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Abstract: Pathology of spinal cord belongs to neurological syndromes observed in the course of the cancer.
Due to clinical uncertainties the underlying mechanisms still await elucidation. The aim of this study, involved
analysis of lipid pattern, ATPase activities and expression of heat shock protein 70 kDa in spinal cord of tumor
bearing rats. The listological abnormalities were also investigated in spinal cords of the rats. Under light
microscopy shrinkage of neurones was evident i the anterior and lateral homs of the spmal cord, mn its thoracic
region. The abnormalities comresponded to morphological changes found in paraneoplastic myelopathy. In
biochemical studies a decrease m cholesterol esters, phosphatidylcholine and phosphatidylinositol content
were detected 1n spinal cord of experimental animals. The qualitative abnormalities were expressed also by
decreased molar ratios of gangliosides to phospholipids, of cholesterol to galactolipids as well as of cholesterol
to phospholipids and an increased ratio of gangliosides to phospholipids. Analysis of lipids peroxidation
revealed lowered content of conjugated dienes and of malonylodialdehyde in spinal cord. Content of sulthydryl
groups remained unchanged. Na '/ K'-ATPase and Ca'>-ATPase activities and expression of heat shock protein
70 were increased. Our data suggested that lipids pattern, ATPase activities and heat shock protein expression
in the spinal cord, manifested in the tumor-bearing Buffalo rats, may promote understanding of underlying
molecular mechanisms responsible for cancer-associated myelopathy.
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INTRODUCTION

Paraneoplastic myelopathy, the pathology of spinal
cord observed among a variety of neurclogical
manifestations, develops in the course of neoplastic
disease and is not related to metastases or infiltrations
of the nervous system. In general, the remote effects of
cancer when studied in 60 000 patients have shown a low
meidence (0.9%) (Pittock et al., 2006) of onconeurconal
antibodies. However, clinical criteria for the diagnosis of
newrological paranecoplastic syndromes have not been
published until recently (Graus ef af., 2004) sonot all
the previous studies satisfy them. If identified, the
antibodies present
myelopathy are known as anti-Ri or directed against

in patients with paraneoplastic

amphiphisin. The clinical observations and follow-up of
patients with subacute necrotising myelopathy show that
it may precede the diagnosis of cancer (prostate cancer,

lung cancer (Rudnicki and Dalmau, 2000; Ojeda et al.,
1984), myeloma (Storey and McKelvie, 1991), but in some
cases it develops after the diagnosis of the neoplasm. The
clinical signs, which may mimic acute transverse myelitis
or spinal cord compression, involve sudden onset,
progressing flaccid paraplegia, sphincter disturbances,
deep sensation abnormalities and  respiratory
wnsufficiency. The spinal cord i1s damaged particularly in
thoracic and lumbar region Histologic examination of
patients presenting subacute necrotic myelopathy reveals
nospecific necrosis, Wallerian degeneration, gliosis and
focal meningeal thickening. Inflammatory reaction, if
present, is minimal { Vernon, 1974).

Until now, the pathomechanism responsible for
development of neurclogical paraneoplastic syndromes is
believed to be immune-mediated.

Despite advanced immunological studies revealing
antibodies, which react with structures of the nervous
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system, the pathomechanism of neurclogical
paraneoplastic  syndromes  remains  incompletely
understood. Recent studies (Pittock ef al., 2006) have
addressed the onconeuronal antibodies as coexisting and
predicting cancer, rather than inducing the neurological
syndrome. Also, immunosuppressive treatment (Keime-
Guilbert et al, 1999) as well as intravenous
immmunoglobuling (Keime-Guilbert ef af., 2000) exert no
clinical effect, indicating that a different, probably
metabolic, pathomechanism is involved. This possibility
has been suggested by the climcal observation of
coexisting myasthenic Lambert-Eaton syndrome and
subacute paraneoplastic degeneration. Grauss (2002)
noticed an improvement of myasthenic symptoms as a
result of an immunomodulating treatment while the
symptoms of coexisting paraneoplastic
degeneration  persisted. studies  using
immunosupression combined with immunomodulating
treatment showed no improvement in the clinical outcome
(Gultekin et ai., 2000). These clinical observations raise
questions as to the mechanisms involved in etiology of
neurological paraneoplastic syndromes.

Screening potential experimental approaches to the
problem, we have decided to examine the effect of
advanced experimental neoplastic disease on lipids
pattern in the spinal cord Three weeks after tumor
moculation m Buffalo rats stam we observed
neuropathological abnormalities in the spnal cord which
corresponded to morphological changes in paraneoplastic
syndromes. Basing on this observation we undertook the
biochemical studies.

In contemporary literature of the subject no data have
been identified which would concern lipids, the main
constituents of structural and functional significance in
the spinal cord, in the course of neoplastic disease. Spinal
cord belongs to the most heavily myelinated regions of
central nervous system and for this reason lipid pattern is
particularly significant for its physiology and pathology.
Several data mdicate the role of lipids in spmal cord
disorders.  Ischemia  produced  degradation of
phospholipids and was followed by their resynthesis,
which did net include phosphatidylinositol and was most
pronounced 1n the dorsal horns and in the white matter of
the spinal cord (Lukacova et al., 1998 a). Ischemia-
reperfusion studies (Lukacova et al., 1998 b) revealed
improved levels of phosphatidylcholine, phosphatidyl-

subacute
Clinical

ethanolamine,  phosphatidylserme  and  phospha-
tidylinositol after resumption of the circulation. In the
course of experimental allergic encephalomyelitis

demyelination in the spinal cord was associated with
depletion of phospholipids, cerebrosides and cholesterol,
while cholesterol esters tended to accumulate (Taranova,
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1985). Gangliogides, on the other hand, remained
unchanged. Plasmalogens, which are recognized to
represent potential antioxidants, were found to be
decreased following spinal cord trauma due to stimulation
of plasmalogen-selective phospholipase A, (Farooqui and
Horrocks, 2001).

Hydrolysis of the spmal cord lipids seemed to be
related to a decreased Na'/K*-ATPase activity following
trauma (Clendenon et al., 1978; Hall and Braughler, 1982).
This crucial membrane enzyme is highly affected by lipid
pattern changes and/or lipid peroxidation. ATPase
activity 1s manifested by the N-terminal portion of heat
shock protein 70 kDa, representing a cellular chaperone
expressed in spinal cord in ischemia (Matsumoto et al.,
2001), hypothermia (Motoyoshi ef af., 2001), experunental
autoinmune encephalomyelitis (Aquino et al., 1993) or
neurodegeneration (Liu ef al., 2005).

Following those previous
experimental data we undertook this study to test the
hypothesis if abnormalities in lipid pattern, ATPase
activities and expression of heat shock protein 70kDa in
spinal cords of rats bearing transplantable Morris
hepatoma 5123 are mmvolved m pathomechanisms of
malignancy associated myelopathy.

The transplantable Morris hepatoma 5123 used in this
study originated from the cell line obtained after the
treatment of Buffalo-stramn rats with N-(2-fluorenyl)-
phtalamic acid. The observations made by Morris et al.
(1960) and other authors revealed lung metastases 6
weels after tumor inoculation. Microscopically, the tumor
present morphological features of an hepatocellular
carcimoma (Morris ef al, 1960). This experunental
neoplastic disease was previously used in studies of the
effect of cancer on muscle metabolism and erythrocytes
(Michalak, 1996; Torlinski et al., 1991).

We used transplantable Morris hepatoma bearing
rats, because no data are available on immune-mediated
paraneoplastic syndromes involving spinal cord in the
course of this type of neoplasm. No data indicate also the
presence of onconeuronal antibodies n the course of the
tumor and, thus, we hoped to avoid possible
immunologically mediated mechanisms.

The study was conducted i Department of
Neurochemistty and Neuropathology at Poznan
University of Medical Sciences (Poland) in a period of
2006-2007.

observations and

MATERIALS AND METHODS

Experimental animals: Adult, male Buffalo-strainrats, 3%
months of age (300-350g) were used for our experiments.
The homogenate of Morris hepatoma 5123 was moculated
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intramuscularly (0.5 mL) into the left hind limbs of the
Twenty days the
transplantation rats were sacrificed using halothane
anesthesia and perfused with a 4% neutral formalin
solution. At that time the animals presented clinical signs
of cachexia and their body mass was reduced by nearly
30%. Previous observations on the model demonstrated
that at 21* day there were no metastases, the first of which
appeared in lungs after 6 weeks. The spinal cords were
removed and fixed by immersion in neutral formalin. The
tumor was dissected and used for morphological
examination. Hematoxylin-eosin, Nissl and Kliiver-Barrera
staining of the spinal cord was performed. Ten control
Buffalo rats and ten Morris hepatoma bearing males were
used for the experiment.

The lyophilized samples of spinal cord were used for
lipid analysis while fresh tissue was tested for enzymes
activity and lipid peroxidation.

animals. one after tumour

Microscopical examination: A light microscope
examination was performed using the TENAVATL (Carl
Zeiss, Jena) instrument, a color Video Camera (CCD,
Sony) and, for the image saving, MultiScan software
(Computer Scamming System 2, Poland). The quantitative
examination was performed using Tmagel v1.32 software
(NTH, http://rsb.info.nih.gov/ij). The results on cell
density were tested with Kolmogorov-Smimov, Liliefors
and Shapiro-Wilk tests for normality and, then,
significance of the respective differences was tested
using the non-parametric Mann-Whitney test.

The activities of ATP-ases: Activities of Na '/ K'-ATPase,
Ca'"*-ATPase and Mg'*-ATPase were estimated by means
of a medified method described by Samson and Quinn
(1967), using adequate concentrations of sodium,
potassium, magnesium and calcium ions and ouabain
inhibition. The activity was estimated basing on the
amount of released inorganic phosphorus, using the
technique of Bartlett (1959) and expressed in pumoles per
minute per miligram of protein.

Lipids: The spinal cord lipids were extracted from spinal
cord using Folch-Pi method (Folch-P1 et al., 1957) with
chlerophorm-methanel (2:1, vol vol™). The extract was
washed with 0.05 N NaCl and left for 24 h. After this time
the upper (methanol-aqueous) phase was used for
ganglioside analysis, the lower one (chlorophorm-
methanol) for column chromatography of the lipids. Three
main classes of lipids: Neutral lipids,
glycerophospholipids and galactolipids were eluted from
Florsil column (100-200 mesh, FLUKA). Neutral lipids
were eluted with hexane-ethyl ether (8:2, vol vel™)
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according to Kishimoto et al (1965) and galactolipids
with chlorepherm-methanol (2:1, vel vol™) according to
Svemmerholm (1964). Thin-layer chromatography was
carried out according to Svennerholm (1964) and Sperry
and Webb (1950) method was used for quantitative
analysis of cholesterol and cholesterol esters. Following
thin-layer chromatography according to Svennerholm
(1964), galactolipids were analyzed qualitatively using
orcinol technique of (1956).
Glycerophospholipids  were separated uwsing two-
dimensional thin-layer chromatography according to
Singh et al. (1971) and were quantitated basing on
phosphorus estimation by the Bartlett (1959) technique.

High-Performance Thin-Layer Chromatography
(HPTLC) (Silica Gel 60, 0.2 mm, Merck) according to the
techmique of Yu and Ando (1980) and the resorcinol
techmque of Svennerholm (1957) was used for
gang lioside analysis.

The standards used for all the analysed Lpids
originated from SIGMA.

Svennerholm

Lipid peroxidation: Lipid peroxidation was estimated with
the use of Recknagel and Glende (1984) procedure for
conjugated dienes and Ohkawa technique (Morris et al.,
1960) for malonyldialdehyde content. The content of each
of them was expressed per miligram of protem, estimated
according to Lowry (1951). Sulthydryl groups content
was analyzed basing on spectrophotometric technique
with  5,5’-Dithiobis-2-Nitrobensoic  Acid  (DTNB)
according to Ellman (1959) and expressed per miligram of
protein.

Heat shock protein 70 kDa: Expression of heat shock
protein 70 kDa (Hsp70) in spinal cord was estimated using
12% Polyacrylamide Gel Electrophoresis (SDS-PAGE)
according to Laemmli (1970). Each sample contained
the same amount of protein (45 pg) estimated using
the techmique of Lowry et ol (1951). One of the
obtained gels was stained with 0.025 % solution of
Coomassie blue in 25% 1sopropanol m 10% glacial acetate
acid. The second gel was used for transfer of the proteins
onto nitrocellulose membrane (SIGMA) by means of
Western-bloting (Towbin et ol, 1979). Hsp 70 was
identified with mouse anti-rat-Hsp70 (SIGMA) antibodies
and secondary, peroxidase conjugated goat anti-mouse
IgG’s (SIGMA). The semiquantitative analysis was
performed using GS-710 densitometer (Bio-Rad) and
the “Quantity One” Density of bands
corresponding to Hsp 70 was normalized to relating it to

software.

density of actin bands. The molecular standard produced
by SIGMA was used The expression of Hsp 70 m the
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spinal cord of Morris hepatoma bearing rats was
expressed as percentage of confrols.

Statistics: Statistical analyzes were performed uszing
Statistica 5.0 (StatSoft Inc.) software. Distribution of
results was tested with Kolmogorov-Smirnov, Lilliefors
and Shapiro-Wilk tests for normality and respective
differences were tested for significance using the non-
parametric Mann- Whitney test.

We certify that all applicable institutional and
governmental regulations concerning the ethical use of
animals were followed during the course of this research.

RESULTS

After 21 days following Morris hepatoma 5123
transplantation the body mass of the experimental
animals, after ftumor mass correction, was 67+7% (x+SD)
of the baseline. Tumor bearing animals were
cachectic and presented reduced movement activity,
paresis of limbs and balance disturbances. Microscopical

Fig. 1: Transplantable Morris hepatoma (H+E) with

numerous atypical cells

Fig 2: Transplantable Morris hepatoma (H+E). —-

necrosis within the tumor

examination of the transplantable tumour revealed an
active neoplastic process with numerous atypical cells
and necrosis (Fig. 1 and 2). Spinal cord examination
showed predominant abnormalities in the thoracic
region. Hematoxylin-eozin and Kliiver-Barrera staining

Spinal cord of Morris hepatoma bearing rats,
thoracic region (H+E), anterior horn. — shrinkage
of neurons. Scale bar-100 pm

Fig. 3:

Fig. 4: Spinal cord of Morris hepatoma bearing rats,
thoracic region (Kliiver-Barrera staining), —-
shrinkage of neurong in the anterior horn. Scale

bar-100 pm

Fig. 5: Spinal cord of Morriz hepatoma bearing rats,
thoracic region (H+E staining), — -shrinkage of

neurons in the lateral horn. Scale bar-100 pm
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Fig. 6: Spinal cord of Morris hepatoma bearing rats,
thoracic region (Kliiver-Barrera staining), —-
shrinkage of neurons in the lateral horn. Scale

bar-100 pm

e
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Fig. 7: Spinal cord of Morriz hepatoma bearing rats,
thoracic region (Nissl staining) —-edema of

neurons, ~-shrinkage of neurons. Scale bar-100
pm

revealed shrinkage of neurons in the anterior (Fig. 3
and 4) and lateral horn (Fig. 5 and 6), whereas Nissl
staining (Fig. 7) showed an edema of the cells and
shrinkage of some of them. The results on cell density
showed a significant (p<0.05) reduction (35 £ 9 %) in
tumour bearing animals, when compared to the controls.

Lipids: In Morrig hepatoma bearing rats the cholesterol
esters content was lowered in spinal cord (p<<0.05). Also
the of phosphatidylcholine and phosp-
hatidvlinositol were decreased significantly (p<0.05)
(Table 1). Galactolipids and gangliosides remained,
however, unchanged (Table 1 and 2).

levels

Molar ratios: The calculated molar ratios showed two
parallel tendenciess on the one hand Cholesterol to
Galactolipid (Ch / GL), cholesterol to glycerophospholipid
{Ch / PL) and ganglioside to glycerophospholipid { G/PL)
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Table 1. The content of neutral lipids, galactolipids  and
glycerophospholipids in spinal cord of Morns hepatoma 5123

bearing rats and controls (mmol 100 2! drv tissue)

Morris hepatoma

Control bearing rats
Neutral lipids:
Cholesterol 27014 59 24.35+6.30
Cholesterol esters 0.78+£0.42 055£0.11°
Galactolipids
Cerebrosides T.OT+3.65 9.70+1.83
Sulfatides 2.54x1.01 2.6%£0.94
Glycerophosphalipids
Sphingomyelin 1.83£0.43 2.29£0.48
Phosphati dylcholine fi.30+£0.96 5.38£1.07°
Lyaophosphatidylcholine 0.39£0.08 0.39£0.11
Phosphati dylserine 2.25£0.94 3.01£0.62
Phosphati dylinositol 0.96+0.28 0.61£0.25°
Phosphatidylethanolamine T.54+4.03 9.11+1.69
Phosphati dylcholine
plasmaogen 2.58+0.40 2.96+0.64
Phosphatidylethanolamine
plasmaogen 10,09+ 1.18 3.50+£2.48

Meant3D. Mumber of animals = 10, * difference between the control and the
tumor-bearing rats significant at p<0.05

Table 2. The content of gangliosides in spinal cord in Mornis hepatoma
5123 beanng rats and controls (mmol 100 o~ ! doy tissue)

Morrishepatoma

Controlg heanng ratg
Gy 0.52+0.19 0.770.23
G, 0.10£0.02 0.09+0.02
G, 0.05+0.01 0.04+0.01
GDy 12.19+2 51 11.34£1.770
GOy, 6.76+1.14 6.19£0.98
Gy 4 50+0.80 4 .20+0.60
GDp 0.08£0.03 0.07£0.02
GTh 1.3620.09 1662014
GOp 0.05£0.02 0.03£0.02

MMeant3D. Mumber of animals = 10, Mo significant differences

Table 3: Molar ratios in spina cord in Morris hepatoma 5123 beanng rats

and controls
Morrizhepatoma
Controls heanng rats
Ch:GL 2.81 1.97
Ch:PL 0.34 075
GL.FL 0.31 0.38
G:PL 0.34 075

Ch-Cholesterol, GL-Galactolipids, PL-Phospholipids,
Number of animals = 10

G-Cangliosides,

ratios were decreased while, on the other, galactolipid to
phospholipid (GL/PL) ratio was increased in spinal cord
{Table 3).

Lipids peroxidation: Our studies showed lowered content
of conjugated dienes in spinal cord (p=<0.05) in Morris
hepatoma bearing rats and also the malonylodialdehyde
level was decreased (p<0.0001). The level of sulthydryl
groups remained unchanged (Table 4).

ATPases: A modest increase (p<0.0001) was noted
in Na*/K*'-ATPase and Ca'-ATPase activities in rats
with the experimental neoplastic disease, but activity
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Table4: The content of conjugated dienes, Malonyldialdehyde (MDA) and
sulfhydryl groups in spinal cord in Morris hepatoma 5123 bearing
rats and controls (umol mg™! protein)

Moiris hepatoma
Controls bearing rats
Conjugated diens 2.42+1.14 0.96+0.6"
MDA 2.92 0.63 =
(274 +3.21) (0.36 - 0.97)
Sulfhydrv] groups 48.0+£10.76 48.73+6.96

Mean+SD for conjugated dienes and sulfhy dry] groups, median and upper
and lower quartile (25 + 75) tor MDA, Number of animals = 10, Difference
between the control and the tumor-bearing rats significant at * p<0.05, *
p<0.0001

Table 5: ATP-ases activities in spinal cord in Morris hepatoma 35123
bearing rats and controls (pmol Pymin/mg protein)

Morris hepatoma
Controls bearing rats
Na /K'-ATP-ase 66.38 £12.9 452.0+£36.3%
Ca*-ATP-ase 87.25+10.5 376.6+53.6%
Mg*-ATP-ase 118.9£19.1 137.7468.7

Mean+SD. Number of animals = 10, = difference between the control and the
tumor-bearing rats significant at p<(.0001. Titles and legends to figures

A B

.'——HHSIJTO

-

Fig. 8 Western blotting of heat shock protein 70 kDa in
tumor bearing rats (B) and control (A)

of Mg'*-ATPase showed no significant changes when
compared to controls (Table 5).

Heat shock protein 70 kDa: Expression of heat shock
protein 70 kDa in spinal cords of Morris hepatoma bearing
rats reached 1304+£9% of the control value (p<0.05) (Fig. &).

DISCUSSION

Even if rare, the paraneoplastic myelopathy remains
to represent an obscure complication of cancer and a
climeal need can be noted for studies attempting to clarify
its pathomechanism. The till now conducted studies on
neurological paraneoplastic syndromes have been
focused on the inmunological pathomechanism affecting
brain and peripheral nerves. The experimental attention
limited to immunology might represent, according to
Darnell and Posner (2003) the reason for the inability to
elucidate the background of those neurological
paraneoplastic syndromes that are not associated with
immune reactions.

No data are available on antibodies reactive with the
onconeuronal antigens in hepatocarcmoma m humans.
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For this reason, the transplantable Morris hepatoma 5123
1n the rats was expected to be useful for studies on non-
immune-mediated neurological paraneoplastic syndromes.
It 15 noteworthy, that we have noticed no lymphocytic
infiltrations in the brain and spinal cord in the Morris
hepatoma bearing rats. Therefore, an immune reaction
could have been concluded to be less probable in present
study. The shrinkage of newrons in the spmal cord of
Morris hepatoma bearing rats has been comparable to
morphological data seen in humans with neurological
paraneoplastic syndromes.

Potential explanation of our findings might involve
interaction of neuropathological abnormalities and
cytokines, secreted during the growth of tumors. Tumor
Necrosis Factor-oo (TNF-¢t) causes oxidative damage to
oligodendrocytes by increasing the products of lipid
peroxidation and generation of radical oxygen species
{(Cammer, 2002). The cytotoxic effect of lymphotoxin and,
to a lesser extent, TNF-¢¢_was shown to be associated in
cultured oligodendrocytes with early retraction of cell
processes, depolymerization of F-actin and subsequent
nuclear degeneration (Selmaj ef al., 1991). When injected
into spinal cord of experimental animals, Monocyte
Chemoattractant  Protein-1  (MCP-1), Macrophage
Inflammatory Protein 1¢ (MIP 1_e2) and interleukin 1 (TT.-
1_P) lead to expression of chemokines and cytokines and
to activation of macrophages and microglia (Perrin et al.,
2005). On the other hand, TNF-¢¢_ stimulates the activity
and expression of manganese superoxide dismutase, a
scavenger enzyme, via induction of transcription factor
NFkB in the spinal cord (Yune et al., 2004). We have
found (Michalak et af, 2006) that m Morns hepatoma
bearing Buffalo rats serum concentration of TNF-w¢ is
decreased and associated with increased level of
Monocyte Chemoattractant Protein-1 (MCP-1). Such
milieu of factors may create conditions predisposing for
the development of myelopathy in the course of
neoplastic disease.

The spinal cord ependyma reactions remain under
control of factors like epidermal growth factor (O°Hara and
Chernoff, 1994) and fibroblast growth factor 2 (Kojima and
Tator 2002) which have been assessed as crucial
Ependymal cells themselves may synthesise tumor
necrosis factor-¢ (Liu et al, 1996) and interleukin-1
(Hagan et al, 1996). On the other hand, a peripheral
admimstration of lipopolysaccharide induced in the
ependyma the mhibitory factor ¥B, which 1s involved in
the regulation of gene expression (Quan et al., 1997).

Our 1nterest, however, was focused on lipid studies
in the course of experimental neoplastic disease in the rat.
Even if no such studies could have been identified in
contemporary literature, some analogies may be found in
studies of peripheral tissues.
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The lymphocytes originating from tumor bearing
showed (Zakaryan et al, 2001) decreased
phosphatidylinositol and phosphatidylcholine
and i lysophosphatidylcholine level at all
stages of maturation. In thymocytes
lymphocytes an increased content of sphingomyelin was
noticed, while phosphatidylserine was increased in
immature cells but reduced in mature ones. Decreased
phosphatidylethanclamine was observed only in mature
cells and increased cardiolipin level was seen in
thymocytes. The authors suggested the increase in
phospholipase A, activity as an explanation for decrease
mn phosphatidylcholine i

rats
levels
increase
and mature

and mcrease n
lysophosphatidylcholine, while mecreased activity of
phospholipase C was suggested to be responsible
for decrease m phosphatidylinositol and
phosphatidylcholine levels. Further, erythrocytes of
women with breast cancer (Kaczmarek et al, 2002)
manifested decreased phosphatidylserine, sphingomyelin
and phosphatidylinositol contents, with simultaneous
increase  in  phosphatidylinositol-4-phosphate  and
phosphatidylinositol-4,5-bisphosphate The
decrease in phospholipase C activity in erythrocytes
membrane accompanied an abnormal lipid pattern.
Because of the intimate interconnections of lipid

contents.

metabolism pathways, many of the enzymes that regulate
bioactive lipids levels also function as switches by
regulating the levels of bioactive substrates and products.
We may, thus, suggest that an mcreased phospholipase
A, activity and a decreased phospholipase C activity
have been responsible for the decreased contents of
phosphatidylcholine and phosphatidylinositol in  our
study on spinal cords of Morris hepatoma bearing rats,
respectively.

Batko et al. (1992) showed reduction in cholesterol
content and cholesterol: Phospholipids molar ratio in
erythrocyte membranes in rats bearing Morris hepatoma
5123, These findings are in concordance with that of
ours, Le., with the lowered molar ratios of gangliosides:
Phospholipids 1n all structures and lowered cholesterol:
Galactolipid and cholesterol:Phospholipid ratios. The
changes observed in molar ratios mdicate the possibility
of exchange of lipids between membranes m the central
nervous system in course of neoplastic disease. The
changes in cholesterol ester content in central nervous
system were observed in variety of disorders, with
subcellular fraction of multiple sclerosis plaque, cerebral
infarction, oligodendroglioma and acoustic neurinoma
showing its increase (Ramsey and Davison, 1974). In our
expermments the content of cholesterol esters m spinal
cords has been decreased. Because the only substrates
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required for cholesterol ester generation are free fatty
acids and cholesterol we may suppose that at the normal
cholesterol level the free fatty acids depletion has been
responsible for our findings. Lecithin: Cholesterol
acyltransferase was suggested as the operating enzyme in
cholesterol estrification in the central nervous system
(Eto and Suzuki, 1973). Another possible target might
involve acyl-CoA: Cholesterol Acyltransferase (ACAT),
the activity of which was also detected in the brain
(Puglielli et al., 2001). Cytokines regulate the activity of
the latter in peripheral tissues, with TNF (Chatterjee,
1994), interleukin 1 p (Maziere et al., 1996) and interferon
¥ (Yang et al., 2001) causing its stimulation. Decreased
serum TNF concentration found in our previous study or
depletion of fatty acids may be considered to be inwolved
1n lowerning the level of cholesterol esters in tumor bearing
rats. Free fatty acids may origin from the activity of
phosphoelipase A, or Lipoprotein Lipase (LPL). Activity of
the latter has been shown to be most pronounced in
spinal cord when compared to other central nervous
system structures (Bessesen et al, 1993). Hydrolysis of
exogenous triacylglycerides mediated by LPL s
recognized as the main source of free fatty acids for the
Schwann cells and myelin biosynthesis in the peripheral
nervous system (Huey et al, 1998). Inhibition of LPL
activity incerporation  of “C into
diacylglycerol and cholesterol esters in Schwann cells
(Huey et al., 1998).

The indicators of lipid peroxidation are sigmficantly
lowered in spinal cords of Morris hepatoma bearing rats
and may be associated with the mentioned above
suggestion of free fatty acids depletion. In our study,
comugated diene and malonyladehyde contents have
been reduced in Morris hepatoma bearing rats as a result
of limited availability of substrates for peroxidation. This
is in concordance with the unchanged sulhydryl groups
content in most structures which indicates an unchanged

reduces the

antioxidant status.

The changes m molar ratios of cholesterol to
galactolipids, glycerophospholipids,
galactolipids to glycerophospholipids and gangliosides
to glycerophospholipids mdicate the abnormal lipid
pattern in biomembranes, which may affect their integrity

cholesterol  to

as well as activity of critical membrane enzymes, including
ATPases.

Our study has revealed high activities of Na */ K'-
ATPase and Ca"?-ATPase in spinal cords in the course of
experimental neoplastic disease in the rats. Long chain
fatty acids inhibit Na'/K'-ATPase activity, so the
depletion of these compounds may lead to an ncreased
enzyme activity (Ahmed and Thomas, 1971). Stimulation
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of ATPase activities was observed in spinal cord
disorders including lesions of the myelin sheaths
provoked by the spinal fluid exchange (Wender et af.,
1977) and calomel intoxication (Kozik and Wygladalska,
1977). Such observations were explained by high enzyme
activities in oligo-and astroglia of the spinal cord.

Heat shock protein 70 kDa (Hsp 70), recogmzed as a
“molecular chaperone”, is highly expressed in the spinal
cord in the course of ischemia and is believed to
protect motor neurons (Sakurai et @f., 1998). Spmnal cord
contusion results in co-induction of Hsp70 and heme
oxygenase-1 in glia and macrophages, which is believed
to exert a protective effect (Mautes and Noble, 2000).
The amelioration of the disturbed motor function in
the transgenic
muscular atrophy was demonstrated in result of Hsp70
overexpression (Adachi et al., 2003). High expression of
Hsp 70 in our study may be regarded as a represent of
protective response against remote effects of cancer on
spinal cord. Even if Hsp70 exhibits ATPase activity, linked
to its N-terminal portion, in our experiment the chances

mouse model of spmal and bulbar

seem low that the chaperone participates significantly in
mduction of high activities of enzymes in spinal cord.

CONCLUSION

Our data suggest that lipids of the spmal cord,
ATPase activities and Hsp 70 over-expression may be
relevant to the paraneoplastic syndromes exhibited by the
tumor-bearing Buffalo rats. As an original finding, lipid
changes deserve further examination in view of their
potential usefulness in diagnosis of patients with
paraneoplastic myelopathy by means of magnetic
resonance spectroscopy. In this study, we have shown
the unique role played by lipids, ATP-ases and Hsp 70 in
indirect effects of cancer on spinal cord.
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