL
of acetone. This entire process was repeated thrice. The precipitate was dissolved in 50-100 mL
DI H,0, flash frozen in liquid N2, and lyophilized (SP Scientific Freezemobile Lyophilizer). A
sample of the lyophilized solid was analyzed with an FTIR spectrophotometer (Nicolet iS50) to
confirm aldehyde modification, as indicated by the appearance of two small sharp peaks between
2,800 and 3,000 cm™ (Fig. S2(A)). These peaks represent stretching of the C-H bonds in the
aldehyde functional groups.

Atomic force microscopy (AFM). AFM (NanoWizard 4; JPK BioAFM GmbH) was used to
characterize the stiffness and morphology of the different layers of the backpack. Layers were
individually prepared on polydimethylsiloxane (PDMS) stamps and printed on glass slides
treated with plasma for 60 s using methods described in the Main Text. A 100 um cantilever
(All-In-One Al; BudgetSensors) with a stiffness of 40 N/m was used in tapping mode. To sample
force curves and measure stiffness, a random number generator was used to sample 0.5 um x 0.5
um sections of the poly(lactic-co-glycolic acid) (PLGA) disks along their edges. A hertz-fit
process was used, assuming a paraboloid tip with 10 nm radius and a Poisson's ratio of 0.265.

Hypoxia chamber. A hypoxia chamber (Stemcell Technologies) was used to culture bone
marrow derived macrophages (BMDMSs) under hypoxic conditions. Prior to incubation, paper
towels soaked with PBS were placed along the bottom of the chamber to minimize evaporation.
Plates containing BMDMs were sealed with parafilm and placed into the chamber (Parafilm
limits evaporation, but allows for gas exchange). The chamber was flushed with a gas mixture
containing 94% N,, 5% CO, and 1% O at a flow rate of 20 L/min for 10 min. The chamber was
sealed and incubated at 37°C. The chamber was flushed again 2 h later and every 24 h thereafter
to ensure consistent oxygen levels.



Cumulative IFNy release assay. After harvesting, backpacks were centrifuged at 1,500xG for 5
min and were reconstituted in BMM- (comprising 500 mL DMEM F12, 50 mL FBS, 5 mL Pen
Strep, and 25 mL 200 mM GlutaMAX). Backpacks were counted and diluted to a concentration
of 2.0x10° particles/mL. 1 mL sample volumes were transferred to non-stick Eppendorf tubes.
For the first time point, each sample was centrifuged at 1,500xG for 5 min. Two 450 uL aliquots
were transferred to separate Eppendorf tubes and were frozen at —80°C. 900 uL of fresh BMM-
was added to each sample and the sample stored at 37°C until the next time point. The sampling
procedure remained the same for all time points, except 925 uL. of BMM- was sometimes added
after sampling instead of 900 pL to account for liquid evaporation. After the last time point was
collected, frozen samples were thawed, diluted 20—50x, and IFNy concentrations were
determined by an ELISA kit. The optical density at 450 nm was recorded using a plate reader
(Spectramax i3), following instructions by the manufacturer for background corrections
(Molecular Devices, LLC). Standard curves and cumulative IFNy concentrations were
determined in Microsoft Excel.

Serial dilution. Due to extensive death of BMDMs from surface tension effects resulting from
media removal in 12-well plates, which was reported in other studies (9), we utilized a special
media exchange technique in wells or dishes with diameters smaller than 60 mm. Instead of
aspirating the full liquid volume and adding fresh media, 0.5 mL media was removed from each
well (leaving 0.5 mL media in each well), 5 mL of the desired media was added to each well, and
then 5 mL of media was removed from each well. This process was repeated a total of two times
to nearly replace the original media with the desired media. This procedure is herein referred to
as serial dilution.

Cytokine detection from blood plasma. Immediately following euthanasia, cardiac punctures
were performed to collect blood from mice. Plasma samples were isolated by centrifuging blood
samples in gel microtainer tubes at 7,000xG for 1.5 min. Samples were then stored at —80°C until
processed for analysis. Serum cytokine levels were quantified using a flow cytometry-based
ELISA kit (mouse Th1/Th2/Th17 Cytokine Kit; BD Biosciences) to quantify I1L-2, IL-4, IL-6,
IFNy, TNFa, IL-17, and 1L-10.

Immunohistochemical sectioning. Tumors embedded in OCT compound were cut into 5 pm
thick sections using a Leica CM1950 cryostat and mounted on SuperFrost Plus microscope slides
(Thermo Fisher). Once dried, slides were washed with PBS twice for 7 min. Slides were fixed
with a 3.0 vol.% solution of paraformaldehyde in PBS for 15 min. Slides were washed once with
PBS for 7 min. Slides were then mounted with ProLong Diamond antifade mountant with DAPI
following instructions from the manufacturer (Thermo Fisher). 24 h later, slides were sealed with
nail polish and stored at —20°C until imaging. Sections were analyzed with a Zeiss Axio Scan.Z1
Slide Scanner Microscope (10x objective). Images were processed with ImageJ.
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Fig. S1. Fabrication of IFNy backpacks. (A) Silicon molds were prepared by photolithography.
(B) Molds contained an array of cylindrical holes, 8 um across and 7 um deep, with a pitch of 16
um. Completed molds were treated with FDTS by vapor deposition. (C) Polydimethylsiloxane
(PDMS) was poured over the molds, degassed, and cured. (D) PDMS was separated from the
mold, forming a stamp. (E) PDMS stamps were coated with alternating layers of charged, cell-
adhesive polymers. (F) A poly(lactic-co-glycolic acid) (PLGA) solution was spin coated over the
stamps. (G) Stamps were plasma ashed, coated with an aqueous film of poly(vinyl alcohol)
(PVA) containing IFNy, and were dried by evaporation. (H) A second PLGA solution was spin
coated over the stamps. (1) PVA-coated dishes were heated over a water bath. (J) PDMS stamps
were pressed onto the dishes to transfer an array of the IFNy backpacks by microcontact printing.

See Methods Section for details on backpack fabrication.
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Fig. S2. Characterization of the layer-by-layer (LBL) coating. (A) FTIR spectra of HA (red)
and HA-AId (blue). Aldehyde modification is confirmed by the appearance of the two small
sharp peaks between 2,800 and 3,000 cm™ (arrows). (B) Binding efficiency of backpacks to
primary BMDMs (see Methods in the Main Text for binding procedures). Efficiency is defined

Backpack Binding Efficiency

100%

80%

60%

40%

20%

0%

T

No LBL

as number of cells with >1 backpack, as determined by flow cytometry (n = 5).

Fig. S3. AFM images of PLGA discs. Six representative topographical images of single PLGA
discs produced by AFM. The average thickness of the backpacks shown in Fig. 2A(iii) was
determined by separately measuring the thickness of each layer of the backpacks via AFM and
adding. We note that the PVA layer could not be measured by AFM, so the thickness of the PVA

layer was estimated using a simple density calculation.

LBL
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Fig. S4. Printing and release of backpacks. (A) Backpacks were made and printed that
comprised two layers of PLGA encasing a PVA layer of 0 um (no PVA), 0.31 um and 0.62 um
thickness (n = 10). The PVA layer was made by depositing and subsequently drying a 100 uL
solution of 0, 0.25 and 0.50 vol.% PVA in PBS, respectively, on a 25 mm x 25 mm PDMS stamp
(Fig. S1). Printing efficiency was determined by a hemocytometer after backpacks were
suspended. (B) Images depicting a printed array of backpacks released from a substrate after the
addition of PBS. Backpacks in (B) comprised of a single layer of PLGA, which has a higher
printing efficiency than those described in (A).
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Fig. S5. Stability of encapsulated IFNy. IFNy backpacks were printed and stored at 4°C or
—80°C for 3 months. IFNy was extracted from the backpacks using the cumulative release assay
(see Methods in the Main Text) and quantified by ELISA. Proportion of active IFNy content was
determined via comparison to averaged values from the same assay performed on backpacks
immediately after fabrication (n > 6).
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Fig. S6. Intratumoral distribution of injected macrophages (M®s) after a single injection.
Grayscale images with overlaid recordings of average radiance, as determined by an in vivo
imaging system (IVIS), of mice injected with: (A) saline and (B—-D) M®s labeled with
VivoTrack 680 near-infrared dye. Prior to injection, M®ds were (B) polarized ex vivo for 24 h
with 16 ng/mL IFNy (M® 24 h incubation in IFNy), (C) left unpolarized and mixed with 50 ng
free IFNy immediately prior to injection (M® + free IFNy), and (D) left unpolarized and bound
to IFNy backpacks at a concentration of 50 ng equivalent IFNy immediately prior to injection
(M® + IFNy backpacks).
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Fig. S7. Efficacy of IFNy backpacks to treat BALB/c mice with 4T1 triple negative breast
carcinomas. Prior to injection, macrophages (M®s) were (i) left unpolarized (saline, blue), (ii)
polarized ex vivo for 24 h with 16 ng/mL IFNy (M® 24 h incubation in IFNy, green), (iii) left
unpolarized and mixed with 50 ng free IFNy immediately prior to injection (M® + free [FNy,
yellow) and (iv) left unpolarized and bound to IFNy backpacks at a concentration of 50 ng
equivalent IFNy immediately prior to injection (M® + IFNy backpacks, red). (A) Average mouse
body weight in all groups. (B) Tumor growth curves for all groups. Solid arrows indicate days of
intratumoral injections. (C) Distribution of injected M®s relative to their distribution
immediately after injection, as determined by an IVIS (raw images in Fig. S6). (D) Progression
of necrosis. Photographs of tumors on dehaired mice were taken each day after the first injection.
To evaluate if the treatment group altered the rate of necrosis, the average area of necrosis was
determined for each group by ImageJ (NIH) and normalized to the first day. No significant
differences were observed. Time in (C) and (D) is with respect to the first therapeutic injection (n
=5 for all graphs)
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Fig. S8. Phenotyping tumor-associated immune cells. (A) Panel organization for phenotyping
tumor-associated immune cells from orthotopic 4T1 breast tumors. Tumor-associated leukocytes
were split into 3 panels for separate staining and inspection by flow cytometry, as demarcated by
the dotted grey boxes. Phenotypic markers used for identifying different cell populations are
shown in red text. Corresponding isotype controls are listed in Table S1. (B—L) Gating schema
for phenotyping TAMs by flow cytometry. Hierarchical gates were drawn for (B) cells, (C)
single cells, (D) viable cells and then (E) macrophages. Subplots were drawn from (E) to stain
for (F) CD80, (G) MHCII and (L) CD206 on cellular surfaces (light blue dotted lines). To stain
for intracellular markers, a subplot was drawn from (C) to identify viable and non-viable
macrophages (H). From (H), subplots were drawn for (1) iNOS, (J) HIF-1a and (K) Arg-1 (pink
dotted lines). Figure 4B in the Main Text displays the relative change in the median intensity for
(F, G, I, J, L and K). We note that the same schema was used for phenotyping injected

macrophages, with the additional criteria of gating for macrophages stained with VivoTrack 680
near-infrared dye.
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Fig. S9. IL-6 concentration in blood plasma. IL-6 was measured in the plasma of 4T1 tumor-
bearing mice treated with: (i) saline, blue; (ii) macrophages (M®) treated 24 h in 20 ng/mL IFNy,
green; (iii) M® with 50 ng free [IFNy, yellow; and (iv) M® bound to IFNy-loaded backpacks, red
(n =5). Blood plasma of IL-2, IL-4, IFNy, TNFa, IL-17 and IL-10 was also measured, but was
below the limit of detection.
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