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(B 4 %] [ A {r 4]
pH 7.183 TP 6.3 grdL
PCO2 179 mmHg Alb 4.1 g/dL
BE. 432 mmol/L | AST 43 TU/L
HCOz~ 6.7 mmol/L | ALT 16 TU/L
LDH 338 1U/L
[ —4% ) T.Bil 0.3 mg/dL
WBC 23,380 /uL BUN 39 mg/dL
RBC 35577 /uL Cre 045 mg/dL
Hb 98 g/dL Glu 30 ¥ mg/dL
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Pit 326 /3 /ul K 54 mEq/L
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CRP 3.7 mg/dL T EZT 162 pg/dl
[R—#%] (G AR sE) [BREHE]
E 1.019 AR 1/3
I (—=) ¥y 15 mg/dL
L AIAY/ (=) b 185 mg/dL
b 3+)
Ry (3 +)
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Two Japanese Sisters with Methylmalonic Acidemia Showed No Symptoms in Infancy
but Presented Repetitive Vomiting in Early Childhood

Hiroyuki Awano”, Mariko Yagi”, Yo Okizuka”, Hironori Kobayashi?,
Yuki Hasegawa®, Seiji Yamaguchi®, Osamu Sakamoto”, Toshihiro Ohura®,
Yasuhiro Takeshima” and Masafumi Matsuo”

YDepartment of Pediatrics, Kobe University Graduate School of Medicine
?Department of Pediatrics, Shimane University Faculty of Medicine
“Department of Pediatrics, Tohoku University School of Medicine

We report two Japanese sisters with methylmalonic acidemia (MMA). Neither showed any signs of meta-
bolic decompensation in infancy. The elder sister had presented with repetitive vomiting since the age of
three, and the younger sister since the age of one. At the age of one year and eight months, the younger sister
had her third episode of repetitive vomiting with disturbance of consciousness. She was diagnosed with MMA
after urine organic acid analysis. The elder sister was also suspected of having this disease, which was subse-
quently confirmed by urine organic acid analysis. MUT gene analysm revealed that both had compound het-
erozygous mutations of p.G380E and p.G643D.

Some patients with late-onset forms of MMA are asymptomatic in the stable stage ; however, stressful
events can trigger relapsing episodes of metabolic decompensation such as vomiting. Physicians should con-
sider screening for inherited metabolic disorders such as MMA in children with repetitive vomiting.
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PEGylated Polyplex With Optimized PEG
Shielding Enhances Gene Introduction in Lungs
by Minimizing Inflammatory Responses
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Safety is a critical issue in clinical applications of nonviral
gene delivery systems. Safe and effective gene introduc-
tion into the lungs was previously achieved using poly-
plexes from poly(ethyleneglycol) (PEG)-block-polycation
[PEG-block-PAsp(DET)] and plasmid DNA (pDNA).
Although PEGylated polyplexes appeared to be safe,
an excess ratio of polycation to pDNA was needed to
obtain sufficient transgene expression, which may cause
toxicities shortly after gene introduction. In the present
study, we investigated the combined use of two poly-
mers, PEG-block-PAsp(DET) (B) and homo PAsp(DET)
(H) across a range of mixing ratios to construct poly-
plexes. Although transgene expressions following in vitro
transfections increased in parallel with increased propor-
tions of H, polyplexes with B/H = 50/50 formulation
produced the highest expression level following in vivo
intratracheal administration. Higher proportions of H
elicited high levels of cytokine induction with significant
inflammation as assessed by histopathological examina-
tions. Based on the aggregation behavior of polyplexes
in bronchoalveolar lavage fluids (BALFs), we suggested
that rapid aggregation of polyplexes in the lung induced
acute inflammatory responses, resulting in reduced
transgene expression. B/H formulation of polyplex can
help to improve gene therapy for the respiratory sys-
tem because it achieves both effective PEG shielding of
polyplexes and functioning of PAsp(DET) polycations to
enhance endosomal escape.

Received 3 December 2011; accepted 22 /anudfy 2012; advance online
publication 14 February 2012. doi:10.71038/mt.2012.20

INTRODUCTION

Nonviral techniques for gene introduction using plasmid DNA
(pPDNA) have attracted attention for many clinical uses. Although
the definition of gene therapy includes genetic modification of

deficient cells, gene introduction using pDNA chiefly involves
providing functional proteins and peptides through transgene
expressions. The sustained synthesis of proteins and peptides,
which enables the synchronization of the kinetics of signaling
receptor expression and bioactive factor availability,’ is a key
advantage of its application in many chronic diseases.

Among various gene introduction routes, pDNA-containing
nanoparticle inhalation, a direct, noninvasive technique, is a
promising practical system that makes target cells more accessi-
ble. Gene introduction into the respiratory system has numerous
applications for treating severe lung diseases, such as cystic fibro-
sis, pulmonary hypertension, and lung cancer,” and it can systemi-
cally deliver proteins and peptides. However, because immune
responses of the respiratory system are particularly sensitive to
foreign materials, the safety of the delivery systems is extremely
important for successful gene introduction. To realize the promise
of gene therapy, it is essential to achieve adequate safety to avoid
undesirable responses.

pDNA is generally incorporated into nanoscale formulations
by complexing it with cationic lipids or polymers, which provides
greater stability and functionality.>-* The safety of nanoscale particles
(nanotoxicology) has been vigorously investigated in various fields.®
Many studies revealed that the toxicity of these particles in target
tissues, typically the lungs, are primarily mediated by inflammatory
responses that occur after nanoparticle-induced oxidative stress.”®
These responses are sensitive to the physicochemical properties of
nanoparticles, including their size, chemical composition, surface
structure, solubility, shape, and aggregation.*!! For delivery into the
lungs, a biodegradable formulation of nanoparticles composed of
poly(lactic-co-glycolic acid) significantly lowered the inflammatory
responses compared with nonbiodegradable forms, although both
had comparable hydrodynamic diameters.

These safety issues motivated us to optimize pDNA-con-
taining particle structure for gene introduction into the Iungs.
Polyplexes from our original cationic polymer, poly{N-[N-(2-
aminoethyl)-2-aminoethyl]aspartamide} [PAsp(DET)] and pDNA,
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Gene Introduction to Lung Using PEGylated Polyplex

is promising because they are safe and biocompatible.'*!* We have
already achieved therapeutic outcomes in monocrotaline-induced
pulmonary hypertension animal models using a system based on
PAsp(DET)." PAsp(DET) possesses high-transfection efficiency
because of its pH-selective membrane destabilization and concomi-
tantly enhanced endosomal escape.'® Furthermore, it is biodegrada-
bile under physiological conditions. Because of rapid degradation
of PAsp(DET) to nontoxic forms after gene introduction, it does not
induce persistent tissue damage and cumulative toxicity, which may
perturb cellular homeostasis in a time-dependent manner.”

However, pDNA polyplexes from cationic polymers inevita-
bly have a high surface positive charge, which causes undesirable
responses in the body, such as polyplex aggregation and tissue
damage. Poly(ethyleneglycol) (PEG) has often been used to shield
polyplexes. Because of its hydrophilic and flexible nature, PEG
increases steric stability, prevents nonspecific interactions with
surrounding molecules, and eventually reduces toxicity.'*-** In our
previous studies on in vivo administrations including the lungs,
we used pDNA polyplexes of a micellar structure surrounded
by PEG palisade, that were formed by complexing pDNA with
a block copolymer composed of PEG and PAsp(DET) [PEG-
block-PAsp(DET)].»**** These PEGylated polyplexes achieved
safe gene introduction without inducing severe inflammation,
leading to the effective treatment of rat pulmonary hyperten-
sion model using adrenomedullin-expressing pDNA."* However,
PEG also tends to reduce transgene expressions by preventing
cellular uptake of polyplexes and hampering their intracellular
processing.?**” Indeed, to obtain sufficient transgene expressions
using the PEGylated polyplexes, we needed higher mixing ratios
of cationic polymers to pDNA (N/P ratios) to enhance the expres-
sions. The higher N/P ratios, however, caused some toxicities,
especially shortly after gene introduction.

In the present study, we investigated the optimal conditions
to break out of the dilemma of PEG, by focusing on the intravital
behavior of polyplexes in lung. We used a PEGylation strategy by
mixing PEGylated and non-PEGylated forms of polycations in the
construction of polyplexes-containing pDNA.?> We found that the
optimal combination of two forms, PEG-block-PAsp(DET) (B)
and homo PAsp(DET) (H), was effective in achieving high trans-
gene expression in lungs with minimal toxicity, by balancing effec-
tive PEG shielding and functions of the polycation. Furthermore,
we acquired new insights into the mechanisms that mediate the
inflammatory responses induced by polyplexes in the lungs.

RESULTS

In vitro and in vivo transfection using polyplexes with
B/H formulations

For preparation of polyplexes with B/H formulations, the polymer
solutions of PEG-block-PAsp(DET) (B) and homo PAsp(DET)
(H) were first mixed at different ratios, and then added to pDNA
solutions. We conducted in vitro transfections toward mouse
embryonic fibroblasts and HuH-7 cells using CpG-depleted
pDNA-expressing luciferase (pCpG-ALuc); the transgene expres-
sion was increased in parallel with increased proportions of H
(Figure 1) at an N/P ratio of 8. In contrast, cell viability, evaluated
by an MTT assay, was reduced slightly with increased proportions
of H.
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For in vivo administration, the polyplexes-containing
luciferase-expressing pDNA were injected intratracheally using
a microspray, and the luciferase expression was evaluated after
extracting the lung tissue, followed by homogenization to obtain
the proteins. Polyplexes with B/H = 50/50 formulation exhibited a
significantly higher expression in the lungs compared with poly-
plexes with B/H = 100/0 and 0/100 formulations (Figure 2). These
data were in contrast with the results of in vitro transfections
(Figure 1). To evaluate the toxic effect of polyplexes, we measured
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Figure 1 /n vitro transfection to (a) mouse embryonic fibroblast
(MEF) or (k) HuH-7 cells. Luciferase expression (closed circle) and via-
bility (open circle) was measured 48 hours after transfection. The data
were expressed as the means + the standard errors of the mean (SEM)
(N=5).
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Figure 2 Luciferase expression in lung tissue 48 hours after polyplex
administration. The data were expressed as the means + SEM (N = 5).
RLU, relative luminescence units.
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