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Gene and nucleic medicines have recently gained attention as novel drugs with the advancement of mo-
lecular biology and genetics; however, they have low bioavailability and low target delivery due to their low
stability and poor membrane permeability. Therefore, the development of an effective drug delivery system
(DDS) is necessary for the practical use of gene and nucleic acid medicines; however, despite considerable re-
search, both safety and efficiency remain poor. Furthermore, the healthcare needs are not met by traditional
DDS. Therefore, we developed an effective multi-functional DDS, which is constructed using materials that
are safe for human consumption. This DDS involves several ternary complexes as novel gene delivery carriers
constructed by coating the cationic complex of the gene and nucleic acid medicines as well as the biodegrad-
able cationic polymer with a biocompatible anionic polymer. Early implementation of the ternary complex in
clinical studies is expected due to their efficacy and safety. Furthermore, these complexes may be prepared
using large-scale manufacturing. In addition, personalized DDS may be prepared according to the patient’s

disease stage, which is useful for advanced therapy.
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1. INTRODUCTION

Gene and nucleic acid medicines are promising next-genera-
tion drugs that can control diseases at the genetic level. These
medicines include inhibitors of transcription factor (decoy)
and mRNA translation (antisense), which are agents of RNA
interference (small interfering RNA (siRNA) and micro RNA
(miRNA)), as well as nucleic acids that bind proteins and other
molecular ligands (aptamers). However, a major challenge in
their implementation is their rapid degradation by nucleases
in the body.

Chemical modification of gene and nucleic acid medicines
helps to improve their stability, cellular permeability, circula-
tion half-life, and tissue bioavailability of nucleic acid medi-
cines, which are required for clinical application. Compared
with unmodified gene and nucleic acids, those that are modi-
fied have higher membrane compatibility and permeability
due to its lipophilic characteristic."”? Gene and nucleic acid
medicines are able to harness natural carriers in circulation
for improved pharmacokinetics by lipophilic modulation.
Lipophilic siRNA, especially cholesterol siRNA conjugates,
strongly bind with blood components and greatly prolong
circulation time.” However, stable gene and nucleic acid
medicines must have strong off-target effects and little specific
uptake. Thus, the clinical application of gene and nucleic acid
medicines is highly dependent on the development of effective
and reliable drug delivery systems (DDS).

Viral and non-viral vectors have been used as carriers for
safe and effective gene delivery systems.” Due to the intra-
cellular gene delivery pathway, viral vectors have high gene
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transfection efficiency”; however, their use is limited due to
side effects. Therefore, non-viral vectors that have flexibility
in chemical design and low immunogenic response as well as
high safety and stability are gaining attention. Furthermore,
it is easy to produce and chemically convert non-viral vec-
tors on a mass scale.” Most importantly, non-viral vectors are
not restricted by the molecular size of the gene and nucleic
acid. Based on these advantages, a large number of non-viral
delivery systems, such as liposomes,”™ dendrimers,'°"'? pep-
tides,”™'> and polymers,'*'® have been developed and applied
to gene therapy.

There are many studies regarding cationic particles and
PEGylated particles for gene delivery.'”?® Although cationic
particles are able to encapsulate gene and nucleic acid medi-
cines stably, they are taken up by non-specific cells and have
high cytotoxicity in vitro and high hematological toxicity in
vivo."” Among this type of DDS, lipid-based delivery systems
are the most studied with several formulations in late-stage
clinical trials. As of August 2019, 8 nucleic acid medicines
have been approved by drug regulatory agencies from vari-
ous countries. Onpattro (Alnylam) was recently approved by
the U.S. Food and Drug Administration (FDA) for clinical
use as the first siRNA therapy using lipid-based delivery sys-
tems. However, polymer-based delivery systems have yet to
be approved. PEGylated particles are also able to encapsulate
gene and nucleic acid medicine stably with little cytotoxicity
and hematotoxicity; however, challenges include low cellular
uptake due to their particle size as well as their complicated
structure. Thus, in order to be approved for clinical use, the
DDS must be safe and biocompatible.

We successfully developed several ternary complexes
as novel gene delivery carriers, which were constructed by
coating the cationic complex of the gene and nucleic acid
medicine well as the biodegradable cationic polymer with a
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biocompatible anionic polymer (Fig. 1). This ternary complex
consisted of biodegradable materials found in foods and medi-
cal products that are already in clinical use, and we were able
to deliver gene and nucleic acid medicines to specific organs
without toxicity. Here, I will review our research regarding the
development of several gene delivery systems.

2. DISCOVERY OF UNIQUE SELF-ASSEMBLING
NANOPARTICLES FOR GENE DELIVERY

Toxicity of cationic particles in gene and nucleic acid medi-
cines arise due to their strong cationic surface. One method for
overcoming the challenges of cationic particles is the construc-
tion of a ternary complex coated by anionic compounds, which
cover the surface of the cationic particles. However, non-cat-
ionic particles are generally not well taken up by cells since
they electrostatically repulse the cell membrane. We discovered
a new type self-assembling nanoparticles for gene delivery,
which consists of plasmid DNA (pDNA), polyethyleneimine
(PEI), and y-polyglutamic acid (y-PGA). Surprisingly,
y-PGA-coated pDNA-PEI (pDNA-PEI-y-PGA complexes) had
high cellular uptake and gene expression without cytotoxicity
and blood agglutination.?”

First, we investigated the ternary complexes of the pDNA-
PEI complex coated with various anionic compounds, such
as polyadenylic acid (polyA), polyinosinic—polycytidylic acid
(polyIC), a-polyaspartic acid (a-PAA), a-polyglutamic acid
(a-PGA), and y-PGA. Although the pDNA—-PEI complex had
a cationic surface charge and had high gene expression, it had
high cytotoxicity and agglutination with blood components.

compound

Ternary complex

TEM image

Formation and TEM Image of Ternary Complexes with Negative (-Potential

Complex size was unaffected when the anionic compounds
changed the cationic charge of the pDNA-PEI complex to
anionic. The ternary complexes had lower cytotoxicity and
had no agglutination activities, and most did not show cellular
uptake and transgene efficiency. However, the pDNA-PEI-
y-PGA complexes had high cellular uptake and gene expres-
sion without cytotoxicity and agglutination (Fig. 2).

We examined the uptake mechanism and intracellular
localization of the complex in vitro. Although the addition
of y-PGA as well as hypothermic conditions significantly in-
hibited the cellular uptake of pDNA-PEI-y-PGA complexes,
there was no inhibition with the addition of L-glutamic acid.
These results show that pDNA-PEI-y-PGA complexes are
taken up by the p-PGA-specific receptor-mediated energy-
dependent process. Most of the pPDNA—PEI-y-PGA complexes
were located in the cytoplasm without dissociation, and a few
complexes were also observed in the nuclei. Thus, we discov-
ered a y-PGA-coated vector that may be effective and safe for
gene delivery.

Furthermore, with continued screening, we found several
anionic compounds, such as chondroitin sulfate,”>?> fetuin,?*
folic acid,™ phosphatidylserine,”® and polycytidylic acid
(polyC),”” that can be covered with cationic particles with
high gene transfection without toxicity.

3. APPLICATION OF UNIQUE SPLEEN-TARGET-
ING NANOPARTICLES TO A DNA VACCINE?®

Next, we investigated the in vivo transgene efficiency of the
pDNA-PEI-y-PGA complex. The pDNA-PEI-y-PGA com-
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plex had high gene expression in the spleen after intravenous
administration (Fig. 3a). The spleen, which is the largest sec-
ondary immune organ in the body, is responsible for initiating
immune reactions to blood-borne antigens and for filtering
foreign substances as well as old and damaged erythrocytes
from the blood.*” Splenic dysfunction results in an increased
risk of infection. Spleen-targeting nanoparticles are a promis-
ing gene therapy approach for splenic disease and vaccination.
In particular, vaccinations are now gaining attention as a
method to treat several cancers and autoimmune diseases as
well as to prevent various infectious diseases.

We examined the detailed localization of the pDNA—PEI-
y-PGA complex in the spleen. The pDNA-PEI—y-PGA com-
plex was constructed with ptdTomato-N1 and fluorescein iso-
thiocyanate (FITC)-PEI and was intravenously administered
to mice. The spleen was dissected 24h after administration.
The pDNA—-PEI—y-PGA complexes were found to accumulate
and show gene expression in the marginal zone, which is a
region at the interface between the red and white pulp of the
spleen (Fig. 3b). The marginal zone of the spleen is abundant
in antigen-presenting cells (APCs), such as dendritic cells and
macrophages.’® DNA vaccines have several advantages, such
as the ease of setting up large-scale productions resulting in
low-cost vaccines for worldwide use, which may benefit de-

veloping areas of the world.**? A new approach to enhance
the efficacy of DNA vaccines is to develop a vector that en-
ables the efficient delivery of DNA vaccines to APCs.***% The
pDNA-PEI-y-PGA complex improved the transgene efficiency
of DNA vaccines on APCs in the marginal zone of the spleen
with higher immune responses. These results showed that the
pDNA-PEI-y-PGA complex is a strong candidate as a DNA
vaccine vector. We therefore applied the y-PGA-coated com-
plex to a melanoma DNA vaccine.

Melanoma is a malignant tumor that develops from
pigment-containing cells, known as melanocytes, and most
frequently arises from the skin. Although melanoma has
high risk for metastasis and is also highly resistant to chemo-
therapy, it is one of the most immunogenic cancer, and some
antigens against melanoma have been found.***® Therefore,
a DNA vaccine against melanoma will not only help prevent
metastasis and relapse but may also suppress tumor growth.
We selected pUb-M, which expresses melanoma-related an-
tigen (gpl00 and tyrosinase-related protein 2 (TRP2)), as a
potential DNA vaccine candidate against melanoma and pre-
pared a ternary complex (pUb-M—PEI-y-PGA complex) com-
posed of pUb-M, PEI, and y-PGA. The pUb-M-PEI-y-PGA
complex was intravenously administered to intradermal
transplant mice to evaluate immune response against a mouse
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melanoma cell line (B16-F10). Naked pUb-M and control
pDNA-PEI-y-PGA complexes did not suppress the growth of
B16-F10 cells in the intradermal transplant mice. However, the
pUb-M-PEI-y-PGA complex significantly suppressed tumor
growth (Fig. 4a). Furthermore, the pUb-M—PEI-y-PGA com-
plex also significantly inhibited lung metastasis of B16-F10
cells (Figs. 4b, c). These results show that this novel splenic
delivery system may have application to the development of
DNA vaccines.

4. APPLICATION OF SPLEEN-TARGETING NANO-
PARTICLES TO A MALARIAL DNA VACCINE?*"*®

There were 219 million cases and approximately 435000
deaths globally due to malaria in 2017.3” Various strategies
have been developed to prevent malarial infections, such as
diagnosis, treatment, and vector control.***? However, these
strategies are limited since malaria-causing parasites are
resistant to most antimalarial drugs, and there is insecticide
resistance in anopheline mosquitoes that transmit malaria.*
Among other strategies, vaccination may be able to control
and eradicate malaria.***” However, despite years of substan-
tial effort, the development of a malarial vaccine continues to
be a challenge. Furthermore, the only approved malarial vac-
cine as of 2015 is RTS, S, which is also known by its trade
name, Mosquirix. Due to the low effectiveness of RTS, S,
WHO does not recommend its routine use in babies between 6
and 12 weeks of age.*®

Among the various approaches, DNA vaccination as well
as its application to antimalarial drug research was developed
in the last 20 years. DNA vaccination has several advantages,
such as the ability to induce both humoral and cellular im-
mune responses, the flexibility to create vectors that incorpo-
rate antigens, the presence of immunostimulatory sequences,
and its formulation that elicit optimal protective immunity.
However, a major challenge of this approach is the generation
of a gene delivery system with the appropriate adjuvant effect
for the optimal delivery of the vaccines to target cells and the
induction of the desired immune phenotype. Nanoparticles

would ensure that the immunogen is processed by the immune
system in a similar manner to pathogens and thereby eliciting
a similar response.

We therefore applied y-PGA-coated complex to malarial
DNA vaccines.’”*® We used Plasmodium yoelii merozoite sur-
face protein-1 (PyMSP-1)-encoding plasmid DNA (pVR1020-
MSP-1) as the malarial DNA vaccine and prepared the ternary
complex (pVR1020-MSP-1-PEI-y-PGA complex) composed
of pVR1020-MSP-1, PEI, and y-PGA. The particle size and
(-potential of the ternary complex were approximately 100nm
and —15mV, respectively.

To examine whether immunization with the ternary com-
plex had any effects on the course of blood-stage malarial in-
fection, mice were immunized three times in three week inter-
vals with either 5% glucose (control), naked pVR1020-MSP-1,
or ternary complex and were intraperitoneally challenged with
lethal P. yoelii 17XLparasitized red blood cells (1 X 10°). Mice
immunized with the ternary complex had lower parasitaemia
than those immunized with 5% glucose or naked pVR1020-
MSP-1. Furthermore, all mice that were immunized with 5%
glucose and naked pVR1020-MSP-1 died within 10d after
infection, whereas all mice that were immunized with the ter-
nary complex survived for more than 30d.

The pVR1020-MSP-1-PEI—y-PGA complex showed signifi-
cant immunogenicity and elicited protective levels of antigen
specific immunoglobulin G (IgG) and its subclass antibody.
Furthermore, in addition to observing interferon-y (INF-y)-
producing cells in the spleen, there were an increased propor-
tion of CD4" and CD8" T cells as well as increased INF-y and
interleukin (IL)-12 levels in the serum and cultured splenocyte
supernatant. These results suggest that the ternary complex
enhanced cellular and humoral immunity and had protective
effects against a lethal strain of the parasite in a mouse model.

We also applied the y-PGA-coated complex as a vaccine
against schistosomiasis.*” From this study, we showed signifi-
cant anti-fecundity effect of nanoparticle-coated SjGST DNA
vaccine against murine Schistosoma japonicum infection.
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5. DEVELOPMENT OF LIVER- AND LUNG-TAR-
GETING NANOPARTICLES®*>D

Glycyrrhizin (GL) is the main sweet-tasting compound ex-
tracted from the Glycyrrhiza glabra (licorice) root. In Japan,
GL has been used as a drug under the name of Stronger Neo-
Minophagen C, which is an injectable solution, for the treat-
ment of chronic active hepatitis.>>® The cell membrane of in
vitro rat hepatocytes have specific binding sites for GL.”*®
After intravenous administration, GL is rapidly removed from
the blood circulation by uptake into the liver.”” These results
imply that GL may be a novel ligand for hepatocyte-specific
gene delivery. We hypothesized that GL coats cationic par-
ticles, including pDNA, electrostatically by its anionic charge
and that the GL-coated complexes are taken up by cells via
the GL-mediated pathway. Therefore, we developed a ternary
complex of pDNA, PEI, and anionic GL by electrostatic inter-
action.

The ternary complex was stable and had high gene expres-
sion in the human hepatoma cell line HepG2. It also had high
gene expression, specifically in the liver, after intravenous ad-
ministration. Furthermore, the ternary complex that included
the pDNA-encoding insulin was able to decrease blood glu-
cose concentrations after intravenous administration in mice.
These results suggest that the ternary complex coated by GL
may be a promising liver-targeting gene vector.

N-Lauroylsarcosine (LS) is a low-toxic biodegradable
detergent and is metabolized by humans into sarcosine and
corresponding fatty acids.®” In a preliminary study, we found
that LS-containing particles showed high transgene efficiency
in the lung after intravenous administration. Therefore, we
hypothesized that LS, which has an anionic charge, is able to
coat cationic particles, such as pDNA, and that the LS-coated
complexes have selective delivery to the lung after intravenous
administration.

We then prepared a hybrid vector for pulmonary gene deliv-
ery: a lipopolyplexes composed of PEI, N-[1-(2,3-dioleyloxy)-
propyl]-N,N,N-trimethlylammonium (DOTMA), and LS. LS-
coated lipopolyplexes had markedly high transgene efficiency
in the lung after intravenous administration with no cytotox-
icity and hematotoxicity. We also found that LS molecules
contributed to the transgene efficiency of our lipopolyplexes
in the lung at 76.7% of the contribution index. There are ex-
pectations that lung-targeting nanoparticles will be a promis-
ing method in gene and nucleic acid medicines for various
inherited and acquired lung diseases, such as cystic fibrosis,
emphysema, asthma, and certain types of cancer.

6. PREPARATION OF NANOPARTICLES CON-
TAINING OF SIRNA®Y

RNA interference (RNAI) is a biological process that con-
trols gene expression and translation by sequence-specific
gene silencing, and thereby inhibiting the translation of its
mRNA transcripts into proteins. Exogenous siRNA may be
delivered to exert RNAi. SiRNA are 21-23 base-pair duplex
oligonucleotides in which antisense chains are complementary
to the target mRNA and the sense chains act as bystanders.
SiRNA operates through the native RNAi machinery to as-
semble the RNA-induced silencing complex (RISC). In RISC,
siRNA initiates sequence-specific cleavage of both sense and
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antisense chains. This selective degradation of mRNA results
in decreased expression of proteins involved in disease patho-
genesis.

Gene silencing by siRNA has potential applications in the
treatment of refractory diseases, such as cancers, viral infec-
tions, autoimmune diseases, and genetic disorders.®>"%Y How-
ever, the therapeutic use of siRNA requires a drug-delivery
system since unmodified naked siRNA is immediately degrad-
ed by nucleases. Furthermore, it has poor plasma membrane
penetration and induces interferon responses after systemic
injection.

Therefore, we applied the y-PGA-coated complex to siRNA
and used dendrigraft poly-L-lysine (DGL) as the cationic com-
pound of the y-PGA-coated complex. DGL consists entirely of
lysine, including its central core, and is completely biodegrad-
able, water-soluble, thermally stable, and non-immunogenic.
However, the binding ability of siRNA with cationic com-
pounds is weaker than that of pDNA since the molecular
weight of siRNA is lower than pDNA. We were able to suc-
cessfully construct a ternary complex that includes siRNA;
however, it prepared in a different manner to that of pDNA.
The siRNA-DGL-y-PGA complexes were approximately
100nm in diameter with negative surface charges. Strong
silencing effects of the siRNA-DGL-y-PGA complexes were
observed in a mouse colon carcinoma cell line, Colon26, and
was shown to express luciferase (Colon26/Luc cells) without
cytotoxicity or hematological toxicity.®” Thus, a safe and ef-
fective siRNA delivery system was constructed using biode-
gradable DGL and y-PGA.

Recently, we constructed another novel ternary complex for
siRNA, which showed high cellular uptake and was able to
deliver siRNA into cancer cells stably in both in vitro and in
vivo conditions.

7. CONCLUSION

We successfully developed several ternary complexes as
novel gene delivery carriers for clinical use. We anticipate our
ternary complexes to be implemented soon in clinical trials
due to their efficacy and safety. We have been able to submit a
clinical application for the ternary complexes with the support
of Program for Creating STart-ups from Advanced Research
and Technology (START) of Japan Science and Technology
Agency (JST). START is a program designed for creating
start-ups using human resource units (“Project Promoters™)
with commercialization, business development and private
commercialization expertise as well as public funds for R&D.

These complexes are also expected for personalized DDS
according to the patient’s disease stage, which is useful for
advanced therapy. The complexes can quantitatively deliver
gene and nucleic acids to target site according to combination
and ratio of components. The components will be mixed by
pharmacists to prepare the adequate complex for individual-
ized patient on bedsides.

We believe that our ternary complexes will be applied to
clinical practice in the near future.

Acknowledgments 1 would like to thank all members
of my past and present laboratories at the Department of
Hospital Pharmacy, Nagasaki University Hospital as well as
collaborators for conducting the above-mentioned research.



1152

I also appreciate the financial support from the Grant-in-Aid
for Scientific Research (KAKENHI) of Japan Society for the
Promotion of Science and the Ministry of Education, Culture,
Sports, Science and Technology of Japan, Uehara Memo-
rial Foundation, Cosmetology Research Foundation, and the
Global COE Program, Nagasaki University, Japan to conduct
this research.

Conflict of Interest The author declares no conflict of

interest.

REFERENCES

1) _Biscans A, Bertrand JR, Dubois J, Ruger J. Vasseur JJ. Sczakiel G,

Dupouy C, Debart F. Lipophilic 2'-O-acetal ester RNAs: synthesis,
thermal duplex_stability. nuclease _resistance, cellular uptake, and

siRNA_activity after spontaneous naked delivery. ChemBioChem
17, 20542062 (2016).
2) Tai W. Gao X. Noncovalent tagging of siRNA with steroids for

transmembrane delivery. Biomaterials, 178, 720727 (2018):
3) Tai W. Chemical modulation of siRNA lipophilicity for efficient

delivery. J. Control. Release, 307, 98107 (2019).

4) Patil S, Gao YG, Lin X, Li Y, Dang K. Tian Y, Zhang WJ, Jiang SF,
Qadir A, Qian AR, The development of functional non-viral vectors
for gene delivery. Int. J. Mol. Sci.. 20, 5491 (2019).

3) Ura T, Okuda K. Shimada M. Developments in viral vector-based
vaccines. Vaccines, 2, 624—641 (2014).

6) Jeong GW. Nah JW. Evaluation of disulfide bond-conjugated
LMWSC-o-BPEI as non-viral vector for low cytotoxicity and ef-
ficient gene delivery. Carbohvdr. Polym.. 178, 322330 (2017).

7)_Sako M, Song F, Okamoto A, Koide H, Dewa T, Oku N, Asai T.
Key determinants of siRNA_delivery mediated by unigue pH-re-
sponsive lipid-based liposomes. /nt. J. Pharm.. 569, 118606 (2019).

8) Zhang M. Wang Q. Wan KW, Ahmed W, Phoenix DA, Zhang
Z, Elrayess MA, Blhissi A, Sun X. Liposome mediated-CYPIAI

gene silencing nanomedicine prepared using lipid film-coated pro-

liposomes as a potential treatment strategy of lung cancer. Int. J.
Pharm., 566, 185-193 (2019).

9) Clarke D, Idris A, McMillan NAJ. Development of novel lipidic
particles for siRNA_delivery that are highly effective after 12
months storage. PLOS ONE, 14, ¢0211954 (2019).

10) _Ellert-Miklaszewska A, Ochocka N, Maleszewska M, Ding L., Lau-
rini B, Jiang Y. Roura AJ, Giorgio S, Gielniewski B, Pricl S. Peng
L, Kaminska B. Efficient and innocuous delivery of small interfer-
ing RNA to microglia using an amphiphilic dendrimer nanovector.
Nanomedicine (Lond). 14, 24412458 (2019).

1) __Pandi P, Jain A, Kommineni N, Ionov M. Bryszewska M. Khan
W. Dendrimer_as_a _new potential carrier for topical delivery of
siRNA: a comparative study of dendriplex vs. lipoplex for delivery
of TNF-a siRNA. Int. J. Pharm., 550, 240250 (2018).

12) LiJ. Liang H. LiuJ Wang 7. Poly (amidoamine) (PAMAM) den-
drimer_mediated_delivery of drug and pDNA/siRNA_for_cancer
therapy. Int. J. Pharm., 546, 215-225 (2018).

13) Kurrikoff K, Freimann K, Veiman KL, Peets EM, Piirsoo A, Langel
U. Effective lung-targeted RNAi in mice with peptide-based deliv-
cry of nucleic acid, Sci. Rep. 9. 19926 (2019).

14) Hussein WM, Cheong YS. Liu C, Liu G, Begum AA, Attallah MA,
Moyle PM, Torchilin VP, Smith R, Toth I. Peptide-based targeted

polymeric_nanoparticles for siRNA_delivery. Nanotechnology. 30,
415604 (2019).

15) Egorova A, Petrosyan M, Maretina M, Balashova N, Polyanskih L,
Baranov V., Kiselev A. Anti-angiogenic treatment of endometriosis
via anti-VEGFA siRNA delivery by means of peptide-based carrier
in_a rat subcutaneous model. Gene Ther., 25. 548555 (2018).

16) Sun X, Dong S. Li X, Yu K, Sun F, Lee RJ, Li Y, Teng L. Delivery

Biol. Pharm. Bull.

Vol. 43, No. 8 (2020)

of siRNA using folate receptor-targeted pH-sensitive polymeric
nanopart_icles for rheum&toid arthritis therapy. Nanomedicine, 20
102017 (2019).

17) _MecCarroll JA, Sharbeen G, Kavallaris M. Phillips PA. The use of
star polymer nanoparticles for the delivery of sirna to mouse ortho-
topic pancreatic tumor models. Methods Mol. Biol., 1974, 329-353
o0

18) Feldmann DP. Cheng Y, Kandil R, Xie Y, Mohammadi M, Harz
H, Sharma A, Peeler DJ. Moszczynska A, Leonhardt H. Pun SH
Merkel OM. In vitro and in vivo delivery of siRNA via VIPER
polymer_system _to _lung _cells. J._Control. Release, 276, 5058

(2018).

19) Sasavama Y, Hasegawa M, Taguchi E. Kubota K, Kuboyama T,
Naoi T, Yabuuchi H, Shim&i N, Asano M Tokunilga A, Ishii T,
Enokizono J. /n vivo activation of PEGvlated long circulating lipid
nanoparticle_to_achieve efficient siRNA_delivery and target gene
knock down in solid tumors. J. Control. Release, 311-312, 245256
Qo)

20) Santo D. Mendonca PV. Lima MS. Cordeiro RA, Cabanas L, Serra
A, Coelho JFJ. Faneca H. Poly(ethylene glycol)-block-poly(2-
aminoethyl methacrylate hydrochloride)-based polyplexes as serum-
tolerant nanosystems for enh&nced oene delivery. Mol. Pharm., 16,
21292141 (2019).

)__Kurosaki T. Kitahara T, Fumoto S. Nishida K. Nakamura J. Ni-
idome T. Kodélma Y, Nakggawa H, To H S:ﬂ(i H. Ternirv com-
plexes of pDNA. polyethylenimine, and gamma-polyglutamic _acid
for gene delivery systems. Biomaterials, 30, 28462853 (2009).

22) Kurosaki T Kite&ara T, Kawak_ami S Nis_hida K., Nakamura 5

Teshima Mi Nakagawa H, Kodama Y, To H, Sasaki H. The develop-

ment of a gene vector electrostaticaMsembled with a polysacchi—
ride capsule. Biomaterials, 30, 44274434 (2009).

23) Kl.&saki T KiteLara T, Fumoto S, Nis_hida K, Yamamoto K Na_k-
agawa H, Kodam& Y, Higuchi N, Nak_amura T, Sz&(i H. Chondroi-
tin sulfate capsule system for efficient and secure gene delivery. J.
Pharm. Pharm. Sci., 13, 351-361 (2010).

24) Kodeﬁa Y, Hanamura H MLEO T Nak_agawa H, Kurosaki T, N&a-
mura T Kitahira T, Kawak_ami S, Nakashima M, Sasaki H. Gene
delivery system of pDNA using the blood glycoprotein fetuin. J.
Drug Target., 26, 604—609 (2018).

25) Kwi T Moris_hita T, Kodama Y, Sato K, Nwwa H, Higuchi
Ni Nakamura T. meoto T, Saﬁ(i H KitaLara T. Nanogarticles
electrostaticzﬂly coated with folic acid for effective gene therapy.
Mol._Pharm., 8, 913919 (2011).

26) Kurosaki T, Nak_asone C Kodaﬁa Y. E&hira K, Ha_rasawa H,
Muro T. Nak_agawa H KiteLara T, Higuchi N, Nz&amura T Sasa_ki
H. Splenic gene delivery system using self-assembling nano-com-
plex with phosph&tidvlserine e&alog. Biol. Pharm. Bull., 38 Bi
(2015).

27) Kodama Y, Ohkubo C Kuros%i T Elgashira K, Sato K, Fumoto S,
Nishida K, Higuchi N, Kitahara T, Nakamura T, Sasaki H. Secure
and effective gene delivery system of plasmid DNA coated by poly-
nucleotide. J. Drug Target., 23, 43—-51 (2015).

28) Kuroseid T, Kodw Y, Muro T, Higuchi N, Nﬂ(amura T Kitahﬂ
T, Miyakoda M, Yui K, Sasaki H. Secure splenic delivery of plas-
mid DNA and its application to DNA vaccine. Biol. Pharm. Bull.,
36, 18001806 (2013).

29) Cesta MF. Normal structure, function zlnd histology of the spleen.
Toxicol. Pathol., 34, 455—-465 (2006).

30) Krae;l G. Cells in the marginal zone of the spleen. Int. Rev. Cytol.,

132, 31-74 (1992).
) Cai Y, Rodriguez S, Hebel H. DNA vaccine manufacture: scale and
quality. Expert Rev. Vaccines, 8, 1277-1291 (2009).

32) Kut_zler MA_i Weiner DB. DNA vaccines: ready for prime time? Nat.
Rev. Genet., 9, 776788 (2008).

33) Sheng WY, Huang L. Cancer immunotherapy and nanomedicine.
Pharm. Res., 28, 200-214 (2011).

2

—_

3

—_



http://dx.doi.org/10.1002/cbic.201600317
http://dx.doi.org/10.1002/cbic.201600317
http://dx.doi.org/10.1002/cbic.201600317
http://dx.doi.org/10.1002/cbic.201600317
http://dx.doi.org/10.1002/cbic.201600317
http://dx.doi.org/10.1016/j.biomaterials.2018.02.007
http://dx.doi.org/10.1016/j.biomaterials.2018.02.007
http://dx.doi.org/10.1016/j.jconrel.2019.06.022
http://dx.doi.org/10.1016/j.jconrel.2019.06.022
http://dx.doi.org/10.3390/ijms20215491
http://dx.doi.org/10.3390/ijms20215491
http://dx.doi.org/10.3390/ijms20215491
http://dx.doi.org/10.3390/vaccines2030624
http://dx.doi.org/10.3390/vaccines2030624
http://dx.doi.org/10.1016/j.carbpol.2017.09.048
http://dx.doi.org/10.1016/j.carbpol.2017.09.048
http://dx.doi.org/10.1016/j.carbpol.2017.09.048
http://dx.doi.org/10.1016/j.ijpharm.2019.118606
http://dx.doi.org/10.1016/j.ijpharm.2019.118606
http://dx.doi.org/10.1016/j.ijpharm.2019.118606
http://dx.doi.org/10.1016/j.ijpharm.2019.04.078
http://dx.doi.org/10.1016/j.ijpharm.2019.04.078
http://dx.doi.org/10.1016/j.ijpharm.2019.04.078
http://dx.doi.org/10.1016/j.ijpharm.2019.04.078
http://dx.doi.org/10.1016/j.ijpharm.2019.04.078
http://dx.doi.org/10.1371/journal.pone.0211954
http://dx.doi.org/10.1371/journal.pone.0211954
http://dx.doi.org/10.1371/journal.pone.0211954
http://dx.doi.org/10.2217/nnm-2019-0176
http://dx.doi.org/10.2217/nnm-2019-0176
http://dx.doi.org/10.2217/nnm-2019-0176
http://dx.doi.org/10.2217/nnm-2019-0176
http://dx.doi.org/10.2217/nnm-2019-0176
http://dx.doi.org/10.1016/j.ijpharm.2018.08.024
http://dx.doi.org/10.1016/j.ijpharm.2018.08.024
http://dx.doi.org/10.1016/j.ijpharm.2018.08.024
http://dx.doi.org/10.1016/j.ijpharm.2018.08.024
http://dx.doi.org/10.1016/j.ijpharm.2018.05.045
http://dx.doi.org/10.1016/j.ijpharm.2018.05.045
http://dx.doi.org/10.1016/j.ijpharm.2018.05.045
http://dx.doi.org/10.1038/s41598-019-56455-2
http://dx.doi.org/10.1038/s41598-019-56455-2
http://dx.doi.org/10.1038/s41598-019-56455-2
http://dx.doi.org/10.1088/1361-6528/ab313d
http://dx.doi.org/10.1088/1361-6528/ab313d
http://dx.doi.org/10.1088/1361-6528/ab313d
http://dx.doi.org/10.1088/1361-6528/ab313d
http://dx.doi.org/10.1038/s41434-018-0042-7
http://dx.doi.org/10.1038/s41434-018-0042-7
http://dx.doi.org/10.1038/s41434-018-0042-7
http://dx.doi.org/10.1038/s41434-018-0042-7
http://dx.doi.org/10.1016/j.nano.2019.102017
http://dx.doi.org/10.1016/j.nano.2019.102017
http://dx.doi.org/10.1016/j.nano.2019.102017
http://dx.doi.org/10.1016/j.nano.2019.102017
http://dx.doi.org/10.1007/978-1-4939-9220-1_23
http://dx.doi.org/10.1007/978-1-4939-9220-1_23
http://dx.doi.org/10.1007/978-1-4939-9220-1_23
http://dx.doi.org/10.1007/978-1-4939-9220-1_23
http://dx.doi.org/10.1016/j.jconrel.2018.02.017
http://dx.doi.org/10.1016/j.jconrel.2018.02.017
http://dx.doi.org/10.1016/j.jconrel.2018.02.017
http://dx.doi.org/10.1016/j.jconrel.2018.02.017
http://dx.doi.org/10.1016/j.jconrel.2018.02.017
http://dx.doi.org/10.1016/j.jconrel.2019.09.004
http://dx.doi.org/10.1016/j.jconrel.2019.09.004
http://dx.doi.org/10.1016/j.jconrel.2019.09.004
http://dx.doi.org/10.1016/j.jconrel.2019.09.004
http://dx.doi.org/10.1016/j.jconrel.2019.09.004
http://dx.doi.org/10.1016/j.jconrel.2019.09.004
http://dx.doi.org/10.1021/acs.molpharmaceut.9b00101
http://dx.doi.org/10.1021/acs.molpharmaceut.9b00101
http://dx.doi.org/10.1021/acs.molpharmaceut.9b00101
http://dx.doi.org/10.1021/acs.molpharmaceut.9b00101
http://dx.doi.org/10.1021/acs.molpharmaceut.9b00101
http://dx.doi.org/10.1016/j.biomaterials.2009.01.055
http://dx.doi.org/10.1016/j.biomaterials.2009.01.055
http://dx.doi.org/10.1016/j.biomaterials.2009.01.055
http://dx.doi.org/10.1016/j.biomaterials.2009.01.055
http://dx.doi.org/10.1016/j.biomaterials.2009.04.041
http://dx.doi.org/10.1016/j.biomaterials.2009.04.041
http://dx.doi.org/10.1016/j.biomaterials.2009.04.041
http://dx.doi.org/10.1016/j.biomaterials.2009.04.041
http://dx.doi.org/10.18433/J3GK52
http://dx.doi.org/10.18433/J3GK52
http://dx.doi.org/10.18433/J3GK52
http://dx.doi.org/10.18433/J3GK52
http://dx.doi.org/10.1080/1061186X.2017.1405425
http://dx.doi.org/10.1080/1061186X.2017.1405425
http://dx.doi.org/10.1080/1061186X.2017.1405425
http://dx.doi.org/10.1080/1061186X.2017.1405425
http://dx.doi.org/10.1021/mp2001268
http://dx.doi.org/10.1021/mp2001268
http://dx.doi.org/10.1021/mp2001268
http://dx.doi.org/10.1021/mp2001268
http://dx.doi.org/10.1248/bpb.b14-00478
http://dx.doi.org/10.1248/bpb.b14-00478
http://dx.doi.org/10.1248/bpb.b14-00478
http://dx.doi.org/10.1248/bpb.b14-00478
http://dx.doi.org/10.1248/bpb.b14-00478
http://dx.doi.org/10.3109/1061186X.2014.950665
http://dx.doi.org/10.3109/1061186X.2014.950665
http://dx.doi.org/10.3109/1061186X.2014.950665
http://dx.doi.org/10.3109/1061186X.2014.950665
http://dx.doi.org/10.1248/bpb.b13-00489
http://dx.doi.org/10.1248/bpb.b13-00489
http://dx.doi.org/10.1248/bpb.b13-00489
http://dx.doi.org/10.1248/bpb.b13-00489
http://dx.doi.org/10.1080/01926230600867743
http://dx.doi.org/10.1080/01926230600867743
http://dx.doi.org/10.1016/S0074-7696(08)62453-5
http://dx.doi.org/10.1016/S0074-7696(08)62453-5
http://dx.doi.org/10.1586/erv.09.84
http://dx.doi.org/10.1586/erv.09.84
http://dx.doi.org/10.1038/nrg2432
http://dx.doi.org/10.1038/nrg2432
http://dx.doi.org/10.1007/s11095-010-0258-8
http://dx.doi.org/10.1007/s11095-010-0258-8

Vol. 43, No. 8 (2020)

34) Bolhassani A, Safaiyan S. Rafati S. Improvement of different vac-
cine delivery systems for cancer therapy. Mol. Cancer, 10, 3 (2011).

35) Parmiani G. Melanoma_antigens and_their_recognition by T cells,
Keig J._Med., 50, 8690 (2001).

36) Hodi FS. Well-defined melanoma_antigens as progression _markers
for_melanoma:_insights into_differential expression _and host re-

sponse based on stage. Clin,_Cancer Res, 12. 673678 (2000).
37) _Cherif MS. Shuaibu MN. Kurosaki T, Helegbe GK. Kikuchi M

Biol. Pharm. Bull.

1153

gene delivery system electrostatically assembled with glycyrrhizin.
Mol. Pharm., 11, 13691377 (2014).

31 _Kurosaki T. Kishikawa R, Matsumoto M, Kodama Y, Hamamoto T,
To_H. Niidome T. Takavama K. Kitahara T, Sasaki H. Pulmonary
gene delivery of hybrid vector, lipopolyplex containing N-lauroyl-
sarcosine, via the systemic route. J. Control. Rele&se, 136, 213-219

(2009).

32) Arase Y, Ikeda K. Murashima N, Chayama K. Tsubota A, Koida [,

Yanagi T, Tsuboi T, Sasaki H., Hirayama K. Immunogenicity of

novel nanoparticle-coated MSP-1C-terminus malaria DNA vaccine
using different routes of administration. Vaccine, 29. 9038-9050
QoI

38) Cherif MS. Shuaibu MN, Kodama Y, Kurosaki T, Helegbe GK
Kikuchi M, Ichinose A, Yanagi T, Sasaki H. Yui K, Tien NH, Karb-
wang J. Hiravama K. Nanoparticle formulation enhanced protec-
tive_immunity provoked by PYGPI8p-transamidase related protein
(PyTAM) DNA vaccine in plasmodium vyoelii malaria model. Vac-
cine, 32, 1998-2006 (2014).

39) WHO. World malaria report 2018. World Health Organization,
Geneva (2018).

40) Nosten F, White NJ. Artemisinin-based combination_treatment of
falciparum malaria._4m._J._Trop. Med. Hyg. 77 (Suppl). 181-192
(2007).

41) Lengeler C, Snow RW. From efficacy to effectiveness: insecticide-
treated bed nets in Africa. Bull. World Health Organ., 74, 325-332
(1996).

42) Jha P. reliable mortality data: a powerful tool for public health.
Natl. Med. J. India, 14, 129131 (2001).

43) Hay SI. Guerra CA, Gething PW, Patil AP, Tatem AJ. Noor AM,

Suzuki Y, Saitoh S. Kobayashi M, Kumada H. The long term ef-

ficacy of glycyrrhizin in chronic_hepatitis C_patients. Cancer, 79.
14941500 (1997).

33) Okamoto T. The protective effect of glycyrrhizin on anti-Fas anti-
body-induced hepatitis in mice. Eur. J. Pharmacol., 387, 229-232
(2000).

34) Tsuruoka N, Abe K. Wake K. Takata M. Hatta A, Sato T. Inoue H.
Hepatic_protection by glycyrrhizin and inhibition of iNOS expres-
sion in concanialin A-induced liver injury in mice. Inflamm. Res.
58, 593599 (2009).

33) Miyake K. Tango T, Ota Y, Mitamura K. Yoshiba M. Kako M,
Hayashi_S. Ikeda Y, Hayashida N, Iwabuchi S. Sato Y, Tomi T.
Imki N Hﬁhimoto N, Umeda T Miv@(i J Twa K, Endo
Y, Suzuki H. Efficacy of stronger neo-minoph_agen C compared be-

tween two doses administered three times a week on patients with
chronic_viral hepatitis, J. Gastroenterol. Hepatol, 17, 11981204

(2002).
56) Kurokawa I, Umeh&ra M, Hashimoto A, Hozu S. Vesicula_r drug
eruption due to _stronger neo-minophagen C. Int. J. Dermatol., 44

881882 (2005).

57) Negis_hi M, Irie A, Nagata N, Ichikawa A. Specific binding of glyc-

Kabaria CW, Manh BH, Elyazar IR, Brooker S, Smith DL. Moveed
RA, Snow RW. A world malaria map: plasmodium fatciparum ende-
micity in 2007. PLoS Med., 6. €1000048 (2009).

44) Anderson T. Mapping the spread of malaria drug resistance. PLoS
Med., 6, 1000054 (2009).

45) HuJ. Chen Z. Gu J. et al. Safety and immunogenicity of a malaria

vaccine, Plasmodium _falciparum AMA-1/MSP-1_chimeric_protein

formulated in_montanide ISA 720 in healthy adults. PLoS ONE, 3,
1952 (2008).

46) Nvarango PM. Gebremeskel T, Mebrahtu G, Mufunda J. Abdulmu-
mini U, Ogbamariam A, Kosia A, Gebremichael A, Gunawardena
D, Ghebrat Y, Okbaldet Y. A steep decline of malaria morbidity and

mortality trends in Eritrea between 2000 and 2004: the effect of

yrrhetinic acid to the rat liver membrane. Biochim. Biophys. Acta,
1066, 7782 (1991).

58) Is_hida S, Sei(iva Y, Ichilgwa T. Te;ira 7. Uptake of glxcxrrhizin bY
is&lated rat hepatocytes. Biol. Pharm. Bull., 16, 293-297 (1993).

59) Ism;air MG, Stanca C, Ha HR, Renner EL Meier PJ Kullﬂ(—Ublick
GA. Interactions of glycyrrhizin with organic anion transgorting

Eolxgegtides of rat and human liver. Hepatol. R_es. 26, 343-347
(2003).

60) Abraham J, Bhat SG. Permeabilization of baker’s yeast with N-
lauroyl sarcosine neural networks using hiharmonic spline interpo-
lation of GES-3 and SEASAT altimeter data. Geophys. Res. Lett.,
14, 139-142 (1987).

61) Kodama Y, Kuramoto H, Mieda Y, Muro T. Nakalgawa H, Kurosaki

combination of control methods. Malar. J.. 5. 33 (2006).

47) Feachem R, Sabot O. A new global malaria_eradication strategy.
Lancet, 371, 16331635 (2008).

48) World Health Organization. Malaria vaccine: WHO position paper,
January 2016. Wkly. Epidemiol. Rec., 91, 33-52 (2016).

49) Mbanefo EC. Kumagai T, Kodama Y, Kurosaki T. Furushima-Shi-

mogawara R, Cherif MS. Mizukami S, Kikuchi M. Huy NT, Ohta
N, Sasaki H, Hirayama K. Immunogenicity and anti-fecundity effect
of nanoparticle coated glutathione S-transferase (SiGST) DNA vac-
cine_against murine Schistosoma _japonicum infect_ion. Parasitol.
Int, 64, 2431 (2015).

30) Kurosaki T. Kawanabe S, Kodama Y, Fumoto S. Nishida K, Nak-
agawa H. Hicuchi N. Nakamura T, Kitahara T, Sasaki H. Hepatic

Ti Sakaguchi M, Nakamura T, Kitziara T, Saﬁd H. Applicati&of
biodegradable dendrigraft poly-l-lysine to a &all interfering RNA
delivery system. J. Drug Target., 25, 4957 (2017).

62) Castanotto D, Rossi JJ. The promises and pitfalls of RNA-interfer-
ence-based therapeutics, Nature, 457, 426433 (2009).

63) Seyh&n AA. RNAI: a potentia_l new class of therapeutic for human
genetic disease. Hum. Genet., 130, 583605 (2011).

64) Morrissey DV, Lockridge JA, Shaw L, Blanchard K, Jensen K
Breen W, Hartsough K, Machemer L, Ra(&a S, Ja(&w V. Véﬂl
N, Zinnen Si Vargeese C, Bowman K, Shaffer CSi Jeffs LB, Judge
A MacLachlzln I, Polisky B. Potent gnd persistent in vivo eLti—
HBV activity of chemically modified siRNAs. Nat. Biotechnol., 23

10021007 (2005).



http://dx.doi.org/10.1186/1476-4598-10-3
http://dx.doi.org/10.1186/1476-4598-10-3
http://dx.doi.org/10.2302/kjm.50.86
http://dx.doi.org/10.2302/kjm.50.86
http://dx.doi.org/10.1158/1078-0432.CCR-05-2616
http://dx.doi.org/10.1158/1078-0432.CCR-05-2616
http://dx.doi.org/10.1158/1078-0432.CCR-05-2616
http://dx.doi.org/10.1016/j.vaccine.2011.09.031
http://dx.doi.org/10.1016/j.vaccine.2011.09.031
http://dx.doi.org/10.1016/j.vaccine.2011.09.031
http://dx.doi.org/10.1016/j.vaccine.2011.09.031
http://dx.doi.org/10.1016/j.vaccine.2011.09.031
http://dx.doi.org/10.1016/j.vaccine.2014.01.005
http://dx.doi.org/10.1016/j.vaccine.2014.01.005
http://dx.doi.org/10.1016/j.vaccine.2014.01.005
http://dx.doi.org/10.1016/j.vaccine.2014.01.005
http://dx.doi.org/10.1016/j.vaccine.2014.01.005
http://dx.doi.org/10.1016/j.vaccine.2014.01.005
http://dx.doi.org/10.4269/ajtmh.2007.77.181
http://dx.doi.org/10.4269/ajtmh.2007.77.181
http://dx.doi.org/10.4269/ajtmh.2007.77.181
http://dx.doi.org/10.1371/journal.pmed.1000048
http://dx.doi.org/10.1371/journal.pmed.1000048
http://dx.doi.org/10.1371/journal.pmed.1000048
http://dx.doi.org/10.1371/journal.pmed.1000048
http://dx.doi.org/10.1371/journal.pmed.1000054
http://dx.doi.org/10.1371/journal.pmed.1000054
http://dx.doi.org/10.1371/journal.pone.0001952
http://dx.doi.org/10.1371/journal.pone.0001952
http://dx.doi.org/10.1371/journal.pone.0001952
http://dx.doi.org/10.1371/journal.pone.0001952
http://dx.doi.org/10.1186/1475-2875-5-33
http://dx.doi.org/10.1186/1475-2875-5-33
http://dx.doi.org/10.1186/1475-2875-5-33
http://dx.doi.org/10.1186/1475-2875-5-33
http://dx.doi.org/10.1186/1475-2875-5-33
http://dx.doi.org/10.1016/S0140-6736(08)60424-9
http://dx.doi.org/10.1016/S0140-6736(08)60424-9
http://dx.doi.org/10.1016/j.parint.2015.01.005
http://dx.doi.org/10.1016/j.parint.2015.01.005
http://dx.doi.org/10.1016/j.parint.2015.01.005
http://dx.doi.org/10.1016/j.parint.2015.01.005
http://dx.doi.org/10.1016/j.parint.2015.01.005
http://dx.doi.org/10.1016/j.parint.2015.01.005
http://dx.doi.org/10.1021/mp400398f
http://dx.doi.org/10.1021/mp400398f
http://dx.doi.org/10.1021/mp400398f
http://dx.doi.org/10.1021/mp400398f
http://dx.doi.org/10.1016/j.jconrel.2009.02.005
http://dx.doi.org/10.1016/j.jconrel.2009.02.005
http://dx.doi.org/10.1016/j.jconrel.2009.02.005
http://dx.doi.org/10.1016/j.jconrel.2009.02.005
http://dx.doi.org/10.1016/j.jconrel.2009.02.005
http://dx.doi.org/10.1002/(SICI)1097-0142(19970415)79:8%3C1494::AID-CNCR8%3E3.0.CO;2-B
http://dx.doi.org/10.1002/(SICI)1097-0142(19970415)79:8%3C1494::AID-CNCR8%3E3.0.CO;2-B
http://dx.doi.org/10.1002/(SICI)1097-0142(19970415)79:8%3C1494::AID-CNCR8%3E3.0.CO;2-B
http://dx.doi.org/10.1002/(SICI)1097-0142(19970415)79:8%3C1494::AID-CNCR8%3E3.0.CO;2-B
http://dx.doi.org/10.1016/S0014-2999(99)00807-9
http://dx.doi.org/10.1016/S0014-2999(99)00807-9
http://dx.doi.org/10.1016/S0014-2999(99)00807-9
http://dx.doi.org/10.1007/s00011-009-0024-8
http://dx.doi.org/10.1007/s00011-009-0024-8
http://dx.doi.org/10.1007/s00011-009-0024-8
http://dx.doi.org/10.1007/s00011-009-0024-8
http://dx.doi.org/10.1046/j.1440-1746.2002.02876.x
http://dx.doi.org/10.1046/j.1440-1746.2002.02876.x
http://dx.doi.org/10.1046/j.1440-1746.2002.02876.x
http://dx.doi.org/10.1046/j.1440-1746.2002.02876.x
http://dx.doi.org/10.1046/j.1440-1746.2002.02876.x
http://dx.doi.org/10.1046/j.1440-1746.2002.02876.x
http://dx.doi.org/10.1046/j.1440-1746.2002.02876.x
http://dx.doi.org/10.1111/j.1365-4632.2005.02366a.x
http://dx.doi.org/10.1111/j.1365-4632.2005.02366a.x
http://dx.doi.org/10.1111/j.1365-4632.2005.02366a.x
http://dx.doi.org/10.1016/0005-2736(91)90253-5
http://dx.doi.org/10.1016/0005-2736(91)90253-5
http://dx.doi.org/10.1016/0005-2736(91)90253-5
http://dx.doi.org/10.1248/bpb.16.293
http://dx.doi.org/10.1248/bpb.16.293
http://dx.doi.org/10.1016/S1386-6346(03)00154-2
http://dx.doi.org/10.1016/S1386-6346(03)00154-2
http://dx.doi.org/10.1016/S1386-6346(03)00154-2
http://dx.doi.org/10.1016/S1386-6346(03)00154-2
http://dx.doi.org/10.1080/1061186X.2016.1184670
http://dx.doi.org/10.1080/1061186X.2016.1184670
http://dx.doi.org/10.1080/1061186X.2016.1184670
http://dx.doi.org/10.1080/1061186X.2016.1184670
http://dx.doi.org/10.1038/nature07758
http://dx.doi.org/10.1038/nature07758
http://dx.doi.org/10.1007/s00439-011-0995-8
http://dx.doi.org/10.1007/s00439-011-0995-8
http://dx.doi.org/10.1038/nbt1122
http://dx.doi.org/10.1038/nbt1122
http://dx.doi.org/10.1038/nbt1122
http://dx.doi.org/10.1038/nbt1122
http://dx.doi.org/10.1038/nbt1122
http://dx.doi.org/10.1038/nbt1122

