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ABSTRACT Objective: Alzheimer’s disease (AD) is a progressive neurodegenerative disease that mostly affects the elderly population. Recent 
studies performed in AD highlight the pathophysiological relevance of disintegrin and metalloproteinase with thrombospondin 
type 1- like motifs (ADAMTS) genes and their products, namely hypoxia inducible factor-1 (HIF-1) and thrombospondin-1 (TSP-
1). Thus, the aim of this study was to describe and identify the distribution, characteristics, and any changes in the expression and 
immunoreactivity for HIF-1, TSP-1, and ADAMTS1 and 8 in AD brains.   

Materials and Methods: Nine patients who were autopsied in the Council of Forensic Medicine, Bursa Morgue Department 
in 2013, were selected. All patients were sent for autopsy to the Morgue Department within 8 h after death. At the autopsy, 
tissue samples of the organs were obtained for histopathological examination for determining the cause of death. Among 
these, two patients were clinically diagnosed with AD.   

Results: Immunohistochemical staining was performed, and the staining intensity/extensity was evaluated using a semi-
quantitative scoring system. Median distribution (extensity) scores of the immunohistochemical staining were estimated as 2 
for HIF-1, 0.67 for TSP-1, 3.11 for ADAMTS1, and 2.78 for ADAMTS8. Intensity scores were estimated as 1.22 for HIF-1, 
0.56 for TSP-1, 3 for ADAMTS1, and 2.11 for ADAMTS8.   

Conclusion: Our study suggests that ADAMTS1 and ADAMTS8 expressions are not specific for AD. To understand and 
provide definitive data on all aspects of metalloproteinases, extracellular matrix proteins, and transcriptional factor effects to 
AD, further studies are needed, where other metalloproteinases and related molecules/enzymes should be studied. 
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive neurodegenerative disease that mostly affects the elderly population. The 
pathologic processes that underlie this disorder are not fully understood, although it is known that oxidative stress 
and hypoxia play an essential role in neurodegenerative disorders such as AD and frontotemporal dementias (1-3). 
Hypoxia inducible factor-1 (HIF-1) is a major member of the transcription factor family that is responsible for the 
induction of genes that facilitate the adaption and survival of cells exposed to hypoxia (4). HIF-1 is a heterodimeric 
protein composed of a constitutively expressed HIF-1 beta subunit and oxygen-regulated HIF-1 alpha subunit (5). 
Clinical and experimental studies suggest that HIF-1 is involved in the pathologic processes of AD (6-8). Thrombos-
pondins (TSPs) are extracellular matrix (ECM) proteins and are part of a family of adhesive glycoproteins (9). Throm-
bospondin-1 (TSP-1) has functions in platelet aggregation, inflammatory response, and angiogenesis regulation dur-
ing wound repair and tumor growth (10). TSP-1 is predominantly produced by astrocytes and has been implicated in 
synaptogenesis in the central nervous system (11, 12). A disintegrin-like and metalloproteinase with thrombospon-
din type-1 motif (ADAMTS) genes were first discovered by Kuno and Matsushima (13) in 1997. ADAMTS1 and 4  
may play a role in neurodegenerative disorders such as AD (14, 15).

Herein, we aimed to analyze the immunohistochemical expression of HIF-1, TSP-1, and ADAMTS1 and 8 in the 
temporal cortex of brains with clinically diagnosed AD and normal adult brains, the latter serving as the control group.

MATERIALS and METHODS

Nine patients who were autopsied in the Council of Forensic Medicine, Bursa Morgue Department, Bursa, Turkey, in 
2013, were selected. All patients were sent for autopsy to our institution within 8 h of their death. Seven patients were 
males and two were females. The youngest patient was 25 years old, and the oldest was 87 years old. Tissue samples 
were taken for histopathological examination of the organs for determining the cause of death. Two patients were 
clinically diagnosed with AD, and 7 control patients belonging to different age groups [the age groups in years and the 
respective number of patients were as follows: 25–35 (n=1), 35–45 (n=1), 45–55 (n=1), 55–65 (n=1), 65–75 (n=1),  



75–85 (n=1), and >85 (n=1)] were analyzed for their ages, causes of 
death, and cerebral macroscopic and microscopic findings (Table 1).

Tissue samples were taken from the temporal brain regions in each 
patient and were fixed in 10% formaldehyde and embedded in 
paraffin wax. Sections of 3–4 µm thickness were cut and stained 
with hematoxylin and eosin. Ethical permissions for this study were 
taken from the local ethical committee (Bursa) and ethical commit-
tee of the Council of Forensic Medicine (İstanbul).

Immunohistochemistry: As mentioned above, following formal-
dehyde fixation and paraffin embedding, 5-µm thick sections were 
taken on APTES (3-Aminopropyl- triethoxysilane)-coated slides. 
The sections were deparaffinized in xylene and rehydrated through 
graded alcohols. Rehydration was followed by incubation with 2% 
hydrogen peroxide and methanol for 5 min to prevent intrinsic per-
oxidase activity. After the samples were washed three times using 
phosphate-buffered saline (PBS, pH: 7.4), they were warmed in a 
microwave oven in 0.1 nM sodium citrate for 10 min, and the an-
tigen retrieval procedure was completed. Later on, incubation and 
blocking of the non-immune serum at room temperature for 20 min 
was performed. The sections were taken on polylysine lams and 

immunohistochemistry with the anti-HIF-1, anti-TSP-1, and anti-
ADAMTS1 and 8 antibodies were performed. The procedures were 
performed according to the protocols recommended for anti-HIF-1, 
anti-TSP-1, and anti-human ADAMTS1 and 8 antibodies (Abcam, 
United States). After being deparaffinized at 65°C in a heat chamber 
and rehydrated, sections were subjected to epitope retrieval in 10× 
EDTA (ethylenediamine tetra acetic acid) buffer (pH 8.0) in 110 °C 
for 30 min. Subsequently, the sections were exposed to 3% H2O2 
for 20 min to bleach endogenous peroxidases, followed by rinsing 
three times in PBS for 10 min. The sections were respectively in-
cubated with a rabbit anti-TSP-1 antibody, anti-HIF-1 antibody, and 
anti-human ADAMTS 1 and 8 (all 1:250 in BSA) for 1 h at 37°C, 
washed three times in PBS, and incubated in a biotinylated goat sec-
ondary anti-mouse polyclonal antibody (Abcam) for 15 min at 37°C. 
The omission procedure of primary antibodies was used to examine 
the specificity of the antibodies. Following washing in PBS, the tis-
sues were visualized with 3,3’-diaminobenzidine tetrahydrochloride 
(DAB chromogen, Abcam) and counterstained with hematoxylin. 
Finally, the sections were dehydrated in graded ethanol, immersed 
in xylene, and coverslipped. All the images were examined using a 
200× objective (microscope Olympus B 53×). Regarding the exten-
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Table 1. Descriptive characteristics of the cases (age, gender, cause of death, cerebral macroscopic, and microscopic findings), 
staining extensity/intensity scores of HIF-1, TSP-1, ADAMTS1 and 8 

Cases Age Sex Cause Histopathology Macroscopic           HIF-1            TSP-1          ADAMTS1         ADAMTS8
   of death findings  findings EXT INT EXT INT EXT INT EXT INT
    in the brain  in the brain  

AD 85 M Brain Subarachnoid Subarachnoid 2 2 2 1 4 4 3 2
Case 1    hemorrhage and and
   due to  subcortical subcortical
   head trauma hemorrhages hemorrhages 

AD 80 M Coronary Cerebral Atherosclerotic 3 2 1 1 0 0 0 0
Case 2   artery infarction changes in the
   disease and subcortical cerebral arteries
    hemorrhage (Willis polygon) 

Case 3 25 M Brain Subcortical Subarachnoid 0 0 1 1 3 3 3 2
   hemorrhage hemorrhage and subcortical
   due to head  hemorrhages
   trauma     

Case 4 41 M Other Congestion Normal 1 1 0 0 3 3 3 2

   internal causes  

Case 5 53 M Coronary Congestion Atherosclerotic 2 2 0 0 3 3 2 2
   artery disease   changes in the
     cerebral arteries
     (Willis polygon) 

Case 6 56 F Brain Subarachnoid Subarachnoid 2 1 0 0 3 3 3 2
   hemorrhage hemorrhage hemorrhage
   due to head
   trauma     

Case 7 66 M Heart failure Normal Normal 2 1 1 1 4 3 3 2

Case 8 76 M Heart failure Congestion Normal 3 1 0 0 4 4 4 3

Case 9 87 F Aortic Normal Normal 3 1 1 1 4 4 4 4
   Dissection 

ADAMTS1: thrombospondin type 1- like motifs; AD: Alzheimer’s disease; EXT: extensity; INT: intensity



sity of antibody expression, we determined the staining score for 
each section and classified it as follows: 0, if it showed no staining; 
1, for occasional staining with most fields negative; 2, focally abun-
dant staining with most fields having no staining; 3, focally abundant 
staining with most fields showing positive staining; or 4, prominent 
staining throughout the section. The staining intensity was recorded 
using a semi-quantitative scoring system: 0: absent, 1: weak stain-
ing, 2: accumulations with greater staining intensity, 3: strong and 
dark staining, 4: very strong and the darkest observed staining.

RESULTS

All the specimens were stained by immunohistochemical methods, 
and the staining scores were determined. ADAMTS1 and 8 were 
distinctly higher compared to HIF-1 and TSP-1. ADAMTS1 and 8 
immunoreactivities were consistently demonstrated in the control 
group. The extensity of ADAMTS1 staining was very strong and 
ADAMTS8 staining was strong in one patient (one of the AD pa-
tients). ADAMTS1 and 8 expressions were not detected in case 2.  

Furthermore, the extensities of ADAMTS 1 and 8 staining were 
detected to be directly proportional to age.

Descriptive characteristics of the patients and the extensity and in-
tensity of the immunohistochemical staining patterns are summa-
rized in the table. The median age of the seven male and two female 
patients was 63.2 years (min. 25, and max. 87 years). Causes of 
death of the patients included other causes of internal causes (n=1), 
aortic dissection (n=1), coronary artery disease (n=2), brain hemor-
rhage due to head trauma (n=3), and heart failure (n=2). Median 
distribution (extensity) scores of the immunohistochemical staining 
were estimated as 2 for HIF-1, 0.67 for TSP-1 (Figures 1, 2), 3.11 
for ADAMTS1, and 2.78 for ADAMTS8 (as shown in Figure 3 and 
4). Intensity scores were also estimated as 1.22 for HIF-1, 0.56 for 
TSP-1, 3 for ADAMTS1, and 2.11 for ADAMTS8.

DISCUSSION

Hypoperfusion/hypoxia is among the underlying factors thought 
to play an important role in AD pathogenesis (1-3). HIF-1 plays 
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Figure 1. ADAMTS8 immunostaining in postmortem brain 
tissue. It is shown strongly staining in focal fields (original 
magnification, ×200). 150x125 mm (300x300 DPI)

Figure 2. HIF-1 immunostaining in postmortem brain tissue. It 
is shown weak staining in focal fields (original magnification, 
×200). 625x468 mm (72x72 DPI)

Figure 3. TSP-1 immunostaining in postmortem brain tissue. 
It is shown focal staining in capillary endothelium (original 
magnification, ×200). 150x127mm (300x300 DPI)

Figure 4. ADAMTS1 immunostaining in post-mortem brain 
tissue. It is shown diffuse staining (original magnification, 
×200). 150x119 mm (300x300 DPI)



key roles in cellular physiology and the pathophysiology response 
to hypoxia (16). Several target genes that are transactivated by HIF-
1 have been identified, including those encoding erythropoietin, 
glucose transporters, glycolytic enzymes, and vascular endothelial 
growth factor to adaption to tissue hypoxia (16, 17). HIF-1 activa-
tion promotes a cellular response to hypoxia for cell survival (17, 
18), and HIF-1 activity can prevent neuron death and ameliorate 
these symptoms of neurodegenerative disorders such as AD (18). 
Grammas et al. (19) reported that HIF-1α is elevated in brain blood 
vessels in Alzheimer’s patients compared to in control groups. 
Grammas et al. (6) reported in another study that brain sections 
from AD and control mice demonstrated that HIF-1α, angiopoi-
etin-2, matrix metalloproteinase 2, and caspase 3 are elevated and 
Bcl-xL decreased in the microvasculature of AD mice. Luo et al. 
(7) reported in their study brain endothelial cell cultures originated 
from isolated rat brain microvessels and exposed to hypoxia for 
various periods of time. They observed a time-dependent increase 
in the accumulation of HIF-1α protein in the brain microvascular 
endothelial cells exposed to hypoxia (7). In our present study, we 
observed an HIF-1 increase in the postmortem brain samples from 
Alzheimer’s patients. In addition, HIF-1 expression was observed 
in the control groups, apart from case 3. The HIF-1 increases in 
Alzheimer’s patients may be explained as a response to exposed 
hypoxia; such observations have already been described in similar 
studies (6, 7, 19). Increasing HIF-1 expression was shown to be 
dependent on the age in the control groups. We believe that brain 
cells’ sensitivity to hypoxia may increase when these are exposed 
to such conditions, resulting from environmental factors or self-
existing diseases (heart failure, atherosclerotic changes in Willis 
polygon, and coronary artery disease). In addition, HIF-1 expres-
sion was not detected in case 3. This can be explained that cause 
of death in young patients may be traumatic death without hypoxic 
exposure.

Thrombospondins are ECM proteins and are part of a family of ad-
hesive glycoproteins (9). TSP-1 has functions in platelet aggrega-
tion, calcium binding, cell attachment, neurite outgrowth, cell–cell 
interactions, inflammatory response, and angiogenesis regulation 
(10). TSP-1 is predominantly produced by astrocytes and has been 
implicated in synaptogenesis in the central nervous system (11, 12).  
Buée et al. (20) observed that TSP is found in the normal hu-
man brain. In all their examined AD patients, neuronal staining 
was markedly decreased and microvascular staining appeared to 
be weaker in AD than control patients. They believe that TSP is 
a neuronal marker of early neuronal degeneration in AD. In our 
study, we observed TSP-1 expression in Alzheimer’s patients but 
not in some control patients. In case 2 of AD, the microscopic ex-
amination showed cerebral infarction findings and a weaker stain-
ing for TSP-than in case 1.

Thrombospondin type 1- like motifs appear to be responsible for 
the cleavage of proteoglycans in the brain. ADAMTS families of 
metalloproteinases are important contributors of proteolysis in 
central nervous system disorders (21-23). The results of a study 
presented by Reid et al. (24) suggested that ADAMTS9 expres-
sion is modulated in response to cerebral ischemia. Miguel et al. 
(15) reported in their study that ADAMTS1 expression increases 
in the brains of patients with neurodegeneration, such as AD. In 
this study, ADAMTS1 and 8 expressions were observed in all pa-

tients, except in case 2. In this study, no association was observed 
between AD and ADAMTS1 and 8.

CONCLUSION

According to our results, ADAMTS1 and ADAMTS8 expressions 
are not specific for AD. Thus, HIF-1, TSP-1, ADAMTS1, and  
ADAMTS8 do not have the potential to act as key molecules in AD. 
To understand and provide definitive data on all aspects of metallo-
proteinase, ECM proteins, and transcriptional factor effects to AD, 
further studies are needed. In these prospective studies, other metal-
loproteinases and related molecules/enzymes should be analyzed.  
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