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Supplemental Information
SI-1. Trend over time for patents related to mRNA therapeutics

The annual number of global patents in the field of mMRNA therapeutics increased steadily from 7
in 2000 to 180 in 2021 although the increase has been more significant for the past several years (Figure
S1). Since 2000, fewer patents have been filed in this field. The At the end of 2019, probably catalyzed
by the COVID pandemic, technology patents rose in the field of mMRNA therapeutics worldwide, and the
number of s each year increased significantly.
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Figure S1. Global annual publications of patents related to mRNA therapeutics
SI-2. Trend over time for patents related to mRNA vaccines

The global patent application in the field of mMRNA vaccines showed a trend of slow rise at first
and then rapid rise (Figure S2). From 2000 to 2019, the number of related patents in this field was
relatively small, with the annual number of patent applications within 50. After 2020, the number of
related patent applications in this field increased rapidly from 55 in 2020 to 175 in 2021, and the
number of patents in 2022 is expected to be more than 160.
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Figure S2. Global annual publications of patents related to mRNA vaccines
SI-3. Trend over timefor patents related to mRNA delivery systems
As shown in Figure S3, the annual number of patents in the field of mRNA delivery systems

generally shows a rising trend, although the increase was more significant over the past several years.
From 2000 to 2002, the number of patent applications in this field was small.
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Figure S3. Global annual publications of patents related to mRNA delivery systems. Note: An estimated
value (empty part) was provided for October through December of 2022 based the data collected up to
the end of September (solid part).



SI-4. Trend over time for patents related to mRNA modification

From the annual trend, the number of global patent applications in the field of mMRNA modification
fluctuates, with a significant increase and peak in 2013, followed by a decline (Supplemental Figure S4).
The trend of patent applications was relatively stable from 2015 to 2018, and after a brief decline in
2019, the number of patent applications showed a slow growth trend from 2020.
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Figure S4. Global annual publication of patents related to mRNA modifications
SI-5. Analysis of research topics in mRNA therapeutics patents

From the distribution of patent research topics as indicated by cluster analysis of CAS index
terms, the global effort on mRNA therapeutics focused on drug development methodologies, disease
indications, and mechanism of actions such as signallng molecules, immune responses,
etc.(Supplemental Figure S5). key concepts for drug development include antitumor agents,
pharmaceutical carriers, pharmaceutical nanoparticles, pharmaceutical liposomes, etc (red dots). In the
studies of diseases and their mechanisms (green dots), key concepts for disease indications and
machnistic studies includeimmunoglobulins and their heavy chains, single-chain antibodies, cell
proliferation, etc. Key concepts for immune studies (blue dots) include terms such as antigens, T cells,
cancer immunotherapeutics, and chimeric antigen receptors. The signaling molecules (yellow dots) that
have been highly explored include CD28 antigen, CD3 antigen, CD8 antigen, CD4 antigen, etc.
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Figure S5. Distribution of topics in patents related to mRNA therapeutics

From the distribution of patent research topics, global research and development of mMRNA-
related delivery systems has mainly focused on delivery types, injection methods, drug carriers, and
drug packaging (Figure S6). As can be seen in the Figure, although various drug delivery systems have
been explored, lipid nanoparticles based on cationic lipids have been the major focus of most patents.
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Figure S6. Distribution of topics in patents related to mRNA delivery systems



SI-6. Analysis of reserch topics in mRNA vaccine patents

From the distribution of patent research topics, the global mRNA vaccine field focuses on
coronavirus vaccine research, tumor vaccine research, nucleic acid vaccine research, and other aspects
(Figure S7). In the case of viral vaccines (red dots), key concepts include severe acute respiratory
syndrome coronavirus 2, middle east respiratory syndrome related coronavirus), influenza vaccines, and
others. Key concepts for cancer vaccines include lung neoplasm, mammary gland neoplasm, prostate
gland neoplasm, indicating these diseases may be the focus of mRNA-based cancer vaccine
development (green dots).

” wiral splke mrd‘.!lh 21

viral piioteins
humoralimminity. S08 igcines

l’
'ﬂﬁ'l x5t 'Ha:Ir.l‘..:r:,l Sy@rcme- ralated coronaveus

mutleocapiid protens
nuclelc me“ - *-

L] v
corcrnill vmm p-mm‘ﬂml-: -:S-Hntrﬁ'
& -ﬂnmﬂm B

@ TR £ &
a pn‘.‘ywmmrﬁ'.ﬂtu resbtra? : IrOMe Loronavirus 2
prostate lagdl seoplasm Ehlﬂ'lél‘nl: fu h.n Frtlm ki e

- mrm"“m.lm"}ﬂiﬁ T a1 .- .. P Fl.ﬂﬁﬁ.
i ' o k gl - -WTH .i‘.‘ "-; . ced-Iribe 1@rsoripton
& opitgpes P ol i ®
3 y ' ¥ L Baudin
canccAgaccings Imperinicios z i’l‘l n‘: £ -
phétnurg* |fPDmn'IE'3 g e ity
= anuhmﬁandﬁnmggtm|
= w -:ﬂt-l:-"'lp d-:_'
ancer imrntherapy
- poliive I::‘::H T S dinied iifunc:porbent azsay

| ]
Irmmsuriitineragy

Figure S7. Distribution of topics in patents related to mRNA vaccines

SI-7. Analysis of research topics in patents related to mRNA modification

From the distribution of patent research topics, the global field of mMRNA modification focuses
on drug delivery types, carrier materials, nucleic acid modification, mechanism research, and other
aspects (Supplemental Figure S8). Among them, in terms of the type of administration, key concepts
include intraperitoneal injections, pharmaceutical intravenous injections, subcutaneous injections, etc.
With regards to carrier materials, nanoparticles are infused with cationic lipids, pharmaceutical
nanoparticles, pharmaceutical liposomes, etc. Nucleic acid modifications include oligonucleotide
analogs, nucleotide analogs, peptide nucleic acids, etc. In terms of mechanism research, key concepts
include transcription, growth factors, and membrane proteins, etc.
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Figure S8. Distribution of topics in patents related to mRNA modification
SI-8. Top countries and organizations in the field of mRNA modification

Figure S9 and Table S1 show the countries and the organizations, respectively, with the most patents
related to mRNA modifications.
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Figure S9. Top five countries with patents related to mRNA modifications

Table S1. Organizations with most patents related to mRNA modifications

Numb | Organizations Number of patent Country Organization type
ers applications
1 ModernaTX, Inc 37 United Company

States
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