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Abstract
Recent studies indicate that the dual-specificity tyrosine phosphorylated-regulated kinase 1A
(DYRK1A) gene, which is located on chromosome 21q22.2 and is overexpressed in Down
syndrome (DS), may play a significant role in developmental brain defects and in early-onset
neurodegeneration, neuronal loss and dementia in DS. Identification of hundreds of genes
deregulated by DYRK1A overexpression, and numerous cytosolic, cytoskeletal and nuclear
proteins, including transcription factors, phosphorylated by DYRK1A, indicates that DYRK1A
overexpression is central for deregulation of multiple pathways in the developing and aging DS
brain, with structural and functional alterations including mental retardation and dementia.
DYRK1A overexpression in DS brains may contribute to early-onset neurofibrillary degeneration
directly through hyperphosphorylation of tau and indirectly through phosphorylation of alternative
splicing factor (ASF), leading to an imbalance between 3R-tau and 4R-tau. The severalfold
increases in the number of DYRK1A-positive and 3R-tau–positive neurofibrillary tangles in DS
support this hypothesis. Moreover, the enhanced phosphorylation of amyloid precursor protein
(APP) by overexpressed DYRK1A facilitates amyloidogenic APP cleavage elevating Aβ40 and 42
levels, and leading to brain β-amyloidosis. Therefore, inhibiting Dyrk1A activity in DS may serve
to counteract the phenotypic effects of its overexpression and is a potential method of treatment of
developmental defects and prevention of age-associated neurodegeneration, including Alzheimer
type pathology.
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Introduction
The minibrain (mnb) gene mutation has been identified as a cause of abnormal brain
development, of deficits of postembryonic neurogenesis and of reduced numbers of neurons
in Drosophila. In addition to the proliferative deficits, the mnb mutation causes
neurodegeneration, which is considered a consequence of the lack of sufficient cell-cell
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contacts required for the maintenance of Drosophila optic lobe neurons [1]. The broad
spectrum of abnormalities caused by the mnb gene mutation in Drosophila suggests multiple
biological functions of the kinase encoded by this gene.

The human orthologue of the Drosophila mnb gene, named DYRK1A (dual-specificity
tyrosine phosphorylation-regulated kinase 1A) [2], is mapped to human chromosome
21q22.2 [3], a region of the chromosome implicated in Down syndrome (DS). DS, caused
by partial or complete trisomy of chromosome 21, is the most common chromosomal
disorder associated with abnormal brain development, including reduced size of the brain
and number of neurons, smaller neurons, and reduced dendritic tree, contributing to mental
retardation [4]. Trisomy of chromosome 21 also results in early aging, which is manifested
in the third decade of life, and early onset of Alzheimer-type pathology, such as
neurofibrillary degeneration, β-amyloidosis and neuronal loss, affecting almost all DS
subjects who are older than 40 years of age [5,6].

DYRK1A has multiple biological functions that are reflected in its interactions with
numerous cytoskeletal, synaptic and nuclear proteins, including transcription and splicing
factors [7,8]. The accompanying review by Tejedor and Hämmerle [9] characterizes
DYRK1A as regulator of a broad spectrum of neurodevelopmental mechanisms. The
identification of 239 genes that are deregulated by overexpressed DYRK1A through the
REST/NRSF chromatin remodeling complex suggests a central role of this kinase in brain
pathology [10]. Expression of DYRK1A in neurons during fetal and postnatal life, as well as
in neurons of adults and aged subjects, suggests that regulated DYRK1A expression is a
component of neuron development, maturation and aging [11].

DYRK1A−/− mice embryos present significant growth delay, with body size reduced by
25% to 50%, and die between E10.5 and E13.5. Reduced postnatal viability, with a loss of
29% of DYRK1A+/− mice during the first 3 days of life, reduced body weight, brain size
and total number of neurons, indicate that DYRK1A plays a vital role in cellular
mechanisms that determine body and brain growth and development [12].

Recent studies of DS brains indicate that overexpression of DYRK1A, due to the third copy
of DYRK1A, not only causes developmental defects with life-long structural and functional
consequences, but also contributes to neurodegeneration, neuronal death and loss of
function. The mechanisms and potential therapeutic effects of selective inhibition of
overexpressed DYRK1A are reviewed by Becker and Sippl [13].

DYRK1A distribution
The pattern of DYRK1A distribution in human brain is brain region–, cell type–, and
subcellular compartment–specific. In control brains, the level of DYRK1A is almost
identical in the frontal, temporal and occipital cortices (17–18 ng/mg of total proteins). In all
examined subregions of brains of DS subjects, the level of DYRK1A is higher than in
control brains, but with an increase that varies topographically from 25 ng/mg in the frontal
cortex, 21 ng/mg in the temporal cortex, 20 ng/mg in the occipital cortex, to only 15 ng/mg
in the cerebellar cortex [14]. Striking brain structure–specific and neuron type–specific
differences in the distribution of DYRK1A detected by immunocytochemistry (Fig. 1)
indicate that the role of DYRK1A in development, maturation, aging and degeneration may
vary in different brain structures and with the types of neurons [11].

DYRK1A contains a bipartite nucleus targeting sequence [2], and the overexpressed
exogenous DYRK1A has largely been found in the nucleus [15]. In contrast to the expected
prevalence of endogenous DYRK1A in the nuclear fraction, in the human brain, only 12%
of brain DYRK1A is detected in the nucleus; 78% is associated with an insoluble
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cytoskeletal fraction, and 10% with a soluble cytoplasmic fraction [16]. A similar type of
DYRK1A subcellular distribution was also observed in rat [17] and mouse [18] brains. The
difference in phosphorylation of DYRK1A in cell compartments indicates that intracellular
trafficking of DYRK1A may be regulated by DYRK1A phosphorylation [16]. This pattern
of subcellular distribution is in agreement with immunocytochemical staining of DYRK1A
in neurons (Fig. 1) and is also consistent with reports demonstrating that DYRK1A
phosphorylates numerous substrates in the cytosol, cytoskeleton, synapses and nucleus [8].
Therefore, the overexpression of DYRK1A in DS and other disorders may produce brain
region–, cell type–, and cell compartment–specific changes, altering brain development,
maturation and susceptibility to neurodegeneration.

Abnormal expression of DYRK1A in neurodegenerative diseases
Increased DYRK1A immunoreactivity has been reported in the cytoplasm and nuclei of
scattered neurons of the entorhinal cortex, hippocampus and neocortex in neurodegenerative
diseases associated with tau phosphorylation, including AD, DS and Pick disease [19]. The
percentage of neurons with increased DYRK1A immunoreactivity showed significant
differences across individuals and brain structures. The percentage of DYRK1A-positive
nuclei in the frontal cortex was only 0.5% in controls, 10% in AD and 5% in Pick disease.
The percentage of DYRK1A-positive nuclei in the dentate gyrus granule layer, which was
determined to be 0.5% in control subjects and AD, increases to 60% in Pick disease [19].
Significant changes in DYRK1A expression during development and due to disease indicate
that structure-specific, age-associated and disease-associated factors modify the amount and
distribution of DYRK1A. Several studies suggest that the cytoplasmic and nuclear level of
DYRK1A is cell type–specific [11,19,20] and that local levels of overexpressed DYRK1A
might be a factor co-determining cell susceptibility to age/AD-associated neurofibrillary
degeneration in DS [20–22].

The role of DYRK1A in tauopathies
An initial in vitro study revealed that DYRK1A phosphorylates human microtubule-
associated protein tau at Thr-212 [23], but the list of phosphorylation sites has since been
expanded to 11, including Thr-181, Ser-199, Ser-202, Thr-205, Thr-212, Thr-217, Thr-231,
Ser-396, Ser-400, Ser-404 and Ser-422 [21]. The majority of the DYRK1A-mediated
phosphorylation sites of tau are significantly hyperphosphorylated in the DS brain. Gene-
dosage-related increases in DYRK1A levels in DS appear to be the major factor
distinguishing the pattern and consequences of tau protein hyperphosphorylation in DS and
in sporadic AD [21]. DYRK1A-induced phosphorylation of tau reduces the biological
activity of tau protein and promotes tau self-aggregation and fibrillization. The abnormal tau
phosphorylation causes the loss of tau biological function, resulting in reduced activity to
stimulate microtubule assembly [21,24]. Moreover, hyperphosphorylated tau gains
pathological properties, resulting in sequestration of normal tau and other microtubule-
associated proteins. Self-aggregation of tau leads to paired helical filament formation,
neurofibrillary degeneration and neuron death. DYRK-mediated tau phosphorylation primes
further tau phosphorylation at Ser-199, Ser-202, Thr-205 and Ser-208 with GSK-3β [21,23].
Phosphorylation of tau by both DYRK1A and GSK-3β enhances both self-aggregation and
fibril formation in vitro [21,24]. The link between overexpression of DYRK1A and tau
phosphorylation is also detected in Ts65Dn mice, a mouse model of DS trisomy that carries
an additional copy of the distal segment of murine chromosome 16, including the DYRK1A
gene [25]. These mice reveal 1.5-fold greater expression and activity of DYRK1A, and
increased tau protein phosphorylation [21].
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The direct evidence of the contribution of overexpressed DYRK1A to neurofibrillary
degeneration in DS is a several-fold greater number of DYRK1A-positive NFTs in the
brains of people with DS/AD than in the brains of people with sporadic AD (Fig. 2) [20].
DYRK1A phosphorylates tau protein at the sites that are phosphorylated in AD. In NFTs,
tau protein is phosphorylated by several protein kinases, including GSK-3β, cyclin-
dependent kinase5 (CDK5), c-Jun N-terminal kinase (JNK), extracellular signal–regulated
kinases1/2 (ERK1/2) and p38 mitogen–activated protein kinases at more than 30
phosphorylation sites [26–31]. Several kinases in their activated forms co-localize with
NFTs in AD, including ERK2 [32], microtubule-affinity–regulating kinase [33], GSK-3β
[34], CDK5 [35], Cdc2-related kinase [36] and casein kinase 1δ [37]. DYRK1A not only
phosphorylates tau protein but also colocalizes with NFTs. The presence of DYRK1A-
positive NFTs in all subjects with DS/AD but in only 60% of people diagnosed with
sporadic AD suggests a link between DYRK1A overexpression in DS and neurofibrillary
degeneration. The presence of DYRK1A-positive NFTs in all NFT-positive subjects with
DS who are 38–51 years of age indicates that DYRK1A contributes to the early onset of
neurofibrillary degeneration. The increase with age in the percentage of DYRK1A-positive
NFTs up to 100% in some subjects from 58–67 years of age, reflects the increasing
contribution of DYRK1A with age to the progression of neurofibrillary degeneration in DS
subjects. However, in sporadic AD, the percentage of DYRK1A-positive NFTs does not
change with age or disease duration. Striking differences in the detection of intracellular
NFTs with antibody G-19 (Santa Cruz Biotech.) in the majority of NFTs, the reaction with
antisera X1079 (Exalpha Biologicals) and 324446 (EMD4Bioscience) in only 10% of G-19–
positive NFTs, and the lack of reaction of NFTs with antibody 7F3 indicate that epitopes
detected with these antibodies against DYRK1A are masked in complexes of DYRK1A with
tau and potentially with other proteins [20].

Neuropathological and molecular studies indicate that overexpressed nuclear DYRK1A
contributes to modification of the alternative splicing of tau and neurofibrillary
degeneration. DYRK1A phosphorylates the alternative splicing factor (ASF), mainly at
Ser-227, Ser-234 and Ser-238. The phosphorylation of these three sites is neither catalyzed
by the three other known ASF kinases (SRPK1, SRPK2, and Clk/Sty [22]) nor modulated by
DNA topoisomerase I [38].

ASF binds to a polypurine enhancer of exonic splicing enhancer located at tau exon 10
(E10) and promotes the inclusion of E10 in the mRNA driving 4R-tau synthesis [39,40].
Phosphorylation regulates the trafficking and function of ASF. Phosphorylation of ASF by
DYRK1A drives this factor to nuclear speckles, the site of storage of inactivated serine/
arginine–rich proteins including ASF. This mechanism prevents ASF from facilitating tau
E10 inclusion and up-regulates the expression of 3R-tau [22]. Equal levels of 3R- and 4R-
tau are critical for optimal neuron function [41]. The predominance of 3R-tau results in the
tauopathy observed in Pick disease, whereas the predominance of 4R-tau causes tau
pathology and neuronal loss in progressive supranuclear palsy and corticobasal degeneration
[42]. Phosphorylation of ASF by overexpressed DYRK1A is considered the foundation for
the approximately four-fold increase of 3R-tau in DS. The increase in the level of free 3R-
tau available for abnormal hyperphosphorylation contributes to alterations of cell
cytoskeleton and neurofibrillary degeneration in DS [22]. Immunohistochemically, several-
fold more 3R-tau–positive NFTs are seen in DS brain than in AD brain (Fig. 2), further
supporting the contribution of DYRK1A to neurofibrillary degeneration in DS.

Application of 2D-gel electrophoresis demonstrates that the pattern of ASF phosphorylation
is different in subjects with DS/AD than in sporadic AD or control subjects. The direct
evidence of the prevalence of 3R-tau in DS/AD is a several-fold increase in the number of
3R-tau–positive NFTs in the entorhinal cortex, hippocampus, amygdala and neocortex of
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DS/AD subjects in comparison to sporadic AD subjects. Differences between neuron-type–
specific patterns of DYRK1A nuclear expression and the rather uniform distribution of ASF
suggest that the elevated ratio of nuclear DYRK1A to ASF is a risk factor determining
neuron-type susceptibility to neurofibrillary degeneration [43].

In DS, DYRK1A overexpression appears to be the cause of gene-dosage–dependent
modifications of several mechanisms that contribute to the early onset of neurofibrillary
degeneration, including DYRK1A phosphorylation of tau protein at 11 sites [21,23,44]; the
DYRK1A-stimulated, several-fold increase in the rate of tau protein phosphorylation by
GSK-3β [21,44]; the several-fold increase in the number of DYRK1A-positive NFTs in the
brains of people with DS/AD [18]; phosphorylation of ASF, leading to alternative splicing
of E10; and the several-fold greater number of 3R-tau–positive NFTs in the brains of people
with DS/AD than in sporadic AD [22,43].

Neurofibrillary degeneration is the leading cause of neuronal death and dementia in DS/AD
and AD. The multi-pathway involvement of DYRK1A in neurofibrillary degeneration
indicates that therapeutic inhibition of overexpressed DYRK1A activity to control levels
may delay the age of onset and inhibit the progression of neurodegeneration in DS.

Contribution of overexpressed DYRK1A to amyloidosis-β in DS
A broad spectrum of developmental and age-associated changes in people with DS is
considered a result of the overexpression of genes localized on chromosome 21. The extra
copy of the gene encoding APP located on chromosome 21 appears to be the main cause of
the early onset of brain amyloidosis-β in people with DS. Overexpression of APP has been
associated with an increase in Aβ 42 levels in the brains of fetuses with trisomy of
chromosome 21 [45], the development of diffuse Aβ-positive plaques in approximately 50%
of individuals with DS younger than 30 years of age [46,47], Alzheimer-type pathology in
the majority of DS subjects older than 40 years of age [47] and an elevated risk of AD-
associated dementia [48,49].

Experimental studies suggest that overexpression of DYRK1A could be a primary risk
factor contributing to the enhancement of both β-amyloidosis and neurofibrillary
degeneration. Various kinases phosphorylate the APP cytosolic domain, including GSK-3β
[50], Cdc2 kinase [51], CDK5 [52] and JNK3 [53]. Recent studies by Ryoo et al. [54]
revealed that DYRK1A phosphorylates APP at Thr-668 in vitro and in mammalian cells.
The increase of DYRK1A concentration is associated with increased APP phosphorylation
at Thr-668 and colocalization of DYRK1A and APP in cytosol [54]. Elevated levels of
phospho-APP are observed in AD, particularly in the hippocampus [55]. The
phosphorylation of APP at Thr-668 may facilitate cleavage of APP by BACE1 [55] and γ-
secretase [55,56] and enhance the production of Aβ. Elevated Aβ 40 and Aβ42 production
by 160% and 17%, respectively, detected in the hippocampus of DYRK1A transgenic mice,
suggests that DYRK1A overexpression promotes APP cleavage and Aβ production [54].
Accumulation of toxic, soluble Aβ oligomers inhibits many critical neuronal activities,
including long-term potentiation, leading to memory deficit. Recent studies strongly support
the hypothesis that soluble Aβ oligomers contribute to dementia in AD [57]. Increased
expression of DYRK1A mRNA in the hippocampus of AD patients and in vitro stimulation
by Aβ of DYRK1A mRNA expression in neuroblastoma cells [58] indicate that DYRK1A
and Aβ may positively feedback and accelerate Aβ production.

In DS, three copies of the APP and DYRK1A genes result in increased APP and DYRK1A
mRNAs [59,60] and increased levels of DYRK1A and APP by 50% and 55%, respectively
[54]. The increase of phospho-APP in DS brains by 82% and 23% after normalization to the
levels of actin and APP, respectively, suggests that elevations of DYRK1A and APP may
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give rise to brain amyloidosis in DS through DYRK1A-mediated phosphorylation of APP
[54]. Elevated Aβ levels could subsequently increase expression of the DYRK1A gene and
enhance hyperphosphorylation of tau [21,44,54,58]. These observations reveal a potential
regulatory link between DYRK1A and APP proteolytic cleavage, enhanced levels of Aβ up-
regulating DYRK1A mRNA expression, and the cascades of events associated with
DYRK1A overexpression.

The role of DYRK1A in α-synucleinopathies and other forms of
neurodegeneration

Several reports have indicated that DYRK1A can contribute to other forms of degeneration,
including α-synuclein aggregation and fibrillization in Lewy bodies (LBs), granulovacuolar
degeneration (GVD) in the hippocampal pyramidal neurons, and neuronal and astrocyte
degeneration with DYRK1A-positive corpora amylacea deposition in aging, AD and DS/AD
and other diseases.

Dyrk1A phosphorylates α-synuclein at Ser-87, enhances cytoplasmic aggregate formation
and potentiates α-synuclein pro-apoptotic effects [61]. α-synuclein–positive LBs and
neuritic processes frequently occur in DS brains with AD phenotypes [62]. DYRK1A
phosphorylates and binds α-synuclein [61] and SEPT4 [63], and complexes of these three
proteins may contribute to the cytoplasmic aggregation/fibrillization observed in Parkinson
disease (PD), Lewy body dementia and multiple-system atrophy [64,65]. SEPT4 has been
detected in NFTs, neuropil threads and dystrophic neurites in amyloid plaques in AD [66].
Binding of DYRK1A to SEPT4 and the presence of SEPT4 and DYRK1A in NFTs and
Lewy bodies suggest that the DYRK1A/SEPT4 tandem may play a significant role in both
tauopathies and α-synucleinopathies.

GVD is observed in neurons in the majority of normal aged subjects, and their number
increases in persons with AD [67] and DS [68]. The granular component of vacuoles reacts
with antibodies to tubulin [69], abnormally phosphorylated tau [70] and GSK-3β [34,35] as
well as to ubiquitin [71]. The presence of DYRK1A immunoreactivity in granules in
neurons with GVD detected with C-terminal antibodies (X1079 and 324446) and the lack of
reactivity with antibodies against the N-terminus (7F3 and G-19) may indicate that only N-
terminally truncated products of DYRK1A contribute to GVD or are selectively
accumulated in these granules [20].

The strong immunoreactivity of the corpora amylacea with antibodies detecting the amino
and carboxyl terminal portions of DYRK1A, including 7F3, G-19, X1079 and 324446,
suggests that DYRK1A is involved in this common form of neuron and astrocyte
degeneration and the early onset of these changes in DS [20]. Strong diffuse or granular
immunoreactivity in the cytoplasm of almost all astrocytes in areas with massive astrocyte
degeneration with corpora amylacea formation suggests the link between the cytoplasmic
overexpression of DYRK1A and the risk of astrocyte degeneration in aging, DS and AD.

Concluding remarks
For decades, the molecular mechanisms of DS developmental abnormalities, mental
retardation and early onset of Alzheimer’s-type pathology remained elusive. Recent studies
indicate that the overexpression of DYRK1A contributes to an early onset of neurofibrillary
degeneration, amyloidosis-β, neuronal loss and dementia in DS (Fig. 3). The progress that
has been made in the identification of overexpressed DYRK1A as a factor involved in a
broad spectrum of molecular, functional and structural modifications underlying the DS
phenotypes offers a rationale for the design of new preventive and therapeutic treatments of
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DS. One may hypothesize that the inhibition of excessive activity of DYRK1A may result in
cytoplasmic and nuclear pathways of the prevention/delay of several forms of
neurodegeneration. A few potent DYRK1A inhibitors have been described [12,72,73].
Among inhibitors, epigallocatechin 3-gallate (EGCG), the major polyphenolic flavonoid in
tea, has recently emerged as a candidate for therapeutic or prophylactic applications. EGCG
could rescue the synaptic plasticity deficiency of Ts65Dn mice [74]. EGCG and related
catechins were also successfully applied to treat the learning deficits associated with
DYRK1A transgenic mice [75]. Furthermore, EGCG has been shown to modulate APP
processing, which subsequently leads to the reduction of Aβ production and cerebral
amyloidosis in APP transgenic mice [76]. Potentially, selective inhibition of over-expressed
DYRK1A in DS could prevent/reduce some developmental defects, including intellectual
deficits, as well as delay/reduce Alzheimer-type pathology and dementia.
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Abbreviations

AD Alzheimer disease

Aβ amyloid-β peptide

APP amyloid precursor protein

ASF alternative splicing factor

CDK5 cyclin-dependent kinase 5

DS Down syndrome

DYRK1A dual-specificity tyrosine phosphorylation-regulated kinase 1A

E10 exon 10

ERK1/2 extracellular signal-regulated kinases 1/2

GSK-3β glycogen synthase kinase 3β

GVD granulovacuolar degeneration

JNK c-Jun N-terminal kinase

LB Lewy bodies

Mnb Minibrain gene

NFTs neurofibrillary tangles

SEPT4 Septin 4
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Fig. 1.
DYRK1A distribution in DS. DYRK1A immunolabelling with mAb 7F3 in the
hippocampus of a 56-year-old DS subject illustrates sector- and layer-specific differences in
the distribution of DYRK1A in neurons and neuronal processes in CA1-4 and the dentate
gyrus (DG) (a). The most intensive reaction is observed in CA1 pyramidal neurons in bodies
and apical dendrites (b, c). High magnification of neuron shows immunoreactivity in the
nucleus, cytoplasm and synapses in the CA4 sector (d). Immunoreactivity in cortex is
weaker than in hippocampus and is more prominent in pyramidal than granule neurons (e, f).
In DS, regionally astrocytes show strong diffuse cell body immunoreactivity (temporal lobe;
g). DYRK1A immunoreactivity in the corpora amylacea in the dentate gyrus (h) reflects
DYRK1A contribution to astrocytes and neuronal degeneration.
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Fig. 2.
Prevalence of 3R tau-positive NFTs in DS. The several-fold more DYRK1A-positive NFTs
in DS (a) than in AD (b), and the several-fold more 3R tau–positive NFTs in DS (c) than in
AD (d) are direct evidence of the enhanced contribution of DYRK1A to neurofibrillary
degeneration in DS.
The figure illustrates changes in sector CA1 of a 54-year-old DS male (a and c) and an 84-
year-old male (b and d), both diagnosed with severe AD.
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Fig. 3.
Contribution of overexpressed DYRK1A to β-amyloidosis and neurofibrillary degeneration
in DS. Gene-dose elevation of DYRK1A expression associated with trisomy 21 could lead
to the activation of two pathways contributing to neurofibrillary degeneration and one
contributing to brain β-amyloidosis. DYRK1A phosphorylates tau at 11 sites, including
Thr212; primes tau phosphorylation by GSK-3β; promotes tau aggregation into NFTs and
the several-fold increase in the number of DYRK1A-positive NFTs. Phosphorylation of
ASF by nuclear DYRK1A increases the level of 3R tau, leading to an imbalance in the 3R/
4R-tau ratio and triggering neurofibrillary degeneration with a several-fold increase of 3R-
tau–positive NFTs. Both cytoplasmic and nuclear pathways contribute to neurofibrillary
degeneration, loss of neuron function, and neuronal death.
DYRK1A phosphorylates APP at Thr688 and enhances APP amyloidogenic cleavage,
resulting in increased level of Aβ40/42, formation of toxic Aβ oligomers and deposition of
fibrillar amyloid in plaques. Brain amyloidosis contributes to loss of neuronal function and
possibly also to neuronal loss. Moreover, elevated levels of Aβ may up-regulate DYRK1A
expression and enhance the contribution of overexpressed DYRK1A to neurofibrillary
degeneration and β-amyloidosis.

Wegiel et al. Page 15

FEBS J. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


