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Immunochemical studies of yy-neuron specific enolase (NSE), parvalbumin (PV), S-100 protein (S-100) and acidic 
fibrillary glial protein (GFAP) were studied in the cerebrospinal fluid and blood serum in 7 patients with ischemic 
cerebral stroke, aged 57 to 81 years. Cerebrospinal fluid and the first blood sample were taken on the first or second day 
of the disease. Further blood samples were taken once a week till the end of patients hospitalization, ending by patients 
discharge or death. Immunochemical identification of proteins under study were performed with Western-blotting 
technique. It was found that all proteins studied were present in both cerebrospinal fluid and blood serum on the first 
two days of the disease in small quantities. The blood content of both NSE and PV increased significantly during the 
first week of the disease. Both proteins disappeared from the blood serum between the second and fourth disease weeks. 
S-100 protein and GFAP contents in the blood reached significantly high level within the time interval between second
and fifth disease weeks, and remained at a relatively high level till patients' death. In all cases computed tomography
study and/or brain autopsy revealed extensive ischemic foci localized within areas supplied by the middle cerebral artery. 
No clear-cut correlation between extensiveness of the ischemic cerebral damage and the content of the proteins studied in
both cerebrospinal fluid and blood serum was found. However, our data indicate that serial studies of the above proteins
in patients with ischemic stroke may be useful in monitoring the progress of the disease, and occasionally in the
prognosis at least in some cases.
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Despite remarkable progress in modern diagnostic 
procedures, such as computed tomography, nuclear 
magnetic resonance imaging and PET-scanning their 
value in evaluating the extent of ischemic damage of 
the brain is still limited. Therefore, some other 
methods are also needed for quantitative informa­
tion on the size of ischemic lesions of the brain and 
the prediction of possible outcome of the disease.

A large number of proteins may be released into 
the cerebrospinal fluid and serum as a consequence 
of brain injury. They can serve as potential markers 
of the extent of the pathologic changes. Neuron­
specific enolase (NSE) and S-100 protein in cereb­
rospinal fluid (CSF) have already been determined 
in cerebral infarction in human (Sindic et al. 1982; 
Mokuno et al. 1983; Royds et al. 1983; Hay et al. 
1984; Persson et al. 1987), and in experimental brain 
ischemia (Steinberg et al. 1984; Hardemark et al. 
1988, 1989; Kotwica et al. 1989a, b). Glial fibrillary 
acidic protein (GFAP) has been studied in CSF in 
one case of cerebral infarction (Noppe et al. 1986). 
All these studies stressed that the presence of NSE 
and S-100 protein, at least in CSF is a reliable 

marker of brain damage and that changes in their 
concentration could have a prognostic value.

In this paper we describe the results of studies on 
NSE, S-100 protein, GFAP and parvalbumin (PV) 
concentration in CSF, as well as in serial blood 
serum samples taken till the outcome in patients 
with completed ischemic strokes, and assess their 
potential usefulness in clinical applications.

Material and methods

The studies were performed on seven clinical cases of 
completed ischemia stroke. The patients' age ranged 
from 57 to 81 years (Table 1). CSF and blood samples 
were taken on the day of patients' admission to the 
hospital (first or second day of the disease). Thereafter 
blood samples were taken once a week till the outcome.

The control material consisted of CSF and blood 
samples from 5 patients with transient ischemic 
attack (TIA) and 5 patients with muscle diseases.

The CSF and blood samples were centrifuged at 
4000 rpm for 10 min. The supernatants were frozen 
at -70°C until used.
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Table 1. Computer tomography and findings in the presented 
materiał

Case/age Duration 
of the 
disease 
(days)

Outcome CT 
on day

Ischemic 
lesion 
in CT

Ischemic 
lesion 

in 
autopsy

Contact 
with 
CSF 

pathways

MZ/80 70 death 14 + + + - + + +
NL/69 58 death 9 + + + + + + +
BI/67 32 survival 7 + - +
BH/81 44 death 5 + + + - + + +
SE/79 16 death - - + + + + + +

NM/67 11 death - - + + + + + +
CJ/57 5 death 2 + + + - + + +

Total protein concentration in CSF and serum was 
determined according to the method of Lowry et al. 
(1951). The samples were diluted with an equal 
volume of two times concentrated sample buffer 
consisting of 0.125 M Tris base, 4% SDS, 20% 
glycerol, 10% 2-mercaptoethanol, 0.001% bromop­
henol blue (pH 6.8). The samples were heated in 
boiling water for 3 minutes and a volume correspon­
ding to 100 /tg of protein was applied to lanes on 1.5 
mm thick SDS-polyacrylamide gels, using the discon­
tinuous system of Laemmli (1970). The resolving gels 
were 10% acrylamide: bisacrylamide (30:0.8). The 
separated proteins were blotted on nitrocellulose 0.2 
/tm membranes, using a transfer buffer (0.25 M Tris- 
HC1, 1.92 M glycine, pH 8.3) at 0.8 mA per enF per 
hour (Towbin et al. 1979). LKB Multiphor II Nova 
Blot electrophoretic transfer unit was used. Unreac­
ted binding sites on dry nitrocellulose sheets were 
blocked with 3% bovine albumin (Sigma) in buffer 
containing 10 mM Tris-HCl, 0.15 NaCl and 0.05% 
(v/v) Tween 20 (pH 8.0), which was also used to 
wash the nitrocellulose sheets after albumin blocking 
and incubations with primary antibodies. Incubation 
steps during 3 hours were performed with primary 
antibodies (anti-S-100, dilution 1:80, Sigma; anti- 
GFAP, dilution 1:400, Dako; anti-yyenolase, dilution 

1:200, Dako; anti-parvalbumin, dilution 1:1000, Sig­
ma) and secondary antibodies (alkaline phosphatase 
conjugate goat anti-human IgG, dilution 1:1000, Sig­
ma). The blots were finally exposed to alkaline 
phosphatase buffer (0.1 M Tris-HCl, 0.1 M NaCl, 
5 mM MgCh, nitroblue tetrazolium salt in 0.1 
M Tris - HC1 and dimethylformamide, pH 9.5) for 
30 minutes, rinsed in distilled water and dried.

Results

CT examination was performed in all but two 
cases. In all cases examined areas of hypodensity 
localized within the area of middle cerebral artery 
supply were observed (Fig. 1). In two cases in which 
CT examination was not done, postmortem autopsy 
revealed focal tissue abnormalities within the same 
brain areas. In one case (SE) postnecrotic cavity was 
localized within inferior frontal gyrus, while in the 
second one (NM) early tissue necrosis involved 
a larger area supplied by middle cerebral artery. In 
only case (NL) in which both intravital CT-ex- 
amination and postmortem autopsy were performed, 
slight discrepancy between changes found in these 
two procedures, was observed. This concerned the 
extend of tissue alterations. CT examination perfor­
med on the ninth day of the disease indicated rather 
larger area of hypodensity within the area of middle 
cerebral artery supply, while on autopsy postis- 
chemic cavity was confined to the inferior frontal 
lobe and adjacent white matter of the semioval 
centre. In all seven cases, the brain lesions as seen 
on the CT pictures and/or autopsy examination 
were contacting cerebrospinal fluid spaces, either the 
subarachnoid or ventricular.

NSE was not present in the control CSF and 
serum samples. In the patients with ischemic stroke 
it was present in both CSF and serum on the day of 
admission either as traces or in evidently increased 
amounts (Figs 2 and 3). The marker had a tendency 
to increase further in the serum during the first

M.Z. N.L. B.J. B.H. CJ.
Fig. 1. Computer tomography scan of some of the investigated cases. In ah cases the areas of hypodensity were localized within 
territory of middle cerebral artery supply.
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Fig. 2. The appearance of neuron-specific enoiase in CSF and serum in afi cases examined.

Fig. 3. Western-biotting analysis of neuron-specific enoiase in CSF and serum in a miid (BI) and severe case (NL) in the course of 
ischemic stroke.

week of the disease, thereafter decreasing and disap­
pearing after two to four weeks. The anti-NSE- 
antibodies possibly reacted not only with yy-neuron- 
specific enolase (the lower intense band in Fig.3) but 
also to some extent with aa-enolase (the upper less 
intense band in Fig. 3).

A pattern similar to that of NSE was also seen 

for anti-parvalbumin antibodies (Figs 4 and 5). 
When compared to the NSE the staining intensity of 
parvalbumin was lower and its decrease in the 
serum appeared earlier.

No reaction with anti-S-100 protein antibodies 
was observed in the CSF and serum from the 
control material. In the course of the ischemic
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Fig. 4. The appearance of parvalbumin in CSF and serum in all cases examined.

stroke the S-100 protein appeared in CSF of four 
out of the seven patients examined on the day of 
their admission to the hospital, in the remainder it 
was present only in traces, so was in all serum 
samples (Figs 6 and 7). Afterwards the intensity of 
S-100 protein was progressively increasing; a peak 
occurred between the second and fourth weeks and 
the intensity remained elevated till the outcome.

The pattern of GFAP in CSF and serum of 
patients with ischemic stroke was similar to that of 
the S-100 protein. The only difference was the 
presence of GFAP in CSF in traces in all the cases 
examined and the delayed appearance of GFAP in 
the serum (Figs 8 and 9).

Discussion

Several substances are released into CSF and the 
blood stream in the course of brain injury. Among 
these substances are proteins which can be used as 
brain damage markers. They can also indicate whet­
her the damage is of neuronal, glial or mixed origin.

yy-neuron-specific enolase is present predominant­
ly in neurons (Schmechal et al. 1978; Marangos et 
al. 1978, 1979; Kato et al. 1982a, b), whereas the 
oca-form is confined to astroglial cells (Royds et al. 
1982). Parvalbumin, a small calcium-binding protein 

is also present in neurons (Berchold et al. 1985). The 
S-100 protein, another small calcium-binding prote­
in composed of a mixture of a and /? peptides, is 
synthesized in astroglial cells (Hyden, McEwen 
1966; Zomzely-Neurath, Walker 1980; Endo et al. 
1981; Stefansson et al. 1982; Isobe et al. 1984). The 
S-100 /?/? form occurs in astroglial and Schwann 
cells, the a/? type is present in astrocytes but not in 
Schwann cells, whereas the aa type is located ex­
clusively in neurons (Isobe et al. 1984). Glial fibril­
lary acidic protein is a marker of fibrillary astro­
cytes (Bignami et al. 1976; Albrechtsen et al. 1985; 
Noppe et al. 1986). The cellular localization of all 
these proteins has been already well established. 
NSE, PV and S-100 protein are confined to cytosol, 
the latter also to membranes (Rusca et al. 1972) and 
nuclei (Michetti et al. 1974). GFAP is a structural 
component of the cell cytoskeleton (Eng, Kosek 
1974; Bignami et al. 1976).

In normal conditions all these proteins are either 
absent or present in amounts undetectable by the 
methods used both in CSF and serum (Michetti et 
al. 1980, Albrechtsen et al. 1985; Aureli et al. 1989). 
In a variety of diseases of the central nervous system 
several groups have examined NSE and/or S-100 
protein in CSF (Brown et al. 1980; Michetti et al. 
1980; Parma et al. 1981; Kato et al. 1982b; Mokuno
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Fig. 5. Westem-biotting anaiysis of parvaibumin in CSF and serum in a miid (BI) and severe case (NL) in the course of ischemic stroke.

S-100
Patient CSF Serum

Fig. 6. The appearance of S-iOO protein in CSF and serum in ah cases examined.

et a!. 1983). High NSE and S-100 protein levels in 
CSF were found in multiple sclerosis, inflammatory 
processes including different types of encephalitis 
and encephalomyelitis, brain tumors, dementia, Gu­
illain-Barre syndrome, cervical spondylosis, amyot­
rophic lateral sclerosis, subarachnoid hemorrhage 

and cerebral infarction. The studies of both proteins 
showed a relationship between the degree of cell 
damage and their concentration in CSF (Royds et 
al. 1981, 1983; Sindic et al. 1982; Hay et al. 1984; 
Takayasu et al. 1985). After small infarcts and 
transient ischemic attacks only NSE, but not the
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Fig. 8. The appearance of GFAP in CSF and serum in ah cases examined.

S-100 protein, increases between 18 hrs to four days 
following the incident (Persson et al. 1987). Both 
NSE, and S-100 protein were also detected in the 
serum in ischemic strokes and head trauma. In the 
serum also their levels were related to severity of the 
disease during the first days after the incident 
(Dauberschmidt et al. 1983; Persson et al. 1987). 

GFAP was shown to increase in CSF in multiple 
sclerosis, different types of encephalitis, epilepsy, 
Niemann-Pick disease, dementia, syringomyelia, 
brain tumors and cerebrovascular disease (Lowent- 
hal et al. 1978; Noppe et al. 1986). It is supposed 
that appearance of GFAP in CSF is the most 
reliable marker of organic diseases of the central

Fig. 7. Western-blotting analysis of S-100 protein in a mild (BI) and severe case (NL) in the course of ischemic stroke.
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Fig. 9. Western-blotting analysis of GFAP in a mild (BI) and severe case (NL) in the course of ischemic stroke.

nervous system (Hayakawa et al. 1979; Crols et al. 
1983). No data are published as yet on GFAP in the 
serum in CNS diseases.

Our results concerning appearance of NSE and 
S-100 in both CSF and blood serum in the course of 
ischemic stroke confirm the relevant data published 
in the literature. Both proteins appeared just after 
the onset of the disease in CSF and serum, although 
in small amounts. By examining both protein mar­
kers in serum at one week intervals, uptil the 
outcome we also confirmed that NSE disappears 
from body fluids earlier than does S-100. Contrary 
to the data presented before, in our material S-100 
presence in serum was long-lasting, with a tendency 
to increase progressively in the course of the disease. 
Parvalbumin has not been so studied yet either in 
CSF or blood serum. Our data indicate that in 
patients with ischemic stroke, this neuronal protein 
is following the behaviour of NSE, although on 
a somewhat lower level.

We have also demonstrated that GFAP was ap­
pearing in traces both in CSF and serum at the time 
of onset of the disease and was progressively in­
creasing in content, at least in the serum.

As NSE and PV are of neuronal origin their 
appearance in body fluids is a consequence of 
necrosis of the gray matter. S-100 protein and 
GFAP when present in CSF and serum indicate 
lesion of the white matter. Immunocytochemical 
studies of Rafalowska et al. (1991) and Dziewulska 
(1994) revealed that numerous cellular particles co­
vering infarcted brain tissue and its neighbourhood 

react with GFAP-antibodies already two days after 
an ischemic incident. These GFAP-positive particles 
were considered to represent products of astrocyte 
degeneration and breakdown. Normal astrocytes are 
revealing relatively low GFAP-immunoreactivity. In 
ischemic conditions it increases after few days and is 
followed by astrocytic degeneration (Rafalowska et 
al. 1991; Dziewulska 1994). Most probably at that 
time GFAP and S-100 protein escape to body fluids 
in larger amounts. The nearly identical intensity of 
GFAP and S-100 bands in the serum is possibly due 
to the fact that the necrotic lesions were located 
close to the subarachnoid space or the ventricular 
system.

The relatively small clinical material undoubtedly 
limits possibility to correlate of the disease and 
CT-pictures and/or autopsy findings on one side 
and the intensity of protein markers studied on 
Western-blots on the other. Only one patient with 
a small ischemic lesion survived while in other cases 
the clinical progress, CT and/or autopsy data were 
similar and the outcome was fatal. However, obser­
vations concerning patients with relatively longest 
disease course (MZ and NL), preceding fatal out­
come are worth mentioning. These were the cases 
with very extensive focal brain lesions, contacting 
the CSF spaces, they were characterized by in­
creased content of glial protein markers within 
blood serum, progressing till patients' death. On the 
other hand, the only surviver from our series, with 
definitely small ischemic focus and disputable con­
tact with CSF-spaces showed relatively low levels of 
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neuronal and glial marker-proteins both in CSF and 
serum. This may indicate that the size of ischemic 
focus and its relations to the CSF spaces play some 
role in the appearance in the body fluids of brain 
proteins here studied. The mechanism of their ap­
pearance in blood serum (in remarkably increasing 
concentration in case of glial protein markers), in 
the course of the disease remains unclear. One can 
not exclude their penetration through the vascular 
pathway, due to damaged mechanisms of the blood­
brain barrier system. Time sequence of appearance, 
increase and reduction of proteins under study in 
the CSF and blood serum reflects the dynamics and 
the sequence of involvement of particular cellular 
populations of the brain - an early neuronal dama­
ge followed by glial changes.

It seems therefore justified to conclude that the 
major advantage of determination of marker brain 
proteins in the course of ischemic stroke is the 
possibility to monitor the progress of the disease 
and to predict, at least in some cases their possible 
outcome.

Analiza immunochemiczna niektórych białek w płynie 
mózgowo-rdzeniowym i surowicy krwi chorych z uda­
rem niedokrwiennym

Streszczenie

U chorych w wieku od 57 do 81 lat z niedokrwiennym udarem 
mózgu, przeprowadzono immunochemiczną identyfikację nastę­
pujących białek: yy-enolazy neuronalnej, parwalbuminy, białka 
S-100 oraz kwaśnego białka włókienkowego gleju przy pomocy 
techniki ,,Western-blotting" w płynie mózgowo-rdzeniowym 
i w surowicy krwi. Płyn mózgowowo-rdzeniowy i pierwszą prób­
kę krwi pobierano w pierszym lub drugim dniu choroby. Następ­
ne próbki pobierano w odstępach tygodniowych aż do wypisu 
chorego lub jego zgonu. W płynie mózgowo-rdzeniowym i suro­
wicy krwi badane białka w pierwszych dwóch dniach choroby 
występowały w niewielkiej ilości. Ilość enolazy i parwalbuminy 
w surowicy krwi wzrastała następnie w pierwszym tygodniu 
choroby. Oba białka zanikały między 2 i 4 tygodniem choroby. 
Ilość białka S-100 i GFAP wzrastała znacząco w okresie od 2 do 
5 tygodnia i utrzymywała się na wysokim poziomie aż do zgonu 
chorego. Tomografia komputerowa mózgu i/lub badanie sekcyjne 
wykazały obecność rozległych ognisk martwicy niedokrwiennej 
w obszarze unaczynionym przez tętnicę mózgową środkową. 
W przedstawionym materiałe nie stwierdzono wyraźnej korelacji 
między ilością białek w płynie mózgowo-rdzeniowym i surowicy 
krwi a rozległością i ciężkością uszkodzenia mózgu. Wydaje się 
jednak, że seryjne oznaczenie badanych białek w przebiegu udaru 
niedokrwiennego mózgu może być przydatne w monitorowaniu 
postępu procesu chorobowego, a być może, również w jego 
prognozowaniu, przynajmniej w poszczególnych przypadkach.

References

1. Albrechtsen MA, Massaro A, Bock E: Enzyme-linked im­
munoabsorbent assay for the human glial fibrillary acidic 
protein using a mouse monoclonal antibody, J Neurochem, 
1985, 44, 560-566.

2. Aureli A, Rosengren LE, Wikkelso C, Nordberg G, Haglid 
KG: The S-100 protein in cerebrospinal fluid: a simple 
ELISA method. J Neurol Sci, 1989, 89. 157-164.

3. Berchold MW, Celio MR, Heizmann CW: Parvalbumin in 
human brain. J Neurochem, 1985, 117, 527-531.

4. Bignami A, Dahl D: The astroglial response to stabbing: 
immunofluorescence studies with antibodies to astrocyte-spe­
cific protein (GFAP) in mammalian and submammalian 
vertebrates. Neuropathol Appl Neurobiol, 1976, 2, 99-110.

5. Brown KW, Kynoch PAM, Thompson RJ: Immunoreactive 
nervous system specific enolase (14-3-2 protein) in human 
serum and cerebrospinal fluid. Clin Chim Acta, 1980, 101, 
257-264.

6. Crols R, Noppe M, Caers J, Lowenthal A: a-Albumin (GFA) 
as a marker of astrocytic involvement in human cerebrospinal 
fluid. Neurochem Pathol, 1983, 11, 171-174.

7. Dauberschmidt R, Marangos PJ, Zinsmeyer J, Bender V, 
Klages G, Gross J: Severe head trauma and the changes of 
concentration neuron-specific enolase in plasma and in cereb­
rospinal fluid. Clin Chim Acta, 1983, 131, 165-170.

8. Dziewulska D.: Influence of aging process on astrocytic 
reactivity in the course of ischemic stroke. Doctor's thesis. 
Warsaw, 1994 (in Polish).

9. Endo E, Tanaka K, Isobe T, Kasai H, Okuyama T, Hidaka 
H: Calcium dependent affinity chromatography of S-100 and 
calmodulin antagonist coupled Sepharose. J Biol Chem, 1981, 
256, 12485-12489.

10. Eng LF, Kosek JC: Light and electron microscopic localiza­
tion of the glial fibrillary acidic protein and S-100 protein by 
immunoenzymatic techniques. Trans Amer Soc Neurochem, 
1974, 5, 160-165.

11. Hardemark HG, Persson L, Bolander HG, Hillered L, Ols­
son Y, Pahlman S: Neuron-specific enolase is a marker of 
cerebral ischemia and infarct size in rat cerebrospinal fluid. 
Stroke, 1988, 19, 1140-1144.

12. Hardemark HG, Ericsson N, Kotwica Z, Rundstrom G, 
Mendel-Hartvig IB, Olsson Y, Pahlman S, Persson L: S-100 
protein and neuron-specific enolase in CSF after experimental 
traumatic or focal ischemic brain damage. J Neurosurg, 1989, 
71, 727-731.

13. Hayakawa T, Ushio Y, Mori T, Arita N, Yoshimine T, 
Maeda Y, Shimizu K, Myoga A: Levels in stroke patients of 
an astrocyte-specific cerebroprotein. Stroke, 1979, 10, 685-689.

14. Hay E, Royds J, Davies-Jones G, Timperley W, Lewtas N, 
Taylor O: Cerebrospinal fluid enolase in stroke. J Neurol 
Neurosurg Psych, 1984, 47, 724-729.

15. Hyden H, McEwen BS: A glial protein specific for the 
nervous system. Proc Nat Acad Sci (USA), 1966, 55, 354-358.

16. Isobe T, Takahashi K, Okuyuma T: S-100 protein is present 
in neurons of central and peripheral nervous system. J Neu­
rochem, 1984, 43, 1494-1496.

17. Kato K, Ishiguro Y, Suzuki F, Ito A, Semba R: Distribution 
of nervous system specific forms of enolase in peripheral 
tissues. Brain Res, 1982a, 237, 441-448.

18. Kato K, Nakajima Y, Ishiguro Y, Matsutani T: Sensitive 
enzyme immunoassay in human cerebrospinal fluid. Biomed 
Res, 1982b, 3, 24-28.

19. Kotwica Z, Persson L, Hardemark HG, Pahlman S: Useful­
ness of neuronal enolase (NSE) determination in the cereb­
rospinal fluid as a biochemical marker of the dimention of 
ischemic focus in the brain. Experimental study on the rat 
stroke model (in Polish). Neurol Neurochir Pol, 1989a, 23, 
198-202.

20. Kotwica Z, Persson L, Hardemark HG, Pahlman S: S-100 
protein in the cerebrospinal fluid as a marker of dimention of 
the brain tissue damage in the ischemic stroke (in Polish). 
Neurol Neurochir Pol, 1989b, 23, 203-206.

http://rcin.org.pl



Profcww in iscAemic 137

21. Laemmli UK: Cleavage of structural proteins during the 
assembly by the head of bacteriophage T4. Nature, 1970, 
227, 680-685.

22. Lowenthal A, Noppe M, Gheuens J, Karcher D: a-Albumin 
(glial fibrillary acidic protein) in normal and pathological 
human brain and cerebrospinal fluid. J Neurol, 1978, 219, 
87-91.

23. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ: Protein 
measurement with the Folin phenol reagent. J Biol Chem, 
1951, 19, 265-275.

24. Marangos PJ, Zis AP, Clark RL, Goodwin FK: Neuronal, 
non-neuronal and hybrid form of enolase in brain: structural, 
immunological and functional comparisons. Brain Res, 1978, 
150, 117-133.

25. Marangos P, Schmechel D, Parma A, Clark R, Goodwin F: 
Measurement of neuron-specific (NSE) and non-neuronal 
(NNE) isoenzymes of enolase in rat, monkey and human 
nervous tissue. J Neurochem, 1979, 33, 319-329.

26. Michetti F, Miani N, de Renzis G, Caniglia A, Correr S: 
Nuclear localization of S-100 protein. J Neurochem, 1974, 22, 
239-244.

27. Michetti F, Massaro A, Russo G, Rigon G: The S-100 
antigen in cerebrospinal fluid as a possible index of cell injury 
in the nervous system. J Neurol Sci, 1980, 44, 259-263.

28. Mokuno K, Kato K, Kawai K, Matsuoka Y, Yanagi T, 
Sobue I: Neuron-specific enolase and S-100 protein levels in 
cerebrospinal fluid of patients with various neurological 
diseases. J Neurol Sci, 1983, 60, 433-451.

29. Noppe M, Crols R, Andries D, Lowenthal A: Determination 
in human cerebrospinal fluid of glial fibrillary acidic protein, 
S-100 and myelin basic protein as indices of non-specific or 
specific central nervous tissue pathology. Clin Chim Acta, 
1986, 155, 143-150.

30. Parma AM, Marangos PJ, Goodwin FK: A more sensitive 
radioimmunoassay for neuron-specific enolase suitable for 
cerebrospinal fluid determinations. J Neurochem, 1981, 36, 
1093-1096.

31. Persson L, Hardemark HG, Gustafsson J, Rundstróm G, 
Mendel-Hartvig IB, Essher Z, Pahlman S: S-100 protein and 
neuron-specific enolase in cerebrospinal fluid and serum: 
Markers of cell damage in human central nervous system. 
Stroke, 1987, 18, 911-918.

32. Rafałowska J, Dolińska E. Dziewulska D, Krajewski S: 
Astrocytic reactivity in various stages of human brain infarct 
in middle and senile age. Neuropatol Pol, 1991, 29, 181-191.

33. Royds J, Timperley W, Taylor C: Levels of enolase and other 
enzymes in the cerebrospinal fluid as indices of pathological 
change. J Neurol Neurosurg Psych, 1981, 44, 1129-1133.

34. Royds JA, Parsons MA, Taylor CB, Timperley WR: Enolase 
isoenzyme distribution in the human brain and its tumors. 
J Pathol, 1982, 137, 37-49.

35. Royds J, Davies-Jones G, Lewtas N, Timperley W, Taylor C: 
Enolase isoenzymes in the cerebrospinal fluid of patients with 
disease of the nervous system. J Neurol Neurosurg Psych, 
1983, 46, 1031-1036.

36. Rusca GC, Calissano P, Alema S: Identification of a memb­
rane-bound fraction of the S-100 protein. Brain Res, 1972, 
49, 223-227.

37. Schmechal D, Marangos PJ, Zis AP, Brightman M, Goodwin 
FK: Brain enolases as specific markers of a neuronal and 
glial cells. Sciences, 1978, 199, 313-315.

38. Sindic CJM, Chalon MP, Cambiaso CL, Laterre EC, Masson 
PL: Assessment of damage to the central nervous system by 
determination of S-100 protein in the cerebrospinal fluid. 
J Neurol neurosurg Psych, 1982, 45, 1130-1135.

39. Stefansson K, Wollmann RL, Moore BW: Distribution of 
S-100 protein outside the central nervous system. Brain Res, 
1982, 234, 309-317.

40. Steinberg R, Gueniau C, Scarna H, Keller A, Worcel M, 
Pujol JF: Experimental brain ischemia: neuron-specific enola­
se level in cerebrospinal fluid as an index of neuronal 
damage. J Neurochem, 1984, 43, 19-24.

41. Takayasu M, Shibuya M, Kanamori M, Suzuki Y, Ogura K, 
Kagayama J, Umekawa H, Hidaka H: S-100 protein and 
calmodulin levels in cerebrospinal fluid after subarachnoid 
hemorrhage. J Neurosurg, 1985, 63, 417^420.

42. Towbin H, Staehelin T, Gordon J: Electrophoretic transfer of 
proteins form polyacrylamide gels to nitrocellulose sheets: 
Procedure and some applications. Proc Natl Acad Sci (USA), 
1979, 76, 4350-4354.

43. Zomzely-Neurath CE, Walker WA: Nervous system-specific 
proteins: 14-3-2 protein, neuron-specific enolase, and S-100 
protein. In: Proteins of the Nervous System. Eds: RA 
Bradshow, DM Schneider. Raven Press, New York, 1980, 
1-57.

Correspondence address: Irena Niebrój-Dobosz, Department of
Neurology, la Banacha St., 02-097 Warszawa

http://rcin.org.pl




