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Immuno-histochemical characteristics of necrotic area in the old-infarction 
area of human brain by using of antibodies against cystatin C, Cathepsin B, 

puromycin sensitive alanyl-aminopeptidase and Prostaglandin D2 synthase - A 
preliminary examination

Abstract

Brain infarction is occasionally encountered at forensic autopsy cases. 

Since the extent of infarct area and degenerative process are very 

diverse, it is not easy for forensic pathologists to recognize and decide 

the extent of old-necrotic area in the infarct lesion of the brain by 

hematoxylin eosin staining. We examined histochemical characteristics 

of the old infarct area by antibodies against cystatin C, cathepsin B, and 

puromycin sensitive amino-peptidase, and prostaglandins D2 synthase, 
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as a preliminary study for resolving the process of degenerative or 

necrotic changes in the brain infarction. The results obtained in this 

study revealed that these substances were expressed in the infarct area 

in relation to degeneration or protection of the infarct tissue. Among 

them, cystatin C and cathepsin B were predominantly expressed in the 

infarct area. The Cystatin C was expressed in the amorphous substance 

and collagen like net substance adjacent to non-affected area, showing 

clearly boundary between necrotic and normal area. Cathepsin B was 

expressed mainly in macrophages in the necrotic cave. These results 

indicate that anti- Cystatin C is a useful tool to detect and determine the 

boundary of necrotic area in the old infarction of the brain.  
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Introduction

The cerebrospinal fluid contains several kinds of predominantly brain -

derived proteins including cystatin C (CC), proteases such as cysteine 

proteases, and puromycin sensitive amino -peptidase (PSA), and 

prostaglandins D2 synthase, which may be reflected by the pathological 

changes of the brain.  

Cystatin C (CC) is a potent endogenous inhibitor of the cysteine proteases, 

and involve in regulation of local inflammation 1 and tumor invasion and 

metastasis.2 CC is up regulated in degenerated neurons in the hippocampal 

subregion CA1 after global ischemia in the rat 3 suggesting a role in the 

Figure 1: Old infarct area in the cerebellum from an individual 
(autopsy no.0636). Reticulation made by collagen-like fibers exist in 
the intact cortex by HE stain (1-A, top). Anti CC clearly stains the 

collagen-like fibers like as the meshes of a net (1-B, bottom). 
Although anti PSA weakly stained the collagen-like fibers, anti 

PGDS showed no reactivity with the collagen-like fibers. [Click all 
pictures to enlarge] 

Figure 2: Old infarct area in the cerebellum from an individual 
(autopsy no.0636). Amorphous material without nucleus was 

recognized adjacent to the granular cell layer and the collagen-like 
fibers are found between the amorphous materials by HE stain (2-A, 
top). Anti CC clearly and intensively stains the amorphous material 

and collagen-like fibers (2-B, bottom). Although anti PSA weakly 
stained the amorphous material, anti CB and anti PGDS showed 

feeble reactivity. [Click all pictures to enlarge] 



neuronal death after cerebral ischemia. CC is produced by all nucleated cells, 

including neuroendcrine cells and cortical neurons.4 
 

Cathepsin B, H, L and S, a family of the cysteine proteases, distributed widely in various tissues and involved in various biological 

processes such as degradation of cellular proteins, regulation of pro -enzymes and pro-hormones5,6 and the enzyme activity of 

cathepsins B (CB) and L increase in the pyramidal neurons in the cornu Ammonis (CA) 1 sector of the hippocampus 3 -5 days after 

ischemia.7 
 

Several studies have reported that the chronic administration of opioids 

induce changes in the biosynthesis of endogenous opioid peptides or their 

precursors in the specific brain regions of the adult central nervous system.8 

A major pathway in enkephalin degradation occurs via cleavage of the Tyr-

Gly amide bond by aminopeptidase.9 We reported that puromycin sensitive 

aminopeptidase (PSA) was expressed in human brain tissues.10 
 

The prostaglandin D2 synthase (PGDS) is produced in the choroids plexus 

and secreted into cerebrospinal fluid is also detected in neurons of medulla 

oblongata and Purkinje cells in the cerebellum. 11 The PGDS converts 

prostaglandin H into prostaglandin D2, and cyclooxygenase–2, a rate-limiting 

enzyme in prostaglandin synthesis because of production of prostaglandin H, 

mediates the induction of prostaglandin synthesis during the inflammatory 

response in vivo in many organs including brain.11 
 

We purified CC and PGDS from combined human cerebrospinal fluid, PSA 

from human liver and CB from seminal fluid, and produced rabbit polyclonal 

Figure 3: Old infarct area in the cerebellum from an individual 
(autopsy no.0636). Small vessels, capillaries, are increased and 
numerous macrophage-like cells infiltrate in to the center of the 

infracted area. Amorphous materials also exist in the center by HE 
stain like as islands (3-A). Anti CC stains the amorphous material 
and shows weak reactivity with macrophage-like cells (3-B). The 

macrophage-like cells are intensively stained by anti CB (3-C). Anti 



antibodies against these biological materials.12,13,14,15, These four substances 

detected both in the brain and cerebrospinal fluid may play important roles in the central nervous system.  

It is not easy for forensic pathologists to recognize and determine the extent of old-necrotic area in the infarct lesion of the brain by HE 

stain. In this study we examined the staining patterns in the degenerated or necrotic human brain tissue in the old infarction with 

antibodies against CC, CB, PSA or PGDS. Although many investigators reported inducement of proteases and/or protease inhibitors 

in the early stage of infarction,3,7 few study was made concerning to the expression of these protein in the progressive area of the brain 

infarction. The results obtained in the present study revealed that anti-CC antibody is a most useful tool to decide the necrotic region in 

the old-infracted brain lesion and indicated that CC, CB, PGDS and PSA were expressed in astrocytes or microglia cells surrounding 

the ischemic region, although their role might vary in the necrotic area.  

Materials and Methods

Human cerebral and cerebellum tissue specimens including relatively old or 

old- infarct lesion were obtained from 9 cadavers at autopsy in Department 

of Legal Medicine, Shiga University of Medical Science or in Osaka Medical 

examiner’s Office. The summary of the cadavers is described in Table 1. 

Anti-CC, anti-CB, anti-PSA and anti-PGDS were used. All of antibodies 

against CC, CB, APS and PGD are produced in our laboratory.12,13,14,15,

Additionally anti-Le x antibody purchased from Dako Japan was used to detect astrocytes.11 Immuno-staining was done according to 

our previous method.11 In briefly the tissue specimens of the brain were fixed in 10% formalin, and serial paraffin sections (3 µm) were 

mounted onto slides. Deparaffinized sections were immersed in absolute methanol containing 0.3% H 2O2 for 30 min at room 

temperature to block endogenous peroxidase. After washing in 0.01M PBS, the sections were incubated overnight at 4° C with anti-

CC, anti-CB, anti-APS, anti-PGDS or anti-Lewis x diluted at 1:400,1:200, 1:400, 1:400 or 1:50 respectively. After washing in 

PSA and anti PGDS show weak reactivity with the macrophage-like 
cells. [Click all pictures to enlarge] 

Figure 4. Relatively–old infarct area in the cerebrum from an 
individual (autopsy no.50947). Numerous small sized glial cells and 
capillaries exist in the cavity due to necrosis after infarction by HE 

stain and show no reactivity with these antibodies used in this study. 
[Click all pictures to enlarge] 



0.01M PBS, the sections were incubated with biotin-conjugated anti-rabbit IgG or anti-mouse IgG for 1 hr, washed and then treated 

with streptavidin–biotin-peroxidase complex (HISTOFINE SAB-PO kit, Nichirei, Tokyo) for 1 hr. 3-3diaminobenzidine was used as 

chromogen. We made a serial section for each tissue block. One section was stained by Hematoxylin Eosin (HE). Although some 

tissue sections were counterstained by Hematoxylin, others were observed without counterstaining.  

Results

1. Old infarction in the cerebellum

In the cerebellum without pathological lesion, the 

Purkinje cells showed clear reactivity with anti-PGDS, 

weak or moderate with anti-CB and PSA, and from 

feeble to strong with anti- CC. Anti Le x showed no 

reactivity with the Purkinje cells and remarkable 

reactivity with granular cell layer. The reactivity of 

neuronal cells in the dentate nucleus of the cerebellum 

was varied in intensity, from clear with anti-PGDS and 

moderate with anti–CB and -CC to weak with anti-

PSA.  

The old infarct area in the cerebellum from a cadaver 

whose onset of infarction was 5 years before her death (autopsy no.0636), possessed three pathological changes that consisted a cave 

formation, a deposition of amorphous material with collagen-like fiber adjacent to the relatively intact cortex and reticulation made from 

collagen-like fiber, which was enclosed by the intact cortex, as shown in Fig.1-A.2- A and 3-A. The different kinds of pathological 

finding might indicate that three times onsets of infarction may be occurred in her cerebellum. The cave consisted primarily of a cavity 

Figure 5. Immunostaining of corpora amylacea in the cerebrum from an individual (autopsy 
no.50947). Many corpora amylacea are detected around a blood vessel that exist the surrounding 

the infracted cavity (5-A, top row left). The corpora amylacea show intensive reactivity with CB (5-
B, top row right), weak with PSA (5-C, middle row left), feeble with CC (5-D, middle row right) 

and PGDS (5-E, bottom row). [Click all pictures to enlarge] 



with insular amorphous material, a few strands of collagen, numerous macrophage-like cells and small amount of haemosiderin-laden 

phagocytes cells. The scattered amorphous material was found like as islands at the periphery of non-affected cerebellum tissue and 

collagen-like fibers observed adjacent to non-infarct tissue. The amorphous material and collagen-like fiber were intensively stained by 

anti CC, and showed relatively weak reactivity with anti -CB and PSA. The staining results were shown in Fig.1 and 2. The 

macrophage-like cells spread in the cavity were weakly or feebly stained by anti CC and strongly stained by anti -CB and PSA, as 

shown in Fig.3. Anti-PGDS showed clear reactivity with the Purkinje cells and glia cells in the survived region, and macrophage-like 

cells in the infarcted region. The glia cells stained by anti-CC, CB, PSA and/or PGDS are remarkable in the surrounding of infracted 

area compared with normal region. Anti CC antibody could distinguish the necrotic area from intact tissue with intensive staining, 

showing in Fig.1.  

2. Old infarction in the cerebrum

In the cerebral tissue without pathological lesion, glial 

cells showed clear reactivity with anti- CB, PSA and 

weak with anti-CC and PGDS, and neuronal cells 

showed feeble reactivity with them although anti-PGDS 

showed good reactivity with some neurons.  

In the relatively old infarction from a patient who died 2 

months after her onset of infarction (autopsy 

no.50947), the center of infarct area is replaced by a 

cavity with numerous of small sized glial cells and 

prominent capillary proliferation and without 

macrophages and amorphous material in HE stain. In 

the center of relatively old infarct area the small sized 

Figure 6. Relatively–old infarct area in the cerebrum from an individual (autopsy no.50947). 
Germistocytic astrocytes, large sized astrocytes, are detected in the cortex, peripheral area of the 

cavity, by HE stain (6-A). The astrocytes show relatively good reactivity with anti CC (6-B), CB (6-
C), PGDS (6-D) and PSA (6-E), respectively. [Click all pictures to enlarge] 



glial cells showed no reactivity with these antibodies. However, the number of larger sized glia cells stained by anti-CC, CB, PSA and 

PGDS was increased in the surrounding of infarct area compared with normal region. Additionally, in the area from surrounding to 

periphery of the infarction, numerous fibrous astrocytes and some germistocytic astrocytes showed intensive reactivity with these 

antibodies, respectively, as shown in Fig 5. The germistocytic astrocytes stained by anti-Le x antibody were appeared in the peripheral 

region of the infarction. The reactivity with antibodies and germistocytic astrocytes may be not false positive, since corpora amylacea 

showed intensive reactivity with CB, weak with CC and feeble with PSA and PGDS on the serial sections from an individual (Fig. 6).  

In old infarct area of the cerebrum from 69 year -old 

male who was in vegetative state and died due to 

asphyxia after 1-year onset of sudden episode of losing 

consciousness by unknown cause (autopsy no. 0544), 

the numerous germistocytic astrocytes in the center of 

the infracted area, many macrophages in the collagen-

like fiber tissue and prominent capillary proliferation 

were detected by HE staining. Germistocytic astrocytes 

were stained clearly and intensively by anti-CC and CB 

antibodies, and anti PSA and PGDS showed moderate 

or weak reactivity with the germistocytic astrocytes. 

Anti CB and PGDS stained macrophage the clearly 

than those by anti PSA and CC staining. Staining results 

were shown in Fig.7 and 8.  

Discussion

Figure 7. Old infract area of vassal ganglia from an individual (autopsy no. 0544). The 
germistocytic astrocytes detected in the center of the infarction by HE (7-A) are clearly and 

intensively stained by anti CC (7-B), CB (7-C) and PGDS (7-D), and weak by anti-PSA (7-E), 
respectively. [Click all pictures to enlarge] 



Although early ischemic episodes related to the role of CC and CB have been identified by many investigators, few reports have been 

made concerning those in old infract area.  

In this study, CC and CB were predominantly expressed in the old infract area of human cerebrum and cerebellum, although the 

expression circumstances were different each other in the old infract tissues. CC was expressed mainly in the amorphous material that 

lacked the nucleus, and CB was mainly detected in soma of macrophages-like cells. The results obtained in this study indicate that CC 

and CB may inhibit or co-operate each other in the degenerative process of infarct brain tissue. CB is involved in various biological 

processes such as degradation of cellular proteins and regulation of enzymes, as well as in pathological processes.5 CC is an inhibitor 

of cysteine protease such as cathepsin B,1,2 and co-localized with amyloidßprotein in the brain of Alzheimer’s disease patients.16 Both 

CC and CB are expressed even in early stages of the damaged brain area after ischemia. There are controversial reports concerning 

the roles of CC and CB in the ischemic brain lesion,17,18 because CC has been presumed to protect the neuronal damage by CB in the 

infarct lesions, since CC inhibits the act of lysosomal cathepsin.1 
 

In the old infarct area CC was mainly expressed in the amorphous material in the 

cerebellum and collagen-like fiber showing different expression site of CB that was 

mainly detected in macrophage-like cells. This indicates that CC and CB work 

independently in the old infarct area. We were not able to decide the constituent and 

origin of the amorphous material in this study. It may be of the material related to 

recovery of damaged brain tissue or of plugging the cavity, since the amorphous 

material is not detected in the relatively old infarct tissue and old infarct area in the 

cerebrum. The amorphous material might be peculiar to the cerebellum infarction or 

expressed only in the late stage of the process of infarction tissue in the brain, that is, 

expression depend on diurnal variations, since the amorphous material was detected 

What is already known on 
this topic

 The cerebrospinal fluid contains 
several kinds of predominantly brain-
derived proteins including cystatin C 
(CC), proteases such as cysteine 
proteases, and puromycin sensitive 
amino-peptidase, and prostaglandins 
D2 synthase (PGDS), which may be 
reflected by the pathological changes 
of the brain.  

Cystatin C is a potent endogenous 
inhibitor of the cysteine proteases, and 
involved in regulation of local 
inflammation and tumor invasion and 
metastasis. CC is up regulated in 
degenerated neurons in the 
hippocampal subregion CA1 after 
global ischemia in the rat suggesting a 
role in the neuronal death after cerebral 
ischemia. CC is produced by all 
nucleated cells, including 
neuroendcrine cells and cortical 
neurons.  

The prostaglandin D2 synthase (PGDS), 
produced in the choroid plexus and 
secreted into cerebrospinal fluid, is also 



only in the old infarction area of cerebellum in which the duration was 5 years from 

onset of the infarction.  

PSA detected in the senile plaque in our previous study10 may carry an important role 

in the destruction or protection of the damaged brain tissues.  

Sairance et. al.19 reported that Cox-2 protein was present in both neuronal and glial 

cells throughout the human brain in accord with infarct topography and duration of 15 

hours to 18 days. In this study PGDS was also expressed both in fibrous and 

germistocytic astrocytes surrounding the center of the infract area, although PGDS was 

not recognized in the neurons of the infarct area. This may be obvious and naturally 

since Cox-2 produces prostaglandin H and PGDS converts the prostaglandin H into prostaglandin D2.11 
 

Conclusion

The results obtained in this study suggest that 

substances, such as protease (CB and PSA), protease 

inhibitor (CC) and PGDS, derived from cerebrospinal 

fluid are relevant each other to the degeneration 

process of necrotic brain tissue due to infarction, 

although true roles of these substances remain unclear, 

that is, whether they stimulate or protect degeneration 

of infarction tissue, and anti- CC is a useful tool to detect and decide the boundary of necrotic area in the old infarction of the brain.  
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Table 1. Summary of individuals with brain infarction.

 

Autopsy 

number 

Age Gender Organ Death  

after onset 
Cause of 

death 

Extent of 

Infarction 

50880 77 M cerebrum Unknown Cardiac death Focal 

50947 76 F cerebrum 2 months Cardiac death Focal 

50966 68 M cerebrum   Brain contusion Focal 

0428 49 F cerebrum 4 years Hemorrhagic 

shock 

Focal 

0544 69 M cerebrum 1 year Asphyxia Large(vegetative) 

0636 81 F cerebellum 5 years Lung contusion Focal 

51500 52 M cerebellum unknown Subdural 

hemorrhage 

Focal 

51550 49 M cerebrum unknown AMI Focal 
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