
Virchows Arch (1996) 429:249 253 © Springer-Verlag 1996 

Akira H a r a .  Yoshinobu Hirose • Aijin Wang 
Naoki  Yoshimi • Takuji Tanaka-  Hideki Mori  

Localization of Bax and Bcl-2 proteins, regulators 
of programmed cell death, in the human central nervous system 

Received: 26 February 1996 / Accepted: 3 June 1996 

Abstract  Bax and Bcl-2 proteins are identified as regu- 
lating molecules for programmed cell death. In the cen- 
tral nervous system, programmed cell death or apoptosis 
is considered to be an important phenomenon that is re- 
lated to neuron vulnerability to a variety of toxic effects, 
including ischaemic insult. In this study, localization of 
Bax and Bcl-2 proteins was investigated in the human 
central nervous system using autopsy cases without any 
neurological disorder. Results were compared with find- 
ings in the rat. Most neurons in human cerebral cortex, 
basal ganglia and brain stem were positive for both Bax 
and Bcl-2 proteins, whereas Purkinje cells in cerebellum 
and neurons in hippocampal CA1, CA2 and CA3 regions 
were positive for Bax but negative or weakly positive for 
Bcl-2. Glial cells examined in all sections were negative 
for both proteins. Choroid plexus, ependymal cells and 
arachnoid villi showed positive reactivity for both pro- 
teins. A possible relationship between the localization of 
Bax or Bcl-2 proteins and the cell vulnerability in central 
nervous system is discussed. 
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Introduction 

Bax and its related protein, Bcl-2, are essential for the 
regulation of apoptotic cell death, an active cell-deletion 
process operating during embryonic development, tissue 
remodelling and tumour regression [16, 22]. Bax, which 
forms heterodimers with Bcl-2, has extensive amino acid 
sequence homology with Bcl-2 protein [18]. Overexpres- 
sion of Bax is known to promote programmed or apo- 
ptotic cell death and conversely Bcl-2 inhibits this type 
of cell death and promotes cell survival [12, 21]. The an- 
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ti-apoptotic activity of Bcl-2 is achieved by suppressing 
the apoptosis-inducing function of Bax by forming het- 
erodimer with Bax protein [7, 18, 23]. Thus, Bax and 
Bcl-2 proteins play opposing parts in the physiological 
control of cell survival and death [5]. 

Immunohistochemical localization of Bax and Bcl-2 
proteins has been investigated in various tissues of mice 
[14]. Bax expression is more widespread than expression 
of Bcl-2, and it is sometimes, but not always, localized to 
tissues characterized by high apoptotic death rates [14]. 
It is speculated that the ratio of Bax to Bcl-2 plays a crit- 
ical part in regulating the relative sensitivity of some tis- 
sues to apoptotic cell death. In central nervous system, 
Bcl-2 protein is abundant in the developing rat brain [3, 
4], and a higher level of bcl-2 mRNA was detected in 
late prenatal development than in postnatal and adult rat 
brain [3]. Strong Bcl-2 immunoreactivity occurs in the 
neocortex and hippocampus of the developing rat during 
the 1st postnatal week. Bcl-2 immunoreactivity then rap- 
idly decreases with ageing. Very low levels of Bcl-2 pro- 
tein, hardly detectable by immunohistochemistry, are 
recognized in rats during adult life [4]. In contrast, in- 
tense immunoreactivity of Bax protein has been detected 
in some neurons of mouse adult central nervous system 
[14]. Bax is suggested to contribute to the vulnerability 
of some neurons to a variety of toxic effects, including 
hypoxia, hypoglycaemia and ischaemic insult [6, 10]. 

In this study, we used immunohistochemistry to deter- 
mine in vivo localization of Bax and Bcl-2 proteins in 
the human central nervous system, using polyclonal anti- 
bodies specific for Bax and Bcl-2 proteins. The study 
was performed in neural and related tissues from human 
autopsy cases without neurological disorder, and the re- 
sults were compared with those obtained in the rat cen- 
tral nervous system. 

Materials and methods 

Five adult autopsy cases without neurological disorder were used 
in this study. Specimens obtained at autopsy were fixed in forma- 
lin as soon as possible and immersed for 7 days, and then embed- 
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ded in paraffin. Fisher 344 rats 8 weeks of age were also used for 
tissue preparation. Animals were anaesthetized with pentobarbital, 
and perfused transcardially with saline and then with 10% neutral 
buffered formalin. Brains were then immersed in 10% neutral buf- 
fered formalin for 24 h and processed for paraffin embedding. 

Sections (5 gm) were cut for conventional haematoxylin and 
eosin (H&E) staining, and for immunohistochemistry. 

Sections for immunohistochemistry were deparaffinized and 
then hydrated by transferring them through the following solu- 
tions: xylene bath twice for 5 min, and then 96% ethanol twice, 
90% ethanol, 80% ethanol, and distilled water, for 3 min each. 

Anti-Bax antibody (P-19) and anti-Bcl-2 antibody (N-19) were 
purchased from Santa Cruz Biotechnology (Santa Cruz, Calif.). 
Anti-Bax antibody is an affinity-purified rabbit polyclonal anti- 
body raised against a peptide corresponding to amino acids 43-61 
mapping within an amino terminal domain of Bax protein of 
mouse origin. Anti-Bax antibody reacts with Bax protein of 
mouse, rat and human origin and is non-cross-reactive with Bcl-2 
and Bcl-x proteins (data from manufacturer). Anti-Bcl-2 antibody 
is an affinity-purified rabbit polyclonal antibody raised against a 
peptide corresponding to amino acids 4-23 mapping at the amino 
terminus of Bcl-2 protein of human origin. Anti-Bcl-2 antibody 
reacts with Bcl-2 protein of mouse, rat and human origin and is 
non cross-reactive with Bax and Bcl-x proteins (data from manu- 
facturer). The deparaffinized sections were heated and boiled for 
1 rain by microwaving in 10 mM citrate buffer, pH 6.0. To dimin- 
ish nonspecific staining, each section was treated with methanol 
containing 3% hydrogen peroxide for 3 rain. Anti-Bax and anti- 
Bcl-2 antibodies used at dilutions of 1:2000 and 1:1000, respec- 
tively, in 0.05 M Tris-buffered saline, pH 7.6 (TBS) were added to 
the slides and incubated overnight in 4°C. Expression of Bax and 
Bcl-2 proteins was shown by the labelled streptavidin biotin 
(LSAB) method using the LSAB kit (Dako, Carpinteria, Calif.) 
containing blocking reagent, biotinylated link antibody and perox- 
idase-labelled streptavidin reagents. The peroxidase-binding sites 
were detected by staining with 3,3'-diaminobenzidine in TBS. Fi- 
nally, counterstaining was performed with Mayer's haematoxylin. 
Slides were photographed with a light microscope (Olympus mod- 
el AH2) equipped with a 35-mm camera (Olympus model C- 
35A4-4) with Ektar 100 film (Eastman Kodak, Rochester, N.Y.) 

Results 

The resul ts  are summar i zed  in Table 1. 
In the human  central  nervous  sys tem,  pos i t ive  Bax  

immunos t a in ing  is seen in var ious  neurons.  In par t icular ,  
neurons  in the cerebra l  cor tex  (Fig.  1A), h i p p o c a m p u s  
(Fig.  1B), bra in  s tem and cerebe l la r  cor tex  (Fig. 1C) 
show s t rongly  posi t ive  immunoreac t iv i ty .  A x o n a l  f ibres 
are also posi t ive  for Bax  immunos t a in ing  (Fig. 1A). Gli-  
al cel ls  in all  locat ions ,  however ,  demons t ra te  comple t e ly  
negat ive  immunos t a in ing  for  Bax. No  Bax  immunos t a in -  
ing is seen in the granular  layer  o f  the ce rebe l la r  cor tex  
(Fig.  1C). The  choro id  p lexus  (Fig.  1D), e p e n d y m a l  cel ls  
in all  ventr ic les ,  and the a rachnoid  vi l l i  in the super ior  
sagi t ta l  s inus show pos i t ive  Bax  immunos ta in ing .  In the 
choro id  plexus,  Bax  immunoreac t iv i t y  is seen in epi the-  
l ia l  cel ls  but  not  in the central  connect ive  t issue core. In 
the same manner ,  the immunos t a in ing  is p resen t  in the 
a rachno id  cel ls  of  a rachnoid  vi l l i  but  not  in the surround-  
ing connect ive  t issues.  The  same pat tern  of  the expres-  
s ion o f  Bax  immunoreac t iv i t y  is r ecogn ized  in the rat 
centra l  nervous  sys tem (Table 1). 

Pos i t ive  Bc l -2  immunos t a in ing  is also seen in var ious  
neurons  (Fig.  1E), except  for h i p p o c a m p a l  neurons  and 

Table 1 Expression of Bax and Bcl-2 proteins in rat and human 
central nervous system ( -  negative, _+ weakly positive, + positive, 
++ strongly positive) 

Bax Bcl-2 

Human Rat Human Rat 

Cerebral cortex 
Neuron ++ + + _+ 
Glia . . . .  

Basal nuclei 
Neuron + + + _+ 
Glia . . . .  

Hippocampus 
Neuron a ++ + _+ _ 
Glia . . . .  

Brain stem 
Neuron ++ + ++ + 
Glia . . . .  

Cerebellum 
Purkinje cell ++ ++ - + 
Granular cell - - +b - 
Cerebellar nuclei ++ + ++ + 
Glia . . . .  

Choroid plexus ++ ++ + + 
Ependymal cell + + + + 
Arachnoid villi + + + + 

a These include neurons in hippocampal CA1, CA2 and CA3 re- 
gions 
b Golgi type II cells in granular layer of cerebellar cortex are posi- 
tive for Bcl-2 although most granular cells are negative for Bcl-2 

Purkinje cells. Neurons in hippocampal CA1, CA2 and 
CA3 regions show only a weak level of immunoreactivi- 
ty for  Bc l -2  (Fig.  1F) and no immunos ta in ing  is seen in 
Purkin je  cel ls  (Fig.  1G). Gl ia  cel ls  in all the loca t ion  o f  
human  central  nervous  sys tem demons t ra te  comple t e ly  
negat ive  immunos ta in ing  for  Bcl -2  in the same manner  
as Bax. Golg i  type  II  cel ls  in the granular  layer  o f  the 
cerebe l la r  cor tex  are posi t ive  for  Bcl -2  a l though most  
granular  cel ls  show negat ive  react iv i ty  for  Bcl -2  
(Fig.  1G). Choro id  plexus  (Fig. 1H) and e p e n d y m a l  cells 
in all  the ventr ic les ,  and a rachnoid  vi l l i  in the super ior  

Fig. 1A-H Immunohistochemical detection of Bax and Bcl-2 
proteins in human central nervous system from autopsy cases. 
(Immunostaining for A-D Bax, E - I t  Bcl-2; x150.) A Neurons of 
cerebral cortex in frontal lobe show strongly positive immuno- 
staining in both perikarya and axonal fibres. B Hippocampal pyra- 
midal neurons show strongly positive immunostaining in perikarya 
and apical dendrites. C In cerebellar cortex, Purkinje cells express 
intense immunostaining for Bax in their perinuclear cytoplasm, 
whereas no staining is recognized in the granular layer. D In chor- 
oid plexus, the Bax immunoreactivity is seen only in epithelial 
cells, and not in the central core comprised of connective tissues. 
E Neurons of cerebral cortex in frontal lobe show positive immu- 
nostaining in perikarya but not in axonal fibres. F Hippocampal 
pyramidal neurons show weakly positive immunostaining in peri- 
karya. G No immunostaining is seen in Purkinje cells. Golgi type 
II cells in granular layer of cerebellar cortex are positive for Bcl-2 
although most granular cells showed negative reactivity for Bcl-2. 
I t  In the same manner as Bax, the Bcl-2 immunoreactivity is seen 
in only epithelial cells of choroid plexus but not in the central 
core. Macrophages in the connective tissue of the choroid plexus 
are stained as immunoreactive single cells 
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sagittal sinus show positive Bcl-2 immunostaining. Mac- 
rophages in the connective tissue of the choroid plexus 
are stained as immunoreactive single cells (Fig. 1H). Al- 
most the same pattern of the expression of Bcl-2 immu- 
noreactivity is recognized in rat central nervous system, 
although the immunostaining intensity of Bcl-2 in rat is 
not so intense as that in human (Table 1). 

Discussion 

Neurons in central nervous system are vulnerable to cell 
death induced by hypoxia, hypoglycaemia, ischaemia 
and a variety of other insults. Recent studies have re- 
vealed that the delayed neuronal death in the hippocam- 
pal CA1 region of rodents induced by transient forebrain 
ischaemia was characterized by nuclear DNA fragmenta- 
tion, an important phenomenon in apoptotic cell death 
[9, 11, 13, 15, 17]. In the central nervous system, various 
disease situations such as neurodegenerative disorders, 
toxic neuropathy and ischaemic neuronal change are 
thought to have some possible relationship with apopto- 
sis in their pathogenesis. Information on the distribution 
of apoptosis-regulating proteins, Bax and Bcl-2, in cen- 
tral nervous system seems to be important in the under- 
standing of the pathogenesis of above disease situations. 

The following two patterns of Bax and Bcl-2 expres- 
sion in neurons were found in this study. One was recog- 
nized as a localization pattern of both Bax and Bcl-2 in 
the cytoplasm of the neurons. However, Bax was recog- 
nized in both perikarya and axon, and Bcl-2 only in peri- 
karya, suggesting that Bax was predominant. Most hu- 
man neurons in the central nervous system, such as those 
in the cerebral cortex, basal ganglia, and brain stem, be- 
longed to this group. The other pattern was recognized in 
cerebellar Purkinje cells, which expressed intense immu- 
nostaining for Bax in their perinuclear cytoplasm. Bcl-2 
was absent from the cells. The neurons in hippocampus 
also belonged to this pattern because of their strong ex- 
pression of Bax but low level of immunoreactivity for 
Bcl-2. It is known that Purkinje cells and hippocampal 
neurons are extremely vulnerable to ischaemic insult and 
we suggest that the high ratio of Bax to Bcl-2 plays an 
important role in vulnerability of these cells to isch- 
aemia. 

Interestingly, Golgi type II cells, (several percent of 
all cells in the granular layer of the cerebellar cortex) 
were positive for Bcl-2 although most granular cells 
showed negative reactivity. A different vulnerability of 
the various cell types in the cerebellar cortex to isch- 
aemic insults has been described [1, 2]. Even within the 
granular layer, the differing vulnerability to transient 
ischaemia has been demonstrated [8]. Golgi type II cells, 
for example, are more resistant to transient ischaemia 
than the other cells in the granular layer and have been 
observed as surviving cells in lobular atrophy following 
transient ischaemia [19]. The expression of Bcl-2 in Gol- 
gi type II cells may contribute to the resistance to isch- 
aemic insult. 

The epithelial cells of choroid plexus, ependymal 
cells and arachnoid cells of arachnoid villi were positive 
for both Bax and Bcl-2. These cells are usually resistant 
to ischaemia, and the potential relationship between vul- 
nerability to cell death and expression of both proteins is 
unclear. In the immunohistochemical analysis of Bax and 
Bcl-2 in mouse tissues, epithelial cells in other organs 
showed various patterns of expression for both proteins 
[14]. For example, reciprocal localization of Bax and 
Bcl-2 is recognized in salivary glands. They express Bax 
in the serous cells but not the mucinous cells and con- 
versely Bcl-2 in mucinous cells but not serous cells. In 
contrast, the outer layer of germinal epithelial cells with- 
in developing ovarian follicles and breast epithelium 
contain both Bax and Bcl-2, as detected in the epithelial 
cells of the choroid plexus, ependymal cells and the 
arachnoid cells in the present study. 

Glial cells in all locations of the human central ner- 
vous system were completely negative for both proteins. 
Glial cells usually survive and then proliferate even 
when cerebral infarction occurs and many neurons have 
disappeared. Glial cells appear to have little relationship 
with apoptotic cell death. 

The fixation of neural tissue in experimental rat mod- 
el for Bax or Bcl-2 immunohistochemical analysis is 
usually performed using cardiac perfusion with buffered 
formalin [13] or paraformaldehyde [4, 20]. In this study 
the human central nervous system specimens obtained at 
autopsy were fixed in nonbuffered formalin (immersion 
for 7 days) and then embedded in paraffin. Before the 
immunohistochemical procedure, the deparaffinized sec- 
tions were heated and boiled by microwaving in citrate 
buffer. The results reveal that the preservation of antige- 
nicity of the human Bax and Bcl-2 proteins was good 
enough for immunohistochemical analysis. 

Tthe localization of Bax and Bcl-2 proteins in the hu- 
man central nervous system has been demonstrated, and 
the distribution pattern of the proteins is found to be al- 
most the same as in the rat. Specimens obtained from au- 
topsy cases can be examined for Bax and Bcl-2 immuno- 
histochemical analysis using the microwave heating and 
boiling technique. We suggest that the high ratio of Bax 
to Bcl-2 plays an important part in making Purkinje cells 
and hippocampal neurons vulnerable to ischaemic in- 
sults. Recent studies have revealed dynamic changes in 
Bax and Bcl-2 expression during or immediately after 
ischaemic or toxic insults in hippocampus in certain ani- 
mal models [6, 10]. It is important to understand the lo- 
calization of Bax and Bcl-2 and the dynamic change in 
the Bax and Bcl-2 expression in some disease states both 
in the human central nervous system and in animal mod- 
els, in order to clarify how apoptotic cell death is in- 
volved in their pathogenesis. 
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