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Immunohistochemical Demonstration
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The presence of alpha-1-antichymotrypsin, a serine proteinase inhibitor with a
high affinity for cathepsin G, is demonstrated in the normal human central nervous
system (CNS) by immunohistochemical techniques. Paraffin-embedded normal
human CNS tissue from five adult, two fetal, one neonatal and three newborn
autopsies were stained with monospecific rabbit antibodies to human alpha-1-
antichymotrypsin using biotinylated goat anti-rabbit antibodies and an avidin-
biotin-peroxidase complex. Positive immunostaining was seen in neurons and glial
cells in the cerebral cortex, basal ganglia, hippocampus, cerebellum, brainstem,
and spinal cord of the adults. The epithelium of the adult choroid plexus had the
most intense staining in apical granular organelles corresponding in position to
Iysosomes or secretory granules. Ependymal cells, particularly those near the
choroid plexus, were immunostained. The fetal CNS had no alpha-1-antichymo-
trypsin staining. Limited staining of choroid plexus, ependyma, and frontal lobe
was found in the newborns. Immunostaining in the neonatal temporal lobe was
only found in the choroid-plexus epithelium. These observations establish a wide-
spread distribution of this proteinase inhibitor in the normal human CNS. Devel-
opmental regulation of this inhibitor in the human CNS is also indicated.
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Proteinases perform vital functions in the development and remodeling of tissue
structures. Extracellular structures are often protected from untimely degradation by
proteinase inhibitors. The liver, which releases massive quantities of serum proteins
into the blood circulation, is one of the major sources of inhibitors such as alpha-1-
antichymotrypsin (Achy) and alpha-2-macroglobulin [1]. These active inhibitors pro-
vide a widespread protection against uncontrolled proteolysis. The biosynthesis of
these inhibitors has recently been demonstrated in extrahepatic sites, suggesting that
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they may perform unique functions in specific microenvironments. Such functions
may require either selective removal of the inhibitor from the circulation or direct
synthesis by cells in these microenvironments. The local production of Achy by
human breast epithelial cells under estradiol regulation is an example [2,3]. Achy can
also be detected by immunohistochemical techniques in normal human prostatic
epithelial cells [4]. This serine proteinase inhibitor is a 66-kDa glycoprotein with a
high affinity for cathepsin G, K, of 5 X 10’ M~ 's ~! [5]. Cathepsin G is a major
tissue-degrading enzyme produced by leukocytes that is involved in the hydrolysis of
proteoglycans, elastin, collagen, and fibronectin and in the conversion of angiotensin
I, C3, and C5 into biologically active molecules. In view of the wide variety of
biological functions that cathepsin G exhibits, vital regulatory roles are proposed for
its inhibitor, Achy. We report here the finding of Achy by immunohistochemical
techniques in the human central nervous system (CNS) and describe its appearance in
developing and adult neurons, glial cells, and choroid-plexus epithelium.

MATERIALS AND METHODS
Tissue Specimens

Routinely formaldehyde-fixed, paraffin-embedded tissue sections were obtained
from the autopsy files of the Los Angeles County-University of Southern California
Medical Center. Deparaffinized sections were cut at 5 um, washed in water, and
rinsed in phosphate-buffered saline (PBS). Normal human CNS autopsy tissue speci-
mens without histopathology were studied from four adults who died of nonneurol-
ogical diseases. In addition, one neonatal, three newborn, and two midgestational
fetal autopsy brain specimens were examined. Sites studied were frontal lobe, basal
ganglia, thalamus, temporal lobe including hippocampus, midbrain, medulla, and
spinal cord including cervical, thoracic, and lumbar segments. Choroid plexus was
studied in the temporal horn of the lateral ventricle and in a few specimens in the
third ventricle.

Antisera

Specific rabbit antiserum to human Achy was obtained from Dako Corp. (Santa
Barbara, CA) (lot No. 113A). The antiserum was monospecific for Achy as estab-
lished by three criteria. In Ouchterlony immunodiffusion and in immunoelectrophor-
etic assays, only a single precipitin arc was observed against normal human serum.
Furthermore, when the immunoglobulin fraction of this antiserum was used for
affinity chromatography, a single glycoprotein was specifically adsorbed, which was
pure Achy as determined by two-dimensional gel electrophoresis [6]. Rabbit anti-
serum to human alpha- 1-proteinase inhibitor was purchased from Boehringer Mann-
heim Biochemicals (Indianapolis, IN). Goat anti-rabbit antibodies labeled with biotin
and avidin-biotin-peroxidase complexes were obtained from Vector Laboratories
(Burlingame, CA).

Immunohistological Staining

The avidin-biotin-peroxidase method was used to stain tissue sections [7]. The
sections were treated with 0.6% hydrogen peroxide in methanol to abolish endoge-
nous peroxidase activity and then incubated with normal goat serum (diluted 1:20
with PBS) for 20 min to reduce background staining that was due to subsequent
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Fc-receptor-mediated binding in later steps. The primary antiserum (1:50 to 1:800)
was added for 60 min. Controls included the use of PBS without a primary antiserum
in it, use of diluted normal rabbit serum in place of the primary antiserum, and
absorption of antiserum by purified Achy [8]. Biotinylated goat anti-rabbit antibodies
were added for 30 min (1:400) followed by avidin-biotin-peroxidase complexes for
30 min. Amino-ethylcarbazole was used as the chromogen for a 10-min incubation to
localize the sites of peroxidase activity. Most sections were briefly counterstained
with Mayer’s hematoxylin. The sections were mounted in glycerin and evaluated by
three independent viewers. A Wratten #47 blue filter was used, except as indicated,
to completely filter out the hematoxylin counterstain while taking the photomicro-
graphs.

RESULTS

Conditions for immunoperoxidase staining were optimized in order to minimize
nonspecific binding of antibodies. All tissue sections were first stained with antibody
dilutions of 1:100. Primary antibodies were then used at higher dilutions on sections
in which Achy was a prominent component. Control specimens that were reacted
with PBS, normal rabbit serum, or antibodies to Achy absorbed with purified human
serum Achy were uniformly and consistently negative (Fig. 1).

Aduit Cerebrum

Immunostaining in the adult frontal lobe neocortex showed Achy in neurons and
glial cells with substantial variations in staining intensities. There was no specific
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Fig. 1. Photomicrograph of temporal lobe with Achy immunostaining in the presence of purified Achy.
No immunolabeling is seen in the choroid plexus (CP), ependyma (E), or pyramidal neurons (PN) of the
hippocampus. Achy immunostain (1:100). x200.
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pattern of immunolocalization with regard to neuronal size, neocortical layer, or local
groupings of neurons. At least half of the large pyramidal neurons had light to
moderate finely granular immunostaining in the perikaryal cytoplasm. A smaller
number of neuronal nuclei also were immunostained. Occasional axons and major
dendrites were immunostained as they joined the perikaryon. Small neocortical glial
cells, which included astrocytes, had light perikaryal immunostaining and sometimes
heavy nuclear immunostaining. Subcortical glial cell immunostaining varied, with up
to a third of the perikarya showing light to moderate reaction and with occasionally
heavy glial nuclear immunostaining (Fig. 2). Some white blood cells within vascular
lumina were positive, and the vascular walls were negative (Fig. 3).

The basal ganglia and hippocampus had Achy immunolocalization in neurons
and glial cells, with a higher proportion of cells containing reaction product in a given
area in one brain as compared to another. Most neurons and glial cells in the thalamus,
hypothalamus, and lenticular nucleus had light to moderate immunostaining that was
more often nuclear than cytoplasmic. The heaviest amount of immunostaining was in
neuronal nuclei in the thalamus and putamen (Fig. 4). In the hippocampus, some of
the large pyramidal neurons and small granule neurons of the dentate gyrus were
positive (Fig. 5). Well over half of the subcortical and deep white matter glial cells in
the lateral part of the temporal lobe were moderately immunostained. As the temporal
horn of the lateral ventricle was approached in the white matter, immunostaining
decreased except for moderate immunostaining of the glial cells in the subependymal
zone. The ependymal cells varied from negative to moderate with perikaryal immu-
nostaining. The most intense ependymal cell immunoreactivity was located near the
choroid plexus (not illustrated).

Immunostaining in most of the choroid-plexus epithelial cells in the temporal
horn of the lateral ventricle varied from moderate to marked at 1:100 dilution of the
antiserum, but the reaction product was generally in larger coarse granules than in
neurons or glial cells, and its location was often distinctly apical (Fig. 6). The reaction
product in the choroid-plexus epithelium remained moderate to marked at 1:200, even
though the immunostaining in the rest of the temporal lobe decreased. Some moder-
ately immunostained nuclei and granules of reaction product in the cytoplasm re-
mained in the choroid-plexus epithelium at dilutions of 1:400 (Fig. 6C), while at
1:800 all of the tissue was negative. The moderately immunostained choroid-plexus
epithelium had adjacent stromal immunostaining as well. When the epithelial cells
were lightly immunostained, the underlying connective-tissue stroma also had a light
reaction (Fig. 6A,B). The stromal immunostaining disappeared with serial dilutions
just as the cellular immunostaining did, indicating that reaction product in cells and
stroma was due to the same antigen.

Adult Cerebellum

The molecular layer of the folial cortex had a few small, scattered cellular
perikarya with light to moderate immunostaining for Achy and an occasional positive
nucleus. Small intrinsic neurons and glial cells were both included in this population,
and at least some of the positive cells were astrocytes. Long, thin processes that
appeared to be parallel fibers from the internal granule cell layer were lightly to
moderately immunostained. Most Purkinje cells were negative, yet a few had mod-
erate perikaryal immunostaining with some immunostaining of the dendrite extending
a short distance into the molecular layer. Thin, moderately immunostained processes
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Fig. 2. Frontal lobe. A:Inner half of neocortex (upper half of field) and subcortical white matter (lower
field) showing immunostaining of Achy in many neurons (N) and in a few glial cells (G). B:Achy
immunostaining in some neuronal nuclei and perikarya (N) and in glial cells (G), with many cells
negative in this area of neocortex. Achy immunostain (1:100). A, x200; B, x400.

Fig. 3. Cerebral white matter immunostaining. White blood cells (arrows) have some immunostained
cytoplasmic granules in a porsmortem clot within a small venule. Some glial cells (G) have granular
cytoplasmic immunostaining. The density of the venular wall is due to photographic contrast, but there
is no immunostaining at that site. Achy immunostain (1:100). x400.

Fig. 4. The nuclei of many neurons (N) in the putamen are heavily immunostained. Achy immunostain
(1:100). x200.



Fig. 5. Granule neurons (GN) and pyramidal neurons (PN) in the hippocampus have nuclear and
cytoplasmic immunostaining. Achy immunostain (1:100). x200.

Fig. 6. Choroid-plexus immunostaining for Achy varies from area to area and with dilution of the
primary antiserum. At 1:100, heavy reaction product is seen in the cytoplasm of the epithelial cells in
A, while in B there is less reaction product; but in both areas the immunostaining is coarsely granular.
C: At 1:400, the immunostaining is less, but coarse apical granules of reaction product are still seen in
the epithelial cells (arrow). Achy immunostain. X400.
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corresponding in location to basket cell axons were observed by the Purkinje cell
somata. A small proportion of Bergmann astrocytes had moderate perikaryal reaction
product. The internal granule cell layer had relatively extensive and moderate immu-
nostaining with about a third of the small cells being positive. The widest regions of
the internal granule cell layer had the highest concentration of immunostaining located
externally, while the thinner regions of this layer had evenly dispersed cellular
reaction product. Most of the glial cells in the folial white matter had light to moderate
immunostaining (Fig. 7).

Adult Brainstem

Most neurons had some immunostaining. The most prominent immunostaining
was in the pigmented neurons of the substantia nigra and in the neurons of the inferior
olivary nuclei, where the cellular nuclei had a moderate to heavy level of staining and
the perikarya were negative or lightly stained (Fig. 8). The floor nuclei of the fourth
ventricle were heterogeneously stained with no specific pattern discernible. Scattered
glial cells had light to moderate immunostaining.

Adult Spinal Cord

Observations were made on cervical, thoracic, and lumbar segments. The large
motor neurons were mostly negative, but a few had light perikaryal reaction product
or moderate nuclear staining (Fig. 9). The glial cells in the gray matter were
immunostained more than those in the white matter, with light to moderate reaction
product in many of these cells.

Fetal CNS

The midgestational fetal brains were negative for Achy (Fig. 10). Several areas
of the cerebrum and brainstem that included choroid plexus were tested.

Postnatal CNS

The three newborns with an estimated gestational age of 38-39 weeks had
congenital renal disease and were hypoxic. Two died on the day of delivery, and one
lived for 5 days. The brains were normal microscopically. The temporal lobe was
sampled for immunostaining in two cases. In one of these there was a uniformly
moderate cytoplasmic reaction product in the choroid-plexus epithelium with some
very heavy apical granular immunostaining (Fig. 11). The ependyma and the remain-
der of the brain parenchyma were negative. The other brain had light cytoplasmic
immunostaining in some of the choroid-plexus epithelial cells and a trace of cyto-
plasmic immunostaining in some ependymal cells, with the rest of the parenchyma
being negative. The frontal lobe was examined in the third newborn. Neocortical
neurons were mostly negative, but some had light reaction product or moderately
immunostained nuclei. Scattered glial cell nuclei were lightly to moderately immu-
nostained both in the gray and white matter. Slightly enlarged glial perikarya in the
white matter were also lightly to moderately immunostained. The ependyma along
the body of the lateral ventricle was negative. Occasional subependymal glial cells
had light to moderate perikaryal immunostaining, and about half of their nuclei were
negative with the other half being moderately immunostained. The fourth child died
of congenital heart disease at 1 month of age. The sampled temporal lobe showed
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Fig. 7. Cerebellar folial immunostaining. A: Parallel fibers (PF) in the molecular layer are lightly
immunostained. Most of the small granule cells in the internal granular cell layer (IGL) and a Purkinje
cell (PC) are negative, but some of the granule-cell nuclei are heavily immunostained. A few immuno-
stained glial cells (G) are seen in the white matter. B: In this area, a Purkinje cell is immunostained
(arrowhead), and many of the IGL cells (arrows) are positive. Basket-cell axons (BA) by a Purkinje cell
are also positive. Achy immunostain (1:100). A, X200; b, x400.

Fig. 8. Midbrain. The nucleus (arrowhead) of a pigmented neuron in the substantia nigra is heavily
immunostained. There is moderate cytoplasmic immunostaining (arrow). The very dark perikaryal
granules are composed of neuromelanin (NM). Achy immunostain (1:100). x400.

Fig. 9. Anterior horn of cervical spinal cord. Motor neurons have light (open arrowhead) to moderate
cytoplasmic immunostaining (solid arrowhead). One of the few motor neurons with heavy nuclear
immunostaining is shown (arrow). Glial-cell immunostain (G) is seen. Achy immunostain (1:100).
x400.
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Fig. 10. Fetal choroid plexus. The epithelial cells are negative. Achy immunostain (1:50); light
hematoxylin counterstain. X500.

Fig. 11. Newborn choroid plexus. The epithelial cells have coarsely granular immunostain (arrow-
head). Cellular nuclei are negative (arrow). Achy immunostain (1:100). x300.

immunostaining only in the apical cytoplasm of the choroid-plexus epithelium, where
light to moderate granular reaction product was seen (not illustrated).

DISCUSSION

These experiments demonstrate that Achy is present in the structurally intact
human CNS in the absence of inflammatory disease. The specificity of immunostain-
ing for the presence of Achy in neurons, glial cells, and the choroid plexus is
confirmed by control studies that include the inhibition of its immunolocalization by
purified Achy. At high dilutions of the antiserum to Achy (eg, > 1:800), the inhibitor
is known not to be demonstrated in the human CNS parenchyma [9]. However,
specific inhibition of its localization by purified Achy at lower dilutions in this study
indicates that Achy is present in relatively low amounts. Achy is not found in the
midgestational fetus, and it appears in the brain by the newborn period at the time
when it begins to be synthesized in the liver. There are general patterns of immuno-
localization such as the apical granular stain in choroid-plexus epithelium, heavier
neuronal than glial cell immunostain in the basal ganglia and in other regions, heavier
subependymal staining near the choroid plexus than at a distance from it.

Immunolocalization studies of alpha-1-antitrypsin indicate that coarsely granular
stain can be seen in cells that synthesize the inhibitor, and nuclear or finely granular
cytoplasmic stain might be found in cells that take the inhibitor up from the extracel-
lular fluid [10]. Thus, Achy immunolocalization in neurons and glial cells in the
normal human CNS does not mean that this inhibitor is necessarily synthesized in the
neuroepithelial cells, although this possibility requires further attention. Resident
macrophages could introduce Achy into the ventricular system [11-13] or subarach-
noid space [14,15]. Proteinase inhibitors, which can be adsorbed or released by cells
[2,16-20], may be selectively endocytosed in neural cells from inflammatory cells,
as has been noted for serine proteinases in myocytes [21,22]. Alternatively, Achy in
neurons and glial cells could originally be sequestered or synthesized by the choroid-
plexus epithelium. Achy is produced in an active form in vitro by epithelial cells [2],
including a line that is of neuroepithelial origin [23]. Therefore, it is conceivable that
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Achy immunolocalized in the CNS could be produced by the neuroepithelium for
unknown homeostatic functions.

Choroid-plexus epithelial cells contain apical secretory granules that may be
mostly lysosomal in nature [24,25]. These cells regulate the type and amount of
protein entering the ventricular fluid [25,26], and they actively regulate the return of
molecules from their apical to their basal side [27,28]. Normal cerebrospinal fluid
contains a low level of proteinase inhibitors [29-31], and, with immunoreactive Achy
concentrated in the apical portion of the choroid-plexus epithelium, it should be
expected that Achy is being transported to or from the cerebrospinal fluid. Serine
proteinase inhibitors probably have a decreased transfer from serum to cerebrospinal
fluid as the blood-cerebrospinal fluid barrier matures early in life [32], yet the
immunoreactive Achy in the normal CNS could be derived by slow accrual from this
source. The immunolocalization of Achy in ependymal cells close to the choroid
plexus may indicate an uptake pathway that includes serum, choroid plexus, cerebro-
spinal fluid, and, finally, ependymal cells at the highest point of Achy concentration.
This hypothesis also needs more investigation.

Glial cells, and to some extent neurons, can protect themselves from environ-
mental changes by selectively endocytosing and degrading foreign substances, includ-
ing potentially toxic serum proteins [33-38]. Albumin, prealbumin, and transferrin
have been immunolocalized in the developing human CNS, perhaps having endocy-
tosed from the cerebrospinal fluid before the blood-cerebrospinal fluid barrier forms
[39]. They may be harmful unless sequestered and deactivated. Alternatively, they
may play developmental roles in the fetal brain [39]. No functional role is known for
serum proteins in the mature brain, where experimentally one mechanism of deacti-
vating destructive serum proteinases is through an excess of a neutral proteinase
inhibitor [37,40,41]. Ongoing surveillance in the brain against serum constituents
may require an excess of proteinase inhibitors to provide for local damage control.

Proteinases active in synaptic transmission might require various levels of
control, both of their own activity and of metabolic intermediates that accumulate
[42-47]. Short-lived turnover of accumulating proteins requiring neutral proteinases
would in turn require appropriate proteinase inhibitors. Achy-like activity has been
shown to control this type of protein degradation in cell culture [48,49]. Glial cells
also detoxify neurotransmitters, and they may then possess proteinase-proteinase
inhibitor systems for the regulation of this activity [50,51]. The specific localization
of Achy in the synapse-rich internal granule cell layer corresponds to the presence of
relatively high levels of lysosomal proteinase activity, in which both neutral and acid
proteinases may act in concert in regulating synaptic metabolism [24,42].

Cells such- as neurons that are postmitotic for most of their existence may
particularly require preferential destruction of displaced or altered proteins, as well
as protection from adventitious proteolysis [52]. In this regard, a deficiency of
proteinase inhibitors could affect the brain, where posttranslational modification and
accumulation of cytoskeletal proteins seem to occur in degenerative diseases. Neuro-
filaments and microtubules, both of which can be degraded by neutral proteinases and
protected by proteinase inhibitors [53-55], are particularly affected in Alzheimer
disease [56]. Even a small deficit in the control of proteinase activity might provide a
devastating effect on a neuron, and the senescent neuron, like aging cells in culture,
may be increasingly susceptible to defects in its protein-degrading machinery [52,57].

226:PBCB



Alpha-1-Antichymotrypsin in Normal Human CNS JCRB:237

REFERENCES

1.

W N

N=T BES Bie NNV, I

21.
22.

23.
24.
25.

26.
27.

28.
29.
30.
31.
32.
. Brightman MW, Klatzo I, Olsson Y, Reese TS: J Neurol Sci 10:215-239, 1970.
34.
35.

36.
. Law MIJ, Deibler GE, Martenson RE, Krutzsch HC: J Neurochem 45:1232-1243, 1985.
38.
39.
40.
41.
42.
43.
. Loh YP, Brownstein MJ, Gainer H: Annu Rev Neurosci 7:189-222, 1984.
45.

46.

Laurell C-B, Jeppsson J-O: In Putnam FW (ed): “The Plasma Proteins: Structure, Function, and
Genetic Control.” 2nd ed. New York: Academic Press, Vol. 1, 1975, pp 229-264.

. Gendler SJ, Tokés ZA: J Cell Biochem 26:157-167, 1984.
. Massot O, Baskevitch PP, Capony, F, Garcia M, Rochefort H: Mol Cell Endocrinol 42:207-214,

1985.

. Kitajima K, Skinner DG, Lieskovsky G, Tokés ZA: J Cell Biochem 10A:258, 1986.

. Beatty K, Bieth J, Travis J: J Biol Chem 255:3931-3934, 1980.

. Tokés ZA, Gendler SJ, Dermer GB: J Supramol Struct Cell Biochem 17:69-77, 1981.
. Hsu S-M, Raine L, Fanger H: J Histochem Cytochem 29:577-580, 1981.

. Travis J, Garner D, Bowen J: Biochemistry 17:5647-5651, 1978.

. Esiri MM, McGee J O’D: I Clin Pathol 39:615-621, 1986.

10.
. Sturrock RR: J Anat 129:31-44, 1979,
12.
13.
14.
15.
16.
17.
18.
19.
20.

Isaacson P, Jones DB, Millward-Sadler GH, Judd MA, Payne G: J Clin Pathol 34:982-990, 1981.

Cohn P, Albrecht R, Bleiser R: J Neuropathol Exp Neurol 41:330-336, 1982.

Bleier R, Siggelkow I, Albrecht R: J Neuropathol Exp Neurol 41:315-329, 1982.

Himango WA, Low FN: Anat Rec 171:1-19, 1971.

Malloy JJ, Low FN: J Comp Neurol 167:257-283, 1976.

Pastan I, Willingham M, Anderson W, Gallo W: Cell 12:609-617, 1977.

Van Leuven F, Verbruggen R, Cassiman J-J, van den Berghe H: Exp Cell Res 109:468-471, 1977.

Rohrlich ST, Rifkin DB: J Cell Physiol 109:1-15, 1981.

Ney KA, Gidwitz S, Pizzo SV: Biochemistry 24:4586-4592, 1985.

Van der Schueren B, Gasser D, Marynen P, Van Leuven F, David G, Cassiman J-J, Van den Berghe
H: J Cell Sci 75:411-421, 1985.

Greenberg G, Burnstock G: Exp Cell Res 147:1-13, 1983.

Kay J, Heath R, Dahlmann B, Kuehn L, Stauber WT: In Khairallah EA, Bond JS, Bird JWC (eds):
“Intracellular Protein Catabolism.” New York: Alan R. Liss, Inc., 1985, pp 195-205.

Kondo Y, Ohsawa N: Cancer Res 42:1549-1554, 1982.

Albrechtsen R, Jensen H: Acta Neuropathol (Berl) 26:217-223, 1973.

Fishmen RA: “Cerebrospinal Fluid in Diseases of the Nervous System.” Philadelphia: W.B.
Saunders Co., 1980, pp 6-18.

Brightman MW: Prog Brain Res 29:19-37, 1968.

Wright EM: In Cserr HF, Fenstermacher JD, Fencl V (eds): “Fluid Environment of the Brain.”
New York: Academic Press, 1975, pp 139-156.

Spector R, Goetzl EJ: Science 228:325-327, 1985.

Price P, Cuzner ML: J Neurol Sci 42:251-259, 1979.

Szilagyi AK: J Neurol Sci 58:305-313, 1983.

Pearl GS, Mullins RE: Arch Neurol 42:775-777, 1985.

Wenzel D, Felgenhauer K: Neuropidiatrie 7:175-181, 1976.

Mihaly A, Bozéky B: Acta Neuropathol (Berl) 65:25-34, 1984.

Barbosa-Coutinho LM, Hartmann A, Hossmann K-A, Rommel T: Acta Neuropathol (Berl) 65:255-
260, 1985.

Borges LF, Elliott PJ, Gill R, Iversen SD, Iversen LL: Science 228:346-348, 1985.

Konat G, Diemer NH, Offner H: Experientia 42:37-39, 1986.

Mgligérd K, Jacobsen M: Dev Brain Res 13:49-63, 1984.

Brosnan CF, Cammer W, Norton WT, Bloom BR: Nature 285:235-237, 1980.

Kopitar M, Stern F, Marks N: Biochem Biophys Res Commun 112:1000-1006, 1983.
Albrechtsen R, Jensen H: Acta Pathol Microbiol Immunol Scand [A] 83:503-510, 1975.
Hersh LB, McKelvy JF: J Neurochem 36:171-178, 1981.

Marks N, Kopitar M, Stern F, Berg MJ: In Khairallah EA, Bond JS, Bird JWC (eds): “Intracellular
Protein Catabolism.” New York: Alan R. Liss, Inc., 1985, pp 247-249.

Matsas R, Kenny J, Turner A: In Khairallah EA, Bond JS, Bird JWC (eds): “Intracellular Protein
Catabolism.”” New York: Alan R. Liss, Inc., 1985, pp 273-277.

PBCB:227



238:JCB Justice, Rhodes, and Tokés

47.
48.

49.

50.
51.
52.
53.

54.
55.
56.

57.

Zuzel KA, Rose C, Schwartz J-C: Neuroscience 15:149-158, 1985.

Russell JL, Khairallah EA: In Khairallah EA, Bond JS, Bird JWC (eds): “Intracellular Protein
Catabolism.” New York: Alan R. Liss, Inc., 1985, pp 495-497.

Anastasi A, Dean RT: In Khairallah EA, Bond JS, Bird JWC (eds): “Intracellular Protein Catabo-
lism.” New York: Alan R. Liss, Inc., 1985, pp 655-657.

Hertz L: Prog Clin Biol Res 59A:45-58, 1981.

Whitaker JN, Terry LC, Whetsell WO Jr: Brain Res 109-124, 1981.

Goldberg AL, St John AC: Annu Rev Biochem 45:747-803, 1976.

Malik MN, Meyers LA, Igbal K, Sheikh AM, Scotto L, Wisniewski HM: Life Sci 29:795-802,
1981.

Kamakura K, Ishiura S, Sugita H, Toyokura Y: ] Neurochem 40:908-913, 1983.

Roots BI: Science 221:971-972, 1983.

Rhodes RH: In Taylor CR (ed): “Immunomicroscopy: A Diagnostic Tool for the Surgical Patholo-
gist.” Philadelphia: W.B. Saunders Co., 1986, pp 334-362.

Smith ME, Perret V, Eng LF: Neurochem Res 9:1493-1507, 1984.

228:PBCB





