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Accepted on: 16/04/2023 impossible to treat several inherited genetic disorders using conventional
pharmacological methods. Gene therapy is a promising alternate approach for treating
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often too late for effective treatment. But in several of these cases, neonatal gene
therapy appears potentially useful against inherited disorders that are not obviously
treatable through any other methods. Application of gene therapy to treat genetic and
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may be more successful in newborns than in older children or adults. The presence of
umbilical cord blood from newborns provides a unique and susceptible target for the
genetic modification of hematopoietic stem cells. In our first trial of gene therapy in
newborns, we inserted a normal adenosine deaminase gene into umbilical cord blood
cells of three neonates with a congenital inunune deficiency. The trial demonstrated the
successful transduction and engraftment of stem cells, which continue to contribute to
leukocyte production more than 3 years later. A similar approach may be taken to
insert genes that inhibit replication of H1V-I into umbifical cord blood cells of H1V-1-
infected neonates. Many other metabolic and infectious disorders could be treated by
gene therapy during the neonatal period if prenatal diagnoses are made and the
appropriate techmcal and regulatory requirements have been met. This review
describes the strategy for neonatal gene therapy for inherited disorders and presents
preclinical neonatal gene therapy.
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INTRODUCTION the use of neonatal gene therapy in the treatment of
inherited disorders and presents preclinical neonatal gene
therapy data for two inherited disorders, metachromatic
leukodystrophy (MLD) and hypophosphatasia (HPP).
We also discuss the utility, advantages, problems and the
potential of neonatal gene therapeutic approaches for the
treatment of inherited disorders.* ©

Although there have been significant advances in
neonatal intensive care medicine, several neonatal
disorders remain major causes of mortality and
morbidity. Consequently, there is an urgent need for
development of new safe and effective therapies to
improve the outcomes of these intractable and
devastating neonatal disorders. Gene therapy is an
exciting and promising approach to treat many diseases
for which there are still no effective therapies. To date,
more than 2400 clinical trials of gene therapy protocols
have been attempted in effort to treat various genetic
diseases as well as many types of cancers and infectious
diseases. The results of preclinical studies suggest that
neonatal gene therapies represent potentially effective
treatments for currently intractable neonatal disorders.
However, although neonatal gene therapies have several
advantages over similar therapies used in adult patients,
there is as yet no clinical protocol for use of gene therapy
in newborn infants. This chapter describes a strategy for

Advantages of gene therapy in newborns

The neonatal period may provide an optimal time for
gene therapy. By intervening against dis- eases early in
life, it may be possible to completely prevent the
development of symptoms. For example, in the
lysosomal storage diseases, subjects are essentially
nonnal at birth.[" Maternal enzyme can act in the fetus to
eliminate substrate accumulation during prenatal life.
After birth, substrate accumulation begins and the signs
and symptoms of the disease progressively develop over
the first few years of life. Effective gene therapy shortly
after birth would prevent the development of clinical
problems. Complications of the disease that develop later
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in life may hinder the effectiveness of gene therapy. For

example, the accumulation of abnormal, thick mucus in

the bronchial tree of patients with cystic fibrosis (CF)2
may hinder gene delivery by a transbronchial approach.

Newborns with CF have not yet suffered repeated

episodes of infection, and thus their airways may be

more conducive to gene dispersion. The relatively
smaller size of neonates also makes the logistics of
performing gene therapy simpler, since the absolute
amount of gene vector needed is likely to be significantly
less than would be needed to treat children or adults.

Also, the large amount of growth a newborn will

ultimately undergo may result in an am- plification of the

genetically modified cells.

e May prevent development of signs and symptoms of
some diseases.

e Disease manifestations may not be present to
interfere with gene delivery.

e Many tissues have higher percentage of proliferating
cells, increasing transduction frequency by retroviral
vectors.

e Small body sizes decreases vector needs. Rapid
future growth amplifies transduced cell numbers.

Systemic gene transfer to neonates has several
advantages over treatment of the adults. First, as
mentioned above, neonatal gene therapy has the potential
to overcome the limitation imposed by the BBB on
treating genetic disorders of the CNS. Because the BBB
is developmentally immature during the perinatal period,
AAV-mediated neonatal gene therapy is a highly
promising strategy for treating genetic neurological
diseases. Second, because the immune system is
immature, neonates are immunologically tolerant of the
transgene and/or viral vector. Immune rejection of the
transgene product by neutralizing antibodies is a severe
problem for gene therapy in adults. Third, treatment
administered soon after birth may enable prevention of
early-onset genetic disease. Finally, neonates can be
effectively treated with a smaller amount of viral vector
than adults. Using smaller amounts of viral vector is
superior with respect to both safety and cost. Taken
together, these advantages make systemic neonatal gene
therapy a promising method for treating systemic genetic
diseases.

Umbiucal cord blood cells for gene therapy of
newborns

Some unique aspects of neonatal physiology may make
the newborn infant a more effective target for gene
therapy. A prime example is the hematopoietic stem cells
present in umbilical cord blood. Hematopoietic stem
cells, i.e., cells capable of giving rise to the entire
spectrum of mature hematopoietic and lymphoid cells,
are the target of gene therapy for a variety of
hematologic and immunologic disorders.™™ However,
the vast majority of stem cells in adult bone marrow is in
a quiescent, noncycling state and therefore is not
susceptible to transduction with Moloney munne
leukemia virus-based retroviral vectors. The umbilical
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cord blood of neonates provides a unique alternative to
bone marrow as a source of hematopoietic stem cells. At
birth, a large portion of the neonatal blood volume is
circulating through the vessels of the placenta for oxygen
and nutrient exchange with the maternal circulation.
After clamping of the umbilical cord, this portion of the
neonatal hematopoietic cells remains in the placenta and
typically is discarded. Studies over the past decade have
shown that um- bilical cord blood can be collected from
the placenta and used as an alternative source of
hematopoietic stem cells for allogeneic
transplantation.?*™®! Indeed, the use of umbilical cord
blood for transplantation has been growing rapidly.
Although the relative merits of allogeneic umbilical cord
blood compared to allogeneic bone marrow as a source
of hematopoietic stem cells are not fully determined,
initial results indicate that umbilical cord blood causes a
lower rate of graft vs. host disease. Of direct relevance to
gene therapy, data suggest that a larger fraction of
putative stem cells in umbilical cord blood are in active
cycle than those found in adult bone marrow.™ Thus,
retroviral vector-mediated gene transfer into umbilical
cord blood cells may vyield a higher percentage of
transduced stem cells than with bone marrow. Most
considerations of performing gene therapy using
hematopoietic stem cells (either from bone marrow or
umbilical cord blood) have focused on the correction of
autologous cells. In fact, the ability to perform
transplantation with a patient’s own cells is the key
theoretic advantage of gene therapy over allogeneic bone
marrow transplant, avoiding the immunologic problems
of graft rejection and graft vs. host disease. However,
there are some settings where gene transduction of
allogeneic cells may also be useful. Cells could be
engineered by gene insertion to overexpress therapeutic
proteins, such as coagulation factors, lysosomal
enzymes, adenosine deaminase, etc., or to be resistant to
either infectious agents or chemotherapy-induced
myelosuppression. Here, the higher transduction
efficiency and lower incidence of graft vs. host dis- ease
mediated by umbilical cord blood may make it the
preferred cell target over bone marrow. This approach
could then be used with children and adults who are not
likely to have access to their own umbilical cord blood.
Other neonatal tissues may also have a greater
proliferative fraction than their childhood and adult
counterpart, thus allowing for more effective gene
therapy. Among the organs that undergo significant
postnatal growth involving cellular proliferation are the
liver, lungs, and central nervous system.

Adeno-associated virus-mediated gene transfer to
neonate

The first application of gene therapy for newborns was
performed by our gfroup at Childrens Hospital Los
Angeles in 1993."% Three infants were diagnosed
prenatally as having adenosine deaminase (ADA)
deficiency, a genetic cause of severe com- bined immune
deficiency (SCID). All three children came from families
with children who had already been affected; therefore,

ISO 9001:2015 Certified Journal | 19



Megha et al.

amniocenteses were performed during the pregnancy and
identified ADA deficiency. The prenatal diagnosis
allowed implementation of gene therapy in the neonatal
period for these patients. In the 3 months that elapsed
between the diagnoses and the birth of the infants, the
first clinical gene therapy protocol, which involved
treatment of ADA deficiency by gene insertion into
peripheral blood T Ilymphocytes by Drs. Blaese,
Anderson, and Culver,™ was amended for the use of
umbilical cord blood cells as the target for gene transfer.
Approval was obtained from the relevant institutional
review boards, the National Institutes of Health (NIH)
Recombinant DNA Advisory Committee, and the Food
and Drug Administration to use the same retroviral
vector supernatant preparations that had been certified
for use in the NIH trial of T cell-directed gene therapy.
The vector used was the LASN vector constructed by Dr.
Dusty Miller at the Fred Hutchinson Cancer Research
Center.™ LASN carries a normal human ADA cDNA
under transcriptional control of the Molony murine
leukemia virus LTR, as well as the bacterial neomycin
resistance gene under control of an SV40 promoter. At
birth, umbilical cord blood was collected from each of
the three infants. Between 3 and 18 million cells bearing
the CD34 stem/progenitor cell antigen were isolated
using the CellPro Ceprate column. The CD34 cells were
incubated for 3 days in medium supplemented with the
growth factors interleukin-3, interleukin-6, and c-kit
ligand (stem cell factor). LASN retroviral vector
supernatant was added on days 1, 2, and 3 of culture. At
the end of culture, when it had been determined that the
samples were free of microbial contamination, the cells
were extensively washed and infused intravenously into
each neonate on day 4 of life. In vitro analyses of the
transduced cell showed that between 12 and 20% of the
CD34 cells that grew as CFU-GM colonies were G418-
resistant. The infants were started on enzyme
replacement therapy within a few days of birth, with
twice-weekly intramuscular injections of polyethylene
glycol-conjugated bovine adenosine deaminase (PEG-
ADA). Within a few weeks of the institution of PEG-
ADA therapy, the patients’ lymphopenia improved and
they developed blastogenic responses to the nitrogen,
phytohemagglutinin (PHA).

The infants were immunized with tetanus toxoid at
approximately 6 months of age and developed tetanus-
specific blastogenic responses. To the present time (3
years after birth), the patients have continued to receive
PEGADA therapy and have shown normal growth and
development. The major measurement of gene
transduction of hematopoietic stem cells has been
analysis of peripheral blood leukocytes to determine the
frequency of cells containing the LASN vector. We have
observed the stable presence of mature granulocytes,
monocytes, and B and T lymphocytes containing the
gene. However, the frequency of gene-containing cells
has been quite low, in the range of 1 gene-containing cell
per 3,000-10,000. This frequency is in accord with
theoretic expectations from a low percentage of stem
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cells transduced, followed by further dilution from the
endogenous, nonablated marrow. The continued presence
of these cells for more than 3 years after a single
transplantation demonstrates that some of the cells
transduced from the neonatal umbilical cord blood are
long-lived stem cells capable of sustained hematopoiesis.

It will be necessary in future studies to determine
whether there is a higher rate of transduction and
engraftment using umbilical cord blood from neonates
vs. what is achieved in children or adults using bone
marrow or mobilized peripheral blood stem cells. ADA-
deficient SCID has been one of the primary disease
candidates for gene therapy because it is ex- pected that
genetically corrected T lymphocytes would have a
selective survival advantage and accu- mulate to levels
that might be therapeutic. This ex- pectation was based
on previous observations of patients with SCID who
underwent allogeneic bone marrow transplant and in
whom the engraftment of undetectable numbers of donor
marrow cells re- sulted in the development of a complete
immune  system.'¥!  Recently, two reports have
documented cases of spontaneous remission of SCID
(one due to ADA deficiency and one of the X-linked
form) due to the reversion to normal of the disease-
causing mutations.'*?% From these cases, it appears that
even a single genetically normal T lymphoid precur- sor
can produce sufficient numbers of T lymphocytes under
the selective pressure of these diseases to re- store
normal immunity. It is likely that exogenous enzyme
replacement therapy may blunt the selective advantage
that the progeny of genetically corrected hematopoietic
stem cells expressing ADA would have. Therefore,
approximately 1 years after the gene therapy was
performed, the dosages of PEG-ADA received by all the
patients were reduced. Subsequent to the dosage re-
duction, we have seen a marked increase in the
frequency of gene-containing T lymphocytes to 1-10%.
The frequencies of transduced cells in the other
hematopoietic lineages have not increased, since they do
not have a selective advantage from expressing ADA.
The patients are still on reduced dosages of enzyme
replacement therapy; therefore, it is not possible to say
whether they have received any immunologic benefit
from the gene transduction. However, the selective
advantage of genetically corrected cells in SCID patients
has been clearly demonstrated.”!! It is likely that a
similar selective advantage would be seen for genetically
corrected cells in patients with other forms of SCID as
well as  Wiskott-Aldrich ~ syndrome,  X-linked
agammaglobulinemia, and Fanconi’s anemia. All of
these diseases should be prime targets for gene therapy
when the relevant genes are cloned and their biology is
sufficiently understood.

Gene therapy for hilt-i infection in newborns

Whereas the initial diseases considered for gene therapy
were inherited monogenic disorders, more re- cently
attention has turned to applying gene therapy to common
noninherited diseases. One condition that has received
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considerable attention is HIV-1 infection, the cause of
AIDS.[22% A variety of synthetic genes (e.g., antisense,
ribozymes, dominant negative mutants, intracellular
antibodies) have been developed that are capable of
rendering cells resistant to HIV-1 infection and/or
replication. Theoretically, inserting these genes into a
patient’s hematopoietic and lymphoid cells could result
in the development of an immune system resistant to the
cytopathic effects of HW-1. Our group and others.*2!
have shown that insertion of these “antiHIV-1" genes
into CD34 hematopoietic cells leads to resistance to
HIV-1 replication in the monocytic cells grown from the
progenitor cells. Clinical trials are being initiated to
examine the effects of genetically modifying
hematopoietic stem cells to become resistant to HIV-1.
Although most initial studies will use either bone
marrow or G-CSF-mobilized peripheral blood from
adults or older children, it is possible that gene therapy
could be instituted using umbilical cord blood from HIV-
in fected neonates. The use of cord blood from HIV-1-
infected neonates has potential benefits in addition to the
more effective transduction of um- bilical cord blood vs.
bone marrow. Since most HIV1 transmission occurs
perinatally, the umbilical cord blood cells should contain
a sufficient number of normal hematopoietic stem cells
for gene transduction, which may be diminished in the
bone marrow of HIV-1-infected children and adults.[?®!
The development of mature, functional T lymphocytes
from transduced stem cells is likely to require normal
thymic function. It is known that thymic function is
greatest in newborns and declines with age, so that by the
second decade of life thymic function is significantly
reduced.”’? Also, HIV-1 infection itself has been
reported to degrade thymic function. Therefore, stem
cell-directed gene therapy in HIV-1- infected newborns
is likely to have the greatest possibility of producing a
broad T lymphocyte repertoire because of the presence
of a young, functional thymus. One logistic difficulty in
using umbilical cord blood to treat HIV-1-infected
children is the unpredictable likelihood of HIV-1
infection developing in an infant born to an HIV-1-
infected mother. Landmark studies have shown that the
rate of maternal to infant HIV transmission can be
reduced to as low as 10% by treating the mother with
antiretroviral agents.” 1t would not be reasonable to
perform gene therapy in all infants born to HIV-1-
infected mothers if only 1 of 10 is actually infected.
Observation for 1 to 3 months after birth is required
before it can be determined whether an infant has
become infected with HIV-1. Thus, to perform a clinical
trial of gene therapy, the umbilical cord blood needs to
be collected from infants born to FIIV-1-infected
mothers and cryopreserved until the infection status of
the infant can be definitively assessed. When an infant is
documented to be infected by HIV-1, their own cord
blood specimen can be thawed, transduced, and infused.
This approach necessitates the establishment of umbilical
cord blood banks for cryopreservation of blood from a
large group of HIV-1- exposed infants.
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Among the numerous viral and nonviral vectors that
have been developed to deliver genes of interest into
target cells, adeno-associated virus (AAV) vector has
emerged as a particularly promising tool for gene
delivery, thanks to its safety (AAV is not pathogenic)
and its ability to transduce nondividing cells.*? AAV
vector serotypes (mainly 1-12), depending on the
target.®"! results after intravenous injection into neonatal
mice of AAV vector serotypes, harboring the luciferase
gene. Expression of luciferase is detected within 3 days
and continued for more than 16 weeks with no decrease
in expression.®? Serotype 9 mediated the highest
expression during the observation period. In addition,
using an AAV vector encoding green fluorescent protein
(GFP), determined that the organs most efficiently
transduced are the liver, heart and muscle.?®! Moreover,
although transduction efficiency was not as high, the
central nervous system (CNS) was also transduced after
intravenous injection of AAV vector, which apparently
passes through the blood-brain barrier (BBB).2 in
neonatal mice.*® Thus, a systemically administered
AAYV vector is able to transduce several important target
organs in neonatal mice, including the CNS, and mediate
expression of a gene of interest for a prolonged period of
time. %6381
Neonatal  gene metachromatic
leukodystrophy

Metachromatic  leukodystrophy is an inherited,
autosomal recessive lysosomal storage disease (LSD)
caused by a deficiency in the lysosomal enzyme
arylsulfatase A (ASA), which catalyzes the degradation
of galactosyl-3-sulfate ceramide (sulfatide (Sulf)), a
major myelin  sphingolipid.®¥ This disease is
characterized by myelin degeneration, mainly in
the CNS, and clinically by progressive motor and mental
deterioration that is ultimately lethal. Therefore,
the major target organ for treatment of this disease is the
CNS, and the aim is to arrest or reverse the progression
of the neurological symptoms. A major obstacle,
however, is the BBB, which limits delivery of
systemically administered therapeutic molecules to the
brain.*% 1t is therefore hoped that systemic
administration of an AAV vector harboring ASA during
the neonatal period would be useful for treating the CNS.
We previously showed that a single systemic injection of
AAYV vector encoding human ASA (AAV/hASA) into
neonatal ASA knockout (MLD) mice results in the wide
distribution of ASA in the brain and correction of the
biochemical and neurological phenotypes.] A single
systemic injection of AAV/hASA enables transduction
of the CNS in neonates but not in adults. Efficient hASA
expression was detected in the brain of AAV/hASA
treated at the neonatal period of MLD mice. PCR
analysis confirmed that AAV vector genome was
observed only in neonatal-treated MLD mice. Moreover,
sustained expression of hASA in plasma was detected for
at least 30 weeks after intravenous injection into neonatal
MLD mice, while only transient increase in plasma
hASA was obtained when injected into either adult MLD

therapy  for
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mice or wild-type C57BI/6 mice. Vector injection into
adult NOD-SCID mice led to sustained secretion of
hASA into the circulation, suggesting that immune
responses to hASA are a major hurdle for successful
gene therapy in immunocompetent adult MLD mice. It
thus appears that the systemic injection of AAV vector
during the neonatal period is a potentially useful means
of treating neurological disorders.

Neonatal gene therapy for hypophosphatasia
Hypophosphatasia is an inherited disease caused by a
deficiency of tissue-nonspecific alkaline phosphatase
(TNALP)."2 The major symptom of human HPP is
hypomineralization, rickets or osteomalacia, although the
clinical severity is highly variable. Patients with infantile
HPP may appear normal at birth but gradually develop
rickets before reaching 6 months of age. Neonatal gene
therapy is a promising strategy for treating infantile HPP
by preventing early onset. We have shown that the
phenotype of TNALP knockout mice,”¥ which mimics
the severe infantile form of HPP, can be prevented by a
single neonatal injection of AAV vector encoding
bone-targeted TNALP in which a deca-aspartate tail is
linked to the C-terminus of soluble TNALP
(AAV/TNALP-D10). Sustained expression of TNALP
and phenotypic correction of TNALP knockout mice
were observed following the neonatal gene therapy."
X-ray analysis showed that treated TNALP knockout
mice grow as well as normal wild-type mice.

Problems of neonatal gene therapy

There are several problems that must be overcome before
neonatal gene therapies can be used in humans. First,
safety concern must be addressed, as there is the
possibility of tumor development and of germ-line
transmission. It was reported that liver and lung cancers
appeared in some mice treated using AAV-mediated
neonatal gene therapy.**®! In addition, differences in
developmental stages of organs in mice and humans may
be another problem. The immune system in mice is less
mature at birth than that in larger animals, and the human
BBB is functionally mature before birth. It is therefore
not clear whether the same beneficial effect of neonatal
gene therapy seen in mice would be achieved in human
infants. These problems must be overcome before there
can be clinical trials of neonatal gene therapy.!*’*%!

Summary and future developments

We have shown that AAV-mediated gene transfer in
neonatal mice has characteristics that could potentially
overcome the problems encountered with current gene
therapy protocols. Although no active trials have been
planned, other metabolic disorders exist in which early
intervention is likely to provide benefits for the subjects
including urea cycle defects, lysosomal storage diseases,
cystic fibrosis, muscular dystrophy, and other
neurodegenerative disorders. As the technology advances
for more effective gene therapy, it is likely that these dis-
eases will be targeted in the neonatal period. It re- mains
to be seen whether gene therapy will provide better
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treatments for these diseases than those that currently
exist. However, before applying neonatal gene transfer to
humans, several important issues must be addressed. In
particular, the safety of neonatal gene transfer must be
carefully evaluated using large animal models, including
nonhuman primates. Nonetheless, because of its
advantages over gene therapies used to treat genetic
disorders in adults, safe and effective neonatal gene
therapy has the potential to be an invaluable method for
treating genetic diseases.

REFERENCES

1. Cantero G, Liu XB, Mervis RF, Lazaro MT,
Cederbaum SD, Golshani P, Lipshutz GS. Rescue of
the functional alterations of motor cortical circuits in
arginase deficiency by neonatal gene therapy. The
Journal of Neuroscience, 2016; 36(25): 6680-6690.

2. Heldermon CD, Qin EY, Ohlemiller KK, Herzog
ED, Brown JR, Vogler C, Hou W, Orrock JL,
Crawford BE, Sands MS. Disease correction by
combined neonatal intracranial AAV and systemic
lentiviral gene therapy in Sanfilippo syndrome type
B mice. Gene Therapy, 2013; 20(9): 913-921.

3. lijima O, Miyake K, Watanabe A, Miyake N,
Igarashi T, Kanokoda C, Nakamura-Takahashi A,
Kinoshita H, Noguchi T, Abe S, Narisawa S, Millan
JL, Okada T, Shimada T. Prevention of lethal
murine hypophosphatasia by neonatal ex vivo gene
therapy using lentivirally transduced bone marrow
cells. Human Gene Therapy, 2015; 26(12): 801-812.

4. Lattanzi A, Salvagno C, Maderna C, Benedicenti F,
Morena F, Kulik W, Naldini L, Montini E, Martino
S, Gritti A Therapeutic benefit  of
lentiviral-mediated neonatal intracerebral gene
therapy in a mouse model of globoid cell
leukodystrophy. Human Molecular Genetics, 2014;
23(12): 3250-3268.

5. Mearini G, Stimpel D, Geertz B, Weinberger F,
Kramer E, Schlossarek S, Mourot-Filiatre J, Stoehr
A, Dutsch A, Wijnker PJ, Braren I, Katus HA,
Muller OJ, Voit T, Eschenhagen T, Carrier L.
Mybpc3 gene therapy for neonatal cardiomyopathy
enables long-term disease prevention in mice.
Nature Communications, 2014; 5: 5515.

6. Xing EM, Wu S, Ponder KP. The effect of Tlr4
and/or C3 deficiency and of neonatal gene therapy
on skeletal disease in mucopolysaccharidosis VII
mice. Molecular Genetics and Metabolism, 2015;
114(2): 209-216.

7. Neufeld, E. F. Lysosomal storage diseases. Annu.
Rev. Biochem, 1991; 60; 257-280.

8. Hinderer C, Bell P, Louboutin JP, Katz N, Zhu Y,
Lin G, Choa R, Bagel J, O’Donnell P, Fitzgerald
CA, Langan T, Wang P, Casal ML, Haskins ME,
Wilson JM. Neonatal tolerance induction enables
accurate evaluation of gene therapy for MPS | in a
canine model. Molecular Genetics and Metabolism,
2016; 119(1-2): 124-130.

9. Hinderer C, Bell P, Louboutin JP, Zhu Y, Yu H, Lin
G, Choa R, Gurda BL, Bagel J, O’Donnell P, Sikora

ISO 9001:2015 Certified Journal | 22



Megha et al.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

Volume 7, Issue 5. 2023 |

T, Ruane T, Wang P, Tarantal AF, Casal ML,
Haskins ME, Wilson JM. Neonatal systemic AAV
induces tolerance to CNS gene therapy in MPS |
dogs and nonhuman primates. Molecular Therapy,
2015; 23(8): 1298-1307.

Hu C, Lipshutz GS. AAV-based neonatal gene
therapy for hemophilia A: Long-term correction and
avoidance of immune responses in mice. Gene
Therapy, 2012; 19(12): 1166-1176.

Purohit A, Jain S, Nema P, Jain DK, Vishwakarma
H, Jain PK. a comprehensive review on tailoring an
herbal approach for treatment of poly cystic ovarian
syndrome. Asian Journal of Dental and Health
Sciences, 2(1): 27-32.

Wagner,J. E, Kernan, N. A, Steinbuch, M,
Broxmeyer, H. E., and Gluckman, E. Allogeneic
sibling  umbilical-cord-blood transplantation in
children with malignant and non-malignant disease.
Lancet, 1995; 346: 214-219.

Kurtzberg, J., Laughlin, M., Graham, M. L., Smith,
C., Olson, J. F., Halperin, E. C., and Ciocci G.
Carrier C, Stevens CE, and Rubenstein P. Placental
blood as a source of hematopoietic stem cells for
transplantation into unrelated recipients. N. Engl.J.
Med, 1996; 335: 157-166.

Hao, Q. L., Shah, AJ. Thiemann, F. T.,
Smogoriewska, E. M., and Crooks, G. M. A
functional comparison of CD34CD38 cells in cord
blood and bone marrow. Btood, 1995; 86: 3745-
3753.

Kohn, D. B., Weinberg, K. I., Nolta,J. A., Heiss, L.
N., Lenarsky, C., Crooks, G. M., Hanley, M. E.,
Annett, G., Brooks, J. S., EIKhoureiy, A., Lawrence,
K., Wells, S., Shaw, K., Moen, R. C., Bastian,J.,
Williams-Herman, D. E., Elder, M., Wara, D.,
Bowen, T., Hershfield, M. S., Mullen, C. A., Blaese,
R. M., and Parkman, R. Engraftment of gene-
modified cells from umbilical cord blood in
neonates with adenosine deaminase deficiency.
Nature Med, 1995; 1: 1017-1026.

Blaese, R. M., Culver K. W., Miller A. D., Carter C.
S., Fleisher, T., Clerici, M., Shearer, G., Chang, L.,
Chiang, Y., Tolstochev, P., GreenblattJ.J.,
Rosenberg, S. A., Klein, H., Berger, M., Mullen. C.
A., Ramsey, W.J., Muul, L., Morgan, R. A., and
Anderson, W. F. T Ilymphocyte-directed gene
therapy for ADASCID: Initial trial results after 4
years. Science, 1995; 270: 475-480.

Hock, R. A., Miller, A. D., and Osborne, W. R.
Expression of human adenosine deaminase from
various strong promoters after gene transfer into
human hematopoietic cell lines. Blood, 1989; 74:
876-88.

Parkman, R. The application of bone marrow
transplantation to the treatment of genetic diseases.
Science, 1986; 232: 1373- 1378.

Hirschhorn, R., Yang, D. R., Puck, J. M., Hiue, M.
L., Jiang, C. K., and Kurlandsky, L. E. Spontaneous
in vivo rever- sion to normal of an inherited

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

International Journal of Modern Pharmaceutical Research

mutation in a patient with adenosine deaminase
deficiency. Nat. Genet., 1996; 13: 290-295.

Stephan, V., Wahn, V., Le Deist, F., Dirksen, U.,
Broker, B., Muller-Fleckenstein, 1., Horneff, G.,
Schroten, H., Fischer, A., and Dc Saint-Basile, G.
Atypical X-linked severe  com- bined
immunodeficiency due to possible spontaneous
reversion of the genetic defect in T cells. N. Engl.J.
Med, 1996; 335: 1563-1567.

Bordignon, C., Notarangelo, L. D., Nobili, N.,
Ferrari, G., Casorati, G., Panina, P., Mazzolan, E.,
Maggioni, D., Rossi, C., Servida, P. Ugazio. A. G.,
and Mavilio, F. Gene therapy in peripheral blood
lymphocytes and hone marrow for ADA-
iinmunodeficient patients. Seieiee, 1995; 270: 470-
475.

Gilboa, E., and Smith, C. Gene therapy for
infectious diseases: the AIDS model. Trends Genet,
1994; 10: 139-144.

Jain, S., Purohit, A., Nema, P., Vishwakarma, H.,
Qureshi, A., & kumar Jain, P. Pathways of Targeted
Therapy for Colorectal Cancer. Journal of Drug
Delivery and Therapeutics, 2022; 12(5): 217-221.
Yu, M., Ojwang,J., Yamada, 0., Hampel, A,
Rapapport, j., 1.00- ney, D., and Wong-Staal. F. A
hairpin rihozyme inhibits expression of diverse
strains of human imnmunodeficicncy virus type 1.
Proc. Natl. Acad. Sri. USA, 1993; 90: 6340-6344.
Bahner, I., Kearns, K., Hao, Q. L., Smogorzewska,
M., and Kohn, D. B. Transduction of human CD34
heinatopoietic progenitor cells by a retroviral vector
expressing an RRE decoy inhibits HIV-I replication
in the myelomonocytic cells produced in long-term
culture. /. Virol, 1996; 70: 4352-4360.

Kearns, K., Bahner, 1., Batter, G., Wei, S.F. Valdez,
P., Wheeler, S., Woods, L., Miller, R., Casciato, D.,
Galpin,J., Church,J., and Kohn, D. B. Suitability of
bone marrow from HIV-1-infected donors for
retroviral-mediated gene transfer. Human Gene
Ther, 1997; 8: 310-315.

Mackall, C. L., Fleisher. T. A., Brown, M. R.,
Andrich, M. P., Chen, C. C., Feuerstein, 1. M.,
Horowitz, M. E., Magrath, 1. ‘r., Shad, A. T.,
Steinberg, S. M. Wexler, 1. H., and Gress, R. E.
Age, thvmopoicsis, and CD4 T-lvmphocvte
regeneration after intensive chemotherapy. N.
Engl.J.Med, 1995; 332: 143-149.

Weinberg, K., Annett, G., Kashyap, A. 1.enarskyv,
C., Furman, SJ., and Parkman. R. The efkct of
thymic function on immunocompetence following
hone marrow transplantation. Biol.BloodMarrow
i’ranspl, 1995; 1: 18-23.

Connor, E. M., Sperling, R. S., Gelber, R., Kiseley,
P., Scott, C., O’Sullivan, M. J., VanDyke, R., Bey,
M., Shearer, W., Jacobson. R. L., Jimenez, E.,
O’Neill, E., Bazin, B., Delfraissy, j. F. Culnane, M.,
Coombs, R.. Elkins, M., Moye, J., Stratton, P., and
Balsley, J. (1994) Reduction of maternal-infant
transmission of human immunodeficiency virus type

1SO 9001:2015 Certified Journal 23



Megha et al.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Volume 7, Issue 5. 2023 |

| with zidovudine treatment. V Engl. J. Med. 331,
1173-1 180

Grieger JC, Samulski RJ. Adeno-associated virus
vectorology, manufacturing, and clinical
applications. Methods in Enzymology, 2012; 507:
229-254,

Skubis-Zegadlo J, Stachurska A, Malecki M.
Vectrology of adeno-associated viruses (AAV).
Medycyna Wieku Rozwojowego, 2013; 17(3): 202-
206.

Wright JF, Qu G, Tang C, Sommer JM.
Recombinant adeno-associated virus: Formulation
challenges and strategies for a gene therapy vector.
Current  Opinion in  Drug Discovery and
Development, 2003; 6(2): 174-178.

Nema P, Jain S, Vishwakarma H, Purohit A, Jain
PK. A complete review on aromatherapy: a
complementary alternative medication therapy with
recent trend. International Journal of Medical
Sciences and Pharma Research, 2021; 7(4): 1-7.
Gao GP, Alvira MR, Wang L, Calcedo R, Johnston
J, Wilson JM. Novel adeno-associated viruses from
rhesus monkeys as vectors for human gene therapy.
Proceedings of the National Academy of Sciences of
the United States of America, 2002; 99(18): 11854-
11859.

Miyake K, Miyake N, Yamazaki Y, Shimada T,
Hirai Y. Serotype-independent method of
recombinant adeno-associated virus (AAV) vector
production and purification. Journal of Nippon
Medical School, 2012; 79(6): 394-402.

Summerford C, Samulski RJ. AAVR: A
multi-serotype receptor for AAV. Molecular
Therapy, 2016; 24(4): 663-666.

Tajes M, RamosFernandez E, Wengliang X,
BoschMorato M, Guivernau B, Eraso Pichot A,
Salvador B, FernandezBusquets X, Roquer J, Munoz
FJ. The blood brain barrier: Structure, function and
therapeutic approaches to cross it. Molecular
Membrane Biology, 2014; 31(5): 152-167.

Miyake N, Miyake K, Yamamoto M, Hirai Y,
Shimada T. Global gene transfer into the CNS
across the BBB after neonatal systemic delivery of
single-stranded AAV vectors. Brain Research, 2011;
1389: 19-26.

Von Figura K, Gieselmann V, Jaeken J.
Metachromatic leukodystrophy. The Metabolic and
Molecular Bases of Inherited Disease. New York:
McGrawHill, 2001.

Miyake N, Miyake K, Asakawa N, Yamamoto M,
Shimada T. Long term correction of biochemical
and neurological abnormalities in MLD mice model
by neonatal systemic injection of an AAV serotype 9
vector. Gene Therapy, 2014; 21(4): 427-433.
Vishwakarma H, Thakur K, Purohit A, Jain S, Nema
P, Jain PK. A herbal approach for the treatment of
kidney stone. International Journal of Medical
Sciences and Pharma Research, 2022; 8(1): 1-9.
Whyte MP. Physiological role of alkaline
phosphatase explored in hypophosphatasia. Annals

43.

44,

45.

46.

47.

48.

International Journal of Modern Pharmaceutical Research

of the New York Academy of Sciences, 2010; 1192:
190-200.

Narisawa S, Frohlander N, Millan JL. Inactivation of
two mouse alkaline phosphatase genes and
establishment of a model of infantile
hypophosphatasia. Developmental Dynamics: An
Official Publication of the American Association of
Anatomists, 1997; 208(3): 432-446.

Narisawa S, Yadav MC, Millan JL. In vivo
overexpression  of  tissue-nonspecific  alkaline
phosphatase increases skeletal mineralization and
affects the phosphorylation status of osteopontin.
Journal of Bone and Mineral Research: The Official
Journal of the American Society for Bone and
Mineral Research, 2013; 28(7): 1587-1598.

Yadav MC, Simdo AM, Narisawa S, Huesa C,
McKee MD, Farquharson C, Millan JL. Loss of
skeletal mineralization by the simultaneous ablation
of PHOSPHOL1 and alkaline phosphatase function: a
unified model of the mechanisms of initiation of
skeletal calcification. Journal of Bone and Mineral
Research: The Official Journal of the American
Society for Bone and Mineral Research, 2011;
26(2): 286-297.

Matsumoto T, Miyake K, Yamamoto S, Orimo H,
Miyake N, Odagaki Y, Adachi K, lijima O,
Narisawa S, Millan JL, Fukunaga Y, Shimada T.
Rescue of severe infantile hypophosphatasia mice by
AAV-mediated sustained expression of soluble
alkaline phosphatase. Human Gene Therapy, 2011;
22(11): 1355-1364.

Chandler RJ, LaFave MC, Varshney GK, Burgess
SM, Venditti CP. Genotoxicity in mice following
AAV gene delivery: A safety concern for human
gene therapy? Molecular Therapy, 2016; 24(2): 198-
201.

Walia JS, Altaleb N, Bello A, Kruck C, LaFave MC,
Varshney GK, Burgess SM, Chowdhury B, Hurlbut
D, Hemming R, Kobinger GP, Triggs-Raine B.
Long-term correction of Sandhoff disease following
intravenous delivery of rAAV9 to mouse neonates.
Molecular Therapy, 2015; 23(3): 414-422.

1SO 9001:2015 Certified Journal 24



