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Extended DataFig.4 |RNA.142 T expressionis silenced in monocytes.

(a). Bone marrow-derived dendritic cells were treated with1ug/mlI GFP RNA.WT
or RNA.142 TLNP labeled with a Dil+ lipid dye (n = 3 biological replicates). After
24 hrs, culture supernatant was assayed for protein biomarkers by Olink Target
96 Exploratory Panel. Correlation plot comparing Olink NPX values for each
proteinanalyte between RNA.WT and RNA.142T-treated cells shown. Each points
represents the mean NPX for one protein. Alinear regression line is in blue, and
anidentity line (y =x) is in dashed black line. (b). Relative mRNA expression of
1l6, 1112, 1110, l11b, and Tnfin Dil+ BMDCs from (a) normalized to untreated (UT)

controls. Gene expression was quantified by RT-qPCR and normalized to Gapdh.
Error bar, mean + SEM. ns: not significant. Statistical significance was analyzed
by one-way ANOVA with Tukey’s multiple comparison test.(c). GFP expression

in primary splenic monocytes 18 h following transfection with 100 ngor 1 pug
GFPRNA.WT or RNA.142 T was quantified by flow cytometry (n = 3 biological
replicates). UT: un-transfected. Error bars, mean + SEM. ns: not significant.
Significance assessed using one-way ANOVA with Tukey’s multiple comparison
test between all experimental groups.
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Extended Data Fig. 5| See next page for caption.
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Extended Data Fig. 5| pAPC acquisition of RNA-derived antigen from
transfected non-pAPCs surpasses expression from transfection with
RNA.142 T. (a). C57BL/6 mice (n =3, repeated 3 independent times) were i.v.
injected with20 pg OvaRNA.WT or RNA.142 T or irrelevant RNA (Ctrl) using
aprime/boost schedule 21 days apart. Frequency of Ova-specific CD8 + T
cellswithin splenic CD8 + T cells were analyzed by flow cytometry 5 days
post-boost using SIINFEKL H-2Kb tetramer. Representative dot plots shown.
(b). Lethally irradiated CD45.2 + Ail4 mice (n = 4) were reconstituted with
CD45.1+ WT C57BL/6 bone marrow (BM) before i.v. injection with irrelevant
RNA (Ctrl) or Cre RNA.WT or RNA.122 T. As a positive control, recipient Ail4
mice were reconstituted with Ail4 BM prior to Cre RNA.WT injection. tdTomato
expression in spleen CD45.1+ cells for WT BM donor groups and CD45.2+

cells for Ail4 BM donor group 3 days post-injection was analyzed by flow
cytometry. Representative flow cytometry plots shown. (c). Expression of
tdTomato inimmune cell subsets of the spleen (left) and liver (right) of Ail4 mice
reconstituted with Ail4 BM and injected with Cre RNA.WT from (b). tdTomato
expression was quantified by flow cytometry. (d). Schematic showing flow
cytometry analysis for (e) and (f) (created with BioRender.com). Cells from
Ail4 mice that have taken up and expressed Cre RNA will undergo Cre-mediated

recombination and removal of a loxP-flanked STOP cassette upstream of
tdTomato. Subsequently, tdTomato will be constitutively expressed under the
ROSA26 promoter, leading to high tdTomato expression as detected by flow
cytometry, whereas cells that have taken up tdTomato exogenously will have
lower tdTomato expression. (€). Quantification of tdTomato' and tdTomato™
immune cells (CD45 +) from theiliac lymph nodes of Ail4 mice (n = 4, repeated
2independent times) i.m. injected with irrelevant RNA (ctrl), Cre RNAWT,

or Cre RNA.142 T by flow cytometry. Representative flow plots shown. (f).
Quantification of tdTomato' and tdTomato™ macrophages (F4/80 + CD11b +)
fromtheiliaclymph nodes of Ail4 mice (n = 4, repeated 2 independent times)
i.m.injected withirrelevant RNA (ctrl), Cre RNA.WT, or Cre RNA.142 T by flow
cytometry. (g). Schematic showing experimental set-up for (h) (created with
BioRender.com). C2C12 cells were transfected with GFP RNA.WT or RNA.142T-
LNP for 18 h. Following washing to remove LNP from the media, RAW264.7 cells
were co-cultured with the C2C12 cells for 24 h. GFP expression was detected

by flow cytometry. (h). Expression of GFP by RAW264.7 cells (CD45 + F4/80 +)
(n=3biological replicates). Representative flow cytometry plots shown. UT:
un-transfected. Error bar, mean + SEM. ns: not significant. Statistical significance
was analyzed by unpaired two-tailed Student’s t-test.
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Extended Data Fig. 6 | Assessment of anti-GFP antibody titers induced by post-second boost). The limit of detection is indicated by a dotted line. Error bar,

hepatocyte-silenced RNA-LNP. BALB/c mice (n =3, repeated 2 independent mean + SEM. ns: not significant. Statistical significance was analyzed by unpaired
times) were injected i.v. with 20 pg GFP RNA.WT or RNA.122 Ton days 0, 5, and two-tailed Student’s t-test.
20. Anti-GFP IgG antibody titers were assessed in sera obtained on day 25 (5 days
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Extended Data Fig.7|SARS-CoV-2 Spike RNA.WT and RNA.122 T vaccination
elicits comparable antibody and CD4 + T cell responses to mRNA-1273
vaccine. (a). BALB/c mice (n = 4) were injected i.m. with 1 pg Spike RNA.WT at
week 0 and 3. Blood and spleens were obtained at week 5 (2 weeks post-boost) to
assess antibody titers (created with BioRender.com). Experimental set-up based
off vaccination schedule by DiPiazza et al., Immunity, 2021. (b). Serum anti-Spike

| Serology
5

Reciprocal Serum
Endpoint Titer {Logyg)

O——T—T1 71—
WT 122T PBS
IgG from mice in (a) was assessed 2 weeks post-boost. The limit of detection is
indicated by a dotted line, and values below the limit of detection were assigned
avalue of halfthe limit of detection. Error bar, mean + SEM. ns: not significant.
Statistical significance was analyzed by one-way ANOVA followed by Tukey’s
multiple comparison test between all experimental groups.
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specific CD8* T cells within CD8 + T cells in the spleen 5 days post-boost was
measured by flow cytometry using SIINFEKL H-2Kb tetramer. Representative
flow cytometry plots shown. Error bar, mean + SEM. ns: not significant. Statistical
significance was analyzed by unpaired two-tailed Student’s t-test.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

OXX O OO0 000F%

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.
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Policy information about availability of computer code

Data collection  No code was used in data collection.

Data analysis Microsoft Excel (Version 16.78)
Prism 10 for macOS (Version 10.6.1)
QuPath (Version 0.6.0)
Image) (Version 2.14.0)
FlowlJo (Version 10.10.0)

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

No public datasets were generated or analyzed during the current study. Therefore, no data are available, and no restrictions apply.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender N/A

Reporting on race, ethnicity, or N/A
other socially relevant

groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

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

All studies must disclose on these points even when the disclosure is negative.

Sample size The sample size was determined based on a convenience sampling approach with n = 3-5 mice per group as specified. Statistical power
calculations were not performed. Majority of experiments were repeated at least twice with separate cohort of n=3-5 mice.

Data exclusions  No data was excluded from the analyses. All data points were included in the final analysis unless they were affected by technical errors (e.g.,
failure in data collection or equipment malfunction). The exclusion criteria, if any, were not pre-established, as all mice that were part of the
study were considered valid for analysis.

Replication All attempts at replication were successful, and the experimental conditions were replicated to ensure reproducibility. No specific findings
failed to replicate, but variability between individual mice should be considered.

Randomization  Mice were randomly assigned to experimental groups to reduce potential bias in treatment allocation. Randomization was achieved using a
random number generator to select which mice were assigned to each experimental group. The allocation was done prior to beginning any
experimental procedures.

Blinding Blinding was applied during the imaging analyses for counting measurements. The individuals performing the imaging analysis and counting of
outcomes (e.g., cell counts, lesion quantification, etc.) were blinded to the experimental group allocation. This was done to minimize any
potential observer bias in the analysis of images. However, blinding was not possible for the treatment assignment because the researchers
were aware of which treatment the mice received. Despite this, blinding in the subsequent image analysis steps ensured that the outcome
data collection was objective and unbiased.
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Antibodies

Antibodies used Flow cytometry (1:200 dilution or per manufacturer's sheets)

CD11b FITC (Biolegend, M1/70, 101206)

CD11b APC (Biolegend, M1/70, 101212)

FR-b APC (Biolegend, 10/FR2, 153305)

XCR1 APC-Cy7 (Biolegend, ZET, 148224)

XCR1 APC (Biolegend, ZET, 148206)

I-A/I-E BV510 (Biolegend, M5/114.15.2, 107636)

F4/80 BV60S (Biolegend, BMS8, 123133)

CD11c BV650 (Biolegend, N418, 117339)

CD64 BV711 (Biolegend, X54-5/7.1, 139311)

CD64 PE (Biolegend, X54-5/7.1, 139304)

CD45 BV510 (Biolegend, 30-F11, 103138)

CD45 BV785 (Biolegend, 30-F11, 103149)

CD45 Spark NIR 685 (Biolegend, 30-F11, 103168)

CD3 Spark UV 387 (Biolegend, 17A2, 100284)

CD4 PE (Biolegend, RM4-5, 100512)

CD4 BV605 (Biolegend, RM4-5, 100548)

CD4 BV785 (Biolegend, RM4-5, 100552)

CD25 PE/Dazzle594 (Biolegend, PC61, 102048)

CD44 BV510 (Biolegend, IM7, 103044)

CD62L BV570 (Biolegend, MEL-14, 104433)

TIM3 BV711 (Biolegend, RMT3-23, 119727)

CD8a BV785 (Biolegend, 53-6.7, 100750)

CD69 APC-Cy7 (Biolegend, H1.2F3, 104526)

IFNy PE-Cy7 (Biolegend, XMG1.2, 505826)

Granzyme B APC (Biolegend, QA16A02, 372204)
Granzyme B Pacific Blue (Biolegend, GB11, 515408)
NKp46 PerCP-eFluor710 (eBioscience, 29A1.4, 46-3351-82)
CD45.1 PE-Cy7 (eBioscience, A20, 25-0453-82)

Ly-6G Alexa Fluor 700 (eBioscience, 1A8-Ly6g, 56-9668-82)
Ly-6C eFluor 450 (eBioscience, HK1.4, 48-5932-82)

PD-1 PerCP-eFluor 710 (eBioscience, 143, 46-9985-82)
CD3e FITC (eBioscience, 145-2C11, 11-0031-82)

NK1.1 APC-eFluor 780 (eBioscience, PK136, 47-5941-82)
CD19 eFluor 450 (eBioscience, eBio1D3 (1D3), 48-0193-82)
CD64 PE-Cy7 (eBioscience, 10.1, 25-0649-42)

Foxp3 PE-Cy7 (eBioscience, FJK-16s, 25-5773-82)

B220 BUV563 (BD Biosciences, RA3-6B2, BDB748868)
CD8a APC (BD Biosciences, 53-6.7, BDB561093)

Siglec-F APC-Cy7 (BD Biosciences, E50-2440, BDB565527)
CD25 PE (BD Biosciences, PC61, BDB565527)

Tetramer (1:100 dilution)

anti-HYLSTQSAL H2-Kd tetramer APC (NIH Tetramer Core Facility)
anti-SIINFEKL H2-Kb tetramer APC (NIH Tetramer Core Facility)
anti-VNFNFNGL H2-Kb tetramer APC (NIH Tetramer Core Facility)

IHC/CyCIF

GFP (Takara, JL-8, 632381,1:200)

DsRed (Takara, 632496, 1:500)

F4/80 (Cell Signaling, D2S9R, 70076S, 1:200)
CD31 (Abcam, EPR17259, ab182981, 1:1000)
CD8a (Cell Signaling, D4W2Z, 989415, 1:200)
B220 (eBioscience, RA3-6B2, 14-0452-82, 1:200)
Ly-6G (Biolegend, 1A8, 127601, 1:200)




Validation

aSMA (Abcam, ab5694, 1:200)
MHC | (Cell Signaling, ESE7N, 76828, 1:200)
Cleaved Caspase 3 (Cell Signaling, 9661, 1:400)

These antibodies have been verified by the supplier. All antibodies used are from commercial sources and validation data are
available on the manufacturer's website based on their catalogue numbers.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

HEK293T, Phoenix-Eco, RAW264.7, MEL, AML12, 3T3, BCL-1, C2C12, and Huh7 were obtained from ATCC. GFP-A20 is a
murine lymphoma cell line on the BALB/c background (H-2Kd) and expressing enhanced green fluorescent protein (GFP) and
generated previously.

Authentication provided by ATCC.

Mycoplasma contamination All cell lines used tested negative for mycoplasma contamination.

Commonly misidentified lines  n/a

(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research

Laboratory animals

Wild animals
Reporting on sex
Field-collected samples

Ethics oversight

C57BL/6, BALB/c, Ail4, and B6.SJL-Ptprca Pepch/BoyJ (B6 CD45.1) mice were obtained from the Jackson Laboratory (JAX# 000664,
000651, 007914, 028062, respectively) and housed in the Mount Sinai vivarium during use. Jedi mice on a BALB/c background,
derived from B10.D2 Jedi mice generated in the Brown lab via backcrossing.

N/A

Female animals were used throughout all experiments. Animals were age-matched (6-12 weeks old).

N/A

All mice were housed at the Icahn School of Medicine at Mount Sinai under the approval of the Institutional Animal Care and Usage
Committee (IACUC) protocol (IACUC-2018-0070) and complied with local, state and federal regulations.

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

Plants

Seed stocks

Novel plant genotypes

Authentication

Flow Cytometry

N/A

N/A

N/A

Plots
Confirm that:

|Z| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|Z| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.
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Methodology

Sample preparation

Instrument

Software

Cell population abundance

Gating strategy

Peripheral blood was collected from the orbital sinus. A20 lymphoma tumors, spleens and lymph nodes were collected in
RPMI with 2% FBS on ice, homogenized by smashing using the plunger of a 3 mL syringe (BD Biosciences), and filtered
through a 70-um cell strainer. Erythrocytes for peripheral blood, spleens, and tumors were removed using 1x RBC lysis buffer
(Thermo, 00-4333-57). Bone marrow cells were flushed from femur and tibia bones, homogenized, and filtered through 70
um cell strainer, before erythrocytes were removed by hypotonic lysis. For tissue preparation of livers, transcardiac perfusion
with 10mL ice-cold PBS was first performed. Livers were collected in RPMI with 2% FBS on ice, minced using a sterile blade,
and digested with 1 mg/mL collagenase IV (Gibco #17104019), 40 pg/mL DNase | (Signma-Aldrich, DN25) dissolved in PBS
with 5% FBS for 30 min at 37°C with constant shaking. Liver homogenate was filtered through a 70 um cell strainer. Cells
were resuspended in 40% Percoll (Cytiva), previously adjusted with 10X PBS, and layered onto 70% Percoll. Percoll gradient
was centrifuged at 400g for 25 min at 24°C with no acceleration and no brake. The layer containing immune cells were
collected and washed with FACS buffer (PBS with 2% FBS and 0.5mM EDTA).

Immune cells were analyzed using a LSRFortessa X-20 (BD Biosciences) or Aurora 5L (Cytek).

BD FACSDiva™ Software
Cytek Spectroflo
FlowJo 10.10.0

Cell sorting was not employed in this study.

In vitro cell lines:

The gating strategy for cell lines began with FSC-A vs. SSC-A gating to exclude debris, followed by doublet discrimination using
FSC-A vs. FSC-H. A live/dead stain was applied to exclude non-viable cells. After gating on viable single cells, fluorescence was
analyzed to identify transduced or transfected cells. GFP-expressing cells were identified using the FITC channel, while
tdTomato-expressing cells were detected using the PE channel. Fluorescence-minus-one (FMO) controls were used to define
thresholds for positive and negative populations.

Liver:

The gating strategy for liver cells began with FSC-A vs. SSC-A gating to exclude debris, followed by doublet discrimination
using FSC-A vs. FSC-H, followed by SSC-A vs SSC-H. A live/dead stain was applied to exclude non-viable cells, and CD45+
leukocytes were selected. For bone marrow chimeras reconstituted with CD45.1 hematopoietic cells, CD45.1+ cells were
then selected. For lymphoid cells, T cells (CD3+), B cells (B220+ CD3-), and NK cells (CD3- B220- NKp46+) were identified. For
myeloid cells (CD3- B220- NKp46-), neutrophils (Ly6G+)w ere first gated. Among Ly6G- cells, monocyte-derived macrophages
(F4/80+, CD64+, FOLR2-), Kupffer cells (F4/80+ CD64+ FOLR2+), monocytes (CD11b+ Ly6C+), and dendritic cells (CD11c+
MHCII+) were gated. Fluorescence-minus-one (FMO) controls were used to define positive and negative populations for all
markers.

Spleen/LN:

The gating strategy for spleen/LN cells began with FSC-A vs. SSC-A gating to exclude debris, followed by doublet
discrimination using FSC-A vs. FSC-H, followed by SSC-A vs SSC-H. A live/dead stain was applied to exclude non-viable cells,
and CD45+ leukocytes were selected. For lymphoid cells, T cells (CD3+), B cells (B220+ CD3-), and NK cells (CD3- B220- NKp46
+) were identified. For myeloid cells (CD3- B220- NKp46-), neutrophils (Ly6G+) were first gated. Among Ly6G- cells,
monocyte-derived macrophages (F4/80+, CD64+, FOLR2-), eosinophils (Siglec-F+), monocytes (CD11b+ Ly6C+), and dendritic
cells (CD11c+ MHCII+) were gated. Fluorescence-minus-one (FMO) controls were used to define positive and negative
populations for all markers. For T cell (CD45+ CD3+) phenotyping, CD4+ and CD8+ T cells were gated. Antigen-specific T cells
were identified as tetramer+, and adoptively transferred T cells were identified as CD45.1+.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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