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Three apoptotic genes are upregulated in a patient with
Alzheimer’s disease and well-differentiated squamous cell
carcinoma
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ABSTRACT

We report the case of a 74-year-old man with Alzheimer’s disease (AD) and an extensive ulcerative lesion on the right ear.
AD is a neurodegenerative disease with progressive loss of memory and cognitive deterioration. It has been suggested that
apoptotic cell injury and eventually cell death is a major contributor to the AD neurodegenerative process. The ulcerative
lesion was surgically excised and the histological analysis reported a well-differentiated squamous cell carcinoma. Caspase-3
(CASP3) plays an important role in neuronal death during nervous system development and under certain pathological con-
ditions. Furthermore, in vitro and in vivo studies reported elevated expression and activation of CASP3 in models of AD. Mo-
lecular epidemiological studies suggest that CASP3 may contribute to head and neck squamous cell carcinoma susceptibility
and disease progression and that increased CASP3 expression is associated with tumors of the head. Also poly (ADP-ribose)
polymerase 1 (PARPT) and the leucine zipper downregulated in cancer 1 (LDOCT) genes play a proapoptotic role. We there-
fore evaluated the differential expression of LDOCT, PARP1, and CASP3 mRNA in peripheral blood leukocytes of our patient.

We found increased expression of all these genes compared with the expression in control subjects.
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INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative
disease with progressive loss of memory and deterioration
of comprehensive cognition. It is characterized by senile
plaques, neurofibrillary tangles, and extensive neuronal
loss. Interestingly, patients with sporadic or familial AD
share common clinical and neuropathological features
(1). Amyloid beta (AB), which is generated by aberrant
processing of the amyloid precursor protein (APP), is the
principal constituent of senile plaques. Ap peptides and
APP mutants induce neurodegeneration characteristic of
apoptosis (2, 3). Several studies (4, 5) have suggested that
apoptotic cell injury, and eventually cell death, is a major
contributor to the neurodegenerative process in AD.

Squamous cell carcinoma (SCC) is the second most
common cancer of the skin occurring in the head and neck
region and accounts for 20% of cutaneous malignancies
(6). SCC frequently develops on the sun-exposed skin of

middle-aged and elderly individuals (7). The lifetime risk
of developing skin cancer has been estimated to be 29-
55% for basal cell carcinoma (BCC) and 7-11% for SCC.
Cutaneous SCC is known to be more aggressive and prone
to metastasis than BCC (7, 8).

SCC of the external auditory canal is rare compared
to SCC of other cutaneous sites (1 out of 5,000-15,000
persons with cancer) and is associated with high morbidity
and mortality rates (9). Unfortunately, most of these tumors
are diagnosed at a late stage because the initial symptoms
are similar to those of other, benign diseases of the ear.

Apoptosis is a programmed cell death process that
takes place under normal physiological and pathological
conditions. Caspases, a family of cysteine-dependent
aspartate-specific proteases, are important mediators
of the apoptotic process (10). Among them, apoptosis-
related cysteine peptidase 3 (CASP3; OMIM 600636),
which maps to human chromosome 435, is involved
in both extrinsic and intrinsic apoptotic pathways. In
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Fig. 1 - LDOCI, PARP1T and CASP3 mRNA expression in case and controls.

addition, CASP3 plays an important role in neuronal death
during nervous system development and under certain
pathological conditions.

Invitro (11, 12) and in vivo (13, 14) studies have reported
increased expression and activation of several caspases in
AD models. Moreover, caspase levels are elevated in the
brain of patients with severe definitive AD (4, 15, 16). Recent
molecular epidemiological studies suggest that CASP3
may contribute to head and neck SCC susceptibility and
disease progression and that increased CASP3 expression is
associated with tumors of the head (17).

Yu and colleagues (18) showed that the activation of
the poly (ADP-ribose) polymerase 1 (PARPT) gene (OMIM
173870) is required for translocation of the apoptosis-
inducing factor (AIF) from the mitochondria to the nucleus
(19). PARPT is proteolytically cleaved at the onset of
apoptosis by CASP3 (19); furthermore, PARPT activity and
poly (ADP-ribose) (PAR) polymer mediate PARP1-induced
cell death (19, 20). Genetic and pharmacological studies
have demonstrated that PARPT overexpression is a key
mediator of programmed-necrotic cell death in vivo, and
PARP1 appears to be also involved in programmed cell
death processes as apoptosis (20-22).

In addition, the leucine zipper, downregulated in
cancer 1 (LDOCT) gene (OMIM 300402), located at
Xq27, encodes a 146-amino-acid-long LDOCT nuclear
protein which is highly expressed in the brain (23,
24). The Xq27 region is characterized by an elevated
density of large segmental duplications. Because of the
different orientation of segmental duplications, their
recombinational interactions may result in deletion,
duplications, and inversion of the LDOCT-containing
genomic region (25).

CASE REPORT

A 74-year-old man was admitted to the Cannizzaro
Hospital, Catania, Italy. He had been affected by AD for at
least 10 years and was successfully treated with antipsychotic
drugs including quetiapine. At the time he presented to our
clinic, he was reported to have had a change in personality
characterized by increased anger and irritability in addition
to an impaired sense of direction with a tendency to get
lost. Cognitive examination at the initial evaluation showed
alert mentation with fluent speech. The patient was able to
repeat names and follow commands. Professionally, he had
experienced troubles over the previous few years which
ultimately led to his retirement. He exhibited name-finding
and word-finding difficulty. No hallucinations or delusions
were reported. He did not smoke or use illegal drugs. No
bladder or bowel incontinence was reported. The patient
showed an extensive ulcerative lesion of approximately 4.5
cm on his right ear. In March 2011 he underwent surgical
excision of the lesion and histological analysis revealed
a well-differentiated SCC. The surgical margins were
negative, no lymph nodes were removed, and there were
no metastases to other areas of the skin.

We evaluated the possible differential expression
of CASP3, PARP1, and LDOCT mRNA by quantitative
real-time polymerase chain reaction (qRT-PCR) in the
peripheral blood leukocytes of our patient and 3 healthy
control men. RNA extraction from peripheral blood
leukocytes was performed using the RNeasy Mini Kit

TABLE I - LDOCT, PARPT AND CASP3 mRNA EXPRESSION IN CASE AND CONTROLS

Case/Control 1

Case/Control 2 Case/Control 3

Control 1 Case Control 2 Case Control 3 Case
M.Cp. RT M.Cp. RT M.Cp. RT M.Cp. RT M.Cp. RT M.Cp. RT
Target gene LDOCT expression 30.02 1.000 29.72 7498 30.17 1.000 29.72 6.051 30.20 1.000 29.72 9.854
Target gene PARPT expression 29.15 1.000 26.09 12.69 2741 1.000 26.09 11.09 2745 1.000 26.09 16.68
Target gene CASP3 expression 28.99 1.000 2874 7241 29.26 1.000 28.74 6.350 29.01 1.000 28.74 9.516
Reference gene GAPDH expression 2692 - 29.53 - 2738 ------- 29.53 - 26.53  ------- 29.53  -------

M. Cp., mean crossing point; RT, ratio normalization
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(QIAGEN Sciences, Germantown, PA, USA) according to
the manufacturer’s protocol. The RNA quality and quantity
were checked by spectrophotometry. To avoid any genomic
DNA contamination during qRT-PCR, a brief incubation
of the samples at 42°C with a specific Wipeout buffer
(QuantiTect Reverse Transcription Kit, QIAGEN Sciences)
was carried out. Retro-transcription of 600 ng of total RNA
from each sample was then performed in a final volume
of 50 pL and the generated cDNA was used as a template
for qRT-PCR analysis using gene expression products.
For each sample, RT-PCR reactions were carried out in
duplicate using 2.5 pL of cDNA and QuantiTect Probe
PCR Master Mix (QIAGEN Sciences) in a total volume of
50 pL. The target gene (CASP3, PARPT and LDOCT) assays
and the GAPDH reference gene assay were obtained from
Applied Biosystems (Carlsbad, CA, USA). The thermal
cycling conditions consisted of 1 cycle for 2 minutes at
50°C, 1 cycle of 15 minutes at 95°C, and 40 cycles for 15
seconds at 94°C followed by 1 minute at 60°C. Real-time
analysis was performed on an ABI PRISM 5700 Sequence
Detector (Applied Biosystems). The amplified transcripts
were quantified using the comparative Ct method (26) and
relative quantification analysis data were obtained using
the comparative Delta-Delta Ct method included in the
software version 1.3 supplied with the Applied Biosystems
device. CASP3, PARPI, and LDOCT expression levels
were normalized to the GAPDH expression level and
target mean crossing point (Cp) definition was used to
indicate the mean normalized cycle threshold.

DISCUSSION

We found increased expression of CASP3, PARPI,
and LDOCT in the studied patient with AD and SCC of
the external auditory canal compared with the 3 controls
(Fig. 1, Tab. I). This finding suggests that CASP3-, PARPI-,
and LDOCT-mediated cell death pathways are particularly
active. In addition, the CASP3 overexpression found in this
patient confirmed previous studies showing an association
between overexpression of this gene and tumors of the
mouth (17). The overexpressed PARPT and LDOCT we
found may be regarded as novel biomarkers for SCC of the
external auditory canal and AD.

Increased caspase activity as well as cleavage of caspase
substrates have also been detected in the AD brain (27, 28).
Rohn et al (28) reported the activation of mitochondrial
and receptor-mediated apoptotic pathways in hippocampal
brain sections of patients with AD, where active caspase-9
was co-localized with active caspase-8. Moreover, it has
been reported that neurotoxic insults induce APP elevation,
followed by CASP3 activation, which causes both apoptosis
and the proteolytic processing of APP that leads to Ap
formation (29).

Interestingly, it has been suggested that CASP3 may

contribute to head and neck SCC susceptibility and disease
progression (17). It is known that after the apoptotic
stimulus, CASP3 cleaves and activates PARPI1, which
triggers cell death. Thus, CASP3 and PARPT belong to the
same apoptotic pathway (18, 19). PARPT hyperactivation
appears to be also a key mediator of cell death in low- or
non-proliferating cells in vivo (20, 21). Uncontrolled poly-
ADP-ribosylation reactions can result in massive necrotic
cell death and tissue damage, which in turn often lead to
severe inflammatory or neurodegenerative disorders (20,
21). Indeed, recent studies using DNA damaging agents
such as N-methyl-N’-nitro-N-nitrosoguanidine (MNNG),
hydrogen peroxide (H,O,) or peroxynitrite, which are known
to induce necrosis at high concentrations, showed that
pharmacological inhibition of PARPT activity or knockout
of the PARPT gene blocks programmed-necrotic cell death
induced by these agents (20-22). Numerous reports indicate
that inhibition or absence of PARPT provides remarkable
protection in disease models such as septic shock, diabetes,
stroke, myocardial infarction and ischemia, which are
characterized predominantly by programmed-necrotic cell
death (22).

In addition, LDOCT has been shown to inhibit
the activation of NF-kappaB through ligand-induced
stimulation by TNF-a or PMA in a dose-dependent
manner, and viability studies demonstrated that TNF-a or
PMA-induced antiproliferative effects were significantly
enhanced by stable transfection of cells with LDOCT
(24). These observations suggested that LDOCT is a novel
regulator of NF-kappaB that can affect the PMA- or TNF-
a-mediated pathway to apoptosis through inhibition of NF-
kappaB (24). Furthermore, the transcription factor MZF-1
has been shown to interact with LDOCT and to enhance the
apoptosis-inducing activity of LDOCT (30). Indeed, LDOCT
overexpression causes externalization of the cell membrane
phosphatidylserine, which is characteristic of early-phase
apoptotic events, and reduced cell viability in some human
celllines (31). Mizutani et al (32) have shown that ectopically
expressed LDOCT is localized to the nucleus and induces
apoptosis, accompanied by an increase in the tumor p53
protein content but not in TP53 transcription, suggesting that
LDOCT inhibits the degradation of p53. Lynn et al (31) in
an expression array study of male young-onset hypertension
have suggested that innate immune response and cell-
proliferation regulation may play important downstream
roles in the development of hypertension and specifically
that LDOCT plays a key role in the regulatory mechanisms
related to apoptosis in hypertension.

In conclusion, the observed overexpression of CASP3,
PARP1, and LDOCT confirmed the important role of
apoptosis in both well-differentiated carcinoma without
metastases and AD. Indeed, several findings suggest that
the apoptotic mechanism is activated in neurodegenerative
disease including AD. This finding needs to be confirmed
in a greater number of patients.
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