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Abstract

Background: Patients having mutations of Pax6 bear phe-
notypes that match age-associated neurological disorders.
Mutations affect most cellular functions such as cell division,
growth, differentiation, and cell death in brain, eyes, pitu-
itary, pineal, and pancreas. The progressive reduction in the
level of Pax6 during aging has also been observed. However,
information about downstream targets of Pax6 in brain is
unclear. Therefore, it is presumed that age-dependent alter-
ations of Pax6 may also affect cascades of promoter se-
quence recognition in brain during aging. Purpose: This
study is aimed at studying the interaction of Pax6 with DNA
sequence elements to explore alteration in gene targets and
transcription networks of Pax6 in brain during aging.
Methods: Chromatin immunoprecipitation with anti-Pax6
using tissue extracts of brain from newborn, young, adult,
and old mice was done. Pulled DNA from brain was analysed
by gene-specific polymerase chain reaction (PCR). Amplified
PCR products were sequenced and analyzed. Results: Age-
associated alterations in binding to genetic sequence ele-
ments by Pax6 were observed. Promoter analysis predicts
genes involved in neuronal survival (Bdnf, Sparc), specificity
of astrocyte (51008, Gfap), cell-proliferation (Pcna), inflam-
mation and immune response (interferon-y, tumour necrosis
factor-a), management of oxidative stress (Sod, Cat), and hy-

poxia (Ldh). Conclusion: The Pax6 either directly or indirect-
ly binds to promoter sequences of genes essential forimmu-
nological surveillance and energy metabolism in brain that
alters during aging. ©2017 S. Karger AG, Basel

Introduction

The brain is considered as an immune-privileged or-
gan; however, the presence of lymphatic vessels in the
meningeal compartment of the brain supports the in-
volvement of peripheral lymphocytes in mediating brain
immunity [1]. Mostly microglia in brain maintain ho-
meostasis by secreting neurotrophic factors, but in case of
infection or inflammation, they secrete pro-inflammato-
ry cytokines (interferon [Ifn]-y, tumour necrosis factor
[Tnf]-a), ROS, or NO that induce neuronal damage, in-
filtration of lymphocytes, and secretion of anti-inflam-
matory cytokines transforming growth factor (TGF)-f
and interleukin-10 [2]. During aging, several genetic
switches alter, including paired box 6 genes or protein,
Pax6. The Pax6 has been considered a critical regulator
because its mutations lead to cognitive impairments, cer-
ebellar ataxia, absence of olfactory system and endocrine
pancreas, anophthalmia and nasal hypoplasia [3], pineal
hypoplasia [4], congenital hypopituitarism [5], nystag-
mus, impaired auditory processing and verbal working
memory, autism, and mental retardation [6-9]. The re-
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Fig. 1. Reduced level of Pax6, neural loss, glial activation, neuroin-
flamation or activation of glia, and neuronal loss in brain during
aging may directly or indirectly affect neuroinflammation and
immune response.

duced size of the corpus callosum and anterior commis-
sure, abnormalities of the cerebral cortex and cerebellum,
and absence of the pineal gland [7, 10-13] have also been
observed due to the mutation in Pax6. The age-associated
neuronal loss, glial activation [14, 15], alterations in as-
trocytes and microglia [16], infiltration of T-cells, re-
duced neurogenesis [17], and Pax6-positive cells in brain
[18] have also been reported. The Pax6-dependent regu-
lation of astrocyte-such as glial development [19] and
functions of Pax6 as a dual transcriptional activator and
repressor [20] have also been described recently. Since the
Pax6 has been found co-localised and interacting with
p53, TGF-B, Smad, Sparc, and Bdnf in brain, it is pre-
sumed that Pax6 may interact with genes of microglia
(Tmem119), astrocytes (S1008, Gfap), pro-inflammatory
cytokines (Ifn-y, Tnf-a), and anti-inflammatory cyto-
kines (Tgf-f) to regulate cascades of genes involved in
brain-specific immunity either directly or indirectly
(Fig. 1). Therefore, it has been intended to explore inter-
actions of Pax6 with sequence elements in the brain of
aging mice.

Methods

Maintenance of Animals
Albino mice of AKR strain were used for the experiments. Mice
were maintained at 25 + 2°C. They were fed upon standard mice
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feed in pellet form. Tap water was supplied. The life span of both
male and female mice is 75 + 5 weeks. Mice were maintained as per
the approved guidelines of Institutional Animal Ethical Commit-
tee. The male mice were used for experiments. Their age was post-
natal (P0), day 0; young (Y), 4 + 2 weeks; adult (A), 15 + 4 weeks;
and old (O), 70 + 5 weeks. The experiment was carried out 4 times
(n = 4) using the brain of one mice in each age group per experi-
ment.

Chromatin Immunoprecipitation

Chromatin immunoprecipitation (ChIP) was done using the ba-
sic method [21], with some modifications. The lysates of brain (ne-
onate, young, adult, old) was prepared in 30 mMm Tris-Cl (pH 7.4),
containing 1 mM EDTA, 250 mM sucrose, and 50 mM mannitol.
Cross linking and chromatin preparation from lysate was done by
1% formaldehyde. To stop the cross-linking reaction, 125 mM gly-
cine was used. Nuclear extract was collected by centrifugation at
10,000 g for 10 min. Nuclear lysis was performed in ChIP lysis buffer
containing 0.1% sodium deoxycholate, 1% triton x-100, 1 mM
EDTA (pH 8.0), 140 mMm NaCl, 50 mM HEPES-KOH (pH 7.5) fol-
lowed by sonication. The supernatant after sonication containing
chromatin was incubated for 4 h at 4°C for immunoprecipitation
with anti-Pax6 antibody (sc-11357, Santa-Cruz Biotech, USA). In
negative control, anti-human IgG (HPO-1, Genei) was used. After
centrifugation at 10,000 g, reverse linking was performed by adding
120 mM NaCland incubation at 65°C for 1 h. DNA obtained through
immunoprecipitation was purified through phenol: chloroform pu-
rification method. The pulled DNA was checked on 1% agarose gel.
The input DNA was obtained by reverse linking the chromatin pre-
pared without antibody incubation as described above.

Polymerase Chain Reaction Using Pulled DNA

The pattern of genes in pulled DNA was analysed using gene-
specific primers for Pcna, S1008, Gfap, Bdnf, Sparc, Sod, Cat, Ldh,
Ifn-y, Tnf-a, Tmem119 (Table 1). The polymerase chain reaction
(PCR)-amplified products were evaluated on 1% agarose gel.

Sequencing and Annotation of Sequencing

Sequences were analysed using Blat (http://genome.ucsc.edu/
cgi-bin/hgBlat) and annotation using neural network promoter
prediction  (http://www.fruitfly.org/seq_tools/promoter.html).
Predicted promoter sequences were analysed using Blastn (http://
blast.ncbi.nlm.nih.gov/Blast.cgi) and predicted genes using uni-
prot (http://www.uniprot.org/) and GeneCards (http://www.gen-
ecards.org/).

Results

Pax6 Shows Differential Binding to Promoter

Sequence Elements in Brain

The results suggest age-dependent alterations in bind-
ing of Pax6 with genetic sequence elements of Bdnf, Sparc,
Pcna, Ifn-y, Tnf-a, Sod, Cat, Ldh, Tmem119, S100p, and
Gfap (Fig. 2). The interaction of Pax6 with genetic se-
quence elements of Sod was found from young to old
brain, whereas Cat was observed in old brain and Ldh in
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Fig. 2. It shows the status of marker genes amplified from DNA obtained through the ChIP with anti-Pax6.

Table 1. List primer pairs for identification of genes after interaction of ChIP with anti-Pax6

Forward primer

=2

Reverse primer

H=2)

Pax6F GCATGCAGAACAGTCACAGCGGAG Pax6R CTGTTGCTTTTCGCTAGCCAGGTT
Tmem119F TCACCCAGAGCTGGTTCCATA TmemI1I9R GAGGTGTCCAGGCCTTCTTC
IFN-yF AGGAAGCGGAAAAGGAGTCG IFN-yR GGGTCACTGCAGCTCTGAAT
S100BF GAGGAGCACAGCCACACTTA S1008R CATTCCCCTCCTCTGTCCT

GfapF ACATCGAGATCGCCACCTAC GfapR TCACATCACCACGTCCTTGT
PcnaF GCACGTATATGCCGAGACCT PcnaR CAGTGGAGTGGCTTTTGTGA
SparcF CAAAGTGTCCACACCACCAC SparcR CATACGGCACAACCACACTC
TNF-oF ACGTGGAACTGGCAGAAGAG TNF-aR GGGGCTCTGAGGAGTAGACA
LdhF CGGCTCAACCTGGT LdhR TAGGCACTGTCCACCAC

SodF TGGGGACAATACACAAGGCTGT SodR TTTCCACCTTTGCCCAAGTCA
CatF CCTCCTCGTTCAGGATGTGGTT CatR CGAGGGTCACGAA CTGTGTCAG
BdnfF CCGAGGTTCGGCTCACACCG BdnfR GCCCCTGCAGCCTTCCTTGG

young and adult brain. The interaction of Pax6 with se-
quences of Bdnfwas observed in the brain of young to old
age group mice, while Sparc was observed in young and
adult brain, which seems to be strongly associated with
neuronal health. The Pax6 was observed interacting with
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sequences S100f from young to old age whereas Gfap was
recognised only in adult and old brain. The S1008 is
known to play a neuroprotective role in nanomolar con-
centration and leads to neurodegeneration when found in
micromolar concentration. The GFAP being an astrocyte

Maurya/Mishra



Promoter predictions from sequences for Pax6:

Promoter sequences

TGGAAGGGCACTCCCGTTTATACTGGGCTATTTTGCTTACAACTTCTGGA

ACTCCCGTTTATACTGGGCTATTTTGCTTACAACTTCTGGAGTCGCCACT

TGGATACCTGCAGAATTCGGGAAATGTCGCACGGCCGGGCCCCGCTGTGA

GTGAGCTAGCTCTACGATCTTCTGAAGGGTGGAGTCCGGCAGTGGCCGCC

GCCGGGTGGAGTCCGGCAGTGGCCGCCCGTTGACAAAGACACCACCAAGC

CAGTGGCCGCCCGTTGACAAAGACACCACCAAGCTGATTCACTCCGCTGT

Pcna:

Promoter sequence

ACAAACAAGTAATGTGGATAAAGAAGAGGAGGCGGTAGCCATAGAGATGA

GTAATGTGGATAAAGAAGAGGAGGCGGTAGCCATAGAGATGAATGAGCCT

ST00p:

Promoter sequence

Start | End Score
65 115 0.35
74 124 0.27
206 256 0.23
252 302 0.22
275 325 0.22
291 341 0.24
Promoter predictions for
Start | End Score
55 105 0.36
63 113 0.67
Promoter predictions for
) Start | End Score
Fig. 3. It shows the promoter sequence 63 113 018

analysis of genes amplified from DNA ob-

CAGGACCGAGAATCAAAATTCTGCTCGGCAGACTTCTCCTTTCAGGATGA

tained through ChIP with anti-Pax6.

activation marker indicates Pax6-mediated activation of
glial cells during aging. The interaction of Pax6 with se-
quences of Ifn-y and Tnf-« from neonate to old, and mi-
croglia-specific gene Tmem119 was observed from young
to old indicating association of Pax6 with brain-specific
immunity and immunological surveillance in brain.

Promoter Sequence Analysis in silico Indicates

Genes Associated with Energy Homeostasis and

Neurodegeneration

Sequencing of PCR products of Pax6 (KT3142180),
Pcna (KT 314220), and S100p3 (KT 314222) and analysis
indicates the presence of promoters (Fig. 3) in each se-
quence. Genomic BLAST suggests its presence on 5'-up-
stream and 3'-downstream of various genes of diverse bio-
logical functions including energy homeostasis, metabolic
activity, and immunity (Fig. 4). These promoters are found
to be present on the 5’-upstream of tyrosine protein kinase
Mer which transduces signals from the extracellular matrix
into the cytoplasm. It has been associated with macro-
phage clearance of apoptotic cells, inhibition of TLRs-me-
diated innate immune response by activating STATI,
which selectively induces the production of suppressors of
cytokine signalling SOCS1 and SOCS3. The protein kinase
C theta type mediates non-redundant functions in TCR
signalling, including T-cell activation, proliferation, sur-
vival by mediating activation of multiple transcription fac-
tors such as NF-kB, Jun, and NFATCI1. The retinoic acid
receptor and retinoid X receptor alpha downregulates

Effects of Pax6 Binding to Promoter
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TGF-B1 promoter and plays a major role in axon regen-
eration, during aging, cellular response to insulin, and in-
flammatory responses. The oxidative stress responsive ser-
ine rich protein maintains homeostasis by regulating the
immune system, cellular response to hydrogen peroxide,
and protein metabolism. The GATA3, transactivation en-
hances T cell receptor alpha and delta genes. It is required
for Th2 differentiation process following immune and in-
flammatory responses. The complement component, Cl1q
receptor (CD93), mediates the enhancement of phagocy-
tosis in monocytes and macrophages. The neuronal proto-
oncogene tyrosine protein kinase (Src) responds to ROS,
TGEF-p stimulus, and regulates innate immunity. The anti-
leukoproteinase (Slpi) modulates the innate immune re-
sponse after bacterial infection. It regulates the activation
of NF-kB and inflammatory response.

These promoters are also found on Presenilin-1
(Psenl) that regulates amyloid precursor protein (APP),
processing through their effects on gamma-secretase, an
enzyme that cleaves APP, Annexin A5, favourable mark-
ers of AD, restricted to glial cells, Pannexin-1, activates
innate immune cells of choroid plexus and involves in
cell-cell signalling, synaptic plasticity, neprilysin, abeta
degrading endopeptidase clears brain amyloid protein.
These promoter sequences also match to upstream of
genes, which regulate metabolic activities and maintain
energy homeostasis such as glutathione S-transferase
omega-1, carbonic anhydrase, glucose-6-phosphate
isomerase, phospholipase C 3, beta-1,3-N-acetylgalac-
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Fig. 4. Age-dependent alterations in bind-
ing of Pax6 to the promoter sequence ele-
ments of genes involved in immunological
surveillance, energy homeostasis, neural
development, and neurodegeneration in
brain.

Neural development

Immunological surveillance

Mertk, PKC theta
type, Gata3, Apl5,
Slpi, Prkpa, CD93,
Scr, Ifn-y, Tnf-c,
Tmem119

Neurodegeneration

Panx1, Psen-1,
Annexin-5, Nep,
Pcna, Bdnf, Sparc,
Gfap, S100B, Ldh,
Sod, Cat

Gdap1, Gsto1, Ca, Gpi,
Plbc3, B3galnt1, Dpd,
Agh1, Carboxyestrase,
Ach, Aga, Nmnat3,
G6pdh

Energy homeostasis

tosaminyltransferase 1, dihydropyrimidine dehydroge-
nase, alcohol dehydrogenase 1, carboxylestrase, acylcar-
nitine hydrolase, Aspartylglucosaminidase, nicotinamide
nucleotide adenylyltransferase 3, glucose-6-phosphate
dehydrogenase (Fig. 4).

Conclusion

ChIP with anti-Pax6 antibody indicates age-dependent
alterations in binding of Pax6 to the regulatory sequence
elements of genes involved in immunological surveillance
and energy homeostasis in brain during aging. Interaction
of Pax6 with the regulatory element of Psen1 also regulates
the cleavage of APP and management of Alzheimer’s dis-
ease. Thus, Pax6 appears as a grid to regulate cascades of
genes associated with energy homeostasis, neurodegen-
eration, and immunological surveillance in brain.
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