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Abstract: The field of in utero gene therapy IUGT) represents a crossroad of technologic advancements
and medical ethical boundaries. Several strategies have been developed for IUGT focusing on either
modifying endogenous genes, replacing missing genes, or modifying gene transcription products. The list
of candidate diseases such as hemoglobinopathies, cystic fibrosis, lysosomal storage disorders continues to
grow with new strategies being developed as our understanding of their respective underlying molecular
pathogenesis increases. Treatment in utero has several distinct advantages to postnatal treatment. Biologic
and physiologic phenomena enable the delivery of a higher effective dose, generation of immune tolerance,
and the prevention of phenotypic onset for genetic diseases. Therapeutic technology for IUGT including
CRISPR-Cas9 systems, zinc finger nucleases (ZFN), and peptide nucleic acids (PNAs) has already shown
promise in animal models and early postnatal clinical trials. While the ability to detect fetal diagnoses has
dramatically improved with developments in ultrasound and next-generation sequencing, treatment options
remain experimental, with several translational gaps remaining prior to implementation in the clinical realm.
Complicating this issue, the potential diseases targeted by this approach are often debilitating and would
otherwise prove fatal if not treated in some manner. The leap from small animals to large animals, and

subsequently, to humans will require further vigorous testing of safety and efficacy.
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Introduction not be discussed in depth in this review. The focus of this

review will be gene therapy strategies utilized in isolation or

Fetal intervention encompasses an expanding repertoire . S . . .
P P g rep in combination to better target specific candidate diseases

of treatment strategies including fetal surgery, fetoscopic
intervention, stem cell transplant, and in utero gene therapy
(IUGT). Fetal surgery and fetoscopic interventions aim
to correct anatomic defects and although these techniques
could be used to administer IUGT, they are beyond
the scope of this review. Additionally, iz utero stem cell
transplant, specifically hematopoietic stem cell (HSC)
transplant, is a well-studied therapeutic modality, but will
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to alleviate or cure disease i utero.

Advances in the fields of Molecular Biology and Maternal
Fetal Medicine have led to improved characterization
and identification of disease-causing mutations, and their
prenatal detection and diagnosis. Clinicians now have
several diagnostic techniques that aid in prenatal diagnosis
including chorionic villous sampling (CVS), amniocentesis,
and detection of cell-free fetal DNA in maternal serum.
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Following initial screening, CVS or amniocentesis is offered
to those pregnancies at increased risk for fetal genetic
disorder; however, both tests are considered invasive and
carry a risk of loss of pregnancy in approximately 1 in 455 to
900 pregnancies (1). While detection of aneuploidy initially
resorted to karyotyping, the development of chromosomal
microarray analysis has increased the resolution and number
of diseases able to be detected by prenatally (2). In direct
comparison, chromosomal microarray analysis had a 6%
increase in diagnostic yield over karyotyping in cases of fetal
anomaly detected on ultrasound (3). Since 2011, cell-free
DNA screening has been commercially available and has
decreased utilization of diagnostic procedures. Up to ten
percent of circulating DNA in maternal blood originates
from the fetal placenta, which cell-free DNA screening uses
to amplify and analyze targeted sequences (4). Professional
societies have cautioned, however, that cell-free DNA
screening remains a screening tool and should not replace
confirmatory diagnostic testing (5). With the emergence of
genome sequencing, our ability to detect diseases in utero
has improved in speed and sensitivity (4,6). However, whole
exome sequencing is discouraged in clinical practice without
specific indications on prior screening or clinical findings
due to false-positive results, low diagnostic yield, high cost,
and detection of variations of unknown significance (7).

Now that genetic diseases can be diagnosed in the
fetus, IUGT has become a rational therapeutic strategy
for monogenetic disease. Under the umbrella of IUGT
are technologies that replace or repair the disease-causing
mutations to provide the developing fetus with a functional
gene product. Examples of candidate diseases include
lysosomal storage disorders (LSD), hemoglobinopathies,
spinal muscular atrophy (SMA), down syndrome, and cystic
fibrosis.

LSD encompass a large group of diseases that affect the
metabolism of the lysosome (8). Each individual disease is
rare, but collectively, the prevalence of these ranges from
1 in 7,700 to 1 in 5,000 births (8,9). While each LSD is a
result of unique mutations in different genes, their resultant
deficiencies in enzymatic function lead to the accumulation
of toxic metabolites within the lysosome of the cell. Due
to the impact of these diseases on the developing brain,
there is a compelling rationale to administer therapy before
permanent neurologic damage occurs. Replacement of
missing enzymes in these disease processes can be limited
by immune reactions in postnatal life. Therefore, [IUGT
represents an ideal opportunity to treat these individuals in
utero to develop tolerance to the missing enzymes.
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Hemoglobinopathies (sickle cell disease and
thalassemias) represent a spectrum of anemia-inducing
disorders, attractive for IUGT for their prevalence and
morbid manifestation. Sickle cell disease is the most
common genetic disease in the United States and affects
millions world-wide, resulting in reduced life-expectancy
and multi-system organ dysfunction from vaso-occlusive
crises (10). Thalassemia causing mutations, while less
prevalent in the US than abroad, can be found as variants
in up to 5% of the world’s population, clinically impacting
up to 70,000 children annually (11). This culminates in
fetal anemia, and in the most severe cases, fetal hydrops,
endangering the survival of the fetus. Alpha thalassemia
major is often fatal in utero without treatment through
blood transfusions (12). Beta thalassemia presents as a
spectrum of severities classified as minor, intermediate, or
major disease. Hundreds of mutations have been identified
within the B-globin gene that cause its loss of function.
These diseases have deleterious effects on fetal growth
and development that can be irreversible. Patients with
sickle cell disease, alpha and beta thalassemia who survive
to birth may continue to require lifelong treatment with
other associated complications such as iron overload and
transfusion reactions (13). There is currently a clinical
trial to use in utero stem cell transplantation for alpha-
thalassemia, as this may reverse the damage caused by
the disease in utero and induce tolerance to postnatal
boosting stem cell transplantation, however, the fetal
bone marrow niche is very competitive and it has proven
difficult to attain adequate levels of engraftment (14).
IUGT for hemoglobinopathies is attractive because the
mutated genes in HSCs could be corrected in situ without
the need to compete for the bone marrow cell niche.
In particular, the BCLI1A gene serves as a single target
for gene therapy to potentially benefit patients suffering
from hemoglobinopathies affecting the beta subunit of
hemoglobin (15). Using this strategy, researchers were
able to downregulate expression of BCLI14 in order to
upregulate expression of fetal hemoglobin within animal
models, providing evidence for potential translation (16). It
should be noted that alpha thalassemia is commonly caused
by a large genetic deletion and is more amenable to cellular
therapy than IUGT. However, sickle cell disease and many
variants of beta thalassemia, which are commonly caused
by single point mutations, would be amenable to IUGT
approaches as demonstrated in preclinical animal studies,
where in utero gene editing resulted in sustained postnatal
correction of anemia.
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Figure 1 Lentiviral transduction of cells resulting in either episomal expression or integration into the host genome.

SMA is a disease characterized by degeneration of the alpha
motor neurons resulting in progressive weakness, paralysis,
and ultimately death by respiratory failure. One of the main
culprits in its disease pathogenesis has been identified as SMIN
protein encoded by the SMN gene (17). Due to its deleterious
effects on patients postnatally, the therapeutic window for
this disease occurs early in postnatal life with potential
expansion to prenatal life as demonstrated in animal models.
Several therapies are now under investigation including
delivery of gene therapy via viral vectors within mouse
models of SMA. With evidence supporting earlier treatment
as beneficial to relieving the SMA phenotype, IUGT is an
attractive avenue for further investigation (18-20).

Down syndrome, or Trisomy 21, is the most common
trisomy occurring in infants with a prevalence of 6.7 per
10,000 individuals. Children who are born with Down
syndrome suffer a spectrum of disability with varying
degrees of neurodevelopmental, cardiovascular, and
musculoskeletal issues (21). These effects occur early in
development and cause lifelong morbidity making Down
syndrome an attractive target for [UGT. Mouse models of Down
syndrome have allowed researchers to highlight genes such as
DYRKIA and their role in neurodevelopment (22). Researchers
have targeted DYRKIA in utero using adenoviral vectors to
inhibit expression of the gene allowing for partial rescue
of neurodevelopmental outcomes in mice. Although these
results are promising, clinical trials of Down syndrome
treatment have centered on altering the neurotransmitter
milieu of the brain through pharmacological means. Studies
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on efficacy and targeting efficiency are needed to advance
preclinical mouse gene therapies to human clinical trials.

Cystic fibrosis is a monogenic disorder that manifests as
multisystemic disease from mutations in the cystic fibrosis
transmembrane conductance regulator (CFTR) gene.
Mutations in CFTR, which encodes a chloride channel,
result in the accumulation of thick, dehydrated mucus and
occlusion of the conducting airways of the lung, gut lumen,
and pancreatic duct. Given the approximate 20% rate of
bowel obstruction at birth in the form of meconium ileus
and the nearly 80% rate of pancreatic insufficiency at birth,
preventing this disease phenotype in utero is a logical and
desirable approach (23). Unlike hemoglobinopathies, where
HSCs given systemically will pinpoint to the bone marrow
niche, cystic fibrosis cannot be treated in this manner as
a single corrected stem cell type will not integrate and
function in the lung, gut, and pancreas. Systemic IUGT
is attractive because it could correct the disease-causing
mutation in desired tissues iz situ before fetal damage
occurs.

Gene therapy can be broadly divided into gene
replacement and gene editing strategies. Gene replacement
focuses on replacing deficient or missing copies of genes
typically using viral vectors. These viral vectors can remain
episomal for temporary gene expression or integrate into
the host genome providing sustained therapy as shown in
Figure 1 (24). The use of viral vectors in postnatal treatment
has been limited secondary to immunologic responses.
Gene editing focuses on delivering a correct DNA template
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and utilizing endogenous or exogenous cellular systems to
repair incorrect copies of a gene to restore functionality.
This approach is viable for short segment deletions,
insertions, and single nucleotide polymorphism mutations.

Compared to post-natal gene therapy, the timing of
IUGT has several distinct advantages with regard to
targeting developmental components of disease processes,
the hypo-immune state of the fetus, and access to stem-cell
populations. For diseases with a developmental component
to the disease phenotype (as described above for LSD, some
hemoglobinopathies and cystic fibrosis), gene therapy and
correction could take effect prior to the onset of irreversible
damage to the developing fetus (25). Another consideration
is the hypo-immune state of the fetus. Exploration of
adenoviral vectors and adeno-associated viral (AAV)
vectors for the postnatal treatment of Duchenne muscular
dystrophy have exhibited toxicity attributable to immune
responses (26). Initial postnatal human clinical trials of
AAV vectors were also noted to elicit responses in both
the innate and adaptive immune systems (27,28). Several
strategies have been developed to mitigate this immune
response. Alterations to the capsid composition, negative
selection, and routes of delivery have increased the efficacy
of AAV vectors in spite of the host immune system (29).
However, shifting the timetable of treatment to in utero may
obviate the necessity of these strategies as evidence suggests
the nascent fetal immune system develops tolerance to
transduced material (25,30-34). Murine models confirm
this assertion with an observed increase in engraftment
of HSC in immunodeficient mice when compared to
immunocompetent mice (25,35,36).

Another distinct advantage to IUGT is the ability to
access special populations of cells —specifically stem cells,
that are often nascent or inaccessible postnatally (37). To
establish sustained expression, IUGT allows for access to
stem cell populations within the developing fetus that are
generally inaccessible during postnatal life. The progeny
of these stem cells divides rapidly iz utero and potentiate
gene therapy, providing long-term benefits. One aspect
that controls specificity of IUGT is vector composition and
chemistry. Differences in vectors impart different tropisms
for certain cell populations and tissues (25). Due to anatomic
features and massive migration and proliferation of fetal
stem cell populations, these cells are more susceptible to
IUGT and relatively difficult to target after birth (38,39).
A related advantage of IUGT is that due to the small
size of the fetus treatment is also more efficient because
the effective dose per stem cell is dramatically improved
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compared to postnatally (40).

Delivering gene therapy reagents to the fetus is possible
from a technical standpoint in animal models and clinically.
Paralleling our ability to detect genetic abnormalities, our
ability to provide treatments iz utero has advanced. With
high-quality ultrasound and technical expertise, delivery
of IUGT has become more precise (25,40). Endo er al.
described intraamniotic injections as a viable route for
delivery of gene therapy, targeting populations of stem cells
in both the eye and skin in murine and large animal models
(41,42). Direct intramuscular and intraperitoneal injection
has also demonstrated efficacy in IUGT deliverance with
long-term transgene expression (43,44). Alternatively,
intravascular injection into uterine vessels, portal vessels, or
yolk sac vessels has demonstrated effective systemic delivery
of viral vectors and gene editing reagents in animal models
(30,32,40,45). Transitioning to humans, ultrasound-guided
umbilical vein access has been the route for fetal transfusion
demonstrating feasibility of access for systemic IUGT (46).

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/tp-20-89).

Gene replacement

Gene replacement focuses on delivery of vectors to specific
cell populations to help rectify cellular dysfunction caused
by absent or deficient gene products. The vectors that
deliver the transgenes can be classified as insertional and
non-insertional. Lentiviral vectors have utility as insertional
gene replacement vectors (Figure 1) (47,48). A notable
example of gene replacement using lentiviral vectors is the
transduction of HSCs to treat blood dyscrasias in small
postnatal clinical trials (49,50). However, in this particular
instance, transduction of HSCs occurred ex vivo and HSCs
were subsequently re-implanted into the host. While
illustrative of gene replacement as a viable strategy, these
lentiviral transductions of HSCs occurred in postnatal life
subsequent to the timetable for IUGT. There remains
a significant body of preclinical work in animal studies
demonstrating the propagation of transgene expression
after lentiviral transduction of stem cell populations,
signifying potential therapeutic applications (38,41,42,44).
A disadvantage of insertional viral vectors is the risk of
developing malignancies from insertional mutagenesis of
tumor suppressor genes (51).

Similarly, adenoviral and AAV vectors have been studied
as non-insertional gene replacement solutions. Both have
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demonstrated efficacy in treating disease models in both
small and large animal models. Tran er /. demonstrated
stable expression of a reporter gene following in utero
transduction of sheep (45). Mattar et al., applying AAV
vectors, achieved expression of human recombinant Factor
IX in non-human primates that was both sustained and
clinically-relevant (30,32). Perhaps the strongest evidence
for AAV utilization in gene therapy rests in clinical trials
demonstrating efficacy in alleviating hemophilia B and
A (52,53). However, these trials were small, conducted in
adult men, and no long-term safety conclusions could be
definitively drawn from these studies. Adenoviral vectors
have been utilized in several clinical trials due to their high
transgene expression and tropism for tissues that are prone to
adenoviral infection (54). However, limitations exist secondary to
hepatotoxicity mediated by cellular immunity (54). Additionally,
a notable disadvantage of any viral vector mediated gene
replacement strategy is that the gene product is under the
control of a non-native promoter sequence that could result
in over-expression in an undesired tissue type or under-
expression due to silencing.

Gene replacement therapy delivered postnatally overall
has low transduction of stem cell populations and low
levels of transduction efficiency after systemic delivery. For
clotting factor deficiencies such as hemophilia, achieving 1%
of the normal level of factor provides therapeutic benefit.
However, for diseases like hemoglobinopathies and cystic
fibrosis, where 10-25% of normal protein levels are needed,
greater levels of expression are needed for clinical benefit.

Gene editing

An alternative strategy to gene replacement is gene editing,
which can be achieved by endogenous or exogenous
nucleases. Gene editing strategies that utilize exogenous
nucleases include: zinc-finger nucleases (ZFNs), transcription
activator-like effector nucleases (TALENSs), and CRISPR-
Cas9 systems. These modalities either inactivate deleterious
genes, correct dysfunctional genes, or alter transcription
modifiers to achieve their desired effects. Following cell
transduction, nucleases target specific sites to induce double
or single stranded breaks in host DNA. Disruption of the
host DNA then stimulates the host repair mechanisms to
either perform non-homologous end joining, inactivating
gene loci through small insertion and deletion (indel)
mutations, or homologous recombination with donor DNA.
ZFNs have been used since the 1990s for nuclease-
mediated editing in transduced cells. This method couples
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the Fokl endonuclease with a zinc finger domain to target
specific sites on host DNA (55). However, each specific gene
locus requires a unique construction of a ZFN making each
endeavor costly and complex. ZFNs have also demonstrated
off-target effects, reflecting a degree of promiscuity in
its recognition of nucleotide triplets (55-58). Seeking to
improve the efficiency and specificity of genome targeting,
both TALENs and CRISPR-Cas systems were developed.
Their construction and targeting efficiency catapulted these
methods forward for genome editing in both plants and
animal models (55). The TALEN system is derived from
TALE proteins, discovered in Xanthomonas, which enable
binding to specific bases predicted by two critical amino
acids within a region of tandem repeats (56). This has
made TALENSs an attractive modality over ZFNs because
it allows researchers to create nucleases specific to certain
sequences by altering of the amino acid residues of artificial
TALE proteins. Similar to ZFNs, TALENs must dimerize
and bind in opposing orientation prior to nuclease activity.
In contrast to ZFNs and TALENs, CRISPR-Cas9 functions
by providing a non-coding guide RNA in association with
Cas protein which has nuclease activity (Figure 2).

Peptide nucleic acids (PNAs), first described Nielsen
et al. in 1991, represent a novel system for gene editing
in the absence of exogenous nucleases, with resistance to
degradation by endogenous proteases and nucleases (59).
PNAs induce gene editing by forming a triple helical
structure with a specific DNA target, which signals for
endogenous repair mechanisms to mobilize and utilize
supplied donor DNA as a template for correction of genetic
mutations (Figure 3). Because of the specificity of PNA
binding and use of the cell’s own repair mechanisms instead
of exogenous nucleases, there are reduced off-target editing,
making this method an attractive therapy for systemic
clinical therapy (60). Though the backbone of PNA is
neutral, its ability to infiltrate cells is limited. Several
mechanisms have been proposed including conjugation of
PNA to cell-penetrating peptides, but these mechanisms
have only demonstrated efficacy in vitro. A solution to
this problem was realized when these PNA/DNA agents
were loaded into in nanoparticles, which enables systemic
delivery and intracellular delivery to their targets (61).

Progress in fetal gene therapy

Significant progress has been achieved over decades of
basic and translational research for the use of gene therapy.
In vitro and in vivo studies have demonstrated postnatal
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clinical efficacy and therapies for beta thalassemia, SMA,
and an autosomal recessive form of blindness have received
formal FDA approval. Rare diseases with no prior treatment
options are now experiencing breakthroughs in therapeutic
possibilities, with greater than 800 gene therapy programs
currently available (62). Therefore, further clinical trials
and therapeutic developments are already on their way.
Research continues to improve the safety and efficacy of
viral vectors, nuclease editing, non-nuclease editing, and
combined modalities.

There have been several proof of concept studies
demonstrating feasibility of gene replacement therapy in
preclinical animal models (some using reporter proteins
and others using therapeutic gene products). Rahim et a/.
described sustained expression of a reporter gene in
neural cells following transduction with AAV2/9 in
prenatal mice (63). In primates, Binny er 4/ utilized
AAVS to alleviate congenital Factor VII deficiency in an
attempt to prevent early postnatal hemorrhage. The study
demonstrated amplification of Factor VII expression follow
re-administration of the vector in postnatal life without
associated toxicity (64).

Lentiviral vectors have been another popular modality
for delivering gene therapy. Small clinical trials in humans
have shown potential clinical applications for Wiskott-
Aldrich syndrome and metachromatic leukodystrophy;
however, long-term safety data remains elusive postnatally
(49,50). Another candidate disease being approached via
lentiviral vector is Wilson’s disease. Roybal ez al. alleviated
the complete absence of ATP7B in a knockout murine
model with ITUGT (65). Studies of IUGT with lentiviral
vectors continue to elucidate the timing and route of
delivery as it relates to the safety and efficacy of the therapy
(41,42).

In recent years there has been progress in testing gene
editing strategies in fetal animals. The ability to edit the
genome has increased with the advent of CRISPR-Cas9
systems and PNAs. These modalities are ideally suited
to target monogenic disorders with small mutations
and rely on creating double- or single-stranded breaks
to induce endogenous repair mechanisms. Substantial
progress has been made with CRISPR-Cas9 in diseases
such as hemoglobinopathies and metabolic disorders.
The focus of current CRISPR-Cas9 research has been
stable delivery of therapeutics to stem cell population
where rapid proliferation and gene editing will produce
sustained responses postnatally (40). Recently, editing of
human HSC ex vivo by Wu et 4l. allowed for engraftment
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of corrected human HSC to immunodeficient mice with
subsequent alleviation in sickling and an upregulation
of fetal hemoglobin (16). Additionally, CRISPR-Cas9
has also been used by Lillegard ez 4/. to perform ex vivo
editing in hepatocytes to treat hereditary tyrosinemia in
postnatal mice (66). Transitioning to IUGT, Rossidis et al.
demonstrated rescue of a lethal phenotype of hereditary
tyrosinemia I by adenoviral vector delivery of CRISPR-
Cas9 in mice (67).

Two major obstacles for effective IUGT are transducing
cells of interest followed by effective and specific gene
editing or transgene expression. Packaging PNA/DNA into
nanoparticles is another example of combined modality
that allows the penetration of specific stem cell populations
with active gene editing mechanics. This has been shown to
produce thousand-fold increases in gene editing iz vivo and
in vitro in contrast to naked oligonucleotides (68). In murine
models, PNA/DNA packaged into biodegradable polymeric
nanoparticles and delivered systemically to the fetus resulted
in correction of the beta thalassemia phenotype postnatally
and conferred survival advantages over untreated mice.
In this study, Ricciardi er a/. performed IUGT and were
able to access the HSCs to correct dysfunction beta globin
genes. Again, this proof of concept study demonstrates the
importance of delivering gene therapy in the fetal time
period (69).

Future direction and ethical considerations

While IUGT represents a spectrum of exciting therapeutic
strategies with curative potential for a range of monogenic
disorders, it also comes with a number of ethical
considerations. In 2000, the NIH Recombinant DNA
Advisory Committee (RAC) issued an executive summary
for the research and clinical implementation of IUGT. This
position paper established a recommended code of conduct
for preclinical and clinical work in gene therapy (70).
Further research into optimization of vectors, improvement
to accuracy of editing, and reduction of off-target effects
will increase the safety and efficacy of existing gene
therapies. Although, not applicable in all cases, gene therapy
should proceed in larger animal studies to further confirm
their safety and efficacy prior to initiation of clinical phase 1
and 2 trials.

One of the most devastating consequences of premature
initiation of gene therapies was evidenced by the death
of Jesse Gelsinger, who died of overwhelming immune
response to an experimental adenoviral vector (71). Arising
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from this tragic case were several ethical concerns. The
safety and efficacy data for gene therapy needed to convey
accurate data to patients regarding any potential toxicities.
This will ensure that any consent obtained from patients is
truly informed. Equally important, researchers must also
accurately evaluate the expected harm that may befall a
patient. If the risks of harm to a patient are higher than the
perceived benefit than regardless of informed consent, the
therapy should not proceed. For certain disease processes,
arguments can be made that premature fetal death is
inevitable without treatment further blurring the line
between risks and benefits.

Both the scientific and ethical considerations for IUGT
extend beyond the prenatal period into postnatal life.
Patient advocacy groups will become increasingly important
to bridge the divide between researchers and patients.
Researchers and patient advocacy groups should continue
to monitor patients well into postnatal life to observe an
untoward effect of therapy and promptly make any safety
concerns apparent. Part of examining the safety of these
therapies, researchers should establish that therapy does
not transduce germline stem cells or cause unintended
oncogenesis. Several studies have demonstrated that
low levels of germline transmission is possible following
retroviral gene transfer (72,73). While little is known
regarding germline effects, the RAC has concluded that
germline integration should be avoided (70). In smaller animal
models, the retroviral vectors have demonstrated a series of
off-target effects that have resulted in tumorigenesis (51).
These effects will be important to monitor in postnatal life
following therapy.

Conclusions

Gene therapy provides a range of exciting therapeutic
strategies for tackling a number of devastating difficult
genetic conditions, many of which have limited or
nonexistent postnatal treatments. Application in utero
provides distinct advantages over postnatal treatment,
but inherently walks the line between disease severity and
medical ethics. Research will continue to advance this
modality, testing its safety and efficacy on larger animal
models and eventually humans. However, it is essential for
both patient advocacy groups and researchers to remember
that these therapies aim to alleviate disease burden and
improve patient quality of life. The balance between
scientific progress and patient care must err on the side
of patients lest we repeat the tragic lessons of early gene
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therapy trials. While some diseases, such as hemophilia A
or Wilson’s disease, have postnatal treatments available,
many monogenetic disorders will rely on advances in
IUGT for the development of less costly and more efficient
therapeutics.
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