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Abstract

The clinical translation of lipid nanoparticle (LNP) vaccines based on synthetic modified mRNA
(modRNA) and self-amplifying mRNA (saRNA) during the COVID-19 pandemic has exposed regulatory
gaps in Japan’s Cartagena Act and its associated ministerial ordinance. These regulatory frameworks were
not originally designed to address synthetic genetic platforms with potential self-replicating properties. As
a result, serious concerns regarding biosafety and governance of these vaccines have been raised. In
particular, concerns have emerged regarding the duration and controllability of i vivo antigen expression,
the potential biological effects associated with spike protein expression, and the theoretical possibility of
reverse transcription suggested by certain iz vitro studies. This paper proposes two principal legal reforms.
First, it recommends revising the definition of “Living Modified Organisms” (LMOs) to encompass
synthetic nucleic acids capable of sustained iz vivo protein expression, thereby covering both self-
amplifying and non-amplifying platforms. Second, it proposes explicitly recognizing humans as “hosts”
within the framework of biosafety containment regulations, thereby clarifying the regulatory scope for
emerging genetic technologies. In addition, this paper advocates the mandatory implementation of
comprehensive preclinical assessments, including pharmacokinetic, carcinogenicity, and genotoxicity
testing, as well as the establishment of independent third-party review mechanisms. By integrating legal
analysis with recent biological insights, this paper argues that timely legislative reform is necessary to
ensure coherent risk management across both research and clinical applications, safeguard public health,
and reinforce the robustness of Japan'’s biotechnology regulatory framework.
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modified mRNA vaccine, self-amplifying mRNA, genetic modification, Cartagena Act, humans as hosts,
containment measures
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Table 1 Classification of Hosts or Nucleic Acid Donors
under the Type 2 Use Ministerial Ordinance
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Table 2 Toxicity and Concerns Regarding the SARS-CoV-2 Spike Protein
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Fig. 2 Structure of Self-Amplifying mRNA
B CE1EER mRNA D&

Y AL ZHKO RNABEREER (Kb DnsP1-4) 12X e MIEANTRNA RN 5. Elish:
saRNANRE F / Ki8H 7 2 5 1%, V7)) 7 — ¥ LHFHEEFAE—~ 2T 2 — EIZ#i>Th 3 (A).
L7 — Y lEE T EPUEEE T (HAERT) 25412 L 72 Trans-amplifying mRNA $ {7{E$ 5 (B).
L) A —EIEDNAKRY X7 — BIZHARTRIEBERE,N S LS, HEIFIZT 7 2584 L2310, CSE
i3 conserved sequence element DT, nsP IE nonstructural protein D TdH 5.

A

5Fyy

BTy Iy T ne—s—

RIA

—{__J 5csE | nsP1] nsP2] nsP3 | nsP4

YRGBT | 3'CSE FAAAA

{

J

Y

B

5¥¥y”

RIYA

4

E

- “ 5’UTR][nsP1 | nsP2 | nsP3 | nsP
\

J

|

YT )y s Tue—F—

R AT —BITHNTRIEBRESZ L <, #E5RE
T —BRELRTVI ERFN->TNE Y,
BV AR D B 4L 28 saRNA & W 72 fthod o &
FUERKELTED, ZThBNADHEBERIZEID
HXhks> & LT3 (Table 3) . LaL,
D &5 TR A MBS I L 25513, &
R 2 FElR & U Tb AU R & 75 5 W] EE
PEAEY GBIAT-HLIR 2 SZBR IS E S B OO Pkl A
DOFTHREEND 728, FSITHEREZ L D%
WHNIZ KO R 2557075 5). F72, saRNAJF
Br R EANC KD, 59EL - R LM iE S h
Ty [75 23] 2S5 85T 2N
THIG S =34, BIS RS X 348 EE
REMEY 22 BEC B D D, RV
OBE» S EE AR VBRDENS.

Bk, EBETHIRAFERICEOL T, &Y 2
R P MIRZ ) 22 AT 372012,

—-
—

N

FIA
{ nR#ET chse } AanA

A =TT 4 DBEPE, YANAXRT 42—
DBEETENADT T ZIFICHTEEELTY
27 EHAER > TWBET,. ZhTH LT, BIED
saRNANBE /7 K F8FNL, v 7)Y h—¥ &t
JFE(E T DE—~x2 2 —12#i->Tk b (Fig. 2),
MNEIZEEE§2 ¢ 0 & L THIZ2E R T—A%ICHR S
NTn3 ) 27K & I3 R_ a2k EH L T
W3, Thabb, LT —YORGN &M
& o THIE mRNA O#EIE AL U 5 %ETHE, )E
IRE DGR - Fi OB TRENE, KRERID, R
RS (HORENRISEGOREN) Lo
7o, REVEFEEKOHIEN Y 2 23 O R &F
NERHEENALTWEZDTHS. £/, [H—N
o & — TR & PUREIA T & RN FE B &
B REHE, SHREIETE RO PR K O R N ) RE
1ZBY9 % BTl O HIl K R A A 29 U & BRI R
Mtz n) EmBRE kS To



Clin Eval 54 (1) 2026

Table 3 Development status of Self-Amplifying mRNA Therapeutics
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