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Abstract. Cerebellar degeneration may be recognized as a remote effect of a
growing tumor. We have analysed serum concentrations of tumor necrosis
factor-o. (TNF-at), macrophage chemoattractant protein-1 (MCP-1), thyroxine
and insulin to elucidate the pathomechanism which may be of importance for
the development of central degeneration in cachectic Morris hepatoma
bearing rats. Serum TNF-a and MCP-1 levels were evaluated by means of
the ELISA system, while thyroxine and insulin were estimated by
radioimmunoassay. Microscopic examination using hematoxylin-eosin, Nissl
and Kliiver—Barrera staining revealed an atrophy in the cerebellum,
homogenization changes of Purkinje cells and decreased cell density of the
granular layer. In the Morris hepatoma bearing animals serum MCP-1 content
was elevated while TNF-a., thyroxine and insulin concentrations were
decreased. This study has demonstrated that circulating TNF-o and MCP-1,
together with decreased levels of insulin and thyroxine accompany and may
produce a milieu of factors involved in mechanisms of the development of
cerebellar degeneration in cachectic hepatoma bearing rats.

Key words: cachexia, tumor necrosis factor, monocyte chemoattractant
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INTRODUCTION

Cerebellar degeneration is observed in the course of
neoplastic diseases and known as paraneoplastic neuro-
logical syndrome (PCD, paraneoplastic cerebellar
degeneration). The syndromes are defined as non-
metastatic neurological complications. The malignan-
cies known as responsible for cerebellar degeneration
include breast and ovarian tumors, small cell lung carci-
noma and Hodgkin's disease (Bernal et al. 2003). Their
autoimmune background is confirmed by several pieces
of evidence, including antibodies identified by means of
Western blotting. Paraneoplastic cerebellar degeneration
patients manifest presence of anti-Yo antibodies
(Peterson et al. 1992), which react with CDR-62
(Cerebellar Degeneration Related) and CDR-34 anti-
gens. Anti-Yo antibodies react with antigens localized
by means of immunoelectron microscopic analysis in
ribosomes, Golgi apparatus and sarcoplasmatic reticu-
lum of Purkinje cells. Additional antibodies identified in
the patients presenting paraneoplastic cerebellar degen-
eration include: anti-Tr antibodies, present in Hodgkin's
lymphoma (Bernal et al. 2003) and reacting with a cyto-
plasmic antigen, anti-MM1 antibodies reacting with
nucleolar and nuclear antigens and anti-Ri antibodies
reacting with neuronal cell nuclei. Anti-GAD (Glutamic
Acid Decarboxylase) antibodies were also identified in
patients with cerebellar degeneration (Smitt et al. 2003).

The pathomechanism of neurological paraneoplastic
syndromes still needs elucidation. For the first time,
Wilkinson and Zeromski (1965) identified anti-neu-
ronal antibodies in patients with sensory neuropathy in
the course of lung cancer, and this has led to an
assumption that this syndrome is immunologically
mediated. However, several questions remain unre-
solved. The first one is that some patients manifesting
the paraneoplastic cerebellar degeneration are seroneg-
ative. Then, the immunosuppression as well as intra-
venous immunoglobulins are clinically ineffective. A
very interesting case of the myasthenic Lambert—Eaton
syndrome, coexisting with a subacute paraneoplastic
degeneration was described by Grauss and others
(2002), in which a significant improvement of myas-
thenic symptoms was achieved following
immunomodulatory treatment while signs of subacute
paraneoplastic degeneration persisted.

Morris hepatoma bearing rats may serve as an
experimental model for the development of a paraneo-
plastic cerebellar degeneration. In this experimental

model, Michalak and Adamczewska-Goncerzewicz
(unpublished data) have been able to demonstrate the
occurrence of a typical morphological pattern of cere-
bellar degeneration.

Proinflammatory cytokines, known to induce some
metabolic changes which may be of importance for the
development of central degeneration, were analysed in
serum to elucidate the pathomechanism of the dis-
cussed syndrome.

Tumor necrosis factor alpha (TNF-a) is a pleiotrop-
ic cytokine which induces a variety of cellular respons-
es in the course of neoplastic disease, including apop-
tosis. The mechanisms by which TNF induces apopto-
sis include the generation of ceramide in result of acti-
vation of acidic sphingomyelinase (ASMase) (Colell et
al. 2002). Ceramide and sphingosine are lipid effec-
tors, which play a role in neurodegenerative disorders.
TNF-a activates also inflammation and immunologi-
cal reactions in the brain and is known for its neuro-
toxic effects.

MCP-1 is a CC chemokine, attracting monocytes to
the site of inflammation, which to some extent affects
also T-lymphocytes, natural killer cells as well as den-
dritic cells.

Cytokines are also responsible for a number of cancer
cachexia accompanying abnormalities. Macrophages
secrete interleukin 1B (IL-1B), interleukin-6 (IL-6) and
TNF-a in the course of a neoplastic disease (Meng et al.
1999).

According to some suggestions, MCP-1 may be
involved in maturation of Purkinje cells, the dentate
nucleus, the inferior olivary nucleus and of their inter-
connecting network, thus promoting growth of den-
drites and synapses (Meng et al. 1999). The evidence is
also available that this chemokine participates in apop-
tosis of both hippocampal neurons and reactive astro-
cytes and is capable to mediate distinct biological
effects evoked by trauma and its subsequent repair
(Mehta et al. 1994).

In the course of an immune response certain
cytokines, such as IL-1, IL-6, and TNF-a, can signal
the brain, which, through a complex corticotrophin
releasing hormone-dependent pathway, triggers activa-
tion of both the sympathetic nervous system and the
hypothalamo-pituitary-adrenal axis (Elenkov et al.
2000). Both TNF-a and MCP-1 have been shown to
affect endocrine system. Evidence is known for cyto-
toxic effect of TNF-o to pancreatic beta cells but, at
the same time, this cytokine stimulated an enhanced



insulin release (Mehta et al. 1994). Moreover, TNF-a
happened to exert a biphasic action on protein tyrosine
kinase (PTKase) and protein-tyrosine phosphatase
(PTPase) — the enzymes involved in energy metabo-
lism, cell proliferation and stimulation of the MHC
class I molecule pathway. Initially, activity of these
enzymes rose but later on it was inhibited and caused
insulin resistance in non-insulin dependent diabetes
mellitus and in cancer (Holden et al. 1999). On the
other hand, chronic administration of TNF-a
decreased plasma thyroxine level (Sweep et al. 1992).

Interconnections also exist between insulin and
MCP-1. Insulin has been shown to induce expression of
MCP-1 in normal adipocytes (Sartipy and Loskutoff
2003).

On the other hand, both thyroid hormones and
insulin produce an effect on cerebellum. In hypothy-
roidism the migration of granular cells is retarded
(Morte et al. 2002), it leads also to reduction in arbori-
sation (Schwartz 1983) and synaptic formation between
Purkinje cells (Nicholson and Altman 1972). Insulin is
essential for the culture of cerebellar cells (Huck 1983)
and together with insulin — like growth factor it medi-
ates neuroprotection (Hamabe et al. 2003).

Basing on previous observations, with the clinical
need for elucidation of the pathomechanisms of parane-
oplastic cerebellar degeneration in mind, the heretofore
presented experiments were undertaken. The aim of this
study was to prove a significance of circulating TNF-o
and MCP-1 in cerebellar degeneration in cachexia,
developing in experimental neoplastic disease, and to
relate it to serum insulin and thyroxine levels. For this
purpose, we used rats bearing transplantable Morris
hepatoma, because no data are available on paraneo-
plastic cerebellar degeneration in the course of this type
of neoplasm and we, thus, hoped to avoid possible
immunologically mediated mechanisms. No evidence
was found for the presence of onconeuronal antibodies
in hepatoma patients, so mechanisms other than
immunological ones are probable involved in those par-
ticular cases of paraneoplastic cerebellar degeneration.

METHODS

The animals used for experiments were adult male
Buffalo-strain male rats, 3.5 months of age, 300-350 g
of body weight. Morris hepatoma bearing rats originat-
ed from Department of Pathological Anatomy of
Wroclaw Medical University where the neoplasm was
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transplatanted from primarily chemically induced (N-
(2-fluorenyl)-phtalamic acid) tumor to next generations
of experimental animals. They were injected into their
left hind limbs with Morris hepatoma 5123 in the vol-
ume of 0.5 ml of hepatoma tissue. The homogenate was
prepared by macroscopic dissection of hepatoma tissue
and transplanted from Morris hepatoma bearing rats to
experimental animals. After 21 days, the experimental
rats were sacrificed under halothane anaesthesia and the
carcass was perfused with a 4% neutral formalin solu-
tion. Hematoxylin-eosin, Nissl and Kliiver—Barrera
staining of tissue samples was used. The same proce-
dure was used for control animals, which were male
Buffalo strain rats, 3.5 months of age, 300-350 g of
body weight. For morphological examination of tissue
slides, a JENAVAL light microscope (Carl Zeiss, Jena)
and a color Video Camera (CCD, Sony) were
employed. The images were saved using the MultiScan
software (Computer Scanning System 2, Poland).
Morphometry was performed with the use of National
Institute of Health (NIH) Imagel 1.34 software
(http://rsb.info.nih.gov/nih-image/). For the measure-
ments of Purkinje cell number and of the thickness of
granular and molecular layers six sections were select-
ed of the same location in each animal (Fig. 1A,B). The
thickness of each section was 8§ mm. In twenty four
fields of each section Purkinje cells were scored and in
eight fields thickness of cerebellar layers was meas-
ured. The linear density, cell’s area, perimeter and
diameter were compared in Purkinje cells populations
in controls and Morris hepatoma bearing rats. The num-
bers of Purkinje cells determined were corrected by
means of Abercrombie’s method (Abercrombie 1946)
before statistical analysis. Furthermore, a particular
attention was paid for staining quality of Purkinje cells
and differentiation between unstained cells and free
space remaining after cells loss. Measurements of linear
density as well as area, perimeter and diameter were
performed in sections stained with hematoxylin-eosin,
and Nissl and Kliiver—Barrera staining. Unstained
Purkinje cells, if present, show a contour which enabled
measurements. In result of cell loss there were cellular
residues present indicating former Purkinje cells.

Blood samples were obtained by heart puncture and
in the serum thereof TNF-a and MCP-1 levels were
quantified by means of the ELISA system (Quantikine
rat, R&D systems, USA). Thyroxine and insulin levels
were determined by means of radioimmunoassay
(RIA, LKB Wallac 1275 Minigamma Counter).
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Fig. 1. Hemisphere of the cerebellum — Morris hepatoma bearing rat. (A) Kliiver—Barrera; (B) (H+E) staining. Controls: (C)
Kliiver—Barrera; (D) (H+E) staining. Scale bars are 100 mm. (P) Purkinje cell; (G ) granular layer; (M) molecular layer.
Arrows: (--) homogenization changes in Purkinje cell; (---) linear loss of Purkinje cells.

Fig. 2. Hemisphere of the cerebellum. (A) Morris hepatoma bearing rat; (B) controls (Nissl staining). Scale bars are 100 mm.
Arrows: () homogenization changes in Purkinje cell; (---) linear loss of Purkinje cells.



The number of animals in both experimental and
control groups was ten. Statistical analyses were per-
formed using STATISTICA 5.0 (StatSoft Inc.) soft-
ware. The distributions of all results were tested with
Kolmogorov—Smirnov, Lilliefors and Shapiro—Wilk
tests. The results with normal (Gaussian) distribution
were presented as mean + standard deviation, while
those manifesting non-gaussian distribution were pre-
sented in the form of median and upper—lower quar-
tiles. Significance of differences was tested using
Student-t test in the groups of results with normal dis-
tribution and using the non-parametric Mann-
Whitney test for results with non-gaussian distribu-
tion.

The experimental procedure was approved by the
Ethics Committee of the University of Medical
Sciences and it adhered to the guidelines of physiolog-
ical society pertaining animal experimentation.

RESULTS

On the 21st day after inoculation of the Morris
hepatoma 5123, body mass of the experimental ani-
mals was reduced to 67 + 7% (x = SD) of the baseline
value. Thus, the tumor bearing animals were obvious-
ly cachectic and presented a decreased locomotor
activity, paresis of limbs and balance disturbances.

Microscopical examination of the transplanted
tumor revealed an active neoplastic process with
numerous atypical cells and with necrotic changes.

In the cerebellum of hepatoma bearing rats, stained
with H+E and Kliiver—Barrera, a linear loss of
Purkinje cells was seen in the hemispheres (Fig.
1A,B), with spared cells in the vermis. Furthermore,
cell density in the granular layer was decreased (Fig.
1B) and homogenization changes in Purkinje cells
were evident (Fig. 1A,B). Also, Nissl staining
revealed a loss of Purkinje cells and homogenization
changes (Fig. 2A). The quantitative morphometry
revealed decreased (P<0.0001) number of Purkinje
cells in vermis and cerebellar hemispheres of rats
with growing tumor (43 £21% and 63 + 35%, respec-
tively, as compared to control) (Fig. 3). The thickness
of granular layer was significantly decreased both in
vermis and in cerebellar hemispheres (P<0.001 and
P<0.0001, respectively) of experimental animals (84
+ 28% and 75 = 23%, respectively) (Fig. 3).
However, the thickness of molecular layer was
increased in vermis of cachectic rats and remained
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Fig. 3. Purkinje cell number, granular and molecular layers
thickness in vermis and cerebellar hemispheres in Morris
hepatoma bearing rats. (*) P<0.001; (**) P<0.0001; (NS)
statistically non-significant.

intact in hemispheres. The areas of Purkinje cells in
vermis and hemispheres were reduced in neoplastic
rats (65 = 32% and 79 £ 27% , respectively, when
compared to control, P<0.001) (Figs 4 and 5), the
same was for perimeter (80 £ 17% and 90 £ 16%,
respectively, when compared to control, P<0.001)
(Figs 6 and 7) as well as for diameter (77 £ 17% and
81 + 24%, respectively, comparing to control,
P<0.001) (Figs 8 and 9). Hence, morphological fea-
tures of cerebellar degeneration could be proved in
the Morris hepatoma bearing rats, as compared to
controls (Figs 1C,D and 2B).

The concentration of MCP-1 in serum was signifi-
cantly (P<0.01) increased in cachectic rats (median:
1422.62 pg/mL; lower—upper quartile: 1194.77-1743.42
pg/mL). The serum concentration of MCP-1 in control
animals was 882.35 pg/mL (median; lower—upper quar-
tile: 828.57-1220.77 pg/mL) (Table I).

There was a significant (P<0.001) decrease of TNF-
o content in the serum of rats with morphological signs
of cerebellar degeneration and cachexia (median: 28.7
pg/mL; lower—upper quartile: 23.2-35.6 pg/mL).The
controls presented higher serum concentration of TNF-
o (55.8 pg/mL — median; lower—upper quartile:
48-106 pg/mL) (Table I).

A decrease in serum thyroxine concentration (7.01 +
0.57 pg/dL, P<0.05) was observed, as compared to
control values (9.02 = 0.45 pg/dL). Likewise, serum
insulin concentration was reduced in the tumor bearing
animals (1.05 = 0.04 plU/mL, P< 0.05) compared to
that of controls (3.17 + 0.07 plU/mL) (Table I).
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Table 1

Serum concentrations of MCP-1, TNF-a, thyroxine, and insulin in Morris hepatoma bearing rats (»=10, age 3.5

months) and controls (=10, age 3.5 months)

MCP-1 TNF- a Thyroxine Insulin

pg/mL pg/mL png/dL plU/mL
Controls 882.35 (828.57-1220.77) 55.8 (48-106) 9.02 + 0.45 3.17 £ 0.07
Morris hepatoma bearing rats ~ 1422.62 ** (1194.77-1743.42) 28.7 *** (23.2-35.6) 7.01 £0.57* 1.05+0.04 *

The values for MCP-1 and TNF-a are median and lower-upper quartile values while those for thyroxine and insulin are

means + standard deviations

DISCUSSION

The pathogenesis of the paraneoplastic cerebellar
degeneration is as yet not fully understood. The possi-
bilities include autoimmune reaction and metabolic
changes in the nervous system evoked by the tumor
itself and the subsequent cachexia. Neuropathological
findings presented in literature and corresponding to
paraneoplastic cerebellar degeneration include loss of
Purkinje cells, neuronal loss, demyelination in the den-
tate nucleus and thinning of the granular and molecu-
lar layers. The white matter shows signs of secondary
degeneration in which the deep cerebellar nuclei are
only rarely involved (Brain and Wilkinson 1965, Vick
et al. 1969). These morphological features are accom-
panied by perivascular lymphocytic infiltrations and
by loss of neurons in the brainstem and spinal cord. In
most cases no inflammatory reaction is present (Brain
and Wilkinson 1965, Vick et al. 1969). A considerable
loss of Purkinje cells, proliferation of the Bergmann
glia and neuronal loss in the dentate nucleus and in the
lower olives, without any appreciable inflammatory
reaction was noticed in light microscopy by Bernal and
coauthors (2003), who examined patients with anti-Tr
antibodies. Loss of Purkinje cells and reduction of the
cell density in the granular layer are the morphological
findings made also in our study, thus indicating a cere-
bellar degeneration developing in Morris hepatoma
bearing cachectic rats.

It is commonly acknowledged that some cytokines
exert a considerable effect on tumor growth, which
may be evaluated by measuring changes of their serum
concentration. TNF-a is one of important multifunc-
tional cytokines involved in the effects of malignancies

but its role in development of cerebellar degeneration
is so far not resolved. Evidence has been shown that
TNF-a reduces the capacity of the insulin-like growth
factor I (IGF-I) to promote the survival of primary
murine neurons in the cerebellar granular layer
(Venters et al. 1999). Furthermore, TNF-a concentra-
tions correlate positively with the extent and severity
of the disease in patients with prostate cancer
(Michalaki et al. 2004); increased serum concentra-
tions being also associated with the progress of the dis-
ease and malnutrition in hepatocellular carcinoma.
Mantovani and others (2001), however, were unable to
demonstrate a statistically significant increase in the
serum TNF-a level in cachectic persons. Catalano and
colleagues (2003) have established that TNF-a is
increased in the brain and in other organs of tumor
bearing cachectic rats but no TNF-a has been found in
sera of the animals. In view of these observations, our
findings showing a diminished concentration of TNF-
o in serum of Morris hepatoma bearing rats are by no
means surprising. It may be assumed that an increased
local consumption of TNF-a by tumor cells is respon-
sible for the observed decrease of its serum level.
Another hypothesis, which cannot be excluded, allows
for a possible effect of reciprocal immunosuppresion.
MCP-1 is one among other proinflammatory
cytokines, which seems to be of great significance in
the cytokine network, affecting tumor proliferation and
involved in breast carcinogenesis (Lebrecht et al.
2004). In patients with breast cancer, the increased
serum MCP-1 level could be correlated with advance-
ment of the tumor stage and lymph node involvement.
In a mouse model, cells of human breast cancer
responded to treatment with neutralising antibodies
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against MCP-1 by elongated survival of the experi-
mental animals and inhibition of growth of lung
micrometastases (Salcedo et al. 2000). In patients with
brain tumors, MCP-1 concentration in the cere-
brospinal fluid served as a reliable predictor of malig-
nancy (Kuratsu et al. 1993). From the observations of
Tonouchi and coauthors (2002) it appears evident that
serum level of MCP-1 decreases when gastric cancer is
in progress, which also would corroborate the hypoth-
esis of local consumption of the cytokine.

In our study, a significant increase of MCP-1
expression has been evident in serum of the cachectic
rats. However, we have been unable to detect any
monocyte or other mononuclear infiltrates in the cen-
tral nervous system.

There are three known routes by which peripheral
cytokines, including TNF-ao and MCP-1, can affect
the brain metabolism (Licinio and Wong 1997) and
they include peripheral nerves themselves, brain vas-
culature, which can convey signals through secondary
messengers such a nitric oxide or prostenoids and,
lastly, a direct effect imposed after crossing the blood-
brain barrier. MCP-1 is also known as an important
factor in the cytokine network which regulates tumor
cell proliferation as well as induces development of
cancer cachexia. The lack of cellular infiltrations in
the degenerating central nervous system in the pre-
sented experimental paraneoplastic model cannot
exclude completely the involvement of an immuno-
logical reaction in the pathomechanism of the
described events. However, it seems to indicate a
probable effect of metabolic changes, which might
have led to the development of subacute cerebellar
degeneration. In addition, insulin and TNF-a have
been shown to be important factors which may be
involved in vivo in the progression of metastatic
breast cancer (Bozcuk et al. 2004). The two factors
interact in such a way that lower levels of TNF-a
increase insulin secretion while higher ones happen to
inhibit it (Holden et al. 1999). In the presented study,
we have found decreased levels of both TNF-a and
insulin in rats with cerebellar degeneration following
development of cachexia. Contrary to the above men-
tioned observation (Sweep et al. 1992), the decrease in
serum thyroxine levels in our experimental animals
could probably be associated with lowered TNF-o
concentration because of the prolonged (three weeks)
course of the neoplastic disease. Furthermore, thyroid
hormones were shown to be involved in Purkinje cells

development, differentiation and dendritogenesis by
acting on specific receptors (Heuer and Mason 2003,
Morte et al. 2002). Thyroid hormone acts on the cere-
bellar cortex, particularly on Purkinje cells via up-reg-
ulation of G protein gene expression (Alvarez et al.
2005) and by increasing neurotrophin—3 levels (Neveu
and Arenas 1996). Neuroprotective effects of insulin
were found to be mediated by protein kinase C activa-
tion (Hamabe et al. 2003).

The interpretation that the changes in the levels of
TNF, MCP-1, insulin and thyroxine are the results
independent of the tumor growth should be taken in
consideration. Nevertheless, we are of the opinion that
they built the milieu of factors enabling cerebellar
degeneration. MCP-1 is known (Stamatovic et al.
2005) to increase permeability of blood—brain barrier
and, even if not involved by itself in cerebellar degen-
eration, it may lead to increased penetration of differ-
ent factors to the central nervous system.

CONCLUSION

We may state that we have been able to demonstrate
that the circulating TNF-o. and MCP-1 together with
the decreased serum levels of insulin and of thyroxine
accompany and participate in the mechanism of the
development of paraneoplastic cerebellar degeneration
(PCD) in cachectic Morris hepatoma bearing rats.
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