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Summary. An immunohistochemical study was perform- 
ed to compare glial reactions in recent and old lesions of 
central pontine myelinolysis (CPM). Regions of 
demyelination and destruction of oligodendrocytes, 
showed reduced immunoreactivity of myelin basic pro- 
tein (MBP), myelin-associated glycoprotein (MAG), 
transferrin, and carbonic anhydrase C (CA C). In ad- 
dition, labeling of glial fibrillary acidic protein (GFAP) 
and S-100 protein revealed distinct dystrophic alterations 
of the astroglia. Remarkably, immunolabeling of GFAP 
was drastically reduced in astrocytic cytoplasm within 
freshly demyelinated lesions, hnmunostaining of vimen- 
tin revealed a differential intracytoplasmic decoration 
of hypertrophic and dystrophic astrocytes in recent and 
old CPM lesions. Immunolabeling of desmin failed to 
stain glial cells. Monoclonal antibodies against HNK-I 
exhibited greatly increased immunoreactivity both of 
persisting oligodendrocytes and of reactive fibrillary as- 
trocytes in old CPM foci. In freshly demyelinated lesions, 
enhanced immunoreactivity of the X-hapten (3-fucosyl- 
N-acetyllactosamine) was prominent in astroglia and 
oligodendrocytes. Simultaneously, reactive astrocytes 
revealed intracytoplasmic labeling of laminin. Quantita- 
tion of GFAP + astroglia in fresh CPM and control cases 
revealed an increase in the number of astrocytes within 
the demyelinated foci and in the surrounding non- 
demyelinated pontine tissue of CPM cases. The occur- 
rence of astroglial alterations in the demyelinated loci of 
CPM could be interpreted as "astroglial dystrophy" 
which may represent a pathogenic factor in CPM. Fur- 
thermore, it is possible that changes of the glial 
microenvironment may influence the astroglia to revert 
transiently back to an immature phenotype as indicated 
by the enhanced expression of the X-hapten and HNK- 
l, and the de novo synthesis of vimentin and laminin. 

* The Heinrich-Pette-Institut is financially supported by Freie und 
Hansestadt Hamburg and Bundesministerium ffir Jugend, Familie, 
Frauen und Gesundheit 

Offprint requests to. A. Gocht (address see above) 

Key words: Central pontine myelinolysis - Demyelina- 
tion - Astrocytes - Cell adhesion molecules - Immu- 
nohistochemistry 

The term central pontine myelinolysis (CPM) was coined 
by Adams et al. [2] to designate a non-inflammatory 
demyelinating disease which mainly affects the middle 
portion of the pons. Later it was discovered that other 
regions of the CNS may be involved as well [15, 39, 57]. 
Obviously, the disease affects the oligodendroglia which 
leads to myelin breakdown [35] but for a long time 
astrocytic changes in CPM have also been described, such 
as hypertrophic astrogliosis [39, 57] and Alzheimer type 
II glia [16, 46]. More recently evidence has been accumu- 
lated suggesting an impaired astroglial function in the 
pathogenesis of this demyelinating disease [23, 36, 37]. 
This study was aimed at further characterizing the glial 
reactions in CPM. In this context our efforts focussed on 
two questions: (1) does the morphological spectrum of 
astroglial alterations support the concept of astrocytic 
dysfunction as an essential pathogenic event of CPM? 
and (2) are those molecules involved in the pathological 
process which were thought to function in cellular inter- 
action or adhesion? To address these issues we performed 
immunocytochemical investigations in recent and old 
CPM lesions. 

In this study antibodies, which are known to react 
with components of oligodendroglia and myelin 
{carbonic anhydrase C (CA C) [26, 27], transferrin [4], 
myelin basic protein (MBP) [22], myelin-associated glyco- 
protein (MAG) [51]}, as well as astrocytes {glial fibrillary 
acidic protein (GFAP) [30], S 100-protein [30]} in conven- 
tionally processed and paraffin-embedded brain tissue, 
were employed in ten autopsy cases of CPM, six of which 
contained fresh and four old lesions. Besides GFAP, the 
presence of vimentin and desmin, was investigated. 

Growing evidence suggests that the functional plas- 
ticity and interdependence of glial cells is regulated by 
factors, such as cytokines and cell adhesion molecules, 



Table 1. Clinical data in ten cases 
of central pontine myelinolysis (CPM) 

No. 1 --6: fresh lesions; No. 7--10: 
old lesions 
u Cirrhosis or fatty changes 
Na,L'~: Rapid rise in serum sodium 
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Case no. a Age Sex Alcoholism Electrolyte Liver Hypotension 
(years) disturbances diseases b 

1 36 f + + + + 
2 50 m + + (Na~q') + 
3 42 f + + + + 
4 46 m + + + + 
5 63 m + + 
6 50 f + + + + 
7 50 m + + + 
8 35 m + + + 
9 42 f + + + + 

10 45 m + + + 

b u t  l i t t le  is k n o w n  a b o u t  the i r  ro le  in p a t h o l o g i c a l  p r o -  
cesses. T h e r e f o r e ,  we  h a v e  i n c l u d e d  in o u r  s t udy  the  inves-  
t i g a t i o n  o f  H N K - 1  a n d  3 - f u c o s y l - N - a c e t y l l a c t o s a m i n  (X-  
d e t e r m i n a n t )  r e ac t i v i t y  in C P M .  T h e s e  m o l e c u l e s  a re  as- 
s o c i a t e d  w i t h  cell  i n t e r a c t i o n  o r  cell  a d h e s i o n  f u n c t i o n s  
o f  the  C N S  ([34], r e v i e w e d  in [44]). A d d i t i o n a l l y ,  the  
e x t r a c e l l u l a r  m a t r i x  g ! y c o p r o t e i n  l a m i n i n ,  n o r m a l l y  a 
c o n s t i t u e n t  o f  ba sa l  l a m i n a e  [52], was  e x a m i n e d  in C P M  
lesions .  

I n  all  C P M  cases  a s t r og l i a l  a l t e r a t i o n s  w e r e  f o u n d ,  
m o s t  o f  w h i c h  w e r e  o f  a d e g e n e r a t i v e  na tu re .  T h e r e f o r e ,  
we  d e c i d e d  to  q u a n t i t a t e  G F A P  § a s t rocy t e s  in seven  
cases  w i t h  r ecen t  w e l l - c i r c u m s c r i b e d  C P M  foci .  

M a t e r i a l s  and m e t h o d s  

Of ten autopsy cases with CPM (Table 1) horizontal brain stem 
slices from the upper and mid-pons level were dissected after fixation 
in 4% formalin. Normal brain tissue was taken from a 31-year-old 
man who died from injury of the femoral artery and trachea, and a 
54-year-old woman who died from acute cardiac failure. 

Tissue blocks were embedded in Histosec (Merck, Darmstadt, 
FRG) and cut at 10 -- 12 gm. Sections were stained with cresyl violet, 
hematoxylin-eosin, Heidenhain's, Kliiver-Barrera's, Holzer's stain, 
and silver impregnated by Bodian's technique. Frozen material was 
used for Sudan III reaction. 

Immunocytochemistry 

The following antisera and conjugates were obtained from commer- 
cial sources: rabbit anti-GFAP antiserum (Dakopatts, Hamburg, 
FRG), rabbit anti-human MBP antiserum (Dakopatts), rabbit anti- 
human transferrin antiserum (Dakopatts), affinity-purified rabbit 
anti-laminin antibodies and antiserum (Polysciences Inc., Warring- 
ton, Pa and E-Y Laboratories, San Mateo, Calif, respectively) bio- 
tinylated goat anti-mouse ][gM and IgG (Sigma, Deisenhofen, 
FRG), peroxidase-conjugated and alkaline phosphatase-conjugated 
streptavidin-biotin complex (Dakopatts). 

Rabbit anti-MAG antibodies which had been purified by affin- 
ity chromatography were a generous gift from F. Kirchhoff 
(Neurobiologie der Universitfit Heidelberg, Heidelberg, FRG) [3], 
and rabbit anti-human CA C antiserum was kindly donated by T. 
Kumpulainen (Department of Neurosurgery, University Central 
Hospital of Tampere, Tampere, Finland) [26, 27]. Sheep anti-rabbit 
immunoglobulin antiserum and rabbit peroxidase anti-peroxidase 

(PAP) complex were produced and generously supplied by G. Rutter 
of the Heinrich-Pette-Institut. 

Monoclonal mouse anti-vimentin and anti-desmin were pur- 
chased from Dakopatts. Anti-X-hapten and anti-HNK-I mono- 
clonal antibodies were used as hybridoma culture supernatants of 
the MMA clone [19] and HNK-I  clone [i] which were obtained 
from the American Type Culture Collection (Rockville, Md) and 
kept under standard hybridoma culture conditions in our labora- 
tory. 

For the immunocytochemical demonstration of the various 
antigens in routinely processed paraffin-embedded tissue either the 
PAP method [50] or the avidin-biotin-peroxidase complex (ABC) 
technique [20] were employed_ Briefly, deparaffinized and rehy- 
drated sections were digested for 6 min with 0.01% protease type 
XXIV (Sigma) in 0.05 M Tris-buffered saline (pH 7.6), or treated 
for 9 min with 3 M urea in 0.05 M Tris-buffered saline, before 
overnight incubation with appropriately diluted primary antibodies 
or antisera at 4~ was performed. For HNK-1 immunolabeling 
deparaffinized sections were delipidized in chloroform for 24 h prior 
to protease treatment [40]. The next steps were incubation with 
bridging or biolinylated second antibodies, followed by the PAP or 
the peroxidase- or alkaline phosphatase-conjugated strept-ABC. 
Alkaline phosphatase was disclosed using AS-MX-phosphate 
(Sigma) as substrate and Fast-Blue BB salt (Serva, Heidelberg, 
FRG) as coupling reagent [33]. To block endogenous alkaline phos- 
phatase activity, levamisole (Sigma) was added to the substrate. The 
peroxidase was developed by the method of Graham and Karnovsky 
[18] using 3,3'-diaminobenzidine tetrahydrochloride (Sigma) as co- 
substrate. 

When immunolabeling resulted in a weak yet specific signal 
(e. g., laminin), a silver intensification of the peroxidase reaction 
product was employed which avoids the reaction with agyrophilic 
tissue elements [13]. 

Specificity controls for the different immunohistochemical reac- 
tions were obtained either by incubating with nonimmune serum 
instead of the primary antiserum, or by omitting the primary anti- 
serum. As controls for monoclonal antibodies an irrelevant mouse 
monoclonal antibody of the same immunoglobulin isotype was used. 

Quantitative analysis of astrocytes 

For quantitation of GFAP + astrocytes, seven cases ( a -  g in Table 3; 
five males and two females with a mean age of 49.3 years) with 
well-circumscribed single CPM loci of recent origin were selected. 
Normal controls ( h - k  in Table 3) contained two females and two 
males (mean age 42.8 years) without any pathological changes of 
the brain and spinal cord. For both, CPM and control cases, the 
pons was horizontally cut at the level of the locus ceruleus. 
Immunostaining of GFAP was performed as described above. Cases 
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with old CPM loci were excluded from quantitation because reactive 
fibrillary astrocytes sometimes fail to stain for GFAP, presumably 
due to polymerization of the glial filaments [8, 10]. In CPM cases 
the centrally located loci were delineated according to infiltration 
of macrophages. Additionally, the margin of demyelination was 
verified in adjacent sections stained with Heidenhain's stain. The 
foci were marked with a felt-pen on the cover slip. Unaffected tissue 
at the basis pontis of the same section was chosen as intraindividual 
control area. Together the encircled control areas were approximate- 
ly of the same dimensions as the CPM foci. 

In control cases a centrally located area was delineated which 
corresponded in its size to that of the demyelinated foci. Bi-laterally 
situated areas of basis pontis were encircled as well. 

For quantitation a disc, engraved with a frame which measured 
0.2025 mm 2 at 250 times magnification, was inserted into one eye- 
piece of a standard microscope (Zeiss, Oberkochen, FRG.) The 
number of immunoreactive nucleated glial cells within the marked 
areas was counted at a magnification of • Counts were 
performed as systematic sampling by spacing the sample units ac- 
cording to a chessboard lattice which was then randomly applied to 
the areas to be measured [55]. The counts were repeated four times 
and expressed as number of cells per mm z area. 

Statistical analysis included the Wilcoxon test for evaluation of 
intraindividual differences in paired observations (central vs. lateral 
areas within each group). The Mann-Whitney test was used for 
comparison of interindividual differences (CPM cases vs. controls). 
The calculated P values have to be interpreted as descriptive figures 
because no alpha-correction has been performed to correct the 
muItiple test situation. 

R e s u l t s  

Clinical data 

Clinical f indings are summar ized  in Table 1. In  al l  ten 
cases chronic  a lcohol ism was present.  Other  pre- 
domina t i ng  disorders were liver cirrhosis, fatty liver 
changes and  electrolyte dis turbances.  In  one case a rapid 
rise in serum sod ium was recorded. 

Histopathological observations 

In  six cases, lesions of  recent origin were found.  These 
were characterized by inf i l t ra t ion of a b u n d a n t  l ipid-laden 

Table 2. [mmunohistochemical findings in ten cases of CPM a 

macrophages ,  and  the absence of  reactive fibril lary 
gliosis. Microcavi ta t ion  occurred only in a mild form or 
was absent.  N e u r o n a l  per ikarya  and  axons were un-  
changed.  Five cases with fresh al terat ions showed hyal ine 
rod-like to c lub-shaped bodies with abou t  5 - 1 0  lam in 
diameter  which resembled Rosen tha l  fibers. In  three of 
these cases mul t inuc lea ted  gemistocytes were found  
within  the lesions. Based on tissue react ion and  the dur-  
a t ion of neurological  symptoms,  these fresh lesions were 
est imated to be approximate ly  4 weeks old. 

F o u r  cases revealed old lesions with cavitat ions,  few 
macrophages ,  and  marked  fibril lary gliosis. Hyal ine  rod- 
and  c lub-shaped bodies as well as mul t inuc lea ted  astro- 
cytes could be detected in two of  these cases. T h r o u g h o u t  
the lesions nerve cells and  axons were well-preserved. 
Cons ider ing  the onset  of  the neurological  mani fes ta t ion  
and  histological features, one would  suppose that  these 
cavi ta t ing lesions were several mon ths  old. 

In  cont ras t  to previous reports [16, 46], Alzheimer  
type II glia could no t  be detected either wi thin  the 
myel inolyt ic  lesions, or in other  locations.  

Immunohistochemical findings 

The immunohis tochemica l  f indings in fresh and  old C P M  
foci are summar ized  in Table 2. 

GFAP, S-IO0 protein, Vimentin, and Desmin. I m m u n o -  
s taining of  G F A P  revealed distinct astroglial a l tera t ions  
dependen t  on  the histological age of the C P M  lesions. 

Freshly demyel ina ted  lesions were su r rounded  by 
numerous  strongly G F A P  + hyper t rophic  astrocytes 

(Fig. 1 a). In  the center of recent foci, a b u n d a n t  hyper-  
t rophic reactive astrocytes were detectable which were 
only faintly labeled for G F A P  (Fig. 1 b). M a n y  of these 
gemistocytes bore in t racytoplasmic  vacuoles. A por t ion  
of the G F A P  + cells showed sh runken  per ikarya with 
sparse processes and  lobula ted  or pyknot ic  nuclei  
(Fig. 1 c). P robab ly  these cells represent  degenerat ing as- 
trocytes. Occasionally,  macrophages  were seen with 
weakly G F A P  + granu la r  material  in their cytoplasm. In  

Antigen Fresh CPM foci (ti = 6) Old CPM loci (n = 4) 

Astro Oligo Myelin Macroph Astro Oligo Myelin Macroph 

GFAP, S-100 P + (central) 0 0 + + (central) 0 0 + 
+ + + (marginal) + + + (marginal) 

Vimentin + 0 0 0 + 0 0 0 
MBP 0 0 + + 0 0 0 0 
MAG 0 0 + + 0 0 0 0 
Transferrin + + 0 0 + + + (central) 0 0 + 

+ + (marginal) 
CAC 0 + +  + + 0 + +  + + 
X-Determinant + + + + + + 0 + + + 0 + 
HNK-1 0 + +  + +  0 + + +  + + +  0 0 
Laminin + 0 0 0 0 0 0 0 

" 0: No; + : weak; + + : medium; + + + : intensive immunostaining; central: at the center of the lesion; marginal: at the edge of the 
myelinolytic focus 
Astro: astroglia; Oligo: oligodendroglia (perikarya); Macroph: macrophages; GFAP: glial fibrillary acidic protein; S- ~ 00 P: S- 100 protein; 
MBP: myelin basic protein; MAG: myelin-associated glycoprotein; CA C: carbonic anhydrase C 
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F i g .  ! a - f. Immunostaining of glial fibrillary acidic protein (GFAP) 
in recent ( a - e )  and old (f) central pontine myelinolysis (CPM) 
lesions, a Case 6. Intensively decorated hypertrophic astrocytes at 
the margin of the lesion, x 260. b Case 6~ Faintly labeled hyper- 
trophic astrocytes within the center of the lesion, x 330. e Case 
2. A degenerating astrocyte with condensed nucleus and granular 
cytoplasm (slight counterstaining with hemalum), x 840. d Case 1. 

Low-power view of an area with numerous G F A P  + club- and rod- 
shaped bodies which resemble Rosenthal fibers, • 65. e Case 1. 
Higher magnification of d. An astrocyte shows a process with a 
strongly GFAP + club-like extension (arrow), x 710. f Case 10. An 
old gliotic lesion discloses reactive fibrillary astrocytes with delicate 
elongated processes which are only faintly stained with an t i -GFAP 
(arrows), • 320 
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Fig. 2a, b. Immunolabeling of vimentin in a fresh (a) and old (b) 
CPM lesion_ a Case 4. Within the lesion numerous vimentin + 
astrocytic processes and some vimentin + astrocytes, which exhibit 
degenerative changes, are visible. Arrows indicate astrocytes with 
intracytoplasmic labeling. For better visualization of the weak, yet 

specific labeling signal a silver amplification method was used as 
described in Materials and methods, x 180. b Case 10. Vimentin + 
hypertrophic astrocyte at the margin of the lesion, no silver amplifi- 
cation, x 450 

five cases, the demyelinated lesions revealed abundant ,  
strongly G F A P  + rod- and club-shaped structures ( 5 -  
10 gm in diameter) which accumulated around blood 
vessels (Fig. 1 d). These bodies could be clearly assigned 
to astrocytic processes (Fig. 1 e) and resembled Rosenthal 
fbe r s  as was mentioned above. In two of these cases 
G F A P  § club-like bodies and gemistocytes were also 
found outside the lesion within the unsevered myelinated 
pontine tissue. 

Old loci revealed dense gliosis consisting of fibrillary 
astrocytes that exhibited extremely faint immunolabeling 
of G F A P  (Fig. 1 f). At the margin of  these gliotic lesions 
intensively stained hypertrophic astrocytes could be seen 
that resembled those of  recent lesions. Again degenera- 
ting astrocytes and G F A P  + macrophages could be ob- 
served. Strongly G F A P  § rod- and club-shaped bodies 
were also seen in two cases with old lesions. In one of 
these cases, the area with these structures extended to the 
unaffected peripheral tissue. The results of  S-I00 protein 
labeling were identical to those of  GFAP.  

In normal  pontine tissue vimentin immunoreactivity 
was confined to leptomeninges and blood vessels. How- 
ever, within recent CPM foci many  astrocytes which were 

identified as degenerating or, less frequently, as 
hypertrophic forms proved to stain with anti-vimentin 
(Fig. 2a). Astroglial cells within non-demyelinated pe- 
ripheral pontine tissue lacked vimentin immuno-  
reactivity. In the cases with old CPM lesions only individ- 
ual cells of  the hypertrophic astrocytes which encircled 
the demyelinated areas were vimentin + (Fig. 2b). At the 
center of  the demyelinated loci as well as in the unaffected 
portions of  the pons astrocytes were negative for 
vimentin. 

In normal  pontine tissue immunostaining of  desmin 
was restricted to smooth muscle ceils in blood vessels. 
The same held true for the CPM cases. 

MBP, MAG, transferrin, and CA C. In lesions of  recent 
origin, myelin sheaths were largely negative for MBP 
except for a few small bundles of  faintly labeled myelin 
fibers (Fig. 3a). Many macrophages contained weakly 
stained, MBP + material in their cytoplasm. Virtually no 
MBP immunostaining was detectable within old foci 
(Fig. 3 b). A pattern of  immunoreactivity identical to that  
of  MBP was obtained after application of  an t i -MAG 
antiserum. 
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Fig. 3a, b. Immunostaining of myelin basic protein (MBP) in a fresh 
(a) and an old (b) CPM focus, a Case 7. Within the lesion (lower 
part of the micrograph) MBP staining is markedly decreased; how- 
ever, some preserved myelin fibers are still present (arrows), x 50. 

b Case 8. NormaI staining intensity of MBP is present in unaffected 
pontine tissue. Within the demyelinated area no immunoreactivity 
is visible (lower part). Notice the sharp demarcation of demyelinated 
and unaffected areas, x 50 

Transferrin which is regarded by some authors as a 
marker protein for oligodendrocytes [4] could not be 
traced in oligodendroglial cells of fresh or old foci of 
demyelination, although persisting oligodendrocytes 
could be identified immunohistologically by use of CA C 
(see below). However, the oligodendroglia of the adjacent 
non-demyelinated pontine tissue could be readily tagged 
by anti-transferrin antiserum (Fig. 4a). As was to be ex- 
pected, macrophages also stained positively with anti- 
transferrin (Fig. 4b). Unexpected, however, was the posi- 
tivity of hypertrophic astrocytes in freshly demyelinated 
foci (Fig. 4c) and at the margins of old lesions. Fibrillary 
astrocytes that reside inside the old foci were only faintly 
labeled with anti-transferrin. To our knowledge, transfer- 
rin labeling in astrocytes has not been reported so far. It 
remains to be verified whether transferrin is constitutively 
expressed in activated astrocytes or if the transferrin 
labeling is the result of transferrin uptake by astroglial 
ceils. 

Immunocytochemical visualization of CA C which, 
according to Kumpulainen and co-workers [26, 27], is a 

reliable marker of oligodendrocytes and myelin revealed 
a marked reduction in the numbers of oligodendrocytes 
within the lesions, similar to the results obtained with 
anti-transferrin. However, in recent as well as old foci 
scattered, properly stained oligodendrocytes were always 
visible (Fig. 5) and, on closer inspection, presented cyto- 
plasmic swelling. It should be stressed that CA C 
immunolabeling was restricted to the perikarya of 
oligodendrocytes but was absent within adjacent myelin 
sheaths. 

X-determinant and HNK-1. Since increasing evidence is 
presented in the literature that neural adhesion molecules, 
such as Le x and HNK-1, play an important role in the 
functional organization of the CNS, we were stimulated 
to study the expression of these carbohydrate structures 
in CPM loci. In normal pontine tissue of controls, anti- 
bodies to the X-determinant revealed surface labeling of 
astrocytes and intracytoplasmic staining of oligo- 
dendrocytes (Fig. 6a) in accordance with previous re- 
ports [31, 34]. In addition, finely granular labeling of the 
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Fig. 4a-c .  Immunostaining of transferrin in two cases with fresh 
CPM. a Case 3. Unaffected part of pontine tissue with several 
labeled oligodendrocytes, x315. b Case 3. Labeled foamy 

Fig. 5. Immunostaining of carbonic anhydrase C in a case of fresh 
CPM (case 6). A few labeled oligodendrocytes within the 
demyelinated tissue (arrows), x 700 

neuropil was seen. Myelin fibers were not 
immunostained. Freshly demyelinated CPM lesions dis- 
closed scattered patches with greatly enhanced anti-X- 
determinant antibody binding. Most of the increased X- 
hapten immunoreactivity was due to strong cell surface 

macrophages within the lesion (arrows), x 315. e Case 6. Several 
labeled hypertrophic astrocytes at the margin of a fresh lesion (ar- 
rows), x 460 

antibody decoration of  astrocytes (Fig. 6b), but pre- 
served oligodendrocytes also exhibited strong antibody 
binding, as did the neuropil. In the latter case, the reaction 
product  could not be attributed to defined cellular struc- 
tures. It is noteworthy that enhanced immunoreactivity 
was not only found with hypertrophic astrocytes but also 
with severely dystrophic astrocytes displaying shrunken 
perikarya and condensed nuclei. In older lesions X-deter- 
minant immunostaining was ubiquitously reduced. Nu- 
merous reactive fibrillary astrocytes as well as a few per- 
sisting oligodendrocytes were only faintly tagged 
(Fig. 6c). 

Antibodies to the H N K -I  epitope showed a reverse 
staining pattern of recent and old lesions compared to 
the X-determinant. In flesh CPM lesions persisting 
oligodendrocytes and myelin fibers disclosed an inter- 
mediate staining intensity of HNK-1 (Fig. 7a), compar- 
able to normal control tissue. On the other hand, in older 
lesions H N K -I  labeling was greatly enhanced within the 
cytoplasm of persisting oligodendrocytes and within the 
perikarya of reactive fibrillary astrocytes. Additionally, 
strong expression of  H N K -I  was observed on remnants 
of  myelin sheaths at the margin of old CPM loci (Fig. 7b). 

Laminin. Laminin, which is a constituent of basal laminae 
[52], is not normally found in the cyl/oplasm of neuronal 
or glial cells of adult mammals, other than in the olfactory 
bulb of rats where laminin is continuously expressed by 
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Fig. 6 a - c .  Immunostaining of X-determinant in control pontine 
tissue (a), in a recent (b), and an old (c) CPM lesion (slight counter- 
staining with hemalum), a Normal pontine tissue shows in- 
tracytoplasmic tagging of oligodendrocytes (arrowheads) and fine 
granular decoration of astrocytic perikarya and processes (arrows), 
x 365. b Case 3. Within the freshly demyelinated tissue strong 

immunoreactivity is predominantly associated with reactive astro- 
cytes. The inset depicts a hypertrophic astrocyte with strong 
immunoreactivity at the surface of the perikaryon and the processes, 
• 365. c Case 10. The micrograph displays an old lesion with fibril- 

lary gliosis. Virtually no antibody decoration is visible, x 490 

astrocytes [28]. In  fresh C P M  loci, however,  occasional ly 
weakly stained laminin § reactive astrocytes could be de- 
tected (Fig. 8). The laminin reactivity o f  astrocytes was 
obtained by use o f  two different antisera;  the appropr ia te  
controls  led to negative results (see Materials  and 

methods) .  The laminin staining o f  astrocytes became 
more  p rominen t  when silver enhancement  o f  the peroxi- 
dase reaction p roduc t  was performed.  Laminin  labeling 
o f  vascular  basal laminae was not  changed in fresh or  old 
C P M  foci. 
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Fig. 7a, b. Immunostaining of HNK-I in a fresh (a) and an old (b) 
CPM focus (slight counterstaining with hemalum), a Case 2 Within 
the recent lesion the staining intensity of myelin sheaths (arrows) is 
comparable to that in normal pontine tissue, x 300. b Case 8. The 

micrograph depicts the margin of an old lesion. A strong labeling of 
swollen oligodendrocytes (thick arrows) and of remnants of myelin 
sheaths (thin arrows) can be recognized, x 300 

Quantitative analysis of astroglia 

Because of the intriguing signs of  astrocytic degeneration 
and decay we wondered if this observation could be sub- 
stantiated by quantitative data. Therefore, a limited 
morphometr ic  analysis of  the astrocytic cell population 
on the basis of  G F A P  immunostains was performed. The 
results of  astroglia counts in CPM cases and normal  
controls are given in Table 3. 

Compared  with normal  controls the average number  
of  astrocytes in CPM cases was increased within the lesion 
as well as in lateral unaffected pontine tissue, e.g., lateral 
pontine tissue f rom CPM cases contained 28% more 
astrocytes (P = 0.023) than the equivalent tissue of con- 
trol cases. Evaluation of quantitative data from distinct 
sectors of  individual pontine sections led to conflicting 
results. In four CPM cases astrocytes were diminished 
within the lesion as compared to the adjacent non- 
demyelinated areas, al though these results were not sta- 
tistically significant (P = 0.398). Interestingly, all of  these 
four cases revealed severe degenerative changes of  the 
astrocytes as well as G F A P  § macrophages  within the 
lesion. In the other three cases the number  of  astrocytes 

was increased within the demyelinated foci. Here, numer- 
ous hypertrophic and multinucleated astrocytes with oc- 
casionally faint G F A P  immunolabeling were prominent.  
In one of  these latter cases (g) an astrocytic mitosis was 
found. 

As was to be expected the number  of  astrocytes within 
central and lateral parts of  the pons showed virtually no 
differences (P = 0.144) in normal  control cases. 

Discussion 

Since the first description of CPM by Adams et al. in 
1959 [2], nearly 500 cases of  this demyelinating disease 
have been published. Evidence has recently been accumu- 
lated that implicates a role for electrolyte imbalances, in 
particular rapid rise in serum sodium, in contributing to 
CPM [21, 25, 37]. However, this is still hypothetical and 
its relevance for the pathogenesis of  CPM remains to be 
ascertained. Immunohistochemical  investigations which 
could help to shed some light on the pathogenic events 
of  CPM have not been reported. Therefore, we carried 
out an immunohistochemical  examination of  ten CPM 



Fig. 8. Immunostaining of laminin in a case with fresh CPM (case 
7; slight countcrstaining with hemalum). In the center of the lesion 
three reactive astrocytes (arrowheads) show positive immuno- 
staining. Arrows point to positively labeled basaI laminae of blood 
vessels. Amplification of the peroxidase reaction product by silver 
intensification, • 580 
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cases o f  differing his topathological  age. As was to be 
expected, fresh and old lesions revealed severe degenera-  
tive alterations o f  ol igodendrocytes  and myelin sheaths 
which is reflected by altered immunos ta in ing  with MBP,  
M A G ,  transferrin and C A  C antibodies. Wi th  the help 
o f immunoh i s tochemica l  methods,  astrocytes were shown 
to display changes which consisted o f  in t racytoplasmic 
vacuoles,  shrunken per ikarya  with sparse processes, and 
lobulated or  pyknot ic  nuclei. 

Moreover ,  these severe astrocytic  alterations obvi- 
ously lead to cell death which can be assumed f rom the 
occurrence o f  G F A P  § macrophages .  Macrophages  are 
primari ly G F A P -  cells, however  they can take up 
G F A P  § material  when astrocytes decay, e.g., in 
gl ioblastomas [9]. To test if the necrotic changes o f  astro-  
cytes lead to a reduct ion o f  the astroglia in C P M  foci, we 
decided to coun t  this cell type in seven selected cases 
with fresh demyelination.  Cases with old C P M  foci were 
excluded because reactive fibrillary astrocytes can fail to 
react with an t i -GFAP,  presumably  due to polymer iza t ion  
o f  the glial filaments which may  reduce antigenically ac- 
tive sites [8, 10]. The results show that  in four  cases 
reduct ion o f  astroglia within the C P M  lesions has oc- 
curred when compared  with lateral unaffected pont ine  
tissue. Simultaneously,  astrocytes inside the foci exhibited 
degenerative al terations with the overall aspect o f  cell 
death. In the remaining three cases the number  o f  astro- 
cytes was increased within the lesions and here, in con- 
trast to the above cases the astroglia mos t  notably  
revealed propert ies o f  activation, such as hyper t rophy,  
mult inucleari ty and faint G F A P  immunolabel ing,  while 
necrotic alterations were infrequent.  However,  it is pos- 
sible tha t  these changes represent only a transient stage 
and may  finally end up in necrosis. 

In  general, compar i son  o f  C P M  cases with controls  
showed that  in the fo rmer  g roup  the average number  o f  
astrocytes was increased within the lesion and in unaffect-  
ed pont ine tissue. Ast rocyte  prol iferat ion in C P M  has 

Table 3. Density of astrocytes in seven cases of recent CPM and four control cases" 

CPM cases (n = 7 )  b 

Case Mean number of astrocytes/mm 2 

Central (lesion) Lateral (unaffected) 

Control cases (n = 4) 

Case Mean number of astrocytes/mm 2 

Central Lateral 

a 50.71 (-+ 6.66) 95.49 (_+ 4.74) 
b 56.87 (_+ 2.43) 93.91 (_+ 7.06) 
c 70.52 (_+ 3.03) 91.98 (_+ 2.41) 
d 90.65 (-+ 4.04) 95.57 (-+ 5.29) 
e 61.0t (_+ 1.08) 57.79 (_+ 5.37) 
f 97.49 (+_ 4.23) 87.20 (_+ 1.71) 
g 115.92 (+ 3.51) 83.53 (-+ 2.73) 

h 53.56(_+ 3.92) 52.80 (_+ 3.60) 
i 61.04 (-+ 4.75) 61.11 (_+ 3.47) 
j 86.11 (_+ 3.94) 83.07 (-+ 4.62) 
k 54.95 (_+ 1,92) 53.68 (-+ 2.63) 

Mean ~ 277.60 _+ 9.15 2 86.49* _+ 5.82 ~63.91 _+ 7.58 x62.67" _+ 7.05 

a Figures express mean number of four individual counts + SD 
b All CPM cases presented chronic alcoholism, with fatty liver changes in a, c, f, g and liver cirrhosis in d and e 
c Mean values of central and lateral portion of each group _+ SEM 
* Significance at P = 0.023 when differences between lateral areas of CPM and control cases were assessed. Comparison between the 
remaining values revealed no statistical significance 
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been described by several authors [39, 46], probably due 
to primary underlying disorders, such as hepatic diseases. 
In our cases in which astroglial proliferation was found, 
clinical signs and histopathological evidence, i.e., 
Alzheimer type II glia for hepatic encephalopathy, were 
absent. In seven of our cases, we observed club- or rod- 
like, strongly GFAP § structures which resembled 
Rosenthal fibers. The formation of Rosenthal fibers 
within CPM foci has also been reported by other authors 
[41, 56]. 

Our results unambiguously show that degenerative 
changes of astrocytes are a distinctive feature of CPM, 
but whether the abnormalities are of primary or second- 
ary nature cannot be decided by histological inspection 
of autopsy cases. Several authors have discussed the po- 
tential pathogenic role of an impaired astroglial function 
in CPM [23, 36, 37]. It has been suggested that a rapid 
rise in serum sodium after sustained hyponatremia could 
be responsible for myelinolysis [21, 25, 37]. However, 
uncorrected chronic hyponatremia itself does not lead to 
demyelination, as was shown in an experimental model 
[21, 25] and in man [38], but causes ultrastructurally 
severe swelling of astrocytes and their processes [54]. 
Similar lesions could be observed in an experimental 
model of CPM [35] and in ultrastructural examination 
of human cases [42]. Goebel and Herman-Ben Zur [16] 
described abnormal impregnation of astrocytes with gold 
sublimate in some cases of CPM associated with electro- 
lyte disturbances. From these results, taken together with 
our own report, it could be speculated that already pre- 
damaged astroglia (for instance, during ongoing liver 
disease) may be further damaged by severe electrolyte 
disturbances. Norenberg [36] has proposed a complex 
pathogenic model for CPM. A rapid rise in the serum 
sodium level may cause an osmotic injury to the endo- 
thelium resulting in the release of myelinotoxic factors 
and/or the production of vasogenic edema. An underly- 
ing gliopathy may potentiate the effect of osmotic stress 
by inappropriate compensation of hyperosmolarity. 

In recent CPM lesions we observed weakly GFAP- 
labeled hypertrophic astrocytes. It is possible that the 
amount or the structure of this type of intermediate fila- 
ments may be altered as an effect of the demyelinating 
disease or due to underlying factors causing CPM. Faint 
labeling, or even a total lack of staining for GFAP, have 
previously been described for neoplastic astrocytes [10, 
53]. Loss of GFAP immunoreactivity was also observed 
in Alzheimer type II glia. It has been suggested that this 
phenomenon is induced by uncontrolled calcium influx 
into astrocytes, causing proteolysis of GFAP [11]. At 
variance with other reports [16, 46], we did not see 
Alzheimer type II glia in our cases. 

An alternative explanation for the weak GFAP stain- 
ing in fresh CPM foci could be that reactive astrocytes 
regain an immature phenotype. This hypothesis is attract- 
ive since these glial cells simultaneously express vimentin. 
Immunocytochemical studies of CNS development have 
shown that early astrocytes are characterized by inter- 
mediate filaments containing vimentin, but not GFAP 
[7, 12]. Similar observations have been obtained from 
neoplastic astrocytes of experimentally induced gliomas 

[43]. Also, in experimental CNS injuries, vimentin is re- 
expressed by reactive astrocytes in areas of axonal and 
nerve cell degeneration [6, 17]. Another intermediate fila- 
ment protein which we investigated was desmin, which 
has been detected in astrocytes and Mfiller glia of the rat 
[5] and in early neurons of embryonic human brains [49]. 
However, in recent and old CPM cases desmin labeling 
was not detectable except for blood vessels. 

Further evidence for the occurrence of immature 
astroglial cells in CPM is the observation of laminin § 
reactive astrocytes in freshly demyelinated lesions. Liesi 
demonstrated that laminin is extensively expressed in the 
embryonic rat brain by precursors of both neurons and 
glial cells. In the mature rat brain, laminin expression 
disappears from these structures, except within a few 
CNS regions, e.g., the olfactory bulb [28]. After exper- 
imentally induced CNS injury laminin can be re- 
expressed in reactive astrocytes of adult mammalians [14, 
29, 48]. Recently, it has been suggested from in vivo 
experiments that laminin is not involved in axonal re- 
growth [14, 48], which is at variance with in vitro studies 
[24, 32]. 

Antibodies to the X-determinant and the HNK-1 
epitope revealed a characteristic expression pattern in 
fresh and old CPM lesions. For the X-determinant, 
immunoreactivity was highly increased within freshly 
demyelinated foci, whereas old foci exhibited faint stain- 
ing. Conversely, using HNK-I specific monoclonal anti- 
bodies, fresh lesions showed normal staining intensity 
while in old lesions immunoreactivity was considerably 
enhanced. The X-determinant is a carbohydrate sequence 
which is identical with stage-specific embryonic antigen- 
1 (SSEA-1) that seems to act as an intercellular adhesion 
molecule in preimplantation embryos [47]. Recently it 
was shown that the X-determinant is expressed during 
prenatal stages of CNS development [45] and is involved 
in oligodendrocyte-astrocyte and astrocyte-astrocyte ad- 
hesion in vitro [34]. Therefore, it seems very likely that the 
X-determinant also functions as cell adhesion molecule of 
mature CNS tissue. 

Taken together our results show that in CPM, besides 
destruction of oligodendroglia and myelin, dystrophy of 
the astroglia may also occur. The latter could be of patho- 
genic relevance in the demyelinating disease. The obser- 
vation of increased X-hapten immunoreactivity in 
astroglia corroborates our detection of re-expression of 
vimentin and laminin which could mean that mature 
astroglia may revert back to an immature form. This 
reversion might be induced by microenvironmental influ- 
ences generated by the mechanisms which have been 
suggested by Norenberg [36] (see above). We speculate 
that the re-activation of glial differentiation phenomena 
represents a transient cellular stress reaction which 
eventually may end up either in cell death or formation 
of typical gliosis. 
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