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29  detecting molecules of non-self origin. We describe a protocol that allows highly efficient
30 transfection of primary macrophages with mRNA generated from DNA templates such as
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33  ABSTRACT:
34  Macrophages are phagocytic cells specialized in detecting molecules of non-self origin. To this
35 end, they are equipped with a large array of pattern recognition receptors (PRRs). Unfortunately,
36 this also makes macrophages particularly challenging to transfect as the transfection reagent and
37 the transfected nucleic acids are often recognized by the PRRs as non-self. Therefore,
38  transfection often results in macrophage activation and degradation of the transfected nucleic
39  acids or even in suicide of the macrophages. Here, we describe a protocol that allows highly
40 efficient transfection of murine primary macrophages such as peritoneal macrophages (PM) and
41  bone marrow-derived macrophages (BMDM) with mRNA in vitro transcribed from DNA
42  templates such as plasmids. With this simple protocol, transfection rates of about 50-65% for
43  PM and about 85% for BMDM are achieved without cytotoxicity or immunogenicity observed.
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We describe in detail the generation of mRNA for transfection from DNA constructs such as
plasmids and the transfection procedure.

INTRODUCTION:

Macrophages are phagocytic cells that specialize in detecting, ingesting and degrading microbes,
apoptotic cells and cellular debris. Moreover, they help to orchestrate immune responses by
secreting cytokines and chemokines and by presenting antigens to T cells and B cells.
Macrophages also play important roles in numerous other processes, such as wound healing,
atherosclerosis, tumorigenesis and obesity.

To be able to detect non-self molecules such as pathogen-associated molecular patterns (PAMPs)
and out-of-place molecules such as damage-associated molecular patterns (DAMPs),
macrophages are equipped with a large array of pattern recognition receptors (PRR).
Unfortunately, this also makes macrophages particularly challenging to transfect? as the
transfection reagent® and the transfected nucleic acids*’ often are recognized by the PRRs as
non-self. For this reason, transfection of macrophages using chemical or physical methods®
usually results in macrophage activation and degradation of the transfected nucleic acids or even
in macrophage suicide via pyroptosis, a form of programmed lytic cell death triggered after
recognition of cytosolic PAMPs/DAMPs such as DNA or foreign RNA®. Biological transfection of
macrophages using viruses such as adenoviruses or lentiviruses as vectors is often more efficient,
yet construction of such viral vectors is time-consuming and requires biosafety level 2
equipmenti®il,

Thus, although macrophages are the subject of intensive research, analysis of their functions on
the molecular level is hampered because one of the most important tools of molecular biology,
the transfection of nucleic acid constructs for exogenous expression of proteins, is hardly
applicable. This often forces researchers to use macrophage-like cell lines rather than bona fide
macrophages. Applications for nucleic acid construct transfection include expression of mutated
or tagged protein versions, overexpression of a specific protein, protein re-expression in a
respective knockout background and expression of proteins from other species (e.g., Cre
recombinase or guide RNA and Cas9 for targeted gene knockout).

Here, we describe a protocol that allows highly efficient transfection of (usually hard to transfect)
primary macrophages, that is murine peritoneal macrophages (PM) and bone marrow-derived
macrophages (BMDM) with mRNA generated from DNA templates such as plasmids. Importantly,
the in vitro transcribed mRNA generated using this protocol contains the naturally occurring
modified nucleosides 5-methyl-CTP and pseudo-UTP that reduce immunogenicity and enhance
stability*®71213 Moreover, the 5’-ends of the in vitro transcribed mRNA are dephosphorylated
by Antarctic phosphatase to prevent recognition by the RIG-1 complex!**>. This minimizes innate
immune recognition of the in vitro transcribed mRNA. With our easy to perform protocol,
transfection rates between 50-65% (peritoneal macrophages (PM)) and 85% (BMDM) are
reached while, importantly, there is no cytotoxicity or immunogenicity observed. We describe in
detail (i) how the immunologically silenced mRNA for transfection can be generated from DNA
constructs such as plasmids and (ii) the transfection procedure itself.
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PROTOCOL:
Macrophage isolation from mice was performed in accordance with the Animal Protection Law
of Germany in compliance with the Ethics Committee at the University of Cologne.

NOTE: Carry out all steps wearing gloves. Carry out all transfection steps under a laminar flow
hood to prevent contamination of the cells. Before working with mRNA, clean all instruments
such as pipettes and every surface with 70% ethanol and/or a RNAse-degrading surfactant (Table
of Materials). Ensure that all reaction tubes are RNAse-free and sterile. Use only sterile, RNAase-
free water for dilutions. Exclusively use pipette tips with filters. Change pipette tips after every
pipetting step.

1. Generation of the DNA template

NOTE: The DNA template for in vitro mRNA transcription using this protocol must contain a T7
promotor sequence to allow docking of the RNA polymerase. If the plasmid containing the DNA
sequence of the protein of interest already contains a correctly orientated T7 promotor sequence
directly upstream of the sequence of interest, linearization of the plasmid (see step 1.1.) needs
to be performed. Otherwise, attach a T7 promotor to the sequence of interest by polymerase
chain reaction (PCR, see step 1.2.).

1.1. Linearization of T7 promotor-containing plasmids

1.1.1. Linearize plasmids already containing a correctly orientated T7 promotor sequence by
digestion with a restriction enzyme cutting downstream of the stop codon of the sequence of
interest. Otherwise, transcription will not end properly after the sequence of interest.

NOTE: It is best to use restriction enzymes leaving blunt ends or 5’ overhangs.

1.1.2. Confirm complete linearization of the plasmid by agarose gel electrophoresis of undigested
versus digested plasmid DNA.

1.1.3. Purify linearized plasmid DNA prior to use as DNA template for in vitro mRNA transcription
using a DNA purification kit (Table of Materials).

1.2. Attachment of the T7 promotor by PCR

1.2.1. Use a forward primer containing the following components (in the indicated order from 5’
to 3’): about 5 random bp upstream of the promotor (e.g., GAAAT); the T7 promotor sequence
(TAATACGACTCACTATAG); two extra Gs for increased transcription efficiency (GG); the target
sequence-specific part that is homologous to the plasmid sequence surrounding the start codon.

NOTE: It should be composed of: 3—6 bp upstream of the KOZAK sequence and start codon, the
KOZAK sequence and start codon (usually GCCACC ATG G), 12—-18 bp downstream of the start
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codon. If the sequence of interest does not already contain a KOZAK sequence or start codon,
these can be attached in this step by simply including them in the primer sequence.

1.2.2. Calculate the tm of the forward primer only by taking into account the part homologous to
the target sequence.

1.2.3. To assess dimers/hairpin formation use the whole primer sequence, which easily can
exceed 50 bp.

1.2.4. Use a reverse primer located somewhere downstream of the stop codon.

NOTE: If the sequence of interest doesn’t already contain a stop codon, it can be attached in this
step by simply including it in the primer sequence.

1.2.5. Use the forward and reverse primers to perform a PCR using a high-fidelity polymerase
with proofreading (Table of Materials).

1.2.6. Confirm generation of a single product and amplicon size by agarose gel electrophoresis
(e.g., use a 1% agarose gel and 100 V constant current).

1.2.7. Purify the PCR product prior to use as DNA template for in vitro mRNA transcription using
a DNA purification kit.

2. mRNA generation

2.1. Thaw all components of the in vitro mRNA transcription kit (see the Table of Materials).
Vortex for 5 s and spin down for 2 s at 2,000 x g. Keep on ice until use.

2.2. Prepare the reaction mix for in vitro mRNA transcription in a 0.5 mL microcentrifuge tube in
the following order (total volume of 40 pL): 20 uL of 10x ARCA/NTP mix (included in the in vitro
MRNA transcription kit); 0.25 pL of 5-methyl-CTP (final concentration (f.c.) is 1.25 mM; 50% of
total CTP); 0.25 uL of pseudo-UTP (f.c. is 1.25 mM; 50% of total UTP); X uL of DNA template; 2 uL
of T7 RNA polymerase mix (included in the in vitro mRNA transcription kit); Y uL of RNAse-free
H20.

NOTE: X is a volume containing at least 1 ug of DNA. For example, 1.6 uL from a 625 ng/uL stock
solution. Y is the spare volume to the total volume of 40 pL.

2.3. Vortex for 5 s and spin down for 2 s at 2,000 x g. Incubate at 37 °C for 30 min at 400 rpm on
a thermal mixer for in vitro transcription.

2.4. Then, add 2 uL of DNase | directly into the reaction mix for removal of the template DNA.
Vortex for 5 s and spin down for 2 s at 2,000 x g.
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2.5. Incubate at 37 °C for 15 min at 400 rpm on a thermal mixer. Take an aliquot of 2 pL for the
control gel (step 3.3) and store at -80 °C.

2.6. For poly(A) tailing, add the following components directly into the previous reaction mix (to
a final volume of 50 pL): 5 pL of 10x poly(A) polymerase reaction buffer and 5 pL of poly(A)
polymerase (both included in the in vitro mRNA transcription kit). Vortex for 5 s and spin down
for2sat2,000xg.

2.7. Incubate the mix at 37 °C for 30 min at 400 rpm on a thermomixer. Take an aliquot of 2 pL
for the control gel (step 3.3) and store at -80 °C.

2.8. For dephosphorylation of the 5'-ends of the mRNA, add the following components directly
into the previous reaction mix (to a final volume of 60 pL): 3 uL of RNAse-free H,0; 6 pL of 10x
Antarctic phosphatase reaction buffer; 3 plL of Antarctic phosphatase (15 units for 60 L reaction
volume). Vortex for 5 s and spin down for 2 s at 2,000 x g.

2.9. Incubate the mix at 37 °C for 30 min at 400 rpm on a thermal mixer.

2.10. Heat-inactivate Antarctic phosphatase by incubation at 80 °C for 2 min.

NOTE: Ideally, use a separate thermal mixer, do not wait until the first mixer reaches the desired
temperature.

3. mRNA purification

3.1. Purify the in vitro transcribed mRNA using a dedicated RNA purification kit (Table of
Materials).

3.1.1. Add X uL of elution solution to the mRNA reaction mix from step 2.10. Mix by inverting 5
times. Add 300 pL of binding solution concentrate. Mix by gentle pipetting 5 times.

NOTE: X is the spare volume to a total volume of 100 uL. For example, add 40 pL elution solution
to 60 uL mRNA reaction mix.

3.1.2. Add 100 pL of RNAase-free ethanol. Mix by gentle pipetting 5 times.
3.1.3. Place a filter column in one of the supplied collection tubes. Transfer the mRNA reaction
mix gently onto the center of the filter without touching the filter. Centrifuge at 15,000 x g for 1

min at room temperature (RT).

3.1.4. Carefully lift the filter column and discard the flow-through in the collection tube. Place the
filter column back into the same collection tube.
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3.1.5. Add 500 pL of wash solution (do not forget to add 20 mL of RNAase-free ethanol before
using the wash solution for the first time).

3.1.6. Centrifuge at 15,000 x g for 1 min at RT. Repeat steps 3.1.4-3.1.6 to wash one more time.

3.1.7. Centrifuge at full speed (17,900 x g) for 1 min at RT to remove any residual fluid from the
filter column. Carefully take the filter column from the collection tube. Place the filter column in
a new collection tube.

3.1.8. Add 50 pL of elution buffer onto the center of the filter without touching the filter. Incubate
at 65 °C for 10 min on a thermal mixer.

3.1.9. Centrifuge at 15,000 x g for 1 min at RT. Remove the filter column and discard it.

3.2. Measure the concentration and purity of the eluted mRNA, for example, by using a
microvolume spectrophotometer to measure absorbance at 260 and 280 nm.

NOTE: An A260/A280 ratio of 1.8-2.1 is indicative of highly purified mRNA.

3.3. Verify presence of a single product, correct transcript length and poly(A) tailing by analyzing
the aliquots from steps 2.5 and 2.7 by agarose gel electrophoresis under denaturing conditions
(for example, use a 1.2% agarose gel containing 20 mM 3-(N-morpholino)propanesulfonic acid
[MOPS], 5 mM sodium acetate, 1 mM EDTA and 20% formaldehyde and run in 20 mM MOPS, 5
mM sodium acetate, 1 mM EDTA and 0.74 % formaldehyde at 100 V constant current).

3.4. Store the purified mRNA in the elution tube at -80 °C until transfection. If using only low
amounts of the mRNA for transfection then aliquot the mRNA to avoid repeated freeze-thaw
cycles.

NOTE: mRNA can be stored at -80 °C for about 1 year.

4. Macrophage preparation

4.1. Euthanize C57/BL6 mice (use mice of the same sex and of 6-24 weeks of age) by cervical
dislocation.

Note: The same mice can be used for isolation of PM (step 4.2) and generation of BMDM (steps
4.3 and 4.4). For isolation of PM use at least two mice. If only BMDM are to be generated one

mouse usually is enough.

4.2. Immunomagnetic enrichment of peritoneal macrophages.
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4.2.1. Fill a 10 mL syringe with a 0.9 x 40 mm cannula with 8 mL of ice-cold phosphate-buffered

saline (PBS) and 2 mL of air. Flush the peritoneal cavity with PBS. The air will form a bubble that
minimizes leakage of the PBS.

4.2.2. Quickly collect peritoneal lavage with the same syringe and transfer into a 50 mL conical
centrifugation tube. Combine peritoneal cells of multiple mice if required. Keep cell suspension

onice.

4.2.3. Centrifuge cell suspension at 650 x g for 5 min at 4 °C. Discard the supernatant and
resuspend the cell pellet in 5 mL of 0.2 % NaCl for 30 s to lyse red blood cells.

4.2.4. Add 5 mL of 1.6% NaCl to a total volume of 10 mL to reconstitute isotonic conditions.
Centrifuge at 650 x g for 5 min at 4 °C.

4.2.5. Discard the supernatant and resuspend the cell pellet in 97.5 pL of magnetic cell sorting
(MCS) buffer (2 mM ethylenediaminetetraacetic acid [EDTA], 5% bovine serum albumin [BSA] in

PBS) per 1 peritoneal lavage (e.g., if three mice were flushed, resuspend in 292.5 uL).

4.2.6. Add 2.5 L of paramagnetic beads conjugated to an CD11b-specific antibody per 97.5 pL of
cell suspension (e.g., add 7.5 pL to 292.5 pul).

4.2.7. Incubate on ice for 15 min at 150 rpm on an orbital shaker.

4.2.8. Centrifuge cell suspension at 650 x g for 5 min at 4 °C, discard the supernatant and
resuspend the cell pellet in 1 mL of MCS buffer.

4.2.9. Add 4 mL of MCS buffer to a total volume of 5 mL and wash the cells by gently pipetting up
and down three times.

4.2.10. Repeat steps 4.2.8 and 4.2.9 two more times for a total of three wash steps.

4.2.11. During the wash steps place an LS column in a magnetic cell separator (see table of
materials). Rinse the column with 3 mL of MCS buffer.

NOTE: Avoid any bubbles as these may clog the column.

4.2.12. Resuspend the cell pellet in 1 mL of MCS buffer. Add 3 mL of MCS buffer to a total volume
of 4 mL, mix by pipetting up and down three times.

4.2.13. Transfer the 4 mL of cell suspension onto the rinsed LS column.

NOTE: Again, avoid any bubbles as these may clog the column.
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4.2.14. Wait until the reservoir of the column is completely empty. Do not add additional fluid
until the column stops dripping.

4.2.15. Add 3 mL of MCS buffer onto the column. Then, wait until the reservoir of the column is
completely empty. Repeat step 4.2.15 two more times.

4.2.16. Place the LS column in a 15 mL conical centrifugation tube. Apply 5 mL of MCS buffer onto
the column. Wait until 2 mL of fluid has passed through the column, then use the plunger to
gently push the remaining fraction into the tube.

4.2.17. Centrifuge cell suspension at 650 x g for 5 min at 4 °C and discard the supernatant.

4.2.18. Resuspend the cell pellet in 1 mL of DMEM supplemented with 10% heat-inactivated fetal
calf serum (FCS) (DMEM+FCS).

4.2.19. Determine the number of viable cells by counting in trypan blue solution in a Neubauer
counting chamber and seed cells in DMEM+FCS into culture plates.

NOTE: Seed PM at a density of 100,000 cells/well in a flat bottom microtiter plate. Do not use
tissue culture-treated plates as PM cannot be detached from these. Use non-treated plates
instead.

4.3. Generation of BMDM

4.3.1. Remove skin and muscles from the hind legs using a pair of scissors. Wash each leg by short
submersion in 70% ethanol.

4.3.2. Detach legs and open both ends of the femur and the tibia by cutting with scissors.

4.3.3. Fill a 5 mL syringe filled with a 0.6 x 30 mm cannula with 5 mL of very low endotoxin (VLE)
RPMI 1640 and flush the bone marrow out of the opened bones into a culture dish.

4.3.4. Combine bone marrow of multiple mice if required by repeating steps 4.3.1-4.3.3. Transfer
the bone marrow into a 50 mL conical centrifugation tube.

4.3.5. Centrifuge the bone marrow suspension at 650 x g for 5 min at 4 °C and discard the
supernatant.

4.3.6. Resuspend the cell pellet in 5 mL of red blood cell lysis buffer (8.3% NH4Cl, 0.1 M Tris) and
incubate for 5 min at RT to lyse the red blood cells.

4.3.7. Centrifuge the cell suspension at 650 x g at 4° C for 5 min and discard the supernatant.
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4.3.8. Resuspend the cell pellet in 1 mL of VLE RPMI 1640 medium supplemented with 10% FCS,
1% penicillin/streptomycin, 1% HEPES, 1% sodium pyruvate and 10 ng/mL recombinant
macrophage colony-stimulating factor (M-CSF) (RPMI***+*).

4.3.9. Add 4 mL of RPMI***** to a total volume of 5 mL.

4.3.10. Prepare 5 92 mm x 16 mm untreated Petri dishes with cams (see the Table of Materials)
per mouse by pipetting 7 mL of RPMI***** medium into each dish.

4.3.11 Transfer the 1 mL of cell solution to the 5 prepared culture dishes and incubate at 37 °C
and 5% CO..

4.3.12. After 4 days, feed the cells by adding 4 mL of RPMI*****, After 6—7 days, the bone marrow
cells are fully differentiated into BMDM.

4.4. Harvesting of BMDM

4.4.1. Completely remove the medium from culture dishes. Add 5 mL of warm 0.2 mM EDTA in
PBS to each dish.

4.4.2. Gently scrape the whole plate with a cell scraper to detach the BMDM. Combine the cell
suspensions in a 50 mL conical centrifugation tube.

4.4.3. Flush all 5 dishes again. Use the same volume of 5 mL of warm 0.2 mM EDTA in PBS for all
5 dishes. Combine this cell suspension with the one from the previous step.

4.4.4. Centrifuge the cell suspension at 650 x g for 5 min at 4° C and discard the supernatant.

4.4.5. Resuspend the cell pellet in 1 mL of VLE RPMI 1640 medium supplemented with 10% FCS,
1% HEPES, 1% sodium pyruvate and 10 ng/mL recombinant M-CSF but no antibiotics (RPMI****).

4.4.6. Determine the number of viable cells by counting in trypan blue solution in a Neubauer
counting chamber and seed cells in RPMI**** into culture plates.

NOTE: Seed BMDM at a density of 50,000 cells/well maximum in a flat bottom microtiter plate.
Do not use tissue culture-treated plates as BMDM can hardly be detached from these. Use non-
treated plates instead.

5. Transfection of macrophages with mRNA

5.1. Calculate the required volume of mRNA transfection buffer.

NOTE: The volume of mRNA transfection buffer required depends on well size: use 200 pL for
transfection in a 6-well plate, 100 pL in a 12-well plate and so on. Always add a little spare volume
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because of pipetting loss (but not too much, to prevent undue dilution of mRNA). For example,
use 450 pL instead of 4 x 100 uL = 400 pL to transfect in 4 wells of a 12-well plate.

5.2. Calculate the required volume of mRNA transfection reagent. The mRNA transfection
reagent is added at a ratio of 1:50. For example, 9 p: of mRNA transfection reagent is required
for a final volume of 450 pL.

5.3. Calculate the total amount of mRNA required. At least 100 ng per 100,000 macrophages are
required for efficient transfection, 200 ng works even better (e.g., 800 ng mRNA to transfect
400,000 macrophages).

5.3.1. Multiply the calculated amount of mRNA required with the total number of wells that have
to be transfected (e.g., 4 wells with 400,000 macrophages each: 4 x 800 ng = 3,200 ng mRNA is
required in total for all wells). For example, if your mRNA stock is 426.8 ng/uL, 7.49 uL are needed
for optimal transfection of 4 wells with 400,000 macrophages each.

5.4. Add the calculated volume of mRNA transfection buffer (step 5.1.) minus the volumes for
mMRNA transfection reagent (step 5.2) and the mRNA (step 5.3) to a reaction tube. For example,
450 pL -9 pL-7.49 uL =433.51 L.

5.5. Thaw the mRNA stock and mix it by gentle flipping of the elution tube. Add the calculated
volume of mRNA (step 5.3) to the reaction tube with mRNA reaction buffer (in the example
presented above: 7.49 pL in 433.51 plL).

5.6. Vortex for 5 s and spin down for 2 s at 2,000 x g.

5.7. Vortex the mRNA transfection reagent for 5 s and spin down for 2 s at 2,000 x g.

5.8. Add the calculated volume of mRNA transfection reagent (step 5.2) to the reaction tube
containing the mRNA transfection buffer and the mRNA (in the example presented above: 9 uL
of mRNA transfection reagent).

5.9. Vortex the transfection mix for 5 s and spin down for 2 s at 2,000 x g.

5.10. Incubate for 15 min at RT.

5.11. Meanwhile, replace the culture medium of the macrophages with fresh, warm culture
medium (see steps 4.2.18. and 4.4.5).

5.12. After the incubation step 5.10, add the transfection mix to the wells containing the
macrophages in a volume appropriate for the size of the well (see step 5.1). Add the transfection
mix dropwise in a circle from the outside to the middle of the well.
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5.13. Gently rock the plate, first in a vertical and then in a horizontal direction to ensure uniform
distribution of the transfection mix in the well. Then, incubate at 37 °C and 5 % CO,. Synthesis of
the protein encoded by the transfected mRNA will begin shortly after transfection. For best
results, incubate for at least 6 h.

5.14. After the incubation, analyze transfection efficiency by (immuno)fluorescence microscopy,
flow cytometry or immunoblot'®, or use the transfected macrophages for the experiment of
choice.

REPRESENTATIVE RESULTS:

We have successfully used this protocol to generate mRNA encoding for FLAG-tagged NEMO and
IKKB variants for transfection of primary macrophages'®. The plasmids encoding for FLAG-tagged
wild-type (NEMOYT) and C54/347A mutant NEMO (NEMOQ®#3744) (see the Table of Materials)
already contain a T7 promotor in the correct orientation (Figure 1A). Thus, we only had to
linearize the plasmids to generate DNA templates for in vitro transcription. To this end, 10 pg of
plasmid DNA were digested with 5 uL Xbal resulting in linearization of the plasmid due to a single
cut 3’ of the stop codon. Complete linearization of the plasmid DNA was verified by agarose gel
electrophoresis (Figure 1B).

The plasmids encoding for FLAG-tagged wild-type (IKKBWT) and S177/181E mutant IKKB
(IKKBS177/181E) do not contain a T7 promotor. Therefore, we have attached a T7 promotor by PCR
to generate the DNA templates for in vitro transcription (Figure 2A). Generation of a specific PCR
product, i.e., a single product of correct size, was verified by agarose gel electrophoresis (Figure
2B).

After in vitro transcription using the respective DNA templates, we verified generation of a single
MRNA product of correct size and poly(A) tailing by agarose gel electrophoresis under denaturing
conditions (Figure 3).

To verify that mRNA generated using this protocol does enable the transfection of primary
macrophages (see Figure 4A,B for flow cytometric analyses of immunomagnetic enrichment of
PM and differentiation status of BMDM), we have generated mRNA encoding for eGFP (Figure
5A-C) and analyzed transfection efficiency by flow cytometry (Figure 6A). 100,000 PM or 50,000
BMDM per well of an untreated microtiter plate were transfected with 50, 100 or 200 ng of eGFP
mRNA for 6, 9 or 24 h. In both PM and BMDM, high levels of eGFP expression could be detected
at 6 h after transfection. Transfection rate increased with the amount of transfected mRNA and
was highest for 200 ng mRNA (Figure 6B,C). For PM, transfection rate reached about 50-65% at
6 to 9 h after transfection (Figure 6B). At 24 h after transfection, transfection rate was
substantially lower indicating expiring eGFP expression. Thus, PM should not be transfected
overnight. For BMDM, transfection rate reached about 80-85% (Figure 6C). The drop in
transfection rate after 24 h was much less pronounced in BMDM. Thus, BMDM can be transfected
overnight. In both PM (Figure 6D,E) and BMDM (Figure 6F,G), expression level of eGFP in
transfected cells increased in a time- and dose-dependent manner. Importantly, the transfection
procedure did not induce lytic or apoptotic cell death as there was no increase in propidium
iodide-positive (Pl) or annexin V-positive macrophages after transfection (Figure 7A,B).
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Transfection efficiency of the mRNAs encoding for FLAG-tagged NEMO or IKKB variants was
analyzed by immunofluorescence microscopy. 300,000 PM per well of a 12-well plate were
transfected with 300 ng of respective mRNA for 6 h. Transfection rate was about 60% for NEMO
mRNAs and about 55% for IKKB mRNAs (Figure 8A,B). Thus, their transfection rates were similar
to that of eGFP mRNA indicating a general transfection rate of about 55% for PM.

We have also used this protocol to generate mRNA encoding for Cre recombinase. Transfection
of 400,000 BMDM from NEMOf/flox micel” per well of a 12-well plate with 400 ng of Cre
recombinase mRNA resulted in almost complete depletion for NEMO protein after 48 h (Figure
9) indicating highly efficient transfection of the BMDM.

PM and BMDM did not secrete any detectable amounts of IL-18, IL-6 and TNF after transfection
(Figure 10A,B). Moreover, the NF-kB and MAPK signaling pathways were not activated after
transfection®® indicating that the transfection procedure does not activate proinflammatory
signaling. We also have not observed any functional alterations of transfected macrophages in
comparison to untransfected macrophages?®.

FIGURE AND TABLE LEGENDS:

Figure 1: Linearization of NEMO-encoding plasmids already containing a T7 promotor in the
correct orientation. (A) Sequence excerpt of the plasmid encoding for FLAG-tagged NEMOYT or
NEMOC4/347A A T7 promotor in correct orientation and close to the KOZAK sequence and start
codon is already present. The T7 promotor region, the coding sequence (CDS) for the FLAG tag
and NEMO, the start and stop codons and the restriction site for linearization with Xbal are color-
coded. (B) Representative 1% agarose gel showing the plasmids before and after linearization
with Xbal; 1 pL of untreated, linearized or purified linearized plasmid DNA was loaded per lane.

Figure 2: T7 promotor attachment to IKKB-encoding plasmids by PCR. (A) Sequence excerpt of
the plasmid encoding for FLAG-tagged IKKBWT or IKKBS177/181E, The plasmids do not contain a
suitable T7 promotor, which is therefore attached by PCR. Location, orientation and sequence of
the forward primer (containing the T7 promotor sequence to be added) and the reverse primer
are indicated by the arrows. The T7 promotor region, the CDS for the FLAG tag and IKKB and the
start and stop codons are color-coded. (B) Representative 1% agarose gel verifying generation of
a single PCR product of correct size using the primers indicated above. 1 uL of the purified PCR
product was loaded per lane.

Figure 3: mRNA synthesis from NEMO- and IKKB-encoding DNA templates. (A) Representative
denaturing 1.2% agarose gel containing 0.7% formaldehyde showing the purified mRNA of NEMO
and IKKPB constructs before and after poly(A) tailing. 2 pL of NEMOWT, NEMOC#/347A |KKBWT and
IKKBS177/181E mRNA were loaded per lane. A 32 pL ssRNA ladder was loaded for RNA length
determination.
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Figure 4: Flow cytometric analyses of the immunomagnetic enrichment of PM and the
differentiation status of BMDM. (A) The percentage of F4/80*/CD11b* PM in the peritoneal
lavage before and after immunomagnetic enrichment was analyzed by flow cytometry. (B)
Expression of F4/80 and CD11b by BMDM after 6 days of differentiation was verified by flow
cytometry. 10,000 or 5,000 cells were counted per sample, respectively. Data are shown as mean
+ SEM of n = 3 independent experiments, each. * P <0.05, ** P <0.01, *** P <0.001 and **** p
< 0.0001 by Student’s t-test.

Figure 5: mRNA synthesis with poly(A) tailing of eGFP. (A) Sequence excerpt of the plasmid
encoding for eGFP. The plasmid does not contain a suitable T7 promotor, which is therefore
attached by PCR. Location, orientation and sequence of the forward primer (containing the T7
promotor sequence to be added) and the reverse primer are indicated by the arrows. The T7
promotor region, the CDS for eGFP and the start and stop codons are color-coded. (B)
Representative 1% agarose gel showing the purified amplicon after PCR using the primers
indicated above. 1 pL of the purified PCR product was loaded per lane. (C) Representative
denaturing 1.2% agarose gel containing 0.7% formaldehyde showing the purified mRNA of eGFP
before and after poly(A) tailing. 2 uL of eGFP mRNA were loaded per lane. A 32 uL ssRNA ladder
was loaded for RNA length determination.

Figure 6: Highly efficient transfection of both peritoneal macrophages and BMDM with eGFP
mRNA. Macrophages were incubated for 6, 9 or 24 h with 50, 100 or 200 ng of eGFP mRNA
complexed to jetMESSENGER or with jetMESSENGER alone (mock) and then analyzed by flow
cytometry. (A) Gating strategy used to define the populations of viable macrophages, viable
eGFP* macrophages and PI* (i.e., dead) macrophages. Representative data for transfection with
200 ng mRNA for 6 h are shown. (B, C) Transfection rates of (B) PM and (C) BMDM were
determined by analyzing the percentage of viable eGFP-positive cells by flow cytometry (n = 5-7
and n = 4-5 independent experiments, respectively). (D—G) Expression levels of eGFP were
determined by analyzing the mean fluorescence intensity (MFI) of viable (D) PM and (F) BMDM
and of the viable and eGFP-positive subpopulation of (E) PM and (G) BMDM (n = 5-7 and n = 4—
5 independent experiments, respectively). 10,000 cells were counted per sample. Data are shown
as mean = SEM. n.s. = not significant; * P <0.05, ** P <0.01, *** P <0.001 and **** P < 0.0001
by Student’s t-test.

Figure 7: Transfection does not induce lytic or apoptotic cell death. Transfection-induced cell
death of (A) PM and (B) BMDM was determined by analyzing the percentage of Pl-positive and
annexin V-positive cells (n = 5-7 and n = 4-5 independent experiments, respectively). The
percentage of dead macrophages present in untransfected samples (some degree of cell death
was caused by physical detachment of macrophages from the wells despite usage of non-treated
plates) was subtracted from that in the respective transfected samples to only take into account
cell death induced by the transfection procedure. The gating strategy used to define the
populations of PI*, annexin V*and Pl*/annexin V* macrophages is shown for a representative data
set of PM transfected with 200 ng mRNA for 6 h are shown. Staurosporine (50 uM for 1 h) was
used as positive control. 10,000 cells were counted per sample. Data are shown as mean + SEM.
n.d. = not detectable.
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Figure 8: Transfection rates using mRNA encoding for NEMO and IKK constructs. Transfection
rates using mRNA encoding for (A) NEMO constructs and (B) IKK constructs were quantified by
immunofluorescence microscopy (n = 4 independent experiments). Scale bar = 4 um. Data are
shown as mean + SEM. n.t. = not transfected, n.s. = not significant; * P <0.05, ** P <0.01, *** P
<0.001 and **** P <0.0001 by Student’s t-test.

Figure 9: Transfection of NEMO™/f BMDM with mRNA encoding for Cre recombinase results in
almost complete deficiency for NEMO. BMDM from NEMO™"f mice were transfected with mRNA
encoding Cre recombinase for 48 h. Deficiency for NEMO protein as a result of Cre-mediated
knockout was assessed by western blot using specific antibodies recognizing NEMO or B-actin
and quantified by densitometry (n = 5 independent experiments). Data are shown as mean *
SEM. * P <0.05, ** P<0.01, *** P<0.001 and **** P < 0.0001 by Student’s t-test.

Figure 10: Transfection does not induce a proinflammatory response. (A) PM and (B) BMDM
were transfected with mRNA encoding for NEMOWT or NEMOQ®4/347A  As positive control,
macrophages were infected with Listeria monocytogenes at multiplicity of infection of 1 or
stimulated with 5 pg/mL LPS or poly(I:C) for 5 h (PM) or 24 h (BMDM). Secretion of IL-1 B, IL-6,
and TNF into the supernatant was quantified by ELISA (n = 3 independent experiments). Data are
shown as mean = SEM. n.t. = not transfected, n.d. = not detectable.

DISCUSSION:

Here we present a protocol for highly efficient transfection of usually hard-to-transfect primary
macrophages with in vitro transcribed mRNA. Importantly, transfection of the macrophages
using this protocol does not induce cell death or activate proinflammatory signaling indicating
that neither the transfection reagent nor the transfected mRNA are recognized as non-self.

The quality of the mRNA is of key importance for successful transfection of macrophages using
this protocol. Thus, great care should be taken that the mRNA does not come into contact with
RNAses (for example, through contaminated buffers or vials). If in doubt, check for mRNA
degradation (for example, by agarose gel electrophoresis). Transfection rate and expression level
were already maximal at 6 h after transfection. Therefore, it is possible that the protein of
interest is expressed at levels sufficient for analysis at earlier time points after transfection. We
have not tested this, though. Furthermore, transfecting larger quantities of mRNA may further
increase transfection rate and/or expression level. However, transfecting larger quantities of
mRNA may potentially also lead to some degree of immunogenicity or even cytotoxicity. The
complete lack thereof is one of the main advantages of this protocol. Thus, if larger quantities of
MRNA are to be transfected, immunogenicity and cytotoxicity have to be carefully evaluated.

Expression level clearly correlated with the amount of transfected mRNA. Yet, re-expression of
NEMO in NEMO-deficient BMDM resulted in similar NEMO protein expression as in wildtype
BMDM?® indicating that mRNA transfection using this protocol does not lead to substantial
overexpression of the protein of interest. Thus, this protocol may not be suited for studying the
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consequences of overexpression of the protein of interest. We rather consider this an advantage,
however, as overexpression of a protein often alters its behavior.

The main limitation of mMRNA transfection, in general, is that it only results in transient expression
of the protein of interest (because the mRNA generated and transfected using this protocol will
be subject to normal turnover). PM seem to express the protein of interest for a shorter period
of time as compared to BMDM. Thus, in contrast to BMDM, PM should not be transfected
overnight. How long a given protein of interest will be expressed will vary (as both the stability
of the mRNA and that of the protein will vary). We nevertheless recommend performing the
experiment of choice on the same day as the transfection. If expression of the protein of interest
is required for longer periods of time, the cells probably can be transfected multiple times (e.g.,
every day as described in'8).

We have successfully used the protocol described here to transfect murine PM and BMDM and
mouse embryonic fibroblasts (MEFs). In theory, the mRNA generated using this protocol can be
used to transfect any given cell type of any mammalian species. The optimal mRNA transfection
reagent and content of modified nucleosides may differ for other cell types, though.

Promising future modifications include the inclusion of the 5’- and 3’-UTRs. Most pre-existing
plasmids do only contain the CCDS of the protein of interest but not the 5’- and 3’-UTRs. Their
inclusion (as described in*®) may further enhance mRNA stability and expression. Also, attaching
epitope tags to the protein of interest by simply including the sequence of the epitope tag in the
forward or reverse primer (for N- and C-terminal epitope tagging, respectively), should be
possible.
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Table of Materials

Name of Material/ EQuipment

5-methyl-CTP (100 mM)

Antarctic phosphatase

Antarctic phosphatase reaction buffer (10X)
anti-NEMO/IKKy antibody

anti-B-actin antibody

Petri dishes 92,16 mm with cams

CD11b Microbeads mouse and human

Cre recombinase + T7-Promotor forward primer
Cre recombinase + T7-Promotor reverse primer
DNA purification kit: QIAquick PCR purification Kit
eGFP + T7-Promotor forward primer

eGFP + T7-Promotor reverse primer

Fast Digest buffer (10X)

FastDigest Xbal
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Company

Jena Biosience

New England BioLabs
New England BioLabs
Invitrogen
Sigma-Aldrich
Sarstedt

Miltenyi Biotec
Sigma-Aldrich
Sigma-Aldrich

Qiagen

Sigma-Aldrich
Sigma-Aldrich
Thermo Scientific
Thermo Scientific

high-fidelity polymerase with proofreading: Q5 High-Fidelity DNA-Polymerase New England Biolabs Inc

IKKB + T7-Promotor forward primer
IKKB + T7-Promotor reverse primer

Sigma-Aldrich
Sigma-Aldrich

in vitro mRNA transcription kit: HiScribe T7 ARCA mRNA kit (with polyA tailinrNew England BioLabs

LS Columns
MACS MultiStand

MRNA transfection buffer and reagent: jetMESSENGER

Mutant IKKB IKK-2S177/181E plasmid
Mutant NEMOC54/347A plasmid
pPEGFP-N3 plasmid

poly(I:C)

pPGK-Cre plasmid

pseudo-UTP (100 mM)
QuadroMACS Separator

Rat-anti-mouse CD11b antibody, APC-conjugated

Miltenyi Biotec
Miltenyi Biotec
Polyplus transfection
Addgene

Addgene

Addgene
Calbiochem

Jena Biosience
Miltenyi Biotec
BioLegend

Catalog Number

NU-1138S
M0289
B0289

MA1-41046
A2228
821,473
130-049-601

28104

B64
FD0684
MO0491S

E2060
130-042-401
130-042-303
409-0001DE

11105

27268

62043

528906

NU-1139S
130-090-976
101212
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Rat-anti-mouse F4/80 antibody, PE-conjugated
recombinant M-CSF

RNA purification kit: MEGACclear transcription clean-up kit
RNAse-degrading surfactant: RnaseZAP

ultrapure LPS from E.coli 0111:B4

Wild type IKKB plasmid

Wild type NEMO plasmid

eBioscience

Peprotech
ThermoFisher Scientific
Sigma-Aldrich
Invivogen

Addgene

Addgene

12-4801-82
315-02
AM1908
R2020

11103
27268



Comments/Description

stored at -20 °C

stored at -20 °C

stored at -20 °C

stored at -20 °C

stored at -20 °C

stored at RT

stored at 4 °C
5-GAAATTAATACGACTCACTATAGGGGCAGCCGCCACCATGTCCAATTTACTGACCGTAC-3', stored at -20 °C
5-CTAATCGCCATCTTCCAGCAGGC-3', stored at -20 °C

stored at RT
5"-GAAATTAATACGACTCACTATAGGGATCCATCGCCACCATGGTGAGCAAGG-3, stored at -20 °C
5 -TGGTATGGCTGATTATGATCTAGAGTCG-3', stored at -20 °C

stored at -20 °C

stored at -20 °C

stored at -20 °C
5-GAAATTAATACGACTCACTATAGGGTTGATCTACCATGGACTACAAAGACG-3', stored at -20 °C
5-GAGGAAGCGAGAGCT-CCATCTG-3', stored at -20 °C

stored at -20 °C

stored at RT

stored at RT

stored at 4 °C

stored at -20 °C

stored at -20 °C

stored at -20 °C

stored at -20 °C

F. T. Wunderlich, H. Wildner, K. Rajewsky, F. Edenhofer, New variants of inducible Cre
recombinase: A novel mutant of Cre—PR fusion protein exhibits enhanced sensitivity and
an expanded range of inducibility. Nucleic Acids Res. 29, 47e (2001). stored at -20 °C
stored at -20 °C

stored at RT

stored at 4 °C
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Highly efficient transfection of primary macrophages with immunologically silen

Author(s):

Marc Herb_Alina Farid,_Alexander Gluschko,Martin Kronke, Michael Schramm

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

D Standard Access
X

Item 2: Please select one of the following items:

D Open Access

DThe Author is NOT a United States government employee.

mThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR

Name:

Department: ?v'iiuhaci Sbhlallllll

Institution_ Illbtitutc fUI Mcdiba: N“L,IUbiU:UU_y, IIIIIIIUIIU:UUy allcl‘I HinUIIC

I + o £ ]
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Title:

Drrermat:
L |

Signature: %

Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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