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ABSTRACT TP73 gene encodes p73 transcription factor, crucial for neurogenesis and neuronal health maintenance.
In aging brain, p73 haploinsufficiency increases deposition of tau aggregates, hallmark pathology of Alzheimer’s
disease. Thus, TP73 gene can be an important candidate for studying Alzheimer’s disease susceptibility. To explore
the role of nucleotide variations in regulatory region of TP73 on Alzheimer’s disease, the region encompassing
exon 2 of 80 Alzheimer’s patients and 123 age-matched controls was sequenced. Prediction of functional impact
of found variations were done by software like ‘SpliceAid’, ‘mutation t@sting’ and  ‘RegRNA2.0’.Two  rare variations
rs5031052 (NG_017035.2: g.34771C>T) and rs141679680 (NG_017035.2:g.34875G>A) were found in Alzheimer’s
patients in only heterozygous condition with minor allelic frequencies 0.01875 and 0.0125 respectively, significantly
higher than global MAF count (p value of z test 0.04 and 0.01 respectively), but totally absent in the control group.
In silico analysis reveals the importance of these variations in splicing and microRNA binding. These variations
not only introduce intronic spicing enhancer motif but also modulate splicing factor recruitment. Moreover, they
regulate microRNA binding by creating or destroying miRNA binding site. Thus, the researchers report, for the first
time that these two rare variations may involve in manifestation of Alzheimer’s disease in our cohor t.
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INTRODUCTION

 Alzheimer’s disease (AD) is characterized by
irreparable progressive degeneration of neurons
(Berchtold and Cotman 1998). TP73gene is a sig-
nificant susceptible genetic cause of AD play-
ing leading role in cell proliferation, differentia-
tion, apoptosis, renewal of stem cells and cell
fate commitment (Vousden and Lane 2007). This
gene, on chromosomal region 1p36.33, was first
described by Kaghad et al. (1997). It encodes a
p53 family transcription factor called p73. The
shared structural resemblance between p73 and
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p53 includes an NH2- terminal transactivation
domain, a central DNA-binding domain, and a
COOH-terminal oligomerization domain (Yoon et
al. 2015). A complicated m-RNA expression is an
important feature of this gene. Transcription from
two alternative promoters give rise to function-
ally distinct isoforms retaining or missing the N-
terminal transactivation domain known as pro-
apoptotic TAp73 and anti-apoptotic Np73
(Wang et al. 2007). In addition, alternative C ter-
minal splicing of both transcript resulting up to
seven possible variants like , , and so forth
(Murray-Zmijewski et al. 2006).Tissue-specific
monoallelic or biased allelic expression of p73
mRNA indicates the presence of functional ge-
netic polymorphism in the regulatory sequence
of this gene (Yan et al. 2002). Regulating the
survival (Talos et al. 2010), proliferation (Fuji-
tani et al. 2010) and differentiation (Agostini et
al. 2010) of neural stem cell, p73 is essential for
the maintenance of cognitive reserve in brain.
Disorganization of Hippocampal neurons, de-
generation of sympathetic neurons and atrophied
cerebrum are evident in p73 knockout mice
(Pozniak et al. 2002).Though it is an established
fact, that this protein plays a key role in central
nervous system, the number of studies explor-
ing its association with neurodegenerative dis-
orders are very few (Li et al. 2004; Grespi and
Melino 2012) compared to that of cancers (Hama-
jima et al. 2002; Hishida et al. 2004; Niwa et al.
2005; Jun et al. 2007; Li at al. 2008; Gallì et al.
2009; Misra et al. 2009; Wu et al. 2017). Modulat-
ing tau phosphorylation p73 plays a role in AD
pathogenicity (Cancino et al. 2013). It is also
responsible for mitochondrial dysfunction (Rufi-
ni et al. 2012) a common phenomenon in AD
(Hauptmann et al. 2006).

 Single nucleotide variations in exon 2 of this
gene were reported to accelerate the age of on-
set of AD in Italian population (Scacchi et al.
2009). However; no such study has so far been
reported for Indian AD population. This pilot
study with 80 AD subjects and 123 control indi-
viduals, investigates whether nucleotide varia-
tion in the region encompassing exon 2 of TP73
could modulate the occurrence of AD in Indian
subcontinent.

MATERIAL  AND  METHODS

Samples

80 patients (mean age 64.86 ± 11.46 years
with 71.25 percent male and 28.75 percent fe-

male) were diagnosed with probable Alzheimer’s
disease using DSM -IV (Diagnostic and Statisti-
cal Manual of Mental Disorders, Fourth Edition)
criteria and NINCDS-ADRDA (National Institute
of Neurological and Communicative Disorders
and Stroke and the Alzheimer’s Disease and
Related Disorders Association) criteria by the
physicians. Patients with other degenerative
dementia like vascular dementia, fronto-tempo-
ral dementia, dementia with lewy body etc. were
not incorporated in this study. Individuals with
history of cancer, head injury, brain tumour, un-
treated thyroid disease, vitamin B12 deficiency,
HIV or other blood infections were also exclud-
ed.123 healthy age matched control individuals
devoid of any identifiable neurodegenerative
disease participated for this study. The study
was designed and performed following the dec-
laration of Helsinki and approved by the institu-
tional ethics committee. All case and control
subjects were chiefly Bengali-speaking and were
recruited from same geographical locality to
maintain similarity in ethnicity and demography
between them.

Mutation Analysis

Blood samples were collected from all cases
and controls after getting prior consent. Qiagen
QIAamp DNA Blood Midi Kit (Catalogue No.
51185) was used to extract DNA from blood sam-
ples. Oligonucleotide primers (Forward: 5’
CCACGGATGGGTCTGATCC 3’ and Reverse: 5’
TTAGCCCAGCGAAGGTGG 3’) encompassing
exon 2 regions of TP73 gene (NCBI Reference
Sequence NG_017035.2) are chosen from previ-
ously published works (Li et al. 2004). A Poly-
merase Chain Reaction (PCR) was standardized
with a final volume of 10µl containing 20 ng of
template DNA, 0.5g of each primer, 1.5 mmol/L
MgCl2, dNTPs  0.1mM of each, 0.5 units of Taq
DNA Polymerase (Roche, Catalogue No
11435094001). The amplification conditions were
as follows, an initial denaturation at 95°C for 10
minutes, 35 cycles of 95°C for 1 min, 62°C for 45
seconds, and 72°C for 1 min, and a final exten-
sion step at 72°C  for 7 min. ABI PRISM 3700
DNA Analyzer platform was used for sequenc-
ing the 428 bp amplicon.

Functional Prediction of Detected Variation

The probable damaging effects of mutant
alleles at splicing and protein expression level
were assessed by online software ‘SpliceAid’
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(http://www.introni.it/splicing.html) and ‘mutation
 t@sting’(http://www. mutationtaster. org/). on-
line ‘RegRNA2.0’ (http://regrna2. mbc. nctu. edu.
tw/index.html) software was used to predict any
effect of the mutant alleles in detection of func-
tional RNA motifs.

Statistical Analysis

z test was performed (www.princeton.edu/
~otorres/Excel/proportions.xls) to compare the
proportions of mutant alleles in Indian AD pa-
tients and in the global population. The frequen-
cies of minor alleles in global population were

taken from dbSNP report of NCBI (http://
www.ncbi.nlm.nih.gov/). The reported respec-
tive MAF or Minor Allele Count for these two
variations are T = 0.0060/30 and A = 0.0024/12
(http://www.ncbi.nlm.nih.gov/).

RESULTS

Two rare variations rs5031052 (NG_017035.
2:g.34771C>T) and rs141679680 (NG_017035.
2:g.34875G>A), (Fig. 1) located on 3682335th

and3682439th nucleotide positions respectively
on chromosome 1(GRCh38 Assembly) were
found. rs5031052 resides in the 3rd nucleotide

Fig. 1. Chromatograms showing the wild type and mutant genotypes of the detected
variations

Wild type Homozygous “CC” Genotype Mutant Heterozygous “CT” Genotype

Wild type Homozygous “CG” Genotype Mutant Heterozygous “GA” Genotype

C     A      G        A     G        C     A       A       G       C     T              C     A       G       A        G               A       A      G       C        T

rs 5031052

220

A    G      T       G     C       G      C      T      T      G       G                      A      G      T      G     C              C      T       T      G      G

rs 141679680
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position of exon 2, that is, in 5’ untranslated re-
gion or upstream of translational initiation site
whereas, rs141679680 is the 9th nucleotide down-
stream of exon 2 of TP73 gene.

Genotypic and Allele Frequency

Three and two out of 80 AD patients carried
the heterozygous variation rs5031052 and
rs141679680 respectively. Thus, for rs5031052,
the CT genotypic and T allele frequencies are
0.0375 and 0.01875 respectively. For rs141679680
the GA genotypic frequency is 0.025 and A allel-
ic frequency is 0.0125 in AD affected individu-
als. Both variations occur in heterozygous con-
dition and totally absent in age matched control
group. Table 1 shows that both mutant alleles
are in significantly higher frequencies in AD
patients than the total global population (p val-
ue of z test 0.04 and 0.01for “T” of rs5031052 and
“A” of rs141679680 respectively).

In-silico Analysis

Mutation Taster Result

This software predicts that rs141679680 is a
polymorphic variation, and rs5031052 is a dis-
ease-causing variation. Both are anticipated to
change splice site. Many protein features might
be changed. The analysis reveals that transacti-
vation domain, DNA binding domain, oligomer-
ization domain, sterile alpha motif (SAM do-
main), regions involved in interaction with Ho-

meodomain-interacting protein kinase 2 (HIPK2),
WW domain-containing oxidoreductase
(WWOX), Abelson murine leukemia viral onco-
gene homolog 1 (ABL1), polo-like kinase 1
(PLK1), tyrosine kinase like SRC and HCK, resi-
dues for Zinc binding, WW binding, sumoyla-
tion etc might get lost as they are situated down-
stream of altered splice site (Table 2).

Splice Aid Analysis for rs5031052

According to this software, mutant T allele
of this variation introduce a binding site for a
serine/ arginine rich splicing factor SC35 in-
volved in splicing complex formation. The ATP
dependent interaction between pre-m-RNA and
snRNPs like U1 and U2 are also regulated by
this splicing factor (Fig. 2).

Splice Aid Analysis for rs141679680

The result shows that the mutant A allele of
this variation abolishes a binding site for Mus-
cleblind-like protein1 (MBNL1) protein which is
involved in the regulation of alternative splicing
of pre-mRNA. Splicing of specific pre-mRNA
targets are either activated or repressed after
binding of this protein (Fig. 2).

Splicing Regulatory Motif Analysis via
RegRNA 2.0 for rs5031052

The mutant T allele creates a 6 bases long
intron splicing enhancer (ISE) motif namely, ighg2

Table 1: Comparisons of mutant allelic frequencies (“T” of rs5031052 and “A” of  rs141679680)
between AD patients in Indian cohort and Global population

Comparing proportions of found mutant allele in Indian AD patients with global population (z-test)

rs5031052

Proportions of “T” allele Number of p-hat q-hat std. error z-value p-value
Mutant   chromosomes

AD subject 0.01875 160 0.006395 0.993605 0.006402 1.991551 0.04813**

Global population 0.006 5000

rs141679680

Proportions of   “T” allele      Number of p-hat q-hat std. error z-value p-value
Mutant                                            chromosomes

AD subject 0.0125 160 0.002713 0.997287 0.004178 2.417644 0.01675**

Global population 0.0024 5000

** Proportions significantly different at 95%
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cgamma2 (immunoglobulin heavy chain sub-
class g2 - cgamma2 gene) - intron 1 (“GTGAGC”)
which is absent in wild type.

Micro RNA Target Site Prediction via
RegRNA 2.0 for rs5031052

Mutant T allele creates a 23-nucleotide bind-
ing motif for micro RNA hsa-miR-3616-3p “UC-
CUGCAGAGUGAGCUGCCCUCG” which is ab-
sent in wild type (Fig. 3).

Micro RNA Target Site Prediction via
RegRNA 2.0 for rs141679680

Analysis reveals that there is a 27 neocle-
otide long hsa-miR-4435 micro RNA binding

motif “UCUCUGUGAGUGCGCUUGGCUGGC-
CAG” in wild type. Whether the mutant A allele
abolishes this motif (Fig. 3).

DISCUSSION

 Eukaryotic genome employs differential or
alternative splicing as a prospective mechanism
which ensures increased structural and func-
tional diversity of proteins (Black 2003).  Data
suggest that above 90 percent of the estimated
20,000 to 25,000 protein coding genes in human
are post transcriptionally modified by differen-
tial splicing (Wang et al. 2008). Apart from its
evolutionary significance (Irimia et al. 2007), al-
ternative splicing also contributes to the pa-
thology of several diseases (Ward and Cooper

Table 2: In-silico analysis of found variations in TP 73 by Mutation Taster software programme

Inferred changes      Amino Protein Function(s) Probable damaging
 inTP-73       acid feature effects of spicing
expression    residue(s)

 spliced out

Both of the 1-46 Transactivation It interacts with the basal Transactivation property
variations domain transcriptional machinery of p73 may be altered.
rs141679680 needed for transactivation.
(a polymorphic 2 7 Interaction with It abolishes transcriptional Pro apoptotic function
 variation),  PLK1  activity of p73, reduce  may be modulated.
and rs5031052  its pro apoptotic
(a disease causing 2 8 Interaction with   function.
variation) are 9 9 SRC and HCK Hinders transcriptional Apoptosis may be
responsible for Interaction with activity and apoptosis.  hampered.
splice site ABL1 It increases stability and Destabilization of p73.
change. They function of p73.
alter many 131-310 DNA binding domain Needed for binding with Interaction with p73
downstream specific DNA sequence target gene may be
protein features  on target gene.  abolished.
by splicing    194,197
mechanism. 258,262 Zinc binding Required for stabilization Destabilization of p73.

of p73 protein.
345-380 Interaction with It modulates cell cycle Apoptotic process may be

  HIPK2 and apoptosis.   hampered.
345-386 Oligomerization Needed for formation of DNA target binding and

  domain p73 oligomer. The oligomer transcription may be
is required for high-  disturbed.
affinity DNA binding and
transcriptional activation.

483-487 WW binding motif Responsible for the proteo- Degradation of p73 may
some base degradation   be altered.
of p73.

485-551 SAM domain It regulates transcription Transactivation and
of target genes as well as degradation of p73 may
the proteome based be disrupted.
degradation of p73.

487 WWOX binding It increases the proapo- Pro apoptotic function
ptotic activity of p73.   may be modulated.

627 Sumoylation Needed for apoptosis, All of these processes may
stress response, cell cycle,  be impeded due to
nuclear-cytoplasmic destabilization of p73.
transport and protein
stability.
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Fig. 2. Results showing the splicing factor binding site prediction for the detected variations using
Splice  Aid software

Fig. 3. Results showing the Micro RNA target site prediction for the detected variations using
RegRNA 2.0 software
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2010).TP73 gene encodes p73 protein, involved
in cell growth suppression and induction of ap-
optosis (Zhu et al. 1998).TP73 is a prominent
example of alternatively spliced gene, produc-
ing diverse isoforms of p73 protein (,, , , , 
and ) with discrete biological functions (Ueda
et al. 1999).

 Two rare variations rs5031052 and
rs141679680 in the region encompassing exon 2
of TP73 in AD patients were found, and in-silico
analysis indicates their role in splicing. Several
researches exhibit the differential transactiva-
tion property of p73 isoforms. Isoform  is the
strongest (Yang et al. 2002), ,  and  are weak-
er transactivators, where    and  are inert (Ishim-
oto et al. 2002) and    is yet uncharacterized (No-
zell et al. 2003). These variations may exert a role
in the transactivation by splicing out the TA
domain. The researchers’ in-silico analysis also
indicates that the aminoacid region for potential
DNA binding (131 - 310) and oligomerization
(345 - 386) may get lost due to this splicing event.
Moreover, the structural analysis of p73 reveals
that the  isoform possess a C terminal sterile
alpha motif (SAM) which regulate transcription
of target genes (Nozell et al. 2003) as well as the
proteome based degradation of p73 (Peschiaroli
et al. 2009). This important SAM domain may be
trimmed off by splicing.

 Researches disclose that a coordinated
cross talking between p73 and several other pro-
teins is needed for its transcriptional and bio-
logical activities (Watanabe et al. 2002). The re-
sults of this study show that these variations
can splice out the amino acid residues 345 to
380, the region previously reported to interacts
with a conserved serine/threonine nuclear ki-
nase called Homeodomain-interacting protein
kinase 2 (HIPK2) to modulate cell cycle and ap-
optosis (Kim et al. 2002). Studies also revealed
that a diminished transcriptional activity of p73
is ensued when it interacts with a tumor suppres-
sor called WW domain–containing oxidoreduc-
tase (WWOX) and redistributed from nucleus to
cytoplasm (Aqeilan et al. 2005). Researchers sug-
gest that cytoplasmic p73, through its WW do-
main-binding PY motif interacts with WWOX and
increase its proapoptotic activity in a transcrip-
tion independent manner (Fabbri et al. 2005).
Moreover, Itch, a HECT-type E3 ubiquitin pro-
tein ligase binds to PY motif of p73 through its
WW domain and operates proteosome base
degradation of p73 (Rossi et al. 2005), whereas,

YAP1 (Yes-associated protein 1) displaces Itch,
binds to PY motif and stabilizes p73 (Levy et al.
2007). These interactions may be hampered as
these variations can splice out the WW binding
motif in 483-487 amino acid region.

 The result also shows that these two varia-
tions impair sumoylation, a post transcriptional
modification engaged in several cellular activi-
ties like apoptosis, stress response, cell cycle,
nuclear-cytoplasmic transport and protein sta-
bility etc (Hay et al., 2005).The lysine - 627 resi-
due at COOH- terminal of p73 , binds to a small
ubiquitin-like modifier1 (SUMO-1) protein and
become covalently modified (Minty at al. 2000).
The lysine-627 may get lost by splicing.

 Various studies reveal that phosphorylation
of Thr-27 residue by polo like kinase 1(PLK1)
abolish transcriptional activity of p73 and hence,
reduce its pro apoptotic function (Koida et al.
2008; Soond et al. 2008). Whereas, Tyr -99 phos-
phorylation by c Abl is evident for increase sta-
bility and function of p73 (Tsai et al. 2003).HCK
and SRC phosphorylate p73 at Tyr -28 and im-
pede transcriptional activity and apoptosis (Pa-
liwal et al. 2007).Our analysis has explored that
all of these phosphorylation events may be in-
hibited due to these variations.

Puca et al. in 2011, shows that the DNA bind-
ing domain of p53 is stabilized by zinc atom.
Zinc plays a potent role in rescuing p53 from its
mutant to functional conformation in several
cancerous cell lines and hence hindering tumor
progression and revitalizing drug sensitivity
(Puca et al. 2011). Interestingly, this zinc mediat-
ed conformational stability is stronger in p73
than p53 as chelation of zinc by EDTA damages
the DNA binding capacity of p73 more severe-
ly than p53 (Lokshin et al. 2007). Splicing out the
aminoacids residues involved in Zn –binding,
these variations may abrogate the stabilization
of p73 protein.

 According to the results of this study, mu-
tant T allele of rs5031052 variation incorporates
a SC 35 binding site. SC 35 (spliceosome compo-
nent of 35 kDa ) is a non-snRNP splicing factor
(Fu and Maniatis, 1990), encoded by SRSF2
(Serine/arginine-rich splicing factor 2) gene. This
SR family protein is needed to initiate the as-
sembly of ATP- dependent spliceosome com-
plex for consecutive and alternative pre-mRNA
splicing (Fu and Maniatis 1992). It also regu-
lates transcriptional elongation (Lin et al. 2008).
Post translational modification like phosphory-

ζ 

ζ 
ζ 
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lation and acetylation of SC 35 is crucial for cel-
lular apoptosis (Edmond et al. 2011), cell prolif-
eration and genomic stability during organoge-
netic events (Xiao et al. 2007). Again, it was found
that the mutant A allele of rs141679680 abolish-
es MBNL1 binding site. Muscleblind-like pro-
tein 1, encoded by MBNL1 gene (Ishikawa et al.
1997), is a splicing factor of Muscleblind (Mbl)
family which is critical for cell differentiation
(Schiano et al.2017) and mammalian organogen-
esis. The zinc finger domain of MBNL1 binds to
intronic sequence and either repress or activate
splicing(Fernandez-Costa et al. 2011). MBNL1
is also play key role in central nervous system
(CNS) disorder. Perturbed splicing regulation by
MBNL1 was reported in myotonic dystrophy
(DM) associated abnormality of CNS (Chariza-
nis et al. 2012). Tau aggregation is resulted from
loss of function of MBNL1 in DM (Dhaenens et
al. 2008).

Several research works documented that
Micro RNA (miRNA) represents a class of non-
protein coding, 22 nucleotide long RNA mole-
cules modulating the expression of over 60 per-
cent of human protein coding genes (Friedman
et al. 2009),involved in myriad biological pro-
cess like cell proliferation, differentiation, apop-
tosis and metabolism (Bartel 2009).The comple-
mentary target site of miRNA lies usually in 3’
UTR, but can also exist in 5’UTR or in coding
region of the mRNAs (Dzikiewicz-Krawczyk
2014). This miRNA-mRNA interaction negative-
ly influences gene expression by translational
repression, cleavage or destabilization of mRNA
(Bushati and Cohen 2007). Enormous number of
evidences show that polymorphisms in miRNA
target site impair binding of miRNA (Sethupa-
thy and Collins 2008; Bhattacharya et al. 2014)
and alters gene expression, which interns influ-
ence the risk of various diseases like colorectal
cancers (Naccarati et al. 2012) gastric cancer
(Chen et al. 2015), non-Hodgkin’s lymphoma
(Diao et al. 2014), osteosarcoma (Lv et al. 2014),
hepatocellular carcinoma (Tan et al. 2015),Chron-
ic lymphocytic leukemia (Rodríguez-Vicente et
al. 2015), cervical cancer (Mi et al. 2014), prion
disease(Saba et al. 2014), myocardial infarction
(Nossent et al. 2011), metabolic syndrome (Ye et
al. 2013), HBV-associated liver diseases (Zhang
et al. 2015), Alzheimer’s disease (Mallick and
Ghosh 2011; Delay et al. 2014), anxiety and de-
pressive disorders(Jensen et al. 2014), hyper-
tension (Sethupathy et al. 2007), and cognitive
performance (Yang et al. 2014).Thus, to predict
whether our variations affect mi-RNA binding,

in-silico analysis was performed and interesting
results was found. The rs5031052 variation in-
troduces a hsa-miR-3616-3p binding site, and
rs141679680 eliminates a hsa-miR-4435 binding
site. Thus we can anticipate that creation or de-
letion of mi-RNA binding sites in the 5’UTR of
TP73 gene probably lead to modification in trans-
lational level and subsequently change its ex-
pression, which in turn, may leads to neurode-
generation.

CONCLUSION

 Thus, taking these findings into consider-
ation, it can be interpreted that these two SNPs
may perform critically in splicing of TP73 both
by introducing intronic splicing enhancer motif
and modulating recruitment of splicing factors.
These variations thus demonstrate that TP73
gene is playing a cardinal role in AD develop-
ment. To the best of the researchers’ knowledge,
this is the first report indicating association of
these SNPs with Alzheimer’s disease. To con-
clude, the significantly increased frequencies of
mutant alleles from reported MAF count (0.01875
vs. 0.006 p value of z test = 0.04 and 0.0125 vs.
0.0024 p value of z test = 0.01 for rs5031052 T
allele and rs141679680 A allele respectively) and
its complete absence in control individuals,
pointed towards the fact that these variations
can work as prognostic biomarkers for AD. But
this can only be confirmed after screening of
bigger sample size. However, replicated studies
in other ethnically varied populations can only
affirm the apparent association of these poly-
morphisms with AD. Although, detail experi-
ments are required for the functional validation
of the in-silico analysis, we must weigh the like-
lihood that these nucleotide variations may en-
act in the pathology of AD in our population.

RECOMMENDATIONS

Comprehensive investigations at molecular lev-
el are needed for proclamation of biological roles
of these two polymorphisms in AD pathogenesis.
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