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Abstract

Introduction: Systemic malignant diseases cause the induction of autoimmu-

nity, for example, paraneoplastic syndromes. There are no proofs of paraneo-

plastic syndromes in primary brain tumors. The aim of the study was to

evaluate the involvement of the peripheral nervous system, together with an

assessment of onconeuronal and antineural antibodies as indicators of humoral

immune response against nervous system in patients with primary brain

tumors. Materials and Methods: Clinical examinations, electrophysiological

studies of peripheral nerves (motor and sensory conduction velocity studies,

conduction velocity distribution tests, thermal and vibratory quantitative sen-

sory tests, and sympathetic skin response tests) and muscles, blood sampling

collection (assessment of onconeuronal, and antineural antibodies) were

performed on 33 patients with newly recognized primary brain tumors

within 2–4 days after their admission to our department. Results: We

revealed statistically significant changes of peripheral nerves, more pro-

nounced in the peroneal nerve in standard and conduction velocity distribu-

tion tests, as well as in sympathetic skin responses. We revealed significantly

higher vibratory thresholds, and pain thresholds for cold and warm in the

upper and lower limbs in the study group than in the controls. In five

patients, we have identified anti-neuroendothelium, anti-GFAP, anti-MAG,

anti-PCNA, and anti-Ro52 antibodies. Conclusions: In patients with primary

brain tumors, electrophysiological changes in peripheral nerves, together with

the presence of the antineural antibodies suggest an autoimmune humoral

response, and make the diagnosis of paraneoplastic neurological syndrome

possible.

Introduction

PNSs (Paraneoplastic neurological syndromes) are the

remote effects of malignancy on the central and periph-

eral nervous system. They could have typical or nontypi-

cal clinical appearances (classical and nonclassical PNSs),

and onconeuronal antibodies are thought to have a cru-

cial role in their diagnosis (Michalak et al. 2009; Graus

and Dalmau 2012). Malignant diseases outside the central

nervous system cause the induction of autoimmunity,

and therefore many other antibodies could be found in

these cases, among them antibodies detected in autoim-

mune rheumatic diseases (antinuclear antibodies, rheuma-

toid factor, antiphospholipid antibodies) (Abu-Shakara

et al. 2001; Michalak et al. 2009; Smeenk 2009). PNSs are

typically present in the course of different types of cancer

localized outside the central nervous system. There are

very few case reports (Barisic et al. 2007; Derrett-Smith

and Isenberg 2008; Sanli et al. 2010; Melguizo et al. 2011;

Nakano et al. 2013) of possible paraneoplastic syndromes

associated with primary brain tumors.

The aim of the study was to evaluate the involvement

of the peripheral nervous system, together with an assess-

ment of onconeuronal and antineural antibodies as the

indicators of humoral immune response against nervous

system in patients with primary brain tumors.
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Materials and Methods

The study was approved by the local Bioethics Committee

at Wroclaw Medical University. All patients gave

informed written consent to participate in the study.

We included 33 patients (20 men, 13 women), mean

age 53.0 � 15.2 years old, with newly diagnosed primary

brain tumors. We excluded all patients with a history of

rheumatic diseases, diabetes mellitus, polyneuropathy,

myopathy, thyroid function impairment, vitamin defi-

ciency, and all diseases which could influence the periph-

eral nervous system and muscles, together with workers

with chronic toxin exposure, and those addicted to alco-

hol and drugs. The control group consisted of 43 healthy

(without any disorders influenced the peripheral nervous

system) volunteers (students, colleagues), sex, and age

matched (24 men, 19 women, 51.7 � 10.1 years old).

Electrophysiological studies and blood sampling collec-

tion were performed on all patients within 2–4 days after

their admission to our department.

Standard motor and sensory conduction studies were

performed in the ulnar and peroneal nerves contralater-

ally to the hemiparesis with distal latency, amplitude, and

conduction velocity estimation. CVD (Conduction veloc-

ity distribution) tests were performed in the same nerves,

lower and upper quartiles, median, and the dispersion of

conduction velocity between lower and upper quartiles

was calculated. Thermal (sensation and pain thresholds

for cold and warm temperatures) and vibratory QST

(quantitative sensory tests) were performed in C8 and L5

regions. SSR (Sympathetic skin responses) for electrical

stimuli were assessed from hand and foot. On the same

side, we evaluated biceps and tibialis anterior muscle

function; amplitude, area, duration and polyphasia of

motor unit action potentials, and amplitude and density

of maximal effort patterns were analyzed.

Indirect immmunofluorescence with monkey cerebel-

lum, peripheral nerve, pancreas, and intestine as

substrates (EUROIMMUN, Luebeck, Germany) was per-

formed on all patients to assess onconeuronal antibodies:

anti-Hu, anti-Yo, anti-Ri, antiy-CV2, antiy-Ma/Ta, anti-

amphiphysin, and antineuronal antibodies: anti-GAD,

anti-MAG, anti-neuroendothelium, anti-peripheral mye-

lin, anti-GFAP. The presence of the antibodies and the

borderline cases were confirmed by line blot with Hu, Yo,

Ri, CV2, Ma/Ta, amphiphysin recombinants (EUROIM-

MUN, Germany). The EUROIMMUN company estab-

lishes and applies a quality management system that

fulfills the requirements certified by EN ISO 9001:2008

(The certificate is valid until 2017). The tests obtained

also with “Conformite Europeenne” certificate (CE

Mark). EUROIMMUN warrants design, development,

production, and services of immunofluorescence systems

for in vitro diagnosis in humans (Certificate of T€UV

Rheinland Products GmbH- registration number SY

60076866 0001). Moreover, Department of Neurochem-

istry and Neuropathology participates in external quality

control for indirect immunofluorescence and line blot

and was certified by Institut fur Qualitatssicherung, Ger-

many (certificate QV 1111-15013, II/2015).

When positive reaction with nucleosome antigens was

observed, the patients’ serum was retested with line blot,

based on ANA Profile 5 (EUROIMMUN, Germany).

According to the nomenclature introduced by Graus et al.

(2004) onconeuronal antibodies (anti-Hu, anti-Yo, anti-

Ri, antiy-CV2, antiy-Ma/Ta, anti-amphiphysin) identified

by means of two – step method are “well-defined”.

Antineural are antibodies that react with nervous tissue

(cerebellum, peripheral nerve) antigens in indirect

immunofluorescence test. All the tests used for analyses

enabled the detection of IgA + IgM + IgG antibodies.

In the statistical analysis, we worked out the number of

cases (N), mean values (X), median (M), range (min–
max), lower and upper quartiles (25Q, 75Q), and SD

(standard deviation) of the continuous parameters. We

verified the assumption of the equality of means in the

subsequent samples via ANOVA variance analysis and for

the composite variance group via the nonparametric

Kruskal–Wallis test (homogeneousness of variance was

checked with Bartlett’s test). P ≤ 0.05 was considered sig-

nificant. We used the statistical software program

EPIINFO 7.1.1.14 (Centers for Disease Control and Pre-

vention, Atlanta, GA).

Results

Glioblastoma multiforme was diagnosed in 15 of our

patients, astrocytoma fibrillare grade II in five, ependy-

moma in three, astrocytoma anaplasticum in three,

schwanoma, meningioma, meningioma pseudomonas,

medulloblastoma, neurilemmoma, astrocytoma pilo-

cyticum, and oligodendroglioma anaplasticum – in one

each. In 23 patients, the tumor was localized in the left

hemisphere, in 10, in the right. The degree of disability

due to hemiparesis was between two and four points in

the Rankin scale. In the neurological examination, the

clinical symptoms of polyneuropathy were found in three

patients (sensory impairment in “gloves and socks” distri-

bution, lack of Achilles reflexes in one patient). There

were no other abnormalities in their neurological status.

The comparison between the patients and controls

revealed statistically significant changes of peripheral

nerves, more pronounced in the peroneal nerve. The

amplitude and the motor conduction velocity were signif-

icantly lower in the patient group, and the CVD test con-

firmed the lowering of the conduction velocities in the
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upper and lower quartiles and median. The dispersion of

conduction velocity between lower and upper quartiles

was significantly bigger in the patient group. The latency

and amplitude in the sural nerve were also significantly

lower in the patient group in comparison with the con-

trols (Table 1), as well as SSR amplitudes from hand and

foot (Table 2). The latencies of SSR were prolonged, but

were only statistically significant in the foot. Additionally,

we revealed significantly higher vibratory thresholds and

pain thresholds for cold and warm from upper and lower

limbs in the study group than in the controls (Table 3).

Statistical analysis of standard muscle parameters did not

reveal any significant differences.

In the screening tests, we did not find any onconeu-

ronal antibodies at all. Negative results for the reaction

with monkey cerebellum and peripheral nerve are pre-

sented in Figure 1(A and B, respectively). Antineural anti-

bodies were present in 10 patients; and this included

antinucleosome antibodies in seven, against neuroen-

dothelium in one (Fig. 2A), anti-MAG in 1 (Fig. 2B), and

anti-GFAP in 1 (Fig. 2C). Line blot confirmed the pres-

ence of antinucleosome antibodies in two cases detected

by indirect immunofluorescence (Fig. 3), and these were:

anti-PCNA and anti-Ro52. Thus, none of the well-defined

onconeural antibodies were found in our patients. The

statistical analysis between groups of patients with and

without antibodies did not show any significant differ-

ences. The electrophysiological findings in five patients

with confirmed antibodies indicated the presence of neu-

ropathy, but only one, with anti-MAG antibodies, had

clinically obvious polyneuropathy (Table 4).

Additionally, we analyzed a subgroup of 15 patients

with neuropathologically diagnosed of glioblastoma multi-

forme. None of these patients had their autoantibodies

confirmed in line blotting. There were no statistically sig-

nificant differences in the electrophysiological studies

between patients with glioblastoma multiforme and those

with other types of tumors (Table 5).

Discussion

In the European study on PNSs in the PNS Euronetwork

Database published in 2010, in 968 patients with defined

PNSs, there were no tumors of the central nervous system,

only neuroblastoma was diagnosed in seven patients but

without defined location. However, sensory neuropathy

occurred in 24.3% of the patients, other neuropathies in

8.7%, muscles were involved only in 1.6% of the patients

(Giometto et al. 2010). In our study group, we were able to

recognize peripheral nerve lesions, with predominantly

demyelinating features, not only of sensory, but also of

motor fibers, with a tendency to small fiber changes seen in

SSR and QST tests. In only three patients was the polyneu-

ropathy clinically obvious; in the others, the symptoms

were subclinical. We did not find well-defined onconeu-

ronal antibodies in any of our patients. We revealed

antineural antibodies which in most cases were directed

against antigens localized in both the central and peripheral

nervous system. Antinucleosome antibodies, which belong

to the group of ANA (antinuclear antibodies), are found in

all rheumatic diseases, and nucleosomes are thought to be

the most relevant autoantigens for antibody production.

Antinucleosome antibodies seem to correlate with disease

activity, and they have a great reliability as a marker of

activity changes in systemic lupus erythematosus. ANA are

also found more frequently in patients with different malig-

nancies (Gultekin et al. 1998; Abu-Shakara et al. 2001;

Smeenk 2009; Li et al. 2015). In Heegaard et al.’s study

(Heegaard et al. 2012), ANA were detected in 40% of ovar-

ian cancer patients, and in these patients survival periods

were significantly shorter than those for ANA-negative

cancer patients. The authors concluded that circulating

Table 1. Standard motor conduction parameters (latency (msec),

amplitude (mV), conduction velocity (m/sec)), and CVD (lower, upper

quartile, median velocity, and CVD diversity) in peroneal nerve.

Peroneal nerve

Patient group

(n = 33)

Control

group (n = 43) P

Latency (msec) 4.28 � 0.97 4.32 � 0.61 0.385

Amplitude (mV) 5.79 � 2.08 7.84 � 1.53 <0.0001

Conduction velocity (m/sec) 45.3 � 4.7 49.6 � 4.1 <0.0001

CVD lower quartile (m/sec) 36.3 � 4.7 40.7 � 2.5 <0.0001

Median velocity (m/sec) 40.4 � 4.5 45.0 � 2.8 <0.0001

CVD upper quartile (m/sec) 42.9 � 4.5 48.4 � 2.6 <0.0001

CVD diversity (m/sec) 6.59 � 2.69 7.65 � 1.15 0.0017

CVD, conduction velocity distribution.

Table 2. Standard sensory conduction test (latency (ms), amplitude

(mV), and conduction velocity (m/sec)) in sural nerve.

Sural nerve

Patient group

(n = 33)

Control

group (n = 43) P

Latency (msec) 3.01 � 0.52 2.76 � 0.35 0.023

Amplitude (mV) 13.9 � 10.7 19.3 � 7.4 0.012

Conduction velocity (m/sec) 45.5 � 16.0 51.8 � 4.3 0.093

Table 3. SSR (latency (msec), amplitude (lV)) from hand and foot.

SSR

Patient

group (n = 33)

Control

group (n = 43) P

Hand latency (msec) 1541.4 � 214.6 1527.4 � 118.6 0.090

Hand amplitude (lV) 1380.5 � 1004.5 2810.3 � 1739.4 0.0002

Foot latency (msec) 2192.3 � 3001.0 2156.3 � 278.6 0.0345

Amplitude (lV) 548.0 � 476.3 1829.8 � 1201.1 <0.0001

SSR, Sympathetic skin responses.
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antibodies are very promising as biomarkers in different

malignancies.

Anti-neuroendothelium antibodies may interact with

endothelial cells localized in both the central and periph-

eral nervous system, for example, in vasa nervorum. We

are not aware that such a cross reactivity has been evi-

denced yet. GFAP expression was found in satellite cells

of the dorsal root ganglion (Woodham et al. 1989; Sie-

mionow et al. 2009). Thus, cross reactivity seems to be

highly probable.

Anti-MAG, anti-GFAP, and anti-neuroendothelium

antibodies were identified in our study only by means of

indirect fluorescence, however, there are no validated, clin-

ically available/acceptable confirmation tests with “Confor-

mite Europeenne” certificate (CE Mark) that use

recombinant antigens for the detection of above-men-

tioned antibodies. The detection of anti-MAG antibodies

by means of indirect immunofluorescence was character-

ized by the 83% sensitivity of and 95% specificity (Caudie

et al. 2006). We are not aware about the data on sensitivity

(A) (B)

(C) (D)

Figure 1. Negative results of indirect

immunofluorescence. (A) monkey

cerebellum, (B) monkey peripheral nerve,

(C) monkey pancreas, (D) monkey intestine.

(A) (B)

(C)

Figure 2. Anti- neuroendothelium

antibodies (A), anti-MAG antibodies (B),

anti-GFAP antibodies (C).
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and specificity of indirect immunofluorescence for the

detection of anti-GFAP and anti-neuroendothelium anti-

bodies.

As yet, there are no studies on correlations between

primary brain tumors, different circulating antibodies

(onconeuronal, antineural), and possible paraneoplastic

syndromes. We found only a few case reports (Barisic

et al. 2007; Derrett-Smith and Isenberg 2008; Sanli et al.

2010; Melguizo et al. 2011; Nakano et al. 2013) indicating

the possibility of paraneoplastic phenomena in the course

(A) (B)

(C) (D)

Figure 3. Antinucelosome antibodies.

Positive reaction with monkey cerebellum

(A), monkey peripheral nerve (B), monkey

pancreas (C), monkey intestine (D).

Table 4. Sensation and pain thresholds for cold and warm temperatures (°C), and vibratory threshold (l) in QST performed in C8 and L5 regions.

QST Thresholds hand

Patient

group (n = 33)

Control group

(n = 43) P

QST Thresholds

foot

Patient group

(n = 33)

Control group

(n = 43) P

Cold sensation (°C) 29.3 � 1.9 29.6 � 0.6 0.863 Cold sensation (°C) 26.7 � 2.5 27.1 � 1.6 0.945

Warm sensation (°C) 34.5 � 0.9 34.4 � 0.7 0.519 Warm sensation (°C) 38.9 � 3.5 37.9 � 2.16 0.470

Pain for cold (°C) 18.7 � 6.1 24.9 � 1.8 <0.0001 Pain for cold (°C) 18.3 � 6.6 24.0 � 2.0 0.0005

Pain for warm (°C) 41.8 � 3.8 39.6 � 2.5 0.0071 Pain for warm (°C) 44.7 � 2.8 42.6 � 1.8 0.003

Vibration (l) 2.14 � 1.40 1.22 � 0.27 0.0077 Vibration (l) 3.59 � 2.65 1.80 � 0.35 0.0014

QST, quantitative sensory test.

Table 5. Clinical and electrophysiological data from five patients with positive antibodies.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Normal values

Type of tumor Schwanoma Astrocytoma

anaplasticum

Meningioma

pseudomanas

Astrocytoma

fibrillare grade II

Ependymoma

Type of antibody Anti-neuro

-endothelium

Anti-MAG Anti-PCNA Anti-GFAP Anti-Ro52

Clinical polyneuropathy No Yes No No No

Peroneal nerve motor conduction

velocity (m/sec)

41.8 49.3 52.5 50.0 45.1 49.6 � 4.1

CVD lower quartile (m/sec) 34.6 38.5 38 33 38.0 40.7 � 2.5

Median velocity (m/sec) 37.8 42.6 41.1 37.8 40.6 45.0 � 2.8

CVD upper quartile (m/sec) 39.5 45.3 44.9 41.0 41.7 48.4 � 2.6

Sural nerve sensory conduction

velocity (m/sec)

35.5 0 56.5 51.5 50.0 51.8 � 4.3

CVD, conduction velocity distribution.
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of primary brain tumors. Most of these were not clear

because of the coadministration of the immunotheraphy.

The presented findings do strongly suggest the induction

of autoimmunity in patients with primary brain tumors.

We managed to identify and confirm five different types

of antibodies (anti-MAG, anti-GFAP, anti-PCNA, anti-

Ro52, and anti-neuroendothelium). Antineural immunity

is thought to be often connected with peripheral neuropa-

thy (Tschernatsch et al. 2005; Steck et al. 2013). The elec-

trophysiological findings showed the significant changes

of peripheral nerves throughout the patient group, and in

five patients with confirmed antineuronal antibodies, the

respective electrophysiological results were also outside

the normal limits. None of the patients with glioblastoma

multiforme had confirmed antineuronal antibodies; in

one case, antibodies against nucleosome were seen only in

screening. Patients with glioblastoma multiforme had

similar electrophysiological changes of peripheral nerves

as other patients. These findings suggest that in high-

grade tumors with recent disease onset, we could proba-

bly expect other kinds of antibodies. Our patients did not

fulfill totally the Graus et al. (2004) diagnostic criteria for

PNS, but they could be eventually classified as a possible

PNS point 3 (a nonclassical neurological syndrome, no

onconeuronal antibodies, and cancer present within

2 years of diagnosis).

Investigations into autoimmunity in patients with pri-

mary brain tumors must be continued on a larger patient

group, with estimation of a wide range of different anti-

bodies, because paraneoplastic syndromes, as a possible

consequence of immunological activation, must be well

defined in these cases.

Conclusions

In patients with primary brain tumors, electrophysiological

changes of peripheral nerves associated with the presence of

antineural antibodies suggest an autoimmune humoral

response, and make the diagnosis of PNS possible.

Acknowledgments

There were no acknowledgments.

Conflict of Interest

All authors declare that they have no financial, nonfinan-

cial, professional, and personal competing interests.

References

Abu-Shakara, M., D. Buskila, M. Ehrenfeld, K. Conrad, and Y.

Shoenfeld. 2001. Cancer and autoimmunity: autoimmune

and rheumatic features in patients with malignancies. Ann.

Rheum. Dis. 60:433–440.

Barisic, N., J. Jakic-Razumowic, M. Harjacek, M. Fanin,

H. Lochmuller, I. Lehman, et al. 2007. Childhood

dermatomyositis associated with intracranial tumor and

liver cysts. Eur. J. Paediatr. Neurol. 11:76–80.
Caudie, C., F. Kaygisiz, P. Jaquet, P. Petiot, P. M. Gonnaud,

J. C. Antoine, et al. 2006. Diagnostic value of autoantibodies

to MAG by ELISA B€uhlmann in 117immune-mediated

peripheral neuropathies associated with monoclonal IgM

toSGPG/SGLPG. Ann. Biol. Clin. (Paris) 64:353–359.

Derrett-Smith, E. C., and D. A. Isenberg. 2008. Autoimmunity

manifesting as dermatomyositis associated with

oligoastrocytom and dendritic cell immunoitherapy.

Reumatology 47:1101–1102.

Giometto, B., W. Grisold, R. Vitaliani, F. Graus, J. Honnorat,

and G. Bertolini. 2010. Paraneoplastic neurologic syndrome

in the PNS Euronetwork Database. Arch. Neurol. 67:330–
335.

Graus, F., and J. Dalmau. 2012. Paraneoplastic neurological

syndromes. Curr. Opin. Neurol. 25:795–801.

Graus, F., J. Y. Delattre, J. C. Antoine, J. Dalmau, B.

Giometto, W. Grisold, et al. 2004. Recommended diagnostic

criteria for paraneoplastic neurological syndromes. J.

Neurol. Neurosurg. Psychiatry 75:1135–1140.

Gultekin, S. H., J. Dalmau, Y. Graus, J. B. Posner, and M. K.

Rosenblum. 1998. Anti-Hu immunolabeling as an index of

neuronal differentiation in human brain tumors: a study of

112 central neuroepithelial neoplasms. Am. J. Surg. Pathol.

22:195–200.
Heegaard, N. H. H., M. West-Norger, J. T. Tanassi, G. Houen,

L. Nedergaard, C. Hogdall, et al. 2012. Circulating

antinuclear antibodies in patients with pelvic masses re

associated with malignancy and decreaseds survival. PLoS

One 7:e30997.

Li, T., S. D. Prokopec, S. Morrison, W. Lou, H. Reich, D.

Gladman, et al. 2015. Anti-nucleosome antibodies

outperform traditional biomarkers as longitudinal indicators

of disease activity in systemic lupus erythematosus.

Reumatology 54:449–457.

Melguizo, I., M. Gilbert, and S. Tummala. 2011. Guillain-Barre

syndrome and glioblastoma. J. Neurooncol. 104:371–373.

Michalak, S., S. Cofta, A. Piatek, J. Rybacka, E. Wysocka, and

W. Kozubski. 2009. Onconeuronal and antineuronal

antibodies In patients with neoplastic and non-neoplastic

pulmonary pathologies and suspected for paraneoplastic

neurological syndrome. Eur. J. Med. Res. 14(Suppl. IV):

156–161.

Nakano, S., A. Kanamori, M. Nakamura, K. Mizukawa, and A.

Negi. 2013. Pareneoplastic optic neuropaty associated with

cerebellar choroid meningioma. Eye 27:1220–1221.
Sanli, A. M., E. Turkoglu, H. Dolgun, and Z. Sekerci. 2010.

Unusual manifestations of primary glioblastoma multiforme:

a report of three cases. Surg. Neurol. Int. 1:87–97.

Brain and Behavior, doi: 10.1002/brb3.465 (6 of 7) ª 2016 The Authors. Brain and Behavior published by Wiley Periodicals, Inc.

Paraneoplastic Syndrome in Primary Brain Tumors M. Koszewicz et al.



Siemionow, K., A. Klimczak, G. Brzezicki, M. Siemionow, and

R. F. McLain. 2009. The effects of inflammation on glial

fibrillary acidic protein expression in satellite cells of the

dorsal root ganglion. Spine 34:1631–1637.

Smeenk, R. J. T. 2009. Antinuclear antibodies: cause of disease

or caused by disease? Rheumatology 39:581–584.
Steck, A., N. Yuki, and F. Graus. 2013. Antibody testing in

peripheral nerve disorders. Handb. Clin. Neurol. 115:189–212.

Tschernatsch, M., E. Stolz, M. Strittmatter, M. Kaps, and F.

Blaes. 2005. Antinuclear antibodies define a subgroup of

paraneoplastic neuropathies: clinical and immunological

data. J. Neurol. Neurosurg. Psychiatry 76:1702–1706.

Woodham, P., P. N. Anderson, W. Nadim, and M. Turmaine.

1989. Satellite cells surrounding axotomised rat dorsal root

ganglion cells increase expression of a GFAP-like protein.

Neurosci. Lett. 13:8–12.

ª 2016 The Authors. Brain and Behavior published by Wiley Periodicals, Inc. Brain and Behavior, doi: 10.1002/brb3.465 (7 of 7)

M. Koszewicz et al. Paraneoplastic Syndrome in Primary Brain Tumors


