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ADAMTS4, 5, 9, and 15 Expressions in the Autopsied
Brain of Patients with Alzheimer’s Disease: A Preliminary
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ABSTRACT:
ADAMTS4, 5, 9, and 15 expressions in the autopsied brain of patients with Alzheimer’s
disease: a preliminary immunohistochemistry study

Objective: Recent studies performed in the central nervous system highlight the pathophysiological
relevance of A disintegrin-like and metalloproteinase with thrombospondin motifs (ADAMTS) genes and
their protein products. The determination of alterations in expression profiles of ADAMTS family genes in
Alzheimer's disease (AD) patients may contribute to the explanation of tissue pathology and also new ideas
for remedial approaches for this incurable but preventable disease. Therefore, the goal of this study was to
describe and identify the distribution, characteristics, and any changes in the expression, in other words,
immunoreactivity, for aggrecanases (ADAMTS4, 5, 9, and 15) proteins in AD brain.

Methods: Nine cases that were autopsied in the Council of Forensic Medicine, Bursa Morgue Department
in 2013, were selected. All of the cases were sent for autopsy to the institution within 8 hours after death.
At autopsy, tissue samples were obtained for histopathological examination of organs for determining the
cause of death. Out of these, two cases were diagnosed with AD by neurologists when they were alive.
Immunohistochemical staining was performed on the brain slides by using relevant primary and secondary
antibodies against aggrecanase proteins. All images were acquired using a X200 objective of a microscope
(Olympus BX53) and evaluated by the staining intensity using a semi-quantitative scoring system.

Results: ADAMTS4 and 5 were slightly under-expressed in the brains from autopsied AD cases compared to
those of control brains and suggested that extracellular matrix (ECM) degradation was not endorsed in AD
brain. On the other hand, ADAMTS9 and 15 aggrecanases were not found to be expressed in correspondent
brain sections of AD and control cases.

Conclusion: The current study demonstrated that some aggrecanases were found to be under-expressed
in AD brains. Additional studies in which all ADAMTS enzymes will be studied in terms of mRNA and protein
levels are needed to understand the relative contributions of ADAMTS genes and proteins in AD brains.
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive
multifactorial neurodegenerative disorder with a
progression for 20-30 years before clinical onset'.
Amyloid plaques are one of the pathological

hallmarks of AD and amyloid f (Af) peptide was
found to have a crucial role in the pathophysiology
of AD. Greater numbers of patients do not have an
elevated AP production of amyloid protein
precursor overexpression in the brain. The
pathophysiological processes that underlie this
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disorder are not completely understood. However,
an expanding body of data indicates that matrix
metalloproteinases (MMP) might play an essential
role in the pathophysiology of AD. When the
numbers of senile plaques in the hippocampus
and parietal cortex were compared each other
after stained with anti-MMP-3 antibodies, it was
noticed that fewer plaques were stained in the
hippocampus area. The discriminatory
dissemination of MMP-3 in the brain offers that
MMP-3 might play a critical role in the
pathophysiology of AD, notably in the
deterioration of Ap protein®.

As an important proteoglycan of cartilage,
aggrecan is responsible for its durability and
flexibility. In the structure, aggrecan, the core
protein, covalently binds to hyaluronic acid,
glycosaminoglycans, and link proteins to build up
huge aggregates, assembling components of the
extracellular matrix (ECM). This compound is also
allocated in all parts of the brain®. ECM in the CNS
is deposited in the ECM of the neuropil (the
fibrous network of nervous tissue that forms the
gray matter) and neighboring a subgroup of
neurons in the pattern of unique perineuronal
nets, coverings of ECM that perikarya unsheathed,
proximal dendrites, and axon initial segments.

Unlike ADAMs protease enzymes that are mostly
transmembrane proteins, the A disintegrin-like and
metalloproteinase with thrombospondin motifs
(ADAMTS) proteins have been known as secreted
protease enzymes, some of which can bind to the
ECM. The functions of ECM binding, substrate
recognition, and degradation are moderated by
means of the central and C-terminal TS repeats and
the spacer region*®. After numerous comprehensive
studies, ADAMTS expression has been found in the
CNS*57 and is known to be changed in disease
conditions®'°. The class aggrecanases of MMP have
been known to have members ADAMTS 4, 5, 9, and
15. These aggrecanases are responsible for breaking
down at the Glu373-Ala 374 bond of aggrecan
protein as well as partly versican and brevican
degradation. Atypical gathering of possible
substrates for ADAMTSI and 5 has been detected in
senile plaques of AD® It was addressed that

chondroitin-4 sulfate was found both in
neurofibrillary tangles and senile plaques in AD and
chondroitin-6 sulfate in the area around senile
plaques and neurofibrillary tangles''. In another
study'?, this was criticized and suggested a role of
various glycosaminoglycans containing chondroitin
sulfate for favoring Ap polymerization in vitro and
in vivo. Definitely, heparin and chondroitin sulfate
proteoglycans were addressed to confine at sites of
AP deposition in different parts of brain of patients
with AD!¥* and the elevation of enzymes that
degrade proteoglycans might be a mechanism to
cancel out excess Ap deposition and polymerization
in AD as well as other neurodegenerative disorders*2.

Ap accumulation in the CNS is attributed to the
cause or consequence of the loss of blood brain
barrier (BBB) function in AD. Nonetheless, other
Ap-independent pathologies can phenotypically
imitate BBB dysfunction noticed in AD, and a lot
of alterations in the BBB can cause neurotoxicity
independently of AB'S. On the other hand, it has
been suggested that the pathophysiology of AD
should include inflammatory element(s). AD
progression has several significant factors such as
activity of inflammatory cells and the elaboration
of harmful molecules by responsible cells. In
peripheral inflammatory conditions, the elevated
MMP activities are major causes of tissue
degradation and further deterioration in some
diseases such as rheumatoid arthritis. MMP-1
levels were found to be significantly increased by
almost 50% in all cortical areas of AD. It is,
therefore, possible that MMP-1 activity in AD may
contribute to the BBB dysfunction occurred in
AD'®, Tt is also a possibility that the degradation
products of aggrecanases may lead the activation
of inflammatory cells that results in BBB
dysfunction.

Little information is available on the ADAMTS
expression in AD brain although it has been
discovered experimentally that their expression
level may be regulated by several mediators in a
cell type-specific manner'”?°. Considering that
recent studies performed in the CNS highlight the
pathophysiological relevance of ADAMTS gene,
the determination of alterations in expression
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profiles of ADAMTS family genes in AD patients
may contribute to the explanation of tissue
pathology and also new ideas for remedial
approaches for this incurable but preventable
disease. Thus, the goal of the present study was to
identify and describe the characteristics,
distribution, and any changes in the expression, in
other words, immunoreactivity for ADAMTS
proteins/ enzymes in AD brain.

MATERIALS AND METHODS

Nine cases that were autopsied in the Council of
Forensic Medicine, Bursa Morgue Department in
2013, were selected. All of the cases were sent for
autopsy to our institution within 8 hours following
death. The details of all cases were shown in Table
1. Two patients were diagnosed with AD, and one
patient without AD from each following age
groups 25-35, 36-45, 46-55, 56-65, 66-75, 76-85,
and >85 were included as control. The medical
records of the cases were retrospectively reviewed.
Diagnosis of AD was based on the criteria of the
National Institute of Neurological and
Communicative Disorders and Stroke and AD and
Related Disorders Association (NINCDS-
ADRDA)?'22. These criteria were also used for the
exclusion of neurocognitive disorders. Controls

had to be free of neurological or psychiatric
diseases. The Turkish version of the Mini Mental
State Examination (MMSE) was used for cognitive
assessments of AD patients by neurologists.
Geriatric depression scale (GDS) was used and
brain imaging with magnetic resonance was also
performed for these patients at the time of
diagnosis.

At autopsy, tissue samples were taken for
histopathological examination of organs for
determining the cause of death. All nine cases (AD
patients and controls) were examined for the
cause of death, and brain macroscopic and
microscopic findings in detail. Tissue samples
were taken from temporal brain regions in each
case and were fixed in formalin (10%) and
embedded in paraffin wax. Sections of 3-4 pm
thicknesses were cut and stained by using
hematoxylin and eosin. Ethical permissions for
this study were taken from local Ethical Committee
(Bursa) and Ethical Committee of Council of
Forensic Medicine (Istanbul).

Immunohistochemistry
The samples were embedded in paraffin blocks

following the fixation procedure by using 10%
formaldehyde and 5 pm-thickness sections were

Table 1: Descriptive characteristics of the cases (age, gender, cause of death, cerebral macroscopic and microscopic findings), staining

extensity/ intensity scores of ADAMTS4, 5, 9, and 15.

Histopathologic

Macroscopic findings ADAMTS4 ADAMTS5 ADAMTS9 ADAMTS15

Cases Age Gender Cause of death
g findings of the brain of the brain EXT INT EXT INT EXT INT EXT INT
AD Case 1 66  Female Undetermined Congestion Normal 1 1 2 2 0 0 0 0
AD Case 2 59  Female Heart failure Congestion Normal 2 1 2 1 1 1 0 0
Case 3 30 Male  Other causes of internal Congestion Normal 1 1 4 2 0 0 0 0
Case 4 41 Male Traumatic brain Subarachnoid Subarachnoid 1 1 2 1 0 0 0
hemorrhage hemorrhage and hemorrhage and brain
subcortical hemorrhage contusion
Case 5 53 Male Manual strangulation Normal Atherosclerotic changes 1 1 1 1 0 0 0 0
in the basilar artery
Case 6 56 Male  Coronary artery disease Congestion Normal 2 1 4 2 0 0 0 0
Case 7 66 Male Heart failure Normal Atherosclerotic changes 3 2 4 1 0 0 0 0
in the cerebral arteries
Case 8 79 Male Heart failure Congestion Atherosclerotic changes 3 2 3 2 0 0 0 0
in the cerebral arteries
Case 9 87 Male Thrombus in the Congestion Atherosclerotic changes 3 1 2 1 0 0 1 1
coronary artery in the cerebral arteries
(Circle of Willis)

AD: Alzheimer’s disease, EXT: extensity, INT: intensity

Klinik Psikofarmakoloji Bulteni - Bulletin of Clinical Psychopharmacology, Volume 26, Issue 1 (March 01, 2016, pp. 1-92) 9



ADAMTS4, 5, 9, and 15 expressions in the autopsied brain of patients with Alzheimer’s disease: a preliminary immunohistochemistry study

gathered from the preferred paraffin blocks and
were taken on APTES-coated slides. By using
xylene and graded alcohol, the sections were
sequentially deparaffinized and rehydrated.
Following rehydration procedure, sections were
subjected to 2% hydrogen peroxide (H,0,) and
methanol for 5 min to avoid intrinsic peroxidase
activity and its undesired effects. Samples were
washed 3 times with phosphate-buffered saline
(PBS) (pH: 7.4), and warmed in a microwave oven
within 0.1 nM sodium citrate for 10 min. By doing
the last treatment, the antigen retrieval procedure
was completed. Following sequential procedures
of incubation and blocking of the non-immune
serum at room temperature (20 min), the sections
taken on polylysine lams were performed by
immunohistochemical method by using anti-
ADAMTS4, anti-ADAMTS5, anti-ADAMST9, and
anti-ADAMTS15 antibodies. The procedures were
proceeded according to the protocols approved
for anti-ADAMTS4, anti-ADAMTS5, anti-
ADAMSTY9, and anti-ADAMTSI15 antibodies
(Abcam). After being deparaffinized at 65°C in
heat chamber and rehydrated, sections were
subjected epitope retrieval in 10X EDTA buffer
(pH 8.0) in 110 °C for 30 min. Subsequently, the
sections were subjected exposure of 3% H,0, for
20 min to bleach endogenous peroxidases,
followed by rinsing 3 times within PBS (10 min).
The obtained sections were respectively incubated
with an anti-ADAMTS4 (ab84792), anti-ADAMTS5
(ab41037), anti-ADAMST9 (ab28279), and anti-
human ADAMTS15 (ab28516) (all 1:250 in BSA) for
1 h at 37°C, washed 3 times in PBS and incubated
in a biotinylated goat secondary anti-mouse
polyclonal antibody (ab80436) for 15 min at 37°C.
The omission procedure of primary antibodies
was used to examine the specificity of the
antibodies. Following washing with PBS, the tissue
sections were visualized by wusing
3,3'-diaminobenzidine tetrahydrochloride (DAB
chromogen, Abcam) and counterstained with
hematoxylin. Lastly, the sections were dehydrated
in graded ethanol, immersed in xylene and
coverslipped. All images were acquired using a
200X objective and a microscope (Olympus BX53).

Statistical Methods

Regarding extensity, the staining scores were
determined for all sections: 0, if it exhibited no
staining; 1 (1-25%), occasional staining with
most fields negative; 2 (26-50%), focally
abundant staining with most fields having no
staining; 3 (51-75), focally abundant staining
with most fields showing positive staining; or 4
(76-100%), prominent staining throughout the
section. The staining intensity was recorded
using a semi-quantitative scoring system: 0:
absent; 1: weak staining; 2: accumulations with
greater staining intensity; 3: strong and dark
staining; 4: very strong and, the darkest observed
staining.

RESULTS

All specimens stained by
immunohistochemical methods, and staining
scores were determined. ADAMTS4 and 5
immunoreactivity were consistently demonstrated
in tissue sections of normal and AD cases.
ADAMTS4 and 5 immunostaining were
heterogeneous in its distribution between
sections. The extensity and intensity values for
ADAMTS9 and 15 were negative for the brain
sections from AD and control cases. It presumably
shows that ADAMTS9 and 15 have not been
expressed in the correspondent brain sections.
Descriptive characteristics of all cases, extensity,
and intensity of immunohistochemical staining
patterns were summarized in Table 1. Median age
of the 7 male and 2 female patients was 59.6 years
(min. 30, and max. 87 years). Causes of death of
the patients included other causes of internal
(n=2), manual strangulation (n=1), coronary artery
disease (n=1), brain hemorrhage due to head
trauma (n=1), heart failure (n=3), and thrombus in
the coronary artery (n=1). Median distribution
(extensity) scores of immunohistochemical
staining were estimated as 1.9 for ADAMTS4 and
2.7 for ADAMTS5 (as shown in Figures 1 and 2),
whereas 0.11 for both ADAMTS9 and 15 (as shown
in Figure 3 and 4). Intensity scores were also

were
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- : : A
Figure 1: ADAMTS4 immunostaining in postmortem brain tissue.
Strong staining for ADAMTS4 can be detected in the neuron
cells, glial cells, and neuropil (original magnification, x200).

e ot A Sl g : B S b S
Figure 2: ADAMTS5 immunostaining in postmortem brain
tissue. Diffuse strongly expression of ADAMTS5 was noted
(original magnification, x200).

estimated as 1.2 for ADAMTS 4, 1.4 for ADAMTSS5,
0.11 for both ADAMTS9 and 15 for respective
histochemical markers.

ADAMTS4 and 5 were relatively slightly higher
compared to ADAMTS9 and 15. Furthermore, the
extensity and intensity of staining were more
significant in those cases with cerebral
atherosclerosis compared to AD cases. In AD
cases, the extensity was 1-2 and intensity was 1-1
for ADAMTS4, while the extensity was 3-3-3 and
intensity was 2-2-1 for atherosclerotic cases. For
ADAMTSS5, the extensity was 2-2 and intensity was

knk :.. 'L‘"‘H. T i ke P caid v r
Figure 3: ADAMTS9 immunostaining in postmortem brain
tissue. It shows focal immunostaining for ADAMTS9 of the glial
cells, most likely astrocytes (original magnification, x200).

o ) RS 1%
Figure 4: ADAMTS15 immunostaining in postmortem brain
tissue. No staining was observed in neuron cells and glial cells
with ADAMTS15 (original magnification, x200).

i

2-1 in AD cases, while its extensity was 4-3-2 and
intensity was 1-2-1 for atherosclerotic cases. These
findings indicate that the extensity and intensity
of staining are more significant and scores are
higher in cases with atherosclerosis, heart failure
or coronary artery disease.

On the other hand, in a case with traumatic
brain hemorrhage, immunohistochemical
staining scores were 1-1 and 1-2 for ADAMSTS4
and 5, respectively. These staining scores were
also lower than those detected in cases with heart
disease.

Klinik Psikofarmakoloji Bulteni - Bulletin of Clinical Psychopharmacology, Volume 26, Issue 1 (March 01, 2016, pp. 1-92) 11




ADAMTS4, 5, 9, and 15 expressions in the autopsied brain of patients with Alzheimer’s disease: a preliminary immunohistochemistry study

DISCUSSION

There is a debate in the literature about the
increasing/decreasing immunoreactivity in AD
brain in terms of some aggrecanases. The present
study demonstrated that ADAMTS4 and 5 were
slightly under-expressed in the brains from
autopsied AD patients compared to those of
control brains and implied that ECM deterioration
was not boosted in the brains of patients with AD.
On the other hand, ADAMTS9 and 15 aggrecanases
were not found to be expressed in correspondent
brain sections of AD and control cases.

In our cases with AD, distribution scores of
immunohistochemical staining for ADAMTS4 (1 vs
2), ADAMTS5 (2 vs 2), ADAMTS9 (0 vs 1), and
ADAMTS15 (0 vs 0) were detected as indicated in
parentheses. The lowest and the highest mean
staining intensity scores belonged to ADAMTS4
and ADAMTS5 were detected as 1.2 and 1.4,
respectively. The lowest mean distribution
(extensity) score was detected as 0.11 for ADAMTS9
and ADAMTSI15, while the highest score 2.6
belonged to ADAMTS5. The lowest and the highest
intensity scores belonged to ADAMTS9 and 15
were 0.11, and ADAMTS5 was 1.4, respectively.

As in lots of structures in human brain, the steady
levels of Ap are identified by the equilibrium of their
generation and elimination velocities. Dysfunction
in AP elimination is essential for the accumulation of
AR in the brains of AD patients. In the present study,
it was explored and focused on the problems with
respect to AP elimination mechanisms for the
development of therapeutics targeting Ap.

ADAMTS4, 5, 9 and 15 are within the glutamyl
endopeptidase subgroup of ADAMTSs?*. The
essential substrates of the mentioned peptidase
enzymes are the aggregating chondroitin sulphate
proteoglycans (CSPGs), including brevican,
versican, and aggrecan, which are known to be the
total integral components of ECM of the CNS?*2°,
The CSPGs are expressed in the brain®?? and
known as possible substrates for ADAMTSs. These
CSPGs are important to brain structure through
maintenance of the correct hydrodynamics and in
their interactions with other ECM components.

They also contribute to disease processes, and
their synthesis is modulated by any kind of
injuries®. In normal physiological conditions, the
ECM of the brain is a dynamic structure, which
undergoes constant remodeling by processing of
CSPGs?. It has been reported that CSPGs (brevican,
neurocan, phosphacan, versican, and NG2) are
upregulated after CNS is subjected to any kind of
injury®*-*. We demonstrated here that ADAMTS4
and 5 expression were also slightly under-
expressed in case of AD which indicated the
inadequate degradation of ECM in these patients
which in turn finally resulted in the accumulation
of undesired ECM compounds by the time-course.

Injuries to the CNS such as trauma and stroke
have been known to lead to a reactive gliosis
characterized by increased glial fibrillary acidic
protein (GFAP) expression and hypertrophy of
astrocytes®. Similarly, amyloid plaques are
encircled by reactive astrocytes with an elevated
expression of intermediate filaments such as GFAP
in AD*. It was proposed that GFAP and antibodies
in CSF might have been used as a marker for severe
neurodegeneration in AD and related/unrelated
other CNS diseases®. This was coexisted with
changes in many brain ECM constituents including
an increase in CSPGs*. CSPGs are degraded
specifically by ADAMTS and an elevated
deterioration of ECM constituents might aid
recovery by elimination of the CPGs that are
inhibitory to neurite outgrowth. On the contrary,
elevated ADAMTS-mediated CSPG elimination
may enhance brain injury and capacitate
infiltration of inflammatory cells?®3,

Ajmo et al. described the allocation and
characteristic immunoreactivity for the ADAMTS-
directed cleavage of brevican, and compare this
with Wisteria floribunda agglutinin (WFA) binding
in the rodent CNS*. They noticed a considerable
discordance between the two, with the great width
of distribution of the ADAMTS-derived brevican
fragment being much expansive than that of WFA
reactivity, which was an ordinary reagent needed
to identify perineuronal nets of undamaged ECM
and a marker which was thought to be a hallmark
for regions of relative neural stability.

12 Klinik Psikofarmakoloji Bulteni - Bulletin of Clinical Psychopharmacology, Volume 26, Issue 1 (March 01, 2016, pp. 1-92)



Pehlivan S, Fedakar R, Eren B, Akyol S, Eren F, Turkmen-Inanir N, Gurses MS, Ural MN, Tagil SM, Demircan K

There are some limitations of our study that
should be considered. First, the findings of this
study are results of two cases, and second, both
dementia cases were women while all comparison
patients were men. Lack of adequate cases and
unequal gender distribution should be managed
by doing further studies to reach definitive
conclusions with higher statistical power.

In spite of limited number of autopsies performed
in AD disease cases, we think that our pilot study will
make powerful contributions to the current
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