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Ex Vivo Delivery of mRNA to Immune Cells via a Nonendosomal
Route Obviates the Need for Nucleoside Modification

Bartika Ghoshal, Debajyoti Chakraborty, Manish Nag, Raghavan Varadarajan,
and Siddharth Jhunjhunwala*

Cite This: ACS Bio Med Chem Au 2024, 4, 291-299 I: I Read Online

ACCESS ‘ [l Metrics & More ‘ Article Recommendations | @ Supporting Information

Base modiﬁcation and the use Of llpld nanoparticles Effect of Delivery Route on Expression and Immune Response
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delivered to immune cells ex vivo, through a nonendosomal
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determined. Herein, we demonstrate that when a nonendosomal

delivery method is used, unmodified mRNA performs equally well

to the commonly used base-modified mRNA, including the N!

methyl pseudouridine modification, in terms of protein expression Phagocyic Immune Cell

and inflammatory response in cells. However, if an endosomal

delivery route is used, then N methyl pseudouridine modification is necessary for high expression and low inflammatory response, as
demonstrated by others as well. Overall, we show that nonendosomal mRNA delivery renders nucleoside modifications nonessential
and that unmodified mRNA combined with nonendosomal delivery route may be used for efficient ex vivo mRNA-based engineering
of immune cells.
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analogue (Sapala Organics Private Limited, Hyderabad, India) and 7.5
mM of GTP.

The reaction was set up at 37 °C for 2.5 h, after which DNase
treatment was performed to remove any linear DNA contaminants.
This was followed by lithium chloride precipitation to precipitate the
RNA, which was then reconstituted in nuclease-free water and stored at
—80 °C for transfections. In the case of Cypridina luciferase mRNA, the
modified mRNA was purchased from RNAVaxBio (Himachal Pradesh,
India).

Lipofectamine (Endosomal) Method. Cells were transfected
using Lipofectamine 3000 (Invitrogen, Thermo Fisher Scientific),
following the manufacturer’s instructions. RAW or dHL60 cells were
transfected with 800 ng of nanoluciferase mRNA (the nonsecretory
expressing form) in a 24-well plate with P3000 and reduced serum
media, OptiMeM (Gibco, Thermo Fisher Scientific). The nano-
luciferase transfections were done in duplicates, and the average
luminescence reading was tabulated for each time point. For Cypridina
luciferase and nanoluciferase (secretory expressing form) transfection,
1.5 ug was transfected in a 12-well plate with P3000, OptiMeM and
luminescence was recorded once for each independent set. In the case
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mercaptoethanol and 40 ng/mL of GM-CSF (Granulocyte-macro-
phage colony stimulating factor-R&D Systems). On day 2, the media
was replaced with fresh media and 20 ng/mL of GM-CSF. On day 4,
only half the media was replaced with fresh media and 20 ng/mL GM-
CSF. On day 6, the cells were scraped and seeded in a 12-well plate for
transfection on the following day, with growth media devoid of GM-
CSF.

For nanoluciferase assay, the cells were harvested and resuspended in
S0 uL of 1X PBS and transferred to a 96-well black plate (SPL Life
Sciences, South Korea). For the assay, a Nano-Glo Luciferase Assay
System (Promega, USA) was used. To make the nanoluciferase assay

292

iescence (A.U.)

T was-Tixed-withr56-v of
ass:y buffer. Then, an equal volume of nanoluciferase assay reagent was
added to the cell suspension, and the luminescence was read in a
microplate reader (Tecan) immediately. To detect the secreted form of
the mRNA, equal volumes of cell supernatant and assay reagent were
added for luminescence detection.

For Cypridina luciferase, a Pierce Cypridina Luciferase Flash Assay
Kit (Thermo Fisher Scientific) was used for luciferase detection. The
supernatants of transfected cells were collected, and 20 uL was
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treatment was performed to remove any linear DNA contaminants.
This was followed by lithium chloride precipitation to precipitate the
RNA, which was then reconstituted in nuclease-free water and stored at
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modified mRNA was purchased from RNAVaxBio (Himachal Pradesh,
India).

Lipofectamine (Endosomal) Method. Cells were transfected
using Lipofectamine 3000 (Invitrogen, Thermo Fisher Scientific),
following the manufacturer’s instructions. RAW or dHL60 cells were
transfected with 800 ng of nanoluciferase mRNA (the nonsecretory
expressing form) in a 24-well plate with P3000 and reduced serum
media, OptiMeM (Gibco, Thermo Fisher Scientific). The nano-
luciferase transfections were done in duplicates, and the average
luminescence reading was tabulated for each time point. For Cypridina
luciferase and nanoluciferase (secretory expressing form) transfection,
1.5 pug was transfected in a 12-well plate with P3000, OptiMeM and
luminescence was recorded once for each independent set. In the case
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You: What reduces the severity of inﬂammato@onses in

this study?

WebChatter: The study shows that the N1-methyl ¥
modification of mMRNA reduced the severity of inflammatory
responses in the immune cells studied.

You: Is this finding general?

WebChatter: The findings in the provided content suggest
that the efficacy of mRNA delivery through a nonendosomal
route, such as electroporation or nucleofection, may render
base modifications unnecessary for efficient protein
expression and low inflammatory response in immune cells
during ex vivo cell engineering. These observations are
supported by the data presented in the study involving
nonendosomal delivery of mRNA to immune cells. While the
findings in this specific study are robust, further research and
validation across different cell types and experimental
conditions would be necessary to confirm the generalizability
of this conclusion. It is essential to consider variations in cell
types, mRNA sequences, delivery methods, and other factors
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You: Is this finding general?

WebChatter: The findings in the provided content suggest
that the efficacy of mRNA delivery through a nonendosomal
route, such as electroporation or nucleofection, may render
base modifications unnecessary for efficient protein
expression and low inflammatory response in immune cells
during ex vivo cell engineering. These observations are
supported by the data presented in the study involving
nonendosomal delivery of mRNA to immune cells. While the
findings in this specific study are robust, further research and
validation across different cell types and experimental
conditions would be necessary to confirm the generalizability
of this conclusion. It is essential to consider variations in cell
types, mRNA sequences, delivery methods, and other factors
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