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tissue distress, e.g., cytokine production by the tumor25, in SCLC patients developing Hu-

PNS which is absent in SCLC patients without Hu-PNS. Apparently, this tissue distress is 

present in a minority of SCLC patients, given that only a small population of SCLC patients 

succumbs to neuronal degeneration. 

The immune response that is triggered in Hu-PNS, not only reacts with the tumor but 

is also directed against HuD expressed in the nervous system. Ninety-five percent of 

SCLC patients with Hu-PNS have limited disease26, 27, which could partly be explained 

by lead time bias as a search is performed towards an asymptomatic SCLC in 60%-80% 

of patients26. Alternatively, the anti-tumor immune response might be responsible for 

the indolent course and extended survival in many Hu-PNS patients20, 26, 27. However, 

the price of tumor control is high, because PNS also cause neuronal damage resulting in 

severe neurological symptoms. While all patients with high anti-Hu titers suffer from PNS, 

an additional 16% of SCLC patients have low-titer anti-Hu antibodies without PNS19, 20, 

27. In these patients, the presence of low-titered anti-Hu antibodies was correlated with 

limited stage disease, complete response to chemotherapy, and improved survival9, 15, 19, 

27. Although, in another study, no association between the presence of anti-Hu antibodies 

and the extent of disease or survival was found28. The lack of neurological symptoms in 

patients with low titers of anti-Hu antibodies suggests that antitumor immunity can be 

dissected from neurological autoimmunity. 

cellular immunity
Previous studies have clearly demonstrated that anti-Hu antibodies do not play a 

pathogenic role in Hu-PNS and tumor control29-36, but rather are a useful diagnostic 

marker4. Pathological examination of affected areas of the nervous system in Hu-PNS 

shows loss of neurons with localized inflammatory cell infiltrates, containing B cells, CD4+ 

T-helper lymphocytes and cytotoxic CD8+ T lymphocytes34, 37-43. T lymphocyte receptor 

analysis supported a direct effector role of cytotoxic CD8+ T lymphocytes, the same 

clones being likely operative in neuronal damage and immune-mediated tumor growth 

control39, 44. The cerebrospinal fluid (CSF) of Hu-PNS patients generally is abnormal, 

showing signs of inflammation, including mononuclear pleocytosis, intrathecal synthesis 

of IgG and HuD-specific oligoclonal bands8, 45-49. In blood, Hu-PNS patients had a variety 

of imbalances within their lymphocyte subsets as compared with SCLC patients and 

healthy controls: i. a lymphopenia of B, CD4+ and CD8+ T lymphocytes50; ii. increased 

proportions of activated CD4+ and CD8+ T lymphocytes41, 50; iii. increased numbers of 

CD4+ memory T lymphocytes41; iv. reduced numbers of terminally differentiated effector 

CD8+ T lymphocytes and lymphocytes with a cytotoxic phenotype (CD56+ and CD57+)50; 

and v. down-regulation of expression levels of FOX-P3, TGF-β and CTLA-4 mRNA in 

regulatory T-lymphocyte subsets suggesting regulatory T-lymphocyte dysfunction51. 

ParaneoPlastic neurological syndromes

clinical aspects
Paraneoplastic neurological syndromes (PNS) are remote effects of cancer that are not 

caused by invasion of the tumor or its metastases, nor by infection, ischemia, metabolic 

and nutritional deficits, surgery or other forms of tumor treatment1. PNS may effect any 

level of the nervous system (central or peripheral nervous system, including neuromuscular 

junction and muscle), and are devastating neurological syndromes leaving most of the 

patients severely disabled within a few months. In Chapter 2 the diagnosis and clinical 

management of PNS are reviewed. One of the most frequently involved tumors in PNS is 

small cell lung cancer (SCLC), and approximately 50% of patients with PNS and SCLC have 

high-titer antibodies against the onconeural HuD antigen (anti-Hu)2. Detection of anti-Hu 

antibodies in serum or cerebrospinal fluid (CSF) definitively diagnoses the neurological 

syndrome as paraneoplastic3, 4. The first goal of treatment for PNS is antitumor therapy, 

which halts neurological deterioration and improves functional outcome5-9. Additional 

immunotherapy with steroids, cyclophosphamide, rituximab, intravenous immunoglobulin 

(IVIg) or plasma exchange has disappointing results6, 9-16. This thesis will focus on PNS 

associated with anti-Hu antibodies (Hu-PNS).

Pathogenesis of hu-Pns
The general model for Hu-PNS is that the normally neuron-specific expression of the HuD 

antigen, combined with immune privilege in the brain, accounts for the immunogenicity 

of the HuD antigen when it is expressed in SCLC17. However, the observation that all SCLC 

express the HuD antigen18, while only 1% of patients develop Hu-PNS with high-titer 

anti-Hu antibodies1 and low-titer anti-Hu antibodies are present in an additional 16% of 

SCLC patients19, 20, does not fit into this model. Therefore, an alternative model has been 

proposed recently in which a natural immune response to HuD is absent - to keep the 

nervous system from autoimmune attack - and HuD tolerance has to be broken before 

Hu-PNS develops21. This alternative model is based on the danger theory22, which states 

that the default reaction of T lymphocytes to antigens on non-hematopoietic tissues is 

tolerance, and it is the role of blood-derived antigen presenting cells, particularly dendritic 

cells, to detect and report to T lymphocytes in situations of dangerous tissue distress23. 

The finding that there is a strong tolerance to HuD in normal resting mice, while HuD-

deficient mice generate HuD-specific T lymphocytes without peptide stimulation21, 

supports this model. In cancer, only if tissue cells are damaged by tumor cell infiltration, 

or made to die necrotically due to severe ischemia or infection, danger signals will be 

produced to stimulate antigen presenting cells and subsequently an antitumor response 

will be generated24. If this model holds true for Hu-PNS, there has to be some kind of 
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Hu-PNS patients58. Additionally, eight different HuD-peptides elicited specific cytotoxic T 

lymphocytes in a humanized murine model after peptide vaccination59. Several studies 

directly looking for circulating HuD-specific CD8+ T lymphocytes were either negative60 or 

inconclusive showing specific T-lymphocyte responses in controls38, 59. The failure to detect 

HuD-specific CD8+ T lymphocytes could be related to the limited sensitivity of the assays 

used and the low frequency and affinity of cytotoxic T lymphocytes involved in antitumor 

and autoimmunity when compared to e.g., virus-specific cytotoxic T lymphocytes53. 

However, recently HuD133-specific CD8+ T lymphocytes were detected in blood of one 

HLA-A0301 Hu-PNS patient and HuD157-specific CD8+ T lymphocytes in blood and CSF 

of two HLA-A0201 Hu-PNS patients61. These HuD157-specific CD8+ T lymphocytes were 

shown to exhibit a different phenotype, producing type 2 cytokines including IL-13 and IL-5 

instead of IFN-g61. This is an alternative explanation for the failure to detect HuD-specific T 

lymphocytes in earlier studies. 

immuno assays

flow cytometry
A very useful technique to investigate leukocyte and lymphocyte populations in blood 

and CSF is flow cytometry. With this technique it is possible to detect a large spectrum of 

cellular characteristics even in samples with low-cellularity like CSF62, which also facilitates 

the detection of low-frequency cells63. Additionally, absolute cell numbers can be 

counted63. Examination of blood and CSF cell populations in various neuro-inflammatory 

disorders by flow cytometry is used to further elucidate the immunopathogenesis of these 

diseases. For example, in multiple sclerosis various studies have examined frequencies 

of different lymphocyte subsets in CSF in order to study pathogenesis64-77, determine 

disease activity78-83 and evaluate therapy84-86. In Chapter 3 applications, possibilities and 

technical challenges of CSF flow cytometry are reviewed. 

  

antigen-specific t lymphocytes
Numerous techniques to measure antigen-specific T lymphocytes are also based on 

flow cytometry. For this purpose, flow cytometry is the only platform that combines the 

detection of antigen-specific T lymphocytes with multi-parametric analysis of these cells, 

including phenotypic markers, intracellular molecules, function and proliferation87. The 

following techniques are all based on flow cytometry. Secreted mediators (e.g., cytokines) 

in antigen-activated cells are directly visualized by intracellular cytokine staining88, while 

the cytokine capture assay permits the detection, analysis and isolation of viable cytokine-

secreting T lymphocytes89. Upon CD4+ T-lymphocyte activation, CD154 expression, which 

Additionally, difficulty in treating these disorders with strategies directed at the humoral 

immune response11, 16 support a role for T-lymphocyte mediated mechanisms in PNS, 

although therapies directed at the cellular immune response alone or both humoral and 

cellular immunity5, 10, 14 have not been successful either. Overall, these findings suggest 

the occurrence of both B- and T-lymphocyte mediated immune responses in blood and 

CSF of Hu-PNS patients34, 40, 47. 

cerebrospinal fluid in hu-Pns
In CSF of Hu-PNS patients, high-titered anti-Hu antibodies can be detected. Furthermore, 

93% of patients have an abnormal CSF45: pleocytosis (38%), elevated protein levels (80%) 

or presence of oligoclonal bands (59%). These oligoclonal bands are HuD-specific47. A 

study in 295 PNS patients with anti-Hu (58%), anti-Yo (20%), anti-CV2 (8%), anti-Ma (6%), 

anti-Ri (5%), or anti-Tr (3%) antibodies showed elevated numbers of CSF cells in 47% of 

patients before the 3rd month after disease onset, while after the 3rd month only 28% of 

patients had a CSF pleocytosis45. This evolution suggests a (sub)acute inflammation phase 

in the central nervous system (CNS) during the first months of PNS, followed by a non-

inflammatory phase45. Moreover, this CSF pleocytosis is consistent with a cellular immune 

response in this compartment49. In patients with paraneoplastic cerebellar degeneration 

(PCD) and anti-Yo antibodies directed against the cdr2 antigen, this CSF pleocytosis has 

been shown to contain increased percentages of activated T lymphocytes52. In CNS viral 

infections and multiple sclerosis (MS), antigen-specific T lymphocytes have been identified 

in relatively high concentrations in CSF53-56. This suggest that the T lymphocytes located 

within the CSF may reflect a T-lymphocyte response in the CNS parenchyma. Because fresh 

brain biopsies of Hu-PNS patients are generally unavailable for functional T-lymphocyte 

studies, investigation of CSF samples of Hu-PNS patients is a good alternative. 

hud-specific t lymphocytes
The current hypothesis is that the ectopic expression of HuD in tumor cells18 elicits a HuD-

specific T-lymphocyte response that subsequently attacks both the tumor and neurons. 

Previous studies have studied the presence of these HuD-specific T lymphocytes, but most 

evidence is circumstantial. Stimulation with the HuD antigen resulted in higher proliferative 

responses of peripheral blood mononuclear cells (PBMC) in Hu-PNS patients compared 

to SCLC patients and healthy controls41, while ELISPOT assays with 19 different HuD-

peptides showed a significant IFN-g secretion in 7/10 Hu-PNS patients38. The presence of 

HuD-specific CD8+ T lymphocytes is suggested by the observation that activated CD8+ 

T lymphocytes from a Hu-PNS patient lysed autologous fibroblasts injected with the 

recombinant HuD protein57, while human leukocyte antigen (HLA) class I-restricted CD8+ 

cytotoxic T-lymphocyte activity directed against five HuD-peptides was observed in three 
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(chapter 4) and determined reference values for absolute numbers and percentages 

of leukocyte and lymphocyte subsets in CSF (chapter 5). In CSF of Hu-PNS patients, we 

studied lymphocyte subsets (chapter 6) and searched for the presence of HuD-specific T 

lymphocytes (chapter 7). The second part of this thesis is attributed to studies in blood of 

Hu-PNS patients. In earlier studies, detection of HuD-specific T lymphocytes by stimulation 

of PBMC or T lymphocytes of Hu-PNS patients has been shown to be extremely difficult 

(see above). The finding of a predisposition of HLA-DQ2+ individuals to develop Hu-PNS 

(chapter 8) gives us the opportunity to stimulate more specifically. However, false-positive 

findings in T-lymphocyte stimulations due to peptide contamination (chapter 9) is another 

challenge in these stimulation assays. Our ultimate goal is development of a treatment for 

Hu-PNS. Therefore, we conducted a clinical trial in which we treated Hu-PNS patients with 

human chorionic gonadotropin (hCG) (chapter 10). Our main findings, discussion and 

future perspectives are presented in chapter 11 and chapter 12 summarizes this thesis.

is transiently expressed on the cell surface, is measured90 and for cytotoxicity, CD107 

expression on the cell surface is determined91. Major histocompatibility complex (MHC)-

peptide multimers bind directly to the antigen receptor of a specific T lymphocyte and are 

detected by flow cytometry92. Furthermore, antibodies specific for a unique T cell receptor 

(TCR) or surface activation markers (e.g., upregulation of CD25 or CD69) can be used to 

detect antigen-specific T lymphocytes by flow cytometry. Specific proliferation of cells can 

be measured with the carboxyfluoroscein diacetate succinimidyl ester (CFSE)-dilution or 

bromo-deoxy-uridine (BrdU)-incorporation assays93, 94. 

In addition, several techniques without using flow cytometry are used for detection of 

antigen-specific T lymphocytes. Proliferation of lymphocytes is studied by measuring the 

incorporation of 3H-thymidine into the DNA of proliferating lymphocytes95. In cytotoxicity 

assays, 51Chromium labelled target cells are incubated with cytolytic effector lymphocytes 

and release of radioactivity is measured96. Alternatively, non-radioactive labelling dyes 

can be used97. Another way to measure cellular activation is through the quantification 

of secreted mediators (e.g., cytokines) by specific ligand assays (e.g., enzyme-linked 

immunosorbent assay [ELISA])98 and with the enzyme-linked immunosorbent spot-forming 

assay (ELISPOT) in which mediator-secreting cells can be enumerated99.

hla association
Another way to study autoimmune diseases in which T lymphocytes are involved, is by 

looking at possible HLA-association. T-lymphocyte mediated immune responses are 

elicited by peptide fragments derived from antigens bound to HLA molecules on the cell 

surface of antigen-presenting lymphocytes. These HLA molecules are polygenic; every 

individual possesses a set of HLA molecules, determined in the HLA genes, which have 

different ranges of peptide-binding specificities. In other autoimmune diseases, including 

myasthenia gravis, type I diabetes mellitus and celiac disease100-102, these HLA genes play 

an important role in an individual’s susceptibility to the disease. Individuals with a specific 

HLA haplotype have an increased risk of mounting an autoimmune reaction against a 

specific antigen and thereby developing an autoimmune disease103. 

scoPe of this thesis

In this thesis we aimed to further investigate the role of T lymphocytes in the pathogenesis 

of Hu-PNS. The clinical aspects of Hu-PNS are reviewed in chapter 2. To reach our goal, 

we studied CSF as well as blood of Hu-PNS patients. The first part of this thesis describes 

CSF studies. To optimize the use of flow cytometry in CSF (chapter 3), we investigated 

the effect of adding medium directly after CSF sampling on the viability of CSF cells 
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table 1 | Paraneoplastic syndromes associated with carcinomas

neurological systemic

Central nervous system Cachexia, anorexia, weight lossb

Encephalomyelitisa Fever

Limbic encephalitisa Nonbacterial thrombotic endocarditis

Brainstem encephalitis Orthostatic hypotension

Subacute cerebellar degenerationa Systemic lupus erythematosus

Opsoclonus-myoclonus

Stiff-person syndrome endocrine/metabolic

Paraneoplastic visual syndromes Acromegaly

 Cancer-associated retinopathy Carcinoid syndrome

 Melanoma-associated retinopathy Cushing’s syndrome

 Paraneoplastic optic neuropathy Galactorrhea

Motor neuron syndromes Gynecomastia

 Subacute motor neuronopathy Hyperamylasemia

 Other motor neuron syndromes Hypercacitonemia

Hypercalcemiab

Peripheral nervous system Hyperglycemia

Subacute sensory neuronopathya Hypertension

Acute sensorimotor neuropathy Hyperthyroidism

Chronic sensorimotor neuropathyb Hypoglycemia

 Association with M-proteins Hyponatremiab

Subacute autonomic neuropathy Hypophosphatemia

Paraneoplastic peripheral nerve vasculitis Hypouricemia

Lactic acidosis

Neuromuscular junction and muscle

Lambert-Eaton myasthenic syndromea,b cutaneous

Myasthenia gravis Acanthosis nigrans

Neuromyotonia Acquired hypertrichosus lanuginose

Dermatomyositisa Acquired ichthyosis

Acute necrotizing myopathy Acquired palmoplantar keratoderma

Cachectic myopathyb Acrokeratosis (Bazex’s syndrome)

Clubbingb

hematologic Dermatomyositis

Anemiab Erythema annulare centrifugum

Dysproteinemia (amyloidosis) Erythema gyratum repens

Eosinophilia Exfoliative dermatitis

Hypercoagulability Florid cutaneous papilllomatosis

Leukocytosis/leukoerythroblastic reaction Hypertrophic pulmonary osteoarthropathy

Polycythemia Pemphigus vulgaris

Thrombocytopenic purpura Pityriasis rotunda

Pruritus

renal Sign of Leser-Trélat

Glomerulopathies Superficial thromboflebitisb

Tubulointerstitial disorders Sweet’s syndrome

Tripe palms

Vasculitis
aClassical paraneoplastic neurological syndromes.
bMore common paraneoplastic syndromes.

introduction

Paraneoplastic syndromes are defined as remote effects of cancer that are not caused by 

invasion of the tumor or its metastases, nor by infection, ischemia, metabolic and nutritional 

deficits, surgery or other forms of tumor treatment2, 104. Paraneoplastic syndromes 

can present with a plethora of symptoms affecting many organ systems (Table 1). The 

incidence of paraneoplastic syndromes varies widely both by the type of syndrome and 

by the underlying cancer. Cachexia, anorexia, and weight loss are for instance extremely 

common in advanced cancer patients. On the other hand, most of the antibody-associated 

paraneoplastic neurological syndromes (PNS) are very rare, with an incidence of well below 

1% of cancer patients2. 
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neurological ParaneoPlastic syndromes

In the pathogenesis of PNS, immunologic factors are believed to be important because 

antibodies and T-cell responses against nervous system antigens have been defined for 

many of these disorders104. Hypothetically, the immunologic response is elicited by the 

ectopic expression of neuronal antigens by the tumor. Expression of these ‘onconeural’ 

antigens is limited to the tumor and the nervous system and sometimes also the testis. At 

the time of presentation of the neurological symptoms, most patients have not yet been 

diagnosed with cancer105-108. Detection of paraneoplastic antibodies can help diagnose 

the neurological syndrome as paraneoplastic and may direct the search for an underlying 

neoplasm. In patients known to have cancer, the presentation of a PNS may presage 

the recurrence of the tumor or a second tumor. In these patients, however, metastatic 

complications of the known cancer must first be ruled out. Despite the presumed 

autoimmune etiology of PNS, the results of various forms of immunotherapy have been 

disappointing, with some exceptions105-108. Rapid detection and immediate treatment 

of the underlying tumor appears to offer the best chance of stabilizing the patient and 

preventing further neurological deterioration105-108.

Pathogenesis
The discovery of paraneoplastic antineuronal autoantibodies resulted in the general belief 

that PNS are immune-mediated disorders triggered by aberrant expression of ‘onconeural’ 

antigens in the tumor. Support for this hypothesis comes from the fact that the target 

paraneoplastic antigens are expressed both in the tumor and in the affected parts of the 

nervous system. Furthermore, the tumors are usually small and heavily infiltrated with 

inflammatory cells, and spontaneous remissions at the time of neurological presentation 

have been described109, 110. These findings suggest that some PNS without identifiable 

tumor may result from immune-mediated eradication of the tumor109, 110. In keeping with 

this hypothesis, one study found more limited disease distribution and better oncologic 

outcome in small cell lung cancer (SCLC) patients with paraneoplastic autoantibodies111. 

Although the paraneoplastic antibodies are synthesized intrathecally47, 112, 113, a pathogenic 

role could only be proven for those paraneoplastic autoantibodies that are directed 

against easily accessible antigens located at the cell surface. Examples of such antigens 

are the acetylcholine receptor (anti-AChR muscle type in myasthenia gravis and neuronal 

ganglionic type in autonomic neuropathy), P/Q type voltage-gated calcium channels 

(VGCC in Lambert-Eaton myasthenic syndrome [LEMS]), voltage-gated potassium channels 

(anti-VGPC in neuromyotonia), and the metabotropic glutamate receptor mGluR1 (anti-

mGluR1 in paraneoplastic cerebellar degeneration)104, 114. Most paraneoplastic antigens 

are located in the cytoplasm (e.g., the Yo antigen) or nucleus (e.g., the Hu and Ri antigens) 

Several mechanisms may be involved in the pathogenesis of paraneoplastic syndromes, 

including factors secreted by the tumors and other immunological mechanisms (Table 2). 

Most systemic, endocrine and metabolic, and cutaneous paraneoplastic syndromes are 

caused by tumor-secreted substances. Examples include the secretion of parathyroid 

hormone-related peptide by the tumor, resulting in hypercalcemia or the secretion of 

adrenocorticotropic hormone (ACTH), resulting in Cushing’s syndrome. Immunological 

factors on the other hand appear to be important in the pathogenesis of most PNS and 

some cutaneous syndromes such as paraneoplastic pemphigus. The precise pathogenesis 

of many paraneoplastic disorders has not yet been elucidated. Some disorders, once 

thought to be paraneoplastic, are not; e.g., progressive multifocal leukoencephalopathy, 

once considered paraneoplastic, has proven to be an opportunistic infection caused by a 

papovavirus. 

table 2 | Pathogenetic mechanisms in paraneoplastic syndromes

mechanism example of paraneoplastic syndrome

Toxic substance released by tumor ACTH release by SCLC causes Cushing’s syndrome
Cytokine release by tumor or immune system (TNF-α, IL-1, IL-6, IFN-g) 
causes cachectic myopathy

Competition for substrate Carcinoid tumors compete for tryptophan causing pellagra
Sarcomas competing for glucose cause hypoglycemia

Autoimmune process LEMS caused by autoantibodies against VGCC
Paraneoplastic pemphigus caused by autoantibodies against 
desmoglein

ACTH = adrenocorticotropic hormone; SCLC = small cell lung cancer; LEMS = Lambert-Eaton myasthenic 
syndrome; VGCC = voltage-gated calcium channels.

The diagnosis of paraneoplastic syndromes is straightforward when they develop in 

a patient known to have cancer, once metastatic complications have been ruled out. 

However, the majority of paraneoplastic syndromes occur in patients not yet diagnosed 

with cancer. In this situation, detection of paraneoplastic autoantibodies can help direct 

the search toward an underlying tumor. In a patient with carcinoma of unknown origin, 

the type of antibody can also give a clue to the most likely site of the primary tumor. 

When the paraneoplastic syndrome is caused by toxic factors secreted by the tumor, 

symptoms often respond favorably to treatment of the underlying tumor. However, in 

immune-mediated paraneoplastic syndromes, the response to antitumor treatment and/or 

immunosuppressive or immunomodulatory treatment is usually less satisfying.
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table 3 |  antibodies, paraneoplastic neurological syndromes and associated tumors

antibody clinical syndromes associated tumors

Well-characterized paraneoplastic antibodies

Anti-Hu (ANNA-1) Encephalomyelitis, limbic encephalitis, sensory 
neuronopathy, subacute cerebellar degeneration, autonomic 
neuropathy

SCLC, neuroblastoma, 
prostate 

Anti-Yo (PCA-1) Subacute cerebellar degeneration Ovary, breast

Anti-CV2 (CRMP5) Encephalomyelitis, chorea, limbic encephalitis, sensory 
neuronopathy, sensorimotor neuropathy, optic neuritis, 
subacute cerebellar degeneration, autonomic neuropathy

SCLC,
Thymoma

Anti-Ri (ANNA-2) Opsoclonus-myoclonus, brainstem encephalitis Breast, SCLC

Anti-Ma2 (Ta)a Limbic/diencephalic/brainstem encephalitis, subacute 
cerebellar degeneration

Testicle, lung

Anti-amphiphysin Stiff-person syndrome, encephalomyelitis, subacute sensory 
neuronopathy, sensorimotor neuropathy

Breast, SCLC

Anti-recoverin Cancer associated retinopathy SCLC

Partially characterized antibodies

Anti-Tr (PCA-Tr) Subacute cerebellar degeneration Hodgkin’s disease

Anti-NMDAR Limbic encephalitis Teratoma

ANNA-3 Encephalomyelitis, subacute sensory neuronopathy SCLC

PCA-2 Encephalomyelitis, subacute cerebellar degeneration SCLC

Anti-Zic4 Subacute cerebellar degeneration SCLC

Anti-mGluR1 Subacute cerebellar degeneration Hodgkin’s disease

Antibodies that occur with and without cancer

Anti-VGCC Lambert-Eaton myasthenic syndrome, subacute cerebellar 
degeneration

SCLC

Anti-AchR Myasthenia gravis Thymoma

Anti-nAChR Subacute autonomic neuropathy SCLC

Anti-VGPC Limbic encephalitis, neuromyotonia Thymoma, SCLC
aPatients with brainstem encephalitis or subacute cerebellar degeneration usually associate with tumors other 
than testicular cancer and their sera also react with Ma1 protein.
ANNA = antineuronal nuclear antibody; SCLC = small cell lung cancer; VGCC = voltage-gated calcium 
channels; PCA = Purkinje cytoplasmic antibody; mGluR1 = metabotropic glutamate receptor type 1; nAChR = 
nicotinic acetylcholine receptor; VGPC = voltage-gated potassium channels.

and a pathogenic role for the respective antibodies could not be demonstrated115. 

In these disorders, indirect lines of evidence support the view that the cellular immune 

response against these antigens is responsible for the neurological damage41, 52, 116. The 

relative contribution of the cellular and humoral immunity to the clinical and pathological 

manifestations has not been resolved41, 52, 116, 117. The paraneoplastic antibodies may, in 

these cases, be surrogate markers for T-lymphocyte activation118. 

incidence and diagnosis
The incidence of PNS varies with the neurological syndrome and with the tumor. In solid 

tumors, the more common neurological syndromes are myasthenia gravis, which occurs 

in 15% of patients with a thymoma, and LEMS, which affects 3% of patients with SCLC. 

For other solid tumors, the incidence of PNS is less than 1%. Neurological syndromes 

are never pathognomonic for a paraneoplastic etiology and a high index of clinical 

suspicion is important. Some syndromes such as limbic encephalitis and subacute 

cerebellar degeneration associate relatively often with cancer. These are called ‘classical’ 

paraneoplastic syndromes and are presented in Table 13. Other syndromes such as 

sensorimotor polyneuropathy are much more prevalent, and the association with cancer 

may be by chance. Detection of a ‘well-characterized’ paraneoplastic antibody is extremely 

helpful because it proves the paraneoplastic etiology of the neurological syndrome. The 

paraneoplastic antibodies are generally divided into three categories (Table 3)3. The 

‘well-characterized’ antibodies are reactive with molecularly defined onconeural antigens 

(Figure 1). These antibodies are strongly associated with cancer and have been detected 

unambiguously by several laboratories in a reasonable number of patients with well-

defined neurological syndromes3. The partially characterized antibodies are those with an 

unidentified target antigen and those that have either been described by a single group of 

investigators or reported in only a few patients. The third group consists of antibodies that 

are associated with specific disorders but do not differentiate between paraneoplastic and 

nonparaneoplastic cases. 
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table 4 | diagnostic criteria for paraneoplastic neurological syndromes3

Definite paraneoplastic neurological syndrome

1  A classical syndrome (i.e., encephalomyelitis, limbic encephalitis, subacute cerebellar degeneration, 
opsoclonus-myoclonus, subacute sensory neuronopathy, chronic gastrointestinal pseudo-obstruction, 
LEMS or dermatomyositis) and cancer that develops within 5 years of the diagnosis of the neurological 
disorder, regardless of the presence of paraneoplastic antibodies

2  A nonclassical syndrome that objectively improves or resolves after cancer treatment, provided that the 
syndrome is not susceptible to spontaneous remission

3  A nonclassical syndrome with paraneoplastic antibodies (well-characterized or not) and cancer that 
develops within 5 years of the diagnosis of the neurological disorder

4  A neurological syndrome (classical or not) with well-characterized paraneoplastic antibodies (i.e., anti-Hu, 
Yo, Ri, amphiphysin, CV2 or Ma2)

Possible paraneoplastic neurological syndrome

1  A classical syndrome without paraneoplastic antibodies and no cancer, but at high risk of having an 
underlying tumor (e.g., smoking habit)

2  A neurological syndrome (classical or not) without cancer but with partially characterized paraneoplastic 
antibodies

3  A nonclassical neurological syndrome, no paraneoplastic antibodies, and cancer that presents within 2 
years of the neurological syndrome

LEMS = Lambert-Eaton myasthenic syndrome.

Once a paraneoplastic diagnosis has been established or is suspected, rapid identification 

of the tumor becomes essential but may be difficult because most paraneoplastic 

syndromes develop in the early stages of cancer. The workup generally starts with a detailed 

history including smoking habits, weight loss, night sweats, and fever. A thorough physical 

examination should include palpation for pathological lymph nodes, rectal and pelvic 

examination, and palpation of breasts and testis. Often, the tumor is detected by high-

resolution computed tomography (CT) of chest, abdomen, and pelvis. If the CT scan remains 

negative, whole body fluorodeoxyglucose positron emission tomography (FDG-PET) or 

PET/CT is recommended to detect an occult tumor or its metastases119-121. In addition, 

the type of antibody and paraneoplastic syndrome may suggest a specific underlying 

tumor and indicate further diagnostic tests such as mammography (may be replaced by 

MRI) or ultrasound of the testes or pelvis (Table 3). When all tests remain negative, repeat 

evaluation at three- to six-month intervals for two to three years is recommended.

treatment and prognosis
Despite the immunological etiology of most of the PNS, the results of immunotherapy 

have been disappointing12. Exceptions are the neurological syndromes associated with 

paraneoplastic antibodies that are directed against antigens that are located at the surface 

of the cell (i.e., antigens that are accessible to circulating antibodies). These include not only 

disorders of the peripheral nervous system (LEMS, myasthenia gravis and neuromyotonia) 

but also anti-mGluR1-associated paraneoplastic cerebellar degeneration and anti-

figure 1 | ma2-encephalitis

A 41-year old man presented with severe limbic encephalitis. Biopsy from a para-aortal mass showed 

undifferentiated carcinoma. (a) MRI of the brain showed on FLAIR images hyperintense abnormalities in the 

medial temporal lobes and around the third ventricle. The patient had high titer anti-Ma2 antibodies reactive with 

cytoplasmic and nuclear antigens in rat cortex (c) and purified recombinant Ma2 protein (d). He subsequently 

tested positive for AFP and β-HCG serum markers and was treated for presumed testicular cancer. During 

chemotherapy the limbic encephalitis improved clinically and radiologically (b).

Diagnosing a neurological syndrome as paraneoplastic requires the exclusion of 

other possible causes by a reasonably complete workup. Because of the difficulties in 

diagnosis, an international panel of neurologists has established diagnostic criteria that 

divide patients with a suspected paraneoplastic syndrome into ‘definite’ and ‘probable’ 

categories. These criteria are based on the presence or absence of cancer, the presence of 

‘well-characterized’ antibodies, and the type of clinical syndrome (Table 4)3. Unfortunately, 

almost 50% of patients with a definite PNS do not have any of the ‘well-characterized’ 

paraneoplastic antibodies3. In these patients, early diagnosis of the tumor is often difficult 

resulting in delay in tumor treatment.
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Underlying tumor

Although virtually all cancer types have been associated with paraneoplastic 

encephalomyelitis, approximately 75% of patients have an underlying SCLC26, 105, 106, 124, 

125. More than 70% of the patients are not known to have cancer when the neurological 

symptoms present, and the SCLC may be difficult to demonstrate due to its small size. When 

anti-Hu antibodies are detected or when the patient is at risk for lung cancer (smoking, age 

>50 years) a careful and repeated search for an underlying SCLC is warranted. When CT 

scan is negative, a total body FGD-PET scan or FDG-PET/CT may detect the neoplasm119, 

120. 

Diagnostic evaluation

MRI or CT of the brain is normal or shows nonspecific changes in most paraneoplastic 

encephalomyelitis patients, with two exceptions26. In 65% to 80% of patients with 

predominant limbic encephalitis, MRI and CT scans show temporal lobe abnormalities126, 

127, and in patients with a predominant cerebellar syndrome, MRI and CT will ultimately show 

cerebellar atrophy. Cerebrospinal fluid (CSF) is abnormal in most patients with elevated 

protein, mild mononuclear pleocytosis, elevated IgG index, or oligoclonal bands26. 

Antineuronal antibodies

Patients with paraneoplastic encephalomyelitis and SCLC often have anti-Hu antibodies 

(also called antineuronal nuclear autoantibodies or ANNA-1) in their serum and CSF26, 105, 

106, 125. Other less-frequent antibodies are anti-CRMP5/CV2118, anti-amphiphysin128 and 

the less well-characterized ANNA-3 129 and PCA-2 antibody130. 

Treatment and prognosis

Tumor treatment offers the best chance of stabilizing the patient’s neurological condition 

while immunotherapy does not appear to modify the outcome of paraneoplastic 

encephalomyelitis12, 105, 106. Because of incidental reports of neurological improvement 

following various forms of immunosuppressive treatment, a trial of one or two 

immunosuppressive modalities may be warranted in a single patient. Because of the 

limited efficacy of plasma exchange, IVIg, and corticosteroids12, 105, 106 and the presumed 

role of cellular immunity, more aggressive immunosuppression with cyclophosphamide, 

tacrolimus, or cyclosporine may be considered. To limit toxicity, these more aggressive 

immunosuppressive approaches should probably be reserved for patients who are not 

receiving chemotherapy. The overall functional outcome is bad, and more than 50% of 

patients are confined to bed or chair in the chronic phase of the disease12, 105, 106. 

amphiphysin-associated stiff-person syndrome114, 122. Immunotherapy modalities that are 

recommended for these disorders include plasma exchange, immunoadsorption (extraction 

of patient IgG over a protein A column), steroids, and intravenous immunoglobulins (IVIg). 

For most PNS, where the antigen is cytoplasmic or nuclear, the nervous dysfunction is 

probably not caused by functional interference of antibodies with the target antigen. In 

disorders with intracellular target antigens and a strong cellular immune reaction, plasma 

exchange and immunoadsorption are not expected to give much benefit. In these cases, 

a trial of a treatment that modulates the activation and function of effector T cells makes 

more sense, but to date there is only limited evidence that steroids, cyclophosphamide, 

IVIg, or other immunosuppressive therapies are effective123. 

Hence, the first goal of treatment for PNS is control of the tumor. In addition, antitumor 

therapy has been demonstrated to stop the paraneoplastic neurological deterioration 

and leave the patients, on average, in a better condition9, 106, 107. In severely debilitated 

patients, e.g., the elderly and bedridden, treatment of an underlying tumor is often withheld 

because of the very small chance of clinically relevant neurological improvement.

clinical descriPtion

PNS may affect any level of the nervous system (central or peripheral nervous system 

including neuromuscular junction and muscle). Most PNS are rapidly progressive, often 

leaving the patient severely debilitated within weeks to months9, 105-107. However, slow 

progression, relapses, or a benign course does not exclude the diagnosis. This section 

describes the classical PNS. 

encephalomyelitis
Paraneoplastic encephalomyelitis is characterized by involvement of several areas of the 

nervous system, including the temporal lobes and limbic system (limbic encephalitis), 

brainstem (brainstem encephalitis), cerebellum (subacute cerebellar degeneration), spinal 

cord (myelitis), dorsal root ganglia (subacute sensory neuronopathy), and autonomous 

nervous system (autonomic neuropathy)26, 124. Patients with predominant involvement of 

one area but clinical evidence of only mild involvement of other areas are usually classified 

according to the predominant clinical syndrome. Symptoms of limbic encephalitis, subacute 

cerebellar degeneration, subacute sensory neuronopathy, and autonomic neuropathy are 

described below. Symptoms of brainstem encephalitis can include diplopia, dysarthria, 

dysphagia, gaze abnormalities (nuclear, internuclear or supranuclear), facial numbness, 

and subacute hearing loss.
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than testicular cancer. The third group consists of young women with ovarian teratomas 

who harbor antibodies reactive to the N-methyl-D-aspartate (NMDA) receptor132-134. 

The patients develop subacute psychiatric symptoms, seizures, and hypopnea, requiring 

mechanical ventilation. Patients may also develop choreic or dystonic movements. The CSF 

invariably shows signs of inflammation including lymphocytosis, and increased protein and 

oligoclonal banding. The anti-NMDA receptor antibodies are sometimes only detectable 

in CSF (and not in serum). The fourth group has antibodies reactive to voltage-gated 

potassium channels (anti-VGPC) that can be associated either with paraneoplastic limbic 

encephalitis and thymoma or with nonparaneoplastic limbic encephalitis140, 141. Most 

patients present with or develop seizures that may progress into nonconvulsive status 

epilepticus. Patients may have concomitant autonomic or peripheral nerve dysfunction 

(neuromyotonia) and rapid eye movement sleep behaviour abnormalities. Hyponatremia 

is frequent while the CSF is usually acellular. The last group has no antineuronal antibodies 

(approximately 20%-40% of patients with paraneoplastic limbic encephalitis)126, 127. In 

these patients, the symptoms are more often confined to the limbic system, the median 

age is around 57 years, and the associated tumor is often located in the lung127, 135. 

Treatment and prognosis 

Spontaneous complete recovery has been described, although very rarely135, 142. 

Immunotherapy is largely ineffective in patients with antibodies reactive to intracellular 

antigens (anti-Hu, Ma2, amphiphysin or CV2/CRMP5)127, but multiple cases benefiting 

from anti-tumor treatment have been reported127, 135, 143. Therefore, all efforts should be 

directed at identifying and treating the underlying tumor. If no tumor is found, the search 

should be repeated every three to six months for a total of two to three years. Irrespective 

of treatment, partial neurological recovery was seen in 38% of anti-Hu patients, 30% of 

anti-Ta (Ma2) patients, and 64% of patients without antibodies127. In contrast, patients with 

antibodies reactive with easily accessible cell-surface antigens often respond dramatically 

to immunotherapy and antitumor treatment. Ovarian teratoma patients often clinically 

improve following resection of the tumor and/or treatment with corticosteroids, IVIg, or 

plasma exchange133. In patients with anti-VGPC-associated limbic encephalitis, treatment 

with corticosteroids, IVIg, or plasma exchange results in significant improvement in 70% to 

80% of the cases140.

cerebellar degeneration 
Paraneoplastic cerebellar degeneration is one of the most common and characteristic 

paraneoplastic syndromes107, 124. In a study of 137 consecutive patients with antibody-

associated paraneoplastic syndromes, 50 (37%) patients presented with subacute 

cerebellar degeneration107. Paraneoplastic cerebellar degeneration usually starts acutely 

limbic encephalitis
Limbic encephalitis is characterized by the subacute onset (in days to a few months) of 

short-term memory loss, seizures, confusion, and psychiatric symptoms, suggesting 

involvement of the limbic system124, 131. Hypothalamic dysfunction may occur with 

somnolence, hyperthermia, and endocrine abnormalities. Approximately two-thirds of 

patients with paraneoplastic limbic encephalitis develop involvement of other areas of the 

nervous system during the course of the disease (i.e., encephalomyelitis). Several specific 

antibody-related clinical syndromes have been identified127, 132-134.

Underlying tumor 

More than half of the patients presenting with limbic encephalitis will have an underlying 

neoplasm127. The associated tumor is a lung tumor in 50% to 60% of the patients, usually 

SCLC (40%-55%) and testicular germ-cell tumors in 20%126, 127, 135. Other tumors include 

breast cancer, thymoma, Hodgkin’s disease, and teratomas126, 127.

Diagnostic evaluation

The diagnosis is often difficult, especially when the patient presents with psychiatric 

symptoms, because there are no specific clinical markers, and symptoms usually precede 

the diagnosis of cancer127, 136. An MRI scan may show increased signal on T2-weighted and 

fluid attenuated inversion recovery (FLAIR) images of one or both medial temporal lobes, 

hypothalamus, and brainstem in 65% to 80% of the patients126, 127. Early in the course of 

the disease, the MRI may be normal, and repeat imaging may be indicated. Coregistration 

of FDG-PET may further improve the sensitivity of imaging137. CSF examination is abnormal 

in 80% of the patients, showing transient mild lymphocytic pleocytosis with increased 

protein, IgG, or oligoclonal bands126, 127.

Antineuronal antibodies 

Several antibody-related clinical syndromes have been identified that vary with the 

associated tumors. The first group consists of patients with anti-Hu antibodies and lung 

cancer (usually SCLC). Patients may also have anti-amphiphysin (SCLC) or anti-CV2/

CRMP5 (SCLC or thymoma) antibodies118. Limbic encephalitis is part of paraneoplastic 

encephalomyelitis, and patients have involvement of other areas outside the limbic system 

and brainstem. These patients are older (median age 62 years), usually smoke, and are 

more often female127, 135. The second group consists of young males with testicular cancer 

and anti-Ma2 antibodies (Figure 1)138. The median age is 34 years, and symptoms are 

usually confined to the limbic system, hypothalamus, and brainstem. Patients with anti-Ma2 

and anti-Ma1 antibodies are significantly older and are more often female139. Anti-Ma1 

patients are more likely to develop cerebellar dysfunction and usually harbor other tumors 
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Tr) antibodies are directed against an unidentified cytoplasmic Purkinje cell antigen and 

appear to be specific for Hodgkin’s disease146. Anti-mGluR1 antibodies have been found 

in two patients with paraneoplastic cerebellar degeneration and Hodgkin’s disease. Passive 

transfer of patient anti-mGluR1 IgG into CSF of mice induced severe, transient ataxia114.

Approximately 50% of patients with cerebellar degeneration and an underlying SCLC have 

high titer anti-Hu antibodies150. The remaining patients are likely to have anti P/Q-type 

VGCC antibodies. These antibodies were present in all patients who had LEMS and in some 

patient with cerebellar degeneration without LEMS. In patients with anti-amphiphysin or 

anti-CV2/CRMP5 antibodies, the cerebellar degeneration is often part of the paraneoplastic 

encephalomyelitis syndrome, and more widespread neurological symptoms and signs are 

usually found. 

The more recently discovered Purkinje cell antibody (PCA-2) and the ANNA-3 antibody 

are associated with lung cancer and a variety of neurological syndromes including 

cerebellar degeneration130. The anti-Zic4 antibodies are strongly associated with SCLC, 

and most patients have paraneoplastic encephalomyelitis often presenting with cerebellar 

dysfunction151. These patients often have concurrent anti-Hu or anti-CV2/CRMP5 antibodies. 

Patients with isolated anti-Zic4 antibodies are more likely to develop cerebellar symptoms.

Treatment and prognosis

The outcome of paraneoplastic cerebellar degeneration is generally poor and the best 

chance to at least stabilize the syndrome is to treat the underlying tumor107. Incidental 

improvement has been reported either spontaneously or in association with plasma 

exchange, steroids, IVIg, or rituximab152. In patients with anti-Yo-associated cerebellar 

degeneration, the prognosis is better for patients with breast cancer than for those with 

gynaecologic cancer108. The prognosis is better in patients with paraneoplastic cerebellar 

degeneration associated with Hodgkin’s disease and anti-Tr (PCA-Tr) or anti-mGluR1 

antibodies. With successful treatment of the tumor and/or immunotherapy, symptoms may 

disappear and the antibodies vanish114, 146.

opsoclonus-myoclonus
Opsoclonus is a disorder of ocular motility that consists of involuntary, arrhythmic, high-

amplitude conjugate saccades in all directions. Opsoclonus may occur intermittently or, if 

more severe, constantly, and it does not remit in the darkness or when the eyes are closed. 

Opsoclonus is often associated with diffuse or focal myoclonus, the ‘dancing eyes and 

dancing feet syndrome’, and other cerebellar and brainstem signs153-155. An excessive 

startle response reminiscent of hyperekplexia may also occur in opsoclonus-myoclonus156. 

In contrast to most paraneoplastic syndromes, the course of opsoclonus-myoclonus may 

be remitting and relapsing155. 

with nausea, vomiting, dizziness, and slight incoordination of walking, evolving rapidly over 

weeks to a few months with progressive ataxia of gait, limbs and trunk, dysarthria, and 

often nystagmus associated with oscillopsia. The disease reaches its peak within months 

and then stabilizes. By this time, most patients are severely debilitated. They are generally 

unable to walk or sit without support, writing is often impossible, and feeding themselves 

is quite difficult. The symptoms and signs are limited to the cerebellum and cerebellar 

pathways, but other mild neurological abnormalities may be found on careful examination. 

These include hearing loss, dysphagia, pyramidal and extrapyramidal tract signs, mental 

status change, and peripheral neuropathy108, 144, 145. 

Underlying tumor 

Paraneoplastic cerebellar degeneration can be associated with any cancer, but the 

most common tumors are lung cancer (usually SCLC), ovarian cancer, and lymphomas 

(particularly Hodgkin’s lymphoma). In 60% to 70% of the patients, the neurological 

symptoms precede the diagnosis of the cancer by a few months to two to three years and 

lead to its detection107, 108, 146. 

Diagnostic evaluation 

Subacute cerebellar degeneration is a rare disorder in cancer patients. On the other hand, 

50% of patients presenting with acute or subacute nonfamilial ataxia are estimated to 

have an underlying malignancy124. MRI and CT scans are initially normal but often reveal 

cerebellar atrophy later in the course of the disease. FDG-PET and single-photon emission 

CT (SPECT) scans may show cerebellar hypermetabolism and increased perfusion during 

the acute stage of the illness147. CSF examination shows mild lymphocytic pleocytosis with 

elevation of protein and IgG levels in the first weeks to months. Oligoclonal bands may 

be present. The diagnosis of paraneoplastic cerebellar degeneration is established by 

demonstration of specific antineuronal antibodies. 

Antineuronal antibodies 

Paraneoplastic cerebellar degeneration can be associated with various antineuronal 

autoantibodies (Table 3). Anti-Yo (also called anti-Purkinje cell antibody type 1 or PCA-

1), anti-Tr (PCA-Tr), and anti-mGluR1 are associated with relatively ‘pure’ cerebellar 

syndromes. Anti-Yo antibodies are associated with breast cancer and tumors of the ovaries, 

endometrium, and fallopian tubes107, 108, 148. These antibodies are directed against the 

calcium-dependent regulator (cdr) proteins that are expressed by Purkinje cells and the 

associated tumors148, 149. Cdr-2-specific cytotoxic T cells have been identified in the serum 

from patients with paraneoplastic cerebellar degeneration, suggesting a pathogenic 

role for the cellular immune response in this paraneoplastic syndrome52. Anti-Tr (PCA-
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opsoclonus-myoclonus make a good recovery that seems to be accelerated by steroids or 

IVIg. Paraneoplastic opsoclonus-myoclonus usually has a more severe clinical course, and 

treatment with steroids or IVIg appears ineffective. In a serie of 14 patients with paraneoplastic 

opsoclonus-myoclonus, eight patients whose tumors were treated showed complete or 

partial neurological recovery. In contrast, five of the six patients whose tumors were not 

treated died of the neurological syndrome despite steroids, IVIg, or plasma exchange157. 

However, improvement following the administration of steroids, cyclophosphamide, 

azathioprine, IVIg, plasma exchange, or plasma filtration with a protein A column has been 

described in single cases156, 167-169. In children, paraneoplastic opsoclonus-myoclonus 

may improve following treatment with ACTH, prednisone, azathioprine or IVIg, but 

residual central nervous system signs are frequent159, 170, 171. Treatment of the tumor with 

chemotherapy is the most important predictor of good neurological recovery172. 

subacute sensory neuronopathy 
The symptoms of subacute sensory neuronopathy begin with pain and paraesthesia173, 

174. Clumsiness and unsteady gait then develop and usually become predominant. The 

distribution of symptoms is often asymmetrical or multifocal. The upper limbs are often 

affected first and are almost invariably involved with evolution. Sensory loss may also 

affect the face, chest, or abdomen. On examination, all sensory modalities are affected, 

but the most striking abnormality is loss of deep sensation, causing sensory ataxia with 

pseudoathetosis of the hands. Tendon reflexes are depressed or absent. In most patients, 

the disease progresses rapidly over weeks to months, leaving the patient severely disabled. 

In a few patients, the neuronopathy remains stable for months with mild neurological 

deficits175. Subacute sensory neuronopathy occurs in approximately 75% of patients 

with paraneoplastic encephalomyelitis, is predominant in 50% of patients and clinically 

pure in 25% of patients105, 106. Autonomic neuropathy including gastrointestinal pseudo-

obstruction is common. 

Underlying tumor 

Subacute sensory neuronopathy is probably paraneoplastic in about 20% of patients. In 

70% to 80% of patients, subacute sensory neuronopathy is associated with SCLC105, 106, 

125. Other associated tumors include breast cancer, ovarian cancer, sarcoma, and Hodgkin’s 

lymphoma173, 174. Subacute sensory neuronopathy usually predates the diagnosis of 

cancer with a median delay of 3.5 to 4.5 months105, 106.

Diagnostic evaluation 

Electrophysiology shows absence or marked reduction of sensory nerve action potentials 

with normal or mildly reduced motor conduction velocities. Early in the course of the 

Underlying tumor 

Approximately 20% of adult patients with opsoclonus-myoclonus have a previously 

undiscovered malignancy154. The most commonly associated neoplasms are SCLC 

and breast and gynaecologic cancers156, 157. Almost 50% of children with opsoclonus-

myoclonus have an underlying neuroblastoma. Conversely, approximately 2% to 3% of 

children with neuroblastoma have paraneoplastic opsoclonus-myoclonus158, 159. Tumors 

in children with paraneoplastic opsoclonus-myoclonus apparently have a better prognosis 

than tumors in patients without this paraneoplastic syndrome.

Diagnostic evaluation 

MRI is usually normal but may show hyperintensities in the brainstem on T2-weighted 

images160. Examination of the CSF may show mild pleocytosis and protein elevation. Adult 

patients with paraneoplastic opsoclonus-myoclonus are older (median age 66 years) than 

patients with the idiopathic syndrome (median age 40 years). In adult patients, the tumor 

search should be directed at the most common underlying tumors, i.e., high-resolution CT 

of the chest and abdomen and gynaecological examination and mammography (or MRI of 

the breasts)157. When this is negative, FDG-PET should be considered121, 161. In children, 

nonparaneoplastic opsoclonus-myoclonus occurs as a self-limited illness and is probably 

the result of a viral infection of the brainstem. The search for an occult neuroblastoma 

should include imaging of chest and abdomen (CT or MRI scan), urine catecholamine 

measurements, and metaiodobenzylguanidine scan162.

Antineuronal antibodies 

Specific antibodies are found in only a minority of patients with paraneoplastic opsoclonus-

myoclonus157. In women, anti-Ri antibodies (or antineuronal nuclear autoantibody 

type 2, ANNA-2) are mostly associated with breast and gynaecologic tumors. Anti-Ri 

has occasionally been found in bladder cancer and SCLC and may then occur in male 

patients153, 163. Paraneoplastic opsoclonus-myoclonus can also be associated with anti-

Hu antibodies, usually as part of a more widespread paraneoplastic encephalomyelitis. 

In children presenting with opsoclonus-myoclonus, the detection of anti-Hu antibodies 

is diagnostic of an underlying neuroblastoma164. The frequency of anti-Hu antibodies 

in neuroblastoma with paraneoplastic opsoclonus-myoclonus is approximately 10%164-

166. This finding differs little from the 4% to 15% of anti-Hu positive sera in children with 

neuroblastoma who do not have opsoclonus-myoclonus164, 165.

Treatment and prognosis 

In contrast to most of the other paraneoplastic syndromes, paraneoplastic opsoclonus-

myoclonus may remit either spontaneously, following treatment of the tumor, or in 

association with clonazepam or thiamine treatment. Most patients with idiopathic 



3534 Chapter 2 Neurological Paraneoplasias

Underlying tumor 

Approximately 70% of patients have cancer, almost always SCLC184, 186. Other tumors 

include small cell carcinomas of the prostate and cervix, lymphomas, and adenocarcinomas. 

The prevalence of LEMS in SCLC is estimated to be around 3%185, 187. Clinically and 

serologically, the 30% without an identifiable tumor are indistinguishable from the 

paraneoplastic LEMS patients, although LEMS may have a more progressive course in 

patients with SCLC183. In patients presenting with LEMS, smoking history and absence of 

the HLA-B8 genotype strongly predict an underlying SCLC 183. Patients with SCLC and 

LEMS survive significantly longer than SCLC patients who do not have the paraneoplastic 

syndrome183.

Diagnostic evaluation

The typical pattern of electromyographic abnormalities is the hallmark of LEMS. This 

includes a low compound muscle action potential at rest with a decreased response at low 

rates of repetitive stimulation (3 Hz) and an incremental response at high rates of repetitive 

stimulation (50 Hz) or 15 to 30 seconds of maximal voluntary contraction188.

Antineuronal antibodies

Most patients with LEMS have antibodies against P/Q type calcium channels that are 

located presynaptically in the neuromuscular junction188. About 20% have anti-MysB 

antibodies reactive to the β-subunit of neuronal calcium channels189. 

Treatment and prognosis

Treatment of LEMS must be tailored to the individual based on severity of the symptoms, 

underlying disease, life expectancy, and previous response to treatment. In patients 

with paraneoplastic LEMS, treatment of the tumor frequently leads to neurological 

improvement190. Symptomatic treatment is with drugs that facilitate the release of 

acetylcholine from motor nerve terminals such as 3,4-diaminopyridine (DAP)191. In a 

placebo-controlled randomized trial, DAP (5-20 mg) was effective for long-term treatment, 

alone or in combination with other treatments 192. The maximum recommended daily 

dose of DAP is 80 mg; at higher doses, seizures occur192. Cholinesterase inhibitors 

(pyridostigmine, 30-60 mg) may improve dryness of mouth but rarely relieve weakness. 

If these treatments are not effective enough, it must be decided if immunosuppressive 

therapy with steroids, azathioprine, or cyclosporine is in order. Removal of the pathogenic 

anti-P/Q type calcium channel antibodies by plasma exchange193 and IVIg can give 

quick but transient relief184, 194. LEMS responds less favorably to immunotherapy than 

myasthenia gravis. 

disease, CSF examination shows mild pleocytosis, with an elevated IgG and oligoclonal 

bands106, 173, 174. Sural nerve biopsy is rarely required for the diagnosis but may differentiate 

from vasculitic neuropathy.

Antineuronal antibodies

Anti-Hu is the most frequent paraneoplastic antibody in subacute sensory neuronopathy26, 

105, 106, 125. In this setting, anti-Hu antibody detection has a specificity of 99% and sensitivity 

of 82%176. The absence of anti-Hu antibodies does not rule out an underlying cancer. Anti-

CRMP5/CV2 antibodies also occur with paraneoplastic peripheral neuropathies177. These 

patients usually have a sensory or sensorimotor neuropathy with less frequent involvement 

of the arms, but it is often associated with cerebellar ataxia118, 177, 178. Anti-CRMP5/CV2 

antibodies are usually associated with SCLC, neuroendocrine tumors, and thymoma. Anti-

amphiphysin antibodies are associated with multifocal paraneoplastic encephalomyelitis, 

and symptoms often include sensory or sensorimotor neuropathy128, 179, 180. Associated 

tumors (mostly limited) are mainly SCLC, breast cancer, and melanoma.

Treatment and prognosis 

Immunotherapy consisting of plasma exchange, steroids, and IVIg is ineffective, with only 

some exceptions9, 12, 181, 182. In one study, two out of ten patients stabilized in a relatively 

good clinical condition following intensive treatment with a combination of steroids, 

cyclophosphamide, and IVIg12. Early detection and treatment of the underlying neoplasm, 

usually SCLC, appears to offer the best chance of stabilizing the neurological symptoms9, 

106. In patients with an identifiable tumor, antitumor treatment is recommended. In the 

absence of a tumor, antitumor treatment may be considered in patients with anti-Hu 

antibodies, age >50 years, and a history of smoking. In patients not receiving antitumor 

therapy, a short course of immunotherapy can be considered. Symptomatic treatment is 

directed at neuropathic pain and dysautonomic symptoms such as orthostatic hypotension. 

lambert-eaton myasthenic syndrome
LEMS presents with proximal weakness of the lower extremities and fatigability. Bulbar 

symptoms may occur more frequently than previously reported183, but are generally 

milder than in myasthenia gravis. Respiratory weakness can occur. Deep tendon reflexes, 

especially those in the legs, are diminished or absent but may reappear after exercise. 

Autonomic features ultimately develop in 95% of patients, especially dryness of the 

mouth, impotence, and mild/moderate ptosis183-185. In some patients, LEMS may develop 

in association with other paraneoplastic syndromes, including paraneoplastic cerebellar 

degeneration and encephalomyelitis150. 
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dermatomyositis
In dermatomyositis, the characteristic heliotrope rash (purplish discoloration of the eyelids) 

often precedes the appearance of proximal muscle weakness. Other manifestations 

include arthralgia, myocarditis and congestive heart failure, and interstitial lung disease. 

Clinical, electromyographical, and pathological findings of dermatomyositis are similar in 

patients with and without cancer.

Underlying tumor 

The standardized incidence ratio for a malignant disease in dermatomyositis is 6.2 (95% 

confidence interval 3.9-10.0)195. Dermatomyositis is associated with cancer of the ovary, 

lung, pancreas, stomach, colorectum, and breast, and with non-Hodgkin’s lymphoma196.

Diagnostic evaluation

Most patients have elevated serum creatine kinase levels and electromyographic evidence 

of myopathy. Muscle imaging (CT or MRI) may help in confirming the diagnosis and 

determining the type of inflammatory myopathy and in selecting an appropriate biopsy 

site. Muscle or skin biopsy is the definitive diagnostic procedure and shows inflammatory 

infiltrates197.

Antineuronal antibodies

Antibodies to the Mi-2 protein complex are specific for dermatomyositis and are present in 

high titers in about 35% of cases198. 

Treatment and prognosis

Treatment of paraneoplastic dermatomyositis is generally the same as for the patients 

without a tumor. Nearly all patients respond to corticosteroids 199. Refractory patients and 

patients requiring a lower dose of steroids can be treated with azathioprine, methotrexate, 

or cyclophosphamide199.
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microscoPy

Generally, cell counts and differential can be obtained by evaluating cell number and 

morphology in microscopic slides, by automatic counting based on cellular scatter properties 

or by flow cytometry in which antigen expression of cells is assessed in combination with 

light scatter properties. Specifically, microscopic counting of WBC and red blood cells 

(RBC) is performed using Neubauer or Fuchs-Rosenthal counting chambers, which contain 

a microscopically visible counting grid and are used with a fixed sample volume. Staining 

with Samson or Türk reagent may be added to the procedure to facilitate WBC counting 

and perform differential204. However, in CSF samples with low cellularity (<5 leukocytes/µl), 

differential by microscopy is not performed. When the WBC count is higher than the upper 

reference value, most laboratories perform cytospin centrifugation of the sample, followed 

by Wright or May-Grunwald-Giemsa staining to enable morphological differential of cells 

in CSF. This technique permits rapid differential between monocytes, lymphocytes and 

granulocytes, which is of utmost importance for patients with acute neurological disease62. 

Counting of erythrocytes is important to exclude traumatic bleeding as the cause of an 

elevated WBC count205. Although microscopic counting and differential has for a long 

time been used in routine CSF analysis, the clinical laboratory faces several challenges in 

performing it. First, the analysis is time-consuming and should ideally be performed within 

1 hour after lumbar puncture as CSF cell counts decrease rapidly after sampling206. Second, 

counting and differential results have relatively high intra- and interobserver variation205, as 

have other manual microscopic techniques. Furthermore, skilled and continuously trained 

technicians are required for this assay on a 24 hours/7 day basis207. 

haematology analyzers

Nowadays an increasing number of clinical laboratories replace the microscopic technique 

by haematology analyzers (HA) for cell counting and differential in CSF205, 207, 208. HA may 

provide fast, low-cost and standardized cell counting of CSF and other body fluids such 

as ascites or pleural fluid. However, special attention is needed regarding background 

signal, carry-over and interference in view of the low cell concentrations in these fluids. 

Two dedicated, FDA-approved, applications for CSF counting and differential on HA are 

available, i.e., the ADVIA® 120/2120 CSF assay (Siemens AG, München, Germany) and the 

Body Fluid mode on a XE-5000TM analyzer (Sysmex, Kobe, Japan)205, 208. ADVIA® CSF assay 

uses light scatter and absorbance measurement for counting and differential, after mixing 

the sample with CSF reagent to sphere and fix the cells. Not only RBC, WBC and PMN/MNC 

are reported, but also lymphocytes, monocytes and eosinophils. XE-5000TM Body Fluid 

abstract 

Flow cytometry facilitates the detection of a large spectrum of cellular characteristics 

on a per cell basis, determination of absolute cell numbers and detection of rare events 

with high sensitivity and specificity. White blood cell (WBC) counts in cerebrospinal fluid 

(CSF) are important for the diagnosis of many neurological disorders. WBC counting and 

differential can be performed by microscopy, haematology analyzers or flow cytometry. 

Flow cytometry of CSF is increasingly being considered as the method of choice in patients 

suspected of leptomeningeal localization of haematological malignancies. Additionally, in 

several neuro-inflammatory diseases such as multiple sclerosis (MS) and paraneoplastic 

neurological syndromes (PNS), flow cytometry is commonly performed to obtain insight 

into the immunopathogenesis of these diseases. Technically, the low cellularity of CSF 

samples, combined with the rapidly declining WBC viability, makes CSF flow cytometry 

challenging. Comparison of flow cytometry with microscopic and molecular techniques 

shows that each technique has its own advantages and are ideally combined. We expect 

that increasing the number of flow cytometric parameters that can be simultaneously 

studied within one sample, will further refine the information on CSF cell subsets in low-

cellular CSF samples and enable to define cell populations more accurately. 

introduction

White blood cell (WBC) counts and their differential into mononuclear (MNC) and 

polymorphonuclear cells (PMN) in cerebrospinal fluid (CSF) are critical in the diagnosis of 

many infectious and inflammatory neurological disorders200. In acute bacterial meningitis, 

WBC counts usually range between several hundred to more than 60,000/µl, predominantly 

PMN (90%-95% of WBC count), although early in the disease WBC counts can be lower 

than 100 WBC/µl201. In viral meningitis, cell counts are usually between 10 - 1,000 WBC/µl, 

but may exceed 1,000/µl. Here, MNC predominate, but in the very acute stages of disease 

PMN can account for more than 80% of leukocytes201. In multiple sclerosis (MS), two-thirds 

of patients have a normal CSF cell count and a low level of mononuclear pleocytosis is 

found in one-third of the cases201. The CSF WBC count is usually normal (<5 leukocytes/µl) 

in patients with the Guillain-Barré syndrome, whereas in case of an increased WBC count 

other diagnoses should be considered202. In paraneoplastic neurological syndromes 

(PNS), 47% of patients have a lymphocytic pleocytosis before the 3rd month after onset of 

the neurological symptoms, while after the 3rd month only 28% of patients have elevated 

cell counts45. CSF WBC counts are also routinely determined in patients with suspected 

leptomeningeal metastases of solid or haematological malignancies and half of these 

patients have a lymphocytic pleocytosis203, 204. 
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immunocytochemistry 

Immunocytochemistry allows the detection of cell surface antigens on CSF cells by 

cytospins. For detection of leptomeningeal localization of haematological malignancies a 

sensitivity of 89% to 95% and a specificity of 89% to 100% was shown by this technique216. 

For CSF samples with low cell counts, immunocytochemistry should be used subsequent 

to cytomorphology and the selection of the antibodies should be determined by the 

cytological findings in combination with the patient’s history217, 218. Alternatively, it is 

stated that this technique should only be used when CSF cytomorphology fails in patients 

with a strong suspicion of leptomeningeal metastases219. Compared to flow cytometry, 

immunocytochemistry gave similar results in detection of high-density surface markers, 

whereas for analysis of antigens that are expressed at low density immunocytochemistry 

may be more reliable in some applications220. Since flow cytometry is used in the detection 

of CNS involvement of haematological malignancies besides cytomorphological analysis, as 

discussed in the Applications of flow cytometry to study CSF section, immunocytochemistry 

has no major role anymore. In contrast, immunohistochemistry is still used in combination 

with cytology in the detection of leptomeningeal metastases of solid tumours.

Polymerase chain reaction (Pcr)

PCR requires the selection of primers specific for tumour cell-derived DNA. In haematological 

B-cell malignancies, analysis of immunoglobulin heavy chain gene rearrangements in the 

third complementarity determining region (CDR3) by PCR in blood and bone marrow 

cells is a state-of-the-art technique for diagnosis, monitoring response to treatment and 

detection of minimal residual disease221, 222. Presence of clonally rearranged CDR3 is 

the molecular signature of malignant B lymphocytes and is present in 80%-95% of B-cell 

lymphomas and leukaemias223. Until now this technique has not been generally applied 

to CSF samples. PCR can also be used for detection of leptomeningeal metastasis in solid 

malignancies. Although it would be ideal to use primers for DNA sequences common 

to all metastatic cells, the use of sequences for specific primary cancer histopathologies 

might provide a more practical option, as many are known already210, 224-226. Additional 

molecular tumour markers or oncogenes can be used for other types of cancer and might 

eliminate the need for biopsy in selected patients226.

mode uses sheath flow impedance for counting RBC, while light scatter and fluorescence 

intensity after DNA/RNA staining is used to analyse WBC. The application reports WBC, 

PMN/MNC and high-fluorescent cells. For CSF WBC counting, comparison of the Fuchs-

Rosenthal counting chamber with both the XE-5000TM analyzer and the ADVIA® 120/2120 

CSF assay showed linearity between 1 and 10,000 cells per µl205, 208, 209. Automatic MNC 

counts also correlated well with manual counts, but PMN counts showed poor agreement 

being almost two-fold higher using the XE-5000 analyzer209. Especially in low WBC counts 

(<20 cells per µl) high imprecision was observed in both techniques compared to manual 

counting205, 208. The detection limit of the XE-5000 is 10 cells per µl. When the WBC count is 

below that limit, differential into MNC and PMN cannot be made209. In these cases, manual 

counting or evaluation of stained cytospin slides should be performed. In automatic cell 

counting of low-cellular samples the same problem arises as in flow cytometry (see Rapid 

decline of leukocyte counts upon lumbar puncture section): due to high imprecision, under- 

or overestimation of CSF WBC counts may lead to erroneous results. In clinical practice, HA 

are more widely available and have lower material costs than flow cytometers. 

cytomorPhology

Morphologic examination of CSF cells is performed on cytospin preparations stained with 

May-Grunwald-Giemsa204. Whilst highly specific (>95%), conventional cytomorphological 

analysis is associated with only a limited sensitivity with up to 20% to 60% false-negative 

results204, 210. Interpretation of cytological findings may be difficult because of paucity 

of cells in CSF and possible morphological similarities between benign and malignant 

cells211. Cytomorphological examination is used in patients with suspected leptomeningeal 

dissemination of solid tumours or haematological malignancies. Typically, only 50% of 

patients have malignant cells identified by cytomorphological examination on the first 

lumbar puncture212. This yield is increased to 80% with a second CSF examination203, but 

even three lumbar punctures will still miss tumour cells in approximately 10% of patients213. 

Despite its low sensitivity, CSF cytologic examination has been the gold standard for 

leptomeningeal metastasis because of its 100% specificity213. If clinical suspicion is high, 

gadolinium-enhanced MRI of the brain and spine can provide definitive evidence of 

leptomeningeal metastasis, even without a positive CSF cytology214, 215. 
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only three-fold231. When merely frequencies would have been studied, this enormous 

B-lymphocyte expansion suggesting an important role for these cells in PNS, would have 

remained unnoticed. This result indicates that assessment of absolute counts besides 

frequencies is also important in CSF. 

cellular composition of normal csf
To use CSF flow cytometry in research of neuro-inflammatory diseases, knowledge of the 

composition of cells in normal CSF is needed. Because CSF of healthy controls is usually 

not available due to ethical considerations232, controls with non-inflammatory neurological 

diseases (NIND) are often included instead233. However, Svenningsson et al.234, 235 did 

study normal CSF by assessing the percentages of lymphocyte subsets in CSF of 34 healthy 

individuals, after informed consent, with 2- or 3-colour flowcytometry. In addition, we 

studied both absolute numbers and percentages of leukocyte, lymphocyte, T lymphocyte 

and dendritic cell subsets by 6-colour flow cytometry in 84 individuals without neurological 

disease undergoing spinal anaesthesia (Table 1)236. The two published studies234, 235, 

as well as our data236, showed that normal CSF is predominantly composed of CD4+ T 

lymphocytes, mostly with a central memory phenotype, and in addition contains very low 

frequencies of B lymphocytes, NK cells and NKT lymphocytes (Table 1). Dendritic cells, 

both myeloid as well as plasmacytoid, were also present in normal CSF, although in very 

low frequencies (Table 1)72, 236.

table 1 | reference values of wbc subsets in csf (adapted from chapter 5)

subset absolute numbera

Leukocytes 1.12 (0.40 – 3.17)

Granulocytes 0.08 (0.02 – 0.43)

Monocytes 0.23 (0.08 – 1.11)

Lymphocytes 0.66 (0.16 – 1.88)

 T cells 0.62 (0.15 – 1.83)

  CD4+ T cells 0.44 (0.08 – 1.43)

  CD8+ T cells 0.13 (0.04 – 0.40)

  NKT cells 0.01 (0.00 – 0.06)

 B cells 0.00 (0.00 – 0.03)

 NK cells 0.01 (0.00 – 0.05)

Dendritic cells 0.04 (0.01 – 0.18)

  Myeloid 0.02 (0.00 – 0.13)

 Plasmacytoid 0.01 (0.00 – 0.03)
aMedians (5th-95th percentiles) of absolute numbers x106/l are given.

flow cytometry

In patients with suspected leptomeningeal metastases of haematological tumours, flow 

cytometry of CSF samples is used in addition to cell counting and cytomorphology. In this 

review we will focus on the applications and recent developments of CSF flow cytometry. 

Although this procedure has only a narrow clinical indication, it has significant prognostic 

and therapeutic implications in individual patients. 

use of polychromatic flow cytometry
The advent of polychromatic flow cytometry, i.e. advanced instrumentation and reagent 

development227, allows detection of a large spectrum of cellular characteristics, even 

in samples with small amounts of cells like CSF. Apart from differentiating between 

major leukocyte subsets by assessing granularity and volume of cells, a wide range of 

cell populations can be specified by immunophenotyping using surface membrane, 

cytoplasmatic and nuclear antigens62, 63, 211. However, intracellular staining should be 

limited to those cases in which it is essential to reach the immunological conclusion, 

because its use is associated with relatively pronounced cell loss63. The number of 

characteristics on one single cell that can be determined in a single tube, depends on 

the number of fluorescent colours available on the flow cytometer used and the number 

of monoclonal antibodies per tube. The applicability of the assay can even be further 

enhanced by combining two antigens expressed by non-overlapping cell subsets on 

a single fluorochrome (e.g., CD4 present on T lymphocytes and CD19 present on B 

lymphocytes)211. In CSF, the simultaneous assessment of 13 parameters (11 colours plus 

forward and sideward scatter) has been reported in this way211. However, problems with 

spectral overlap and colour compensation increase when more than 6 colours are used, but 

these problems can be reduced if markers and fluorochromes are combined judiciously228. 

absolute cell counts
Frequencies of different WBC populations in CSF are most widely investigated. However, 

knowledge of absolute numbers of the major cell populations can be of great help to 

evaluate the sample229. Due to possible cell loss during concentration and centrifugation 

steps63, 230, absolute cell counts may be an underestimation of the real CSF cell number. 

Addition of counting beads to the monoclonal antibody-stained CSF cell suspension allows 

accurate enumeration of absolute numbers of cell subsets63. By using this technique, we 

showed that PNS patients stood out by highly increased absolute counts of the major 

lymphocyte subsets in CSF, but above all, by B-lymphocyte counts that had increased more 

than 20-fold as compared to controls without neurological disease231. In these patients, 

the frequency of B lymphocytes (expressed as fraction of lymphocytes) had increased 
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sensitivity and specificity
Flow cytometry is a sensitive method capable of detecting abnormal monoclonal B 

lymphocytes, which comprise as little as 0.01% of total lymphocytes237, 238. The detection 

rate of CSF involvement in hematological malignancies is up to 86% higher in flow cytometry 

than in conventional cytomorphological analysis204, 211, 237-243 (Table 2). Although it was 

previously suggested that this method may not be suitable in the evaluation of samples 

with low cellularity220, it has been shown that CSF T lymphocytes, the predominant 

lymphocyte subset in CSF, can be reliably detected in samples with a cell count lower than 

5 leukocytes/µl241. Kleine et al.244 showed that precision of lymphocyte flow cytometry is 

high (coefficient of variance [CV] ≤10%) provided that a sufficient number of events has 

been acquired245. However, the CV may increase to values up to 30% for the minor subsets 

in CSF, e.g. NK cells and NKT lymphocytes244. 
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aPPlications of flow cytometry to study csf

cns involvement with lymphoproliferative disorders
Involvement of the central nervous system (CNS) is a relatively uncommon complication of 

leukaemia and lymphoma211, 241, which is suspected in patients who develop neurological 

symptoms or signs211 or in patients at high risk of CNS localization204. It has grave prognostic 

significance and requires important therapeutic decisions including the administration of 

intrathecal chemotherapy204, 241. Leptomeningeal localization is diagnosed by conventional 

cytomorphological analysis through identification of malignant lymphocytes in CSF63, 247. 

However, this technique has a relatively high rate of false-negative results in up to 60% of 

cases219, 248. Recent reports suggest that multiparameter flow cytometric assessment of 

CSF samples could improve the efficiency of detection of CNS involvement, due to its high 

specificity and greater sensitivity204, 247, 249. Table 2 gives an overview of studies which 

investigated the value of flow cytometry and conventional cytomorphology in detection 

of CSF involvement in haematological malignancies. These studies showed that the use of 

flow cytometry alone increased the detection rate of CSF involvement up to 86% compared 

to the use of cytomorphology alone. Combined use of flow cytometry and cytomorphology 

increased the detection rate with 17%-86% compared to cytomorphology alone. Therefore, 

the National Comprehensive Cancer Network (USA) has recommended the routine use of 

flow cytometry in conjunction with cytomorphological analysis for the diagnosis of CNS 

lymphoma250. CNS involvement is diagnosed if one of these diagnostic procedures is 

positive. For detection of haematological malignancies, flow cytometry depends on the 

analysis of light chain restriction (Figure 1) and/or aberrant antigen expression, which 

should be interpreted within the context of the patient’s histological diagnosis251. Still, 

cytomorphological examination of CSF has additional diagnostic and possibly prognostic 

value and should still be performed in conjunction with flow cytometry204. 

Several studies comparing flow cytometry and conventional cytomorphology to detect 

CSF involvement in haematological malignancies (Table 2) describe samples in which flow 

cytometry is positive whilst cytology is negative204, 211, 238, 246. Presence of neurological 

symptoms compatible with leptomeningeal disease is highly suggestive for CNS 

involvement in such patients, whereas absence of symptoms and lack of recurrence of 

CNS disease during clinical follow-up indicate a false-positive flow cytometric result204, 211. 

Results of clinical follow-up were documented in three studies. Sancho et al.246 found that 

a flow cytometry-positive, cytology-negative result was associated with a higher probability 

of CNS relapse in aggressive B-cell lymphomas, as compared to samples with absence of 

neoplastic cells by both methods, whereas Hegde et al.238 observed that 5/11 patients with 

a flow cytometry-positive, cytology-negative result relapsed in the clinical central nervous 

system and died despite having received active treatment. In addition, Bromberg et al.204 

described the absence of CNS recurrence in only 1/24 flow cytometry-positive, cytology-

negative patients. These follow-up data indicate that flow cytometric analysis of CSF 

samples has a low risk of being false-positive in patients with haematological malignancies. 

In flow cytometry-negative samples on initial staging, Hegde et al.238 observed that 

3/40 patients at increased risk and 0/41 patients at low risk for central nervous system 

involvement relapsed in the central nervous system. This low risk of a false-negative result 

in flow cytometry, can also be deducted from Table 2 which shows a low number of flow 

cytometry-negative, cytology-positive samples in all studies.

rare event detection
When leptomeningeal localization of a haematologic malignancy is suspected, the 

presence of a pathological (monoclonal) population and phenotypic characterization of 

that population can be assessed by using the proper antibody reagent panel adapted 

to the number of cells and previous histological and immunophenotypical diagnosis or 

suspected diagnosis together with appropriate gating strategies63. Pathological cells 

usually occur at very low percentages in the order of 0.01% in CSF. In addition, CSF samples 

contain a limited number of cells rendering pathologic cells in CSF very rare. To detect low 

numbers of rare cells, the background fluorescence of the reagents should be minimal, 

and a sufficient cell number is required to analyze lymphocyte subsets reproducibly. 

Therefore, the volume of the CSF sample should ideally be minimally 5 ml and cell loss 

during processing be prevented as discussed in the Technical pitfalls section. 
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have reported on flow cytometric analysis of lymphocytes and their subsets in CSF of 

patients with MS. The CSF cell populations in MS patients have been shown to consist 

of approximately 60% CD4+ T lymphocytes75 with a higher frequency of the regulatory 

phenotype64, 65 and a higher CD4/CD8 ratio73, while the frequency of NKT lymphocytes 

is lower77 than in control patients with non-inflammatory neurological disorders (NIND). 

Compared to blood, CSF of MS patients showed a relative depletion of CD8+ effector 

memory T lymphocytes67. In relation to disease activity, patients with active MS had higher 

percentages of activated CD4+ T lymphocytes78, 79, 81, 82 and lower percentages of 

activated CD8+ T lymphocytes78, 79, 82 in their CSF than inactive MS patients. Moreover, 

the percentage of naïve CD45RA+, CD50+ (ICAM-3) lymphocytes in CSF is significantly 

increased80, while cell surface expression of CD54 (ICAM-1) on T lymphocytes in CSF is 

significantly decreased83 in patients with relapses compared to patients in remission. Both 

are suggested to be used as markers of MS disease activity in CSF as well as blood80, 83. 

With regard to B lymphocytes in CSF of MS patients, a significant accumulation of mature 

B lymphocytes and plasma blasts is observed66, 69. Most B lymphocytes have a memory 

phenotype68-71 and more B lymphocytes express CD80 (costimulatory molecule inducing 

T lymphocyte activation) than in NIND and healthy controls74, 76. Furthermore, the number 

of dendritic cells is elevated in CSF of MS patients72. CSF flow cytometry was also used 

in evaluation of MS treatment with immunosuppressive drugs. Both rituximab (anti-CD20 

monoclonal antibody [mAb])84 and natalizumab (anti-α4 integrin mAb)85 reduced the 

number of B and T lymphocytes, while high-dose methylprednisolone induced changes in 

the expression of CD25, CD26 and HLA-DR on CD4+ T lymphocytes86.

Paraneoplastic neurological syndromes

We and others have reported on CSF lymphocyte subsets in patients with PNS. In PNS 

associated with anti-Hu antibodies, CSF is characterized by (i) a very substantial (20-fold) 

B-lymphocyte expansion and (ii) a 3-fold T-cell expansion (including both CD4+ and CD8+ 

subsets) compared to controls231. Children with paraneoplastic opsoclonus-myoclonus 

syndrome had normal CSF cell counts, but higher percentages of B lymphocytes253, 254, 

activated T lymphocytes and gd-T lymphocytes, lower percentages of CD4+ T lymphocytes 

and a lower CD4/CD8 ratio254 compared to NIND controls. 

technical Pitfalls

low cellularity
The low number of cells in CSF (normal range: <5 leukocytes/µl) hampers the use of flow 

cytometry255. To analyze lymphocyte subsets reproducibly, measuring a sufficient cell 

figure 1 | example of a 5-colour flow cytometric analysis for b-lymphocyte clonality in csf 

Each dot represents a single cell. For analysis, debris and non-leukocyte events were excluded by gating on 

forward scatter (FSC) and CD45 (gate 1, panel a). The leukocyte subsets (My = myeloid lineage; Imm = immature 

lineage; Mo = monocytes; Ly = lymphocytes) were defined with CD45 expression and side scatter (panel b) 

and show two major subsets: lymphocytes (CD45+, SSClow, FSCintermediate; green dots) and monocytes (CD45+, 

SSCintermediate, FSChigh, CD4dim; blue dots). B lymphocytes were gated using the lineage-specific marker CD19 

and side scatter (SSC) (purple dots; gate 2, panel c). Next, the differential light scatter properties of the B-cell 

subpopulations as a function of their Ig light chain expression are shown in panels d and e. The combined analysis 

of clonality and light scatter revealed that the larger population of B lymphocytes have relatively high FSC and 

SSC signals with monoclonal expression of sIgK but not sIgL light chains (panel e, violet dots), compatible with B 

cell lymphoma, whilst the few B cells with relatively low FSC and SSC signals express either Ig kappa or lambda 

(panel e, blue dots). Note that the blue dots that express both sIgK and sIgL (panel E) are monocytes, as revealed 

by their CD14 reactivity (panel f). This result is caused by so-called cytophilic Ig binding (i.e., Ig bound through 

Fc receptors).

inflammatory neurological diseases 
Multiple sclerosis

Flow cytometry of CSF is also used as a research tool in various neuro-inflammatory 

diseases. The distribution of lymphocyte subpopulations in the CSF may be a consistent 

indicator of the type of immune response active in these diseases252. Several studies 
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number is required. However, the minimal number of CSF cells required is not universally 

defined. In literature, the minimal CSF cell number varies between 100 gated lymphocytes 

in lymphocyte subset characterization244 and 1000 cells in suspected CSF localization of 

lymphoma249. A subpopulation was reliably identified whenever 13 or more clustered 

events displaying identical features were present, whereas the presence of fewer than 

5 clustered events could not be related to the presence of a specific cell population255. 

In another study, a minimum of 15 events is reported to ascribe them to a specific cell 

population with a high probability256. In leptomeningeal metastasis of haematological 

malignancies, one study describes the presence of at least 10 clustered events with 

abnormal patterns of antigen expression for diagnosis211, while another publication 

prescribes to classify clusters of more than 25 events as positive, 10-25 events as suspicious 

and below 10 events as negative63. In our laboratory, we agree with the latter publication 

and consider 25 clustered events as positive. 

To obtain a maximal number of cells for analysis, CSF samples have to be concentrated by 

low-speed centrifugation. No significant cell loss was observed in hypocellular samples 

(<10 leukocytes/µl) when CSF cells were enriched by centrifuging at 200g for 15 minutes 

at 4ºC244. CSF samples containing >10 leukocytes/µl can be stained and analyzed without 

cell enrichment232. However, in case of rare event detection, e.g. in CNS involvement of 

lymphoproliferative disorders, CSF cells should also be concentrated in samples containing 

>10 leukocytes/µl to increase the sensitivity. Another way to deal with the low cell numbers 

in CSF, is the use of a two step approach63, 241. First, one third of the sample is analyzed 

with a screening tube, which in most cases will answer the clinical question. When this 

first staining is not conclusive, the process should be repeated with the remaining CSF 

and the same reagent combination. Combining the list mode data of the first and second 

staining will increase sensitivity by enabling analysis of a larger number of cells. Second, 

if a pathological population is identified in the first step, immunophenotyping may be 

extended.

rapid decline of leukocyte counts upon lumbar puncture
Another difficulty of CSF studies is the rapid decay of leukocytes after sampling as 

described in several studies (Table 3). Within 30 minutes after sampling, the CSF cell 

number decreases significantly206, 211, 230, 257-259. Also, differences in survival rate between 

different leukocyte subsets were observed: monocytes and granulocytes showed a more 

rapid cell loss than lymphocytes206, 230, 258 (Table 3). In flow cytometric analysis, selective 

cell losses may cause underestimation of cell counts220. These errors can affect clinical 

decisions. E.g., in CSF samples with a pleocytosis, underestimation of the cell number may 

result in a normal cell count and pathology, such as a neuro-inflammatory disease, may be 

considered ruled out. 



5554 Chapter 3 Flow cytometric characterization of cerebrospinal fluid cells

blood contamination
Red cells present in CSF reflect either CNS bleeding or a traumatic lumbar puncture in 

which peripheral blood contaminates the CSF. The possibility of blood contamination of 

CSF samples can be ruled out by absence of cell populations in CSF that are present in 

blood at normal or high numbers (e.g. neutrophils and erythrocytes). In flow cytometric 

absolute cell counting of blood contaminated CSF samples, correction of the number 

of leukocytes has to be performed. We prefer to use the leukocyte/erythrocyte ratio in 

peripheral blood for correction267, because this method accounts for a patient’s individual 

situation. Alternatively, the CSF leukocyte number may be arbitrarily adjusted by correction 

according to the CSF erythrocyte count, which results in a correction of 1 leukocyte per 500 

erythrocytes present in CSF268, 269. This latter method is widely used in clinical practice, 

because information on peripheral blood is not needed.

In blood contaminated CSF samples, which are investigated for the presence of CNS 

involvement of haematological malignancies, detection of a small population of neoplastic 

cells is only diagnostic of CSF involvement if these cells are not detected in a simultaneously 

obtained blood sample63. In acute leukaemia, lumbar puncture should not be performed 

in an acute phase of the disease when the frequency of circulating malignant cells is high. 

In case of a traumatic lumbar puncture, malignant cells from the blood may become 

detectable in CSF leading to apparently false-positive CSF results. Moreover, iatrogenic 

contamination of CSF with malignant cells might be caused270.

detection of monoclonal b-cell populations
Detection of a monoclonal B-lymphocyte population in CSF diagnoses CNS localization 

of a B-cell lymphoma in patients with haematological malignancies204, 238. B-lymphocyte 

clonality can be investigated by flow cytometry by assessing surface immunoglobulin 

light chain expression on CD19+ B-lymphocytes and comparison of the “light chain ratio 

(LCR)” or “kappa/lambda ratio”, which is determined by dividing the percentage of cells 

with the dominant light chain by the percentage of cells with the minor light chain247. 

Normal ranges for the LCR differ between laboratories. A LCR threshold of 2 was reported 

to have a specificity of 92.3% and a sensitivity of 73.1%271, while other studies proposed 

thresholds ranging from 2 to 6, with highest specificities and sensitivities around 70%272-

277. This indicates that if e.g., a threshold of 2 is used, approximately 10% of patients with 

a LCR above 2 are reported to have a monoclonal B-cell population, but do not have a 

B-cell lymphoma. Therefore, a LCR shift is only suggestive for presence of a monoclonal 

B-cell population, and further analysis of the CSF has to be performed. Assessment of 

additional markers may increase specificity as abnormal light scatter patterns and abnormal 

intensities of CD19 and/or CD20 indicate the presence of a malignant cell population211, 

although absence of such an abnormal pattern does not rule out malignancy. Preferably, 

This cell loss in native CSF can be reduced by addition of medium to CSF directly after 

sampling. In an earlier study, we showed that addition of serum-containing medium (RPMI-

1640 with HEPES, L-Glutamine, Penicillin/Streptomycin, heat-inactivated fetal bovine 

serum and heparin) preserves CSF cells until at least five hours after sampling206. Another 

study showed that immediate addition of Earle’s balanced salt solution with human serum 

albumin to CSF prevents total WBC loss until at least 24h after sampling259. Also, addition 

of TransFixTM (fixative) has been shown to reduce CSF cell loss211. Other previous reports 

that investigated CSF cell preservation methods, were more laboratory based than clinical. 

Spiking of CSF cells into 5% fetal calf serum230 or saline258 showed no significant cell loss, 

while spiking into acellular CSF did230, 258 (Table 3). In addition, immediate cooling of the 

CSF sample257, a minimum of centrifugation steps230 and aspiration of the supernatant 

instead of decanting the sample63 all reduce cell loss. Furthermore, due to the absence 

of free immunoglobulins (Ig) in CSF, washing CSF cells before surface-bound Ig staining 

is not necessary, which minimizes the wash steps in the protocol63. The function of media, 

in most studies serum-containing, in preserving leukocytes is probably a buffering one. 

Both increase in pH in CSF after removal from the body (due to diffusion of CO2 out of 

the sample) and hypotonicity of CSF (causing movement of water and solutes from the 

extracellular to the intracellular compartments) have been hypothesized to contribute to 

cell death258, 260, 261, although the effect of both factors has not been confirmed. It remains 

to be investigated which medium is the most effective in preventing CSF cell loss, being 

both practical for use in clinical settings and inexpensive. Evidently, CSF samples used for 

cell counting should be handled carefully by (i) collection in a buffering medium to prevent 

the rapid cell loss; (ii) a minimum of wash and centrifugation steps; (iii) aspirating instead 

of decanting; and (iv) data acquisition at least within 24h after sampling259, although the 

maximal storage time has not been determined yet. 

 

nonspecific fluorescence
Nonspecific or ”background” fluorescence may constitute a serious problem, especially in 

rare event detection in CSF samples. Its cause can be categorized into three groups262. First, 

autofluorescence by excitation of naturally occurring cellular components (e.g., granule-

associated flavoproteins in granulocytes) other than the antibody bound fluorochrome262. 

This problem may be reduced by the use of a 532 nm laser263 or specific tools like single 

laser excitation264 and cell-by-cell autofluorescence correction265. Second, spectral overlap 

which becomes significant when more than four colours are used and can be minimized by 

choosing a combination of fluorochromes that have no or little overlap with each other228. 

Third, non-specific antibody binding may occur which can be eliminated by optimizing 

antibody concentration using titration assays266. 
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cytometry might become an important tool in the diagnosis, prognosis and follow-up of 

patients. 
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assessment of monoclonality and abnormal marker expression are combined, e.g. looking 

for monoclonality in a large forward scatter (FSC) or dim CD20 population, as presented 

in Figure 1. Furthermore, detection of clonally identical rearranged DNA sequences in 

malignant B lymphocytes by PCR is suggestive of the presence of B-cell lymphoma222, 

but only a minority of clinical laboratories have this technique operational. Another 

important point of attention is that not every monoclonal B-cell population in CSF 

indicates symptomatic CNS disease237. In patients with indolent haematological disorders, 

including chronic lymphatic leukaemia (CLL), malignant B cells in the CSF may represent 

asymptomatic leptomeningeal involvement and may require treatment only when (new) 

symptoms arise247, 278, 279. At last, clinical follow-up will aid in diagnosing CNS disease.

PersPectives

We expect that the expansion of the number of colours amenable to flow cytometry will 

enable the simultaneous study of more parameters within the same sample. Using this 

approach, more refined information on CSF cell subsets will become available and cell 

populations can be defined more accurately280. An ongoing challenge is the search for new 

fluorochromes that can be used in conjunction with current ones and yet do not contribute 

to significant spectral overlap281. Even without new fluorochromes or lasers, instruments 

will improve through advances in software for data processing. However, visualizing these 

data becomes more and more complex and would require multiple sequential analyses to 

provide information about each cell subset. Therefore, automated classification systems 

are being developed282-285. Additionally, optimization of storage conditions to preserve 

CSF cells should result in higher cell yields and thereby increase the detection rate of flow 

cytometry in CSF samples with low cellularity. 

Importantly, flow cytometry can be combined with molecular techniques including PCR 

to improve sensitivity in detecting CSF involvement of lymphoma286, 287. Furthermore, 

broadspectrum tumour cell-specific antigens could be fluorescently labelled and used in 

flow cytometric detection of CNS malignancy210. In future, DNA clonality of the tumour 

might be identified on biopsy material and then followed by CSF assays along the course 

of the disease. This allows us to detect whether selection and development of new 

malignant clones occur in resistant or relapsing disease and will enable us to appraise 

the therapeutic and prognostic implications of molecular diagnostic testing of CSF223. 

However, these future techniques have to be internationally validated and standardized to 

be used in clinical practice.

In summary, these future advances will lead to a higher sensitivity and specificity to detect 

CNS localization of malignancies, while in neuro-inflammatory diseases (e.g., MS), CSF flow 
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loss in CSF suggests that CSF of patients with mild pleocytosis may be falsely diagnosed 

as normocellular depending on the time between lumbar puncture and analysis of the 

sample. Addition of serum-containing medium to CSF may prevent the rapid loss of 

leukocytes and their subsets259 and thereby improve the accuracy of CSF cell counting 

and characterization.

In addition to the delay between sampling and analysis, CSF cell counts may also be 

affected by the counting method. Manual or microscopic analysis is the gold standard for 

determination of the (differential) white blood cell (WBC; leukocyte) and red blood cell 

(RBC; erythrocyte) counts in CSF. However, this technique is very time-consuming, costly 

and prone to inter-technician variability and low precision288, 289. Flow cytometry appears 

to improve accuracy and precision of CSF cell counting290, 291. Moreover, flow cytometry 

permits differentiation of leukocytes into lymphocytes and their subsets, monocytes and 

granulocytes by immunophenotyping, whereas microscopical analysis only differentiates 

between mononuclear cells (MNC; lymphocytes and monocytes) and polymorphonuclear 

cells (PMN; granulocytes).

In this study, we prospectively examined the effect of storage time after lumbar puncture 

on counts of leukocytes and their major subsets in both native CSF and after addition of 

serum-containing medium, as measured by flow cytometry and microscopy. The medium 

was added directly after lumbar puncture as it is known that cell decline starts immediately 

after CSF sampling230, 257-259. We determined the percentage of CSF samples with mild 

pleocytosis that would be incorrectly diagnosed as normocellular when only native CSF 

was examined. This study was conducted on CSF samples of 69 patients. 

methods

Patients
A total of 61 patients with suspected neurological disease were included between January 

and August 2009 at the Department of Neurology, Daniel den Hoed Cancer Clinic, 

Erasmus MC, Rotterdam. We included patients with suspected or proven leptomeningeal 

localization of a hematological or solid malignancy undergoing diagnostic or therapeutic 

lumbar puncture (LP) in our in- or outpatient clinic. Patients were included only once. 

Additionally, 8 patients without neurological disease undergoing spinal anesthesia for 

orthopaedic, gynaecological or general surgery were included between May and August 

2008 at the Department of Anesthesiology, Sint Franciscus Gasthuis, Rotterdam. The 

local ethical committees approved of the study design and written informed consent was 

obtained from all patients.

abstract 

Immediately after sampling, leukocyte counts in native cerebrospinal fluid (CSF) start to 

decrease rapidly. As the time lapse between CSF collection to analysis is not routinely 

registered, the clinical significance of decreasing cell counts in native CSF is not known. 

Earlier data suggest that addition of serum-containing medium to CSF directly after 

sampling prevents this rapid decrease in leukocyte counts, and thus may improve the 

accuracy of CSF cell counting and cell characterization. Here, we prospectively examined 

the effect of storage time after lumbar puncture on counts of leukocytes and their major 

subsets in both native CSF and after immediate addition of serum-containing medium, 

measured by flow cytometry and microscopy. We collected CSF samples of 69 patients 

in tubes with and tubes without serum-containing medium and determined counts of 

leukocytes and subsets at 30 minutes (30min), one hour (1h) and five hours (5h) after 

sampling. Compared to cell counts at 30min, no significant decrease in cell number was 

observed in CSF with serum-containing medium 1h and 5h after sampling, except for the 

granulocytes at 1h. In native CSF, approximately 50% of leukocytes and all their subsets 

were lost after 1h, both in flow cytometric and microscopic counting. In 6/7 (86%) samples 

with a mild pleocytosis (5-15x106 leukocytes/l), native CSF at 1h was incorrectly diagnosed 

as normocellular. In conclusion, addition of serum-containing medium to CSF directly after 

sampling prevents cell loss and allows longer preservation of CSF cells prior to analysis, 

both for microscopic and flow cytometric enumeration. We suggest that this protocol 

results in more accurate CSF cell counts and may prevent incorrect conclusions based on 

underestimated CSF cell counts.

introduction

Cerebrospinal fluid (CSF) pleocytosis (>5x106 leukocytes/l) may indicate an infectious or 

inflammatory etiology of neurological symptoms201. Examples include viral, tuberculous 

and aseptic meningitis, neurosarcoidosis, neuro-Behçet and paraneoplastic neurological 

syndromes. 

Earlier studies showed that leukocytes, derived from blood or CSF, disappear rapidly when 

spiked into CSF230, 257, 258. After two hours of storage in CSF, a leukocyte loss of 15%-

62%230, 257, 258 was observed, while after 24h storage only 39%-60% of leukocytes remained 

detectable257. Furthermore, the delay from sampling to processing has a differential effect 

on the various cell types in CSF, and affects the number of granulocytes most230, 258.

However, the time from CSF collection to analysis is not routinely registered, and the 

clinical significance of decreasing cell counts in native CSF is not known. The rapid cellular 
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table 1 | immunophenotypical definitions of leukocytes and their subsets

subset immunophenotypical definition

Leukocytes CD45+

Lymphocytes CD45+, SSClo, FSCim

Monocytes CD45+, SSCim, FSChi, CD4dim

Granulocytes CD45+, SSChi 

SSC = side scatter; FSC = forward scatter; hi = high expression; im = intermediate expression; dim = dim 
expression; lo = low expression.

microscopic counting
Microscopic counting was performed before washing or concentration of the CSF. RBC 

and WBC were counted in a Fuchs-Rosenthal counting chamber at 400x magnification. 

First, RBC were counted in unstained CSF. Next, CSF was incubated with concentrated 

Türk reagent (crystal violet dissolved in acetic acid [both obtained from Merck, Darmstadt, 

Germany]) (10:1) for 5min to lyse the RBC and stain the WBC. After incubation, WBC were 

counted and visual differentiation between MNC and PMN was made. Subsequently, cell 

concentrations were calculated and corrected for dilution in medium. 

statistics
Because of the large variation in cell counts between samples, we used ratios to present 

the data clearly. Specifically, we calculated ratios for medium (cell count in native CSF 

divided by cell count in CSF with medium) in paired samples, for flow cytometry and for 

microscopy. These ratios were presented in box-and-whisker plots. To present the effect of 

storage time, the cell survival in native CSF and CSF with medium was determined ([i] cell 

count at 1h divided by cell count at 30min, and [ii] cell count at 5h divided by cell count 

at 30min) and graphically presented. Groups were compared with the Wilcoxon matched-

pair test (SPSS version 15.0, SPSS Inc., Chicago, IL). Differences between groups with a 

P-value <0.05 were considered significant.

results

Patients
Patient characteristics are presented in Table 2. Due to limited volumes of CSF in some 

patients, not all counting methods could be performed at all three time points within each 

sample. Forty-eight CSF samples were investigated at 30min with both flow cytometry and 

microscopy, while at 1h flow cytometry was performed on 69 samples and microscopy  

on 61 samples. At 5h after sampling, 27 CSF samples were studied by flow cytometry and  

csf collection
Up to 5 ml extra CSF was obtained from the 61 neurological patients during routine LP and 

aspirated before administration of the anesthetic drug in the 8 anesthesiological patients. 

Immediately after withdrawal, the CSF was split into different sterile tubes with or without 

serum-containing medium (1:1 dilution) and stored at room temperature. The medium 

consisted of RPMI-1640 with 25 mM HEPES, 1 mM L-Glutamine, 2% Penicillin/Streptomycin, 

5% heat-inactivated fetal bovine serum (FBS) and 2500 IU heparin. This medium is routinely 

used in our laboratory for preservation of CSF cells before analysis63, 230 and is stored in 

refrigerators in our in- and outpatient clinical wards where LPs are performed. All reagents 

were obtained from Cambrex Biosciences (Walkersville, MD), except for FBS (Greiner 

Bio-One, Frickenhausen, Germany) and heparin (Leo Pharma A/S, Ballerup, Denmark). In 

CSF of the 61 neurological patients, cell numbers were determined by flow cytometric 

and microscopic counting at 30 minutes (30min), one hour (1h) and five hours (5h) after 

sampling, while in CSF of the 8 patients who underwent spinal anesthesia, cell numbers 

were counted by flow cytometry only at 1h and 5h after sampling, due to smaller sample 

sizes in these patients. 

flow cytometric counting
Numbers of leukocytes, lymphocytes, monocytes and granulocytes were determined by 

6-color flow cytometry. CSF cells were concentrated by centrifugation (8min, 450g) and 

resuspended in phosphate-buffered saline (PBS). Next, the sample was incubated for 

15min at room temperature (RT) in the dark with 10 µl of each of the following monoclonal 

antibodies (mAb): CD3 conjugated with fluorescein isothiocyanate (FITC; clone SK7), 

CD56 conjugated with phycoerythrin (PE; clone C5.9), CD45 conjugated with peridinyl 

cholorophyllin (PerCP; clone 2D1), CD4 conjugated with PE-Cy7 (clone SK3), CD19 

conjugated with allophycocyanin (APC; clone HIB19) and CD8 conjugated with APC-Cy7 

(clone SK1). All mAb were obtained from BD Biosciences (San Jose, CA) with the exception 

of CD56-PE (Dako, Glostrup, Denmark) and CD19-APC (eBioscience, San Diego, CA). 

After incubation, cells were washed and subsequently resuspended in PBS. Immediately 

upon staining, list mode data were acquired on a 6-color FACSCanto flow cytometer 

(BD Biosciences, San Jose, CA). Analysis was performed using FCS Express software (De 

Novo Software, Los Angeles, CA). In the flow cytometric analysis of this study, we focused 

on leukocytes, lymphocytes, monocytes and granulocytes as microscopic enumeration 

could only differentiate between leukocytes, mononuclear cells (MNC; lymphocytes and 

monocytes) and granulocytes. The immunophenotypical definitions of leukocytes and 

their major subsets are shown in Table 1.
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to the laboratory and setting up the counting procedure. 

First, the effect of storage time after the addition of serum-containing medium to CSF 

was evaluated. At 1h and 5h after sampling, no significant decrease in the number 

of lymphocytes or monocytes counted by flow cytometry was observed in CSF with 

serum-containing medium as compared to 30min after sampling (Figure 1A). However, 

granulocytes did decrease significantly (P<0.005), which may be due to their very low counts 

in our CSF samples (typically, CSF samples contained only 0.02-6.1 x106 granulocytes/l 

versus 0.01-43.3x106 lymphocytes/l). In native CSF (Figure 1B), the leukocyte number 

declined significantly over time (P<0.005), including the number of monocytes (P<0.005) 

and granulocytes (P<5x10-6). The number of lymphocytes was stable at both time points.

figure 1 | cell survival in csf

Median percentage of cell survival of leukocytes and their subsets at 1h (N=48) and 5h (N=27) in CSF stored in 

serum-containing medium (Panel a) and native CSF (Panel b) as determined by flow cytometry. The cell count 

at 30min is set at 100%. In CSF with medium the number of granulocyted declined significantly (P<0.005) at 1h 

and 5h. In native CSF the number of leukocytes (P<0.005), monocytes (P<0.005) and granulocytes (P<5x10-6) 

declined significantly at 1h.

19 by microscopy. Median and 25th-75th percentiles of paired flow cytometric enumerations 

are presented in Table 3. 

table 2 | Patient characteristics

Patients

N 69

Age: median (range) 53 (20-77)

Gender (M/F) 42/27

Cerebrospinal fluid: median (range)

 Glucose (mmol/l)a 3.5 (1.8-9.5)

 Protein (g/l)a 0.34 (0.05-2.47)

 Lactate dehydrogenase (U/l)a 43 (10-116)

 RBC (x106/l) 0 (0-1000)

 WBC (x106/l)a 2 (0-356)

Reason for lumbar puncture

 Diagnostic 33

 Therapeutic 28

 Spinal anesthesia 8

Malignancy

 Hematological 43

 Solid 18

 No 8
aReference ranges: glucose 2.5-3.7 mmol/l; protein 0.18-0.58 g/l; lactate dehydrogenase 0-69 U/l; WBC 
0-5x106/l.
RBC = red blood cells; WBC = white blood cells.

table 3 |  median and 25th-75th percentiles of paired flow cytometric cell counts (x106 cells/l)

30min with 30min without 1h with 1h without 5h with 5h without

leukocytes 1.13 (0.56-2.79) 0.97 (0.47-2.83) 1.12 (0.56-2.11) 0.49 (0.27-1.37) 1.02 (0.67-1.94) 0.50 (0.35-1.91)

lymphocytes 0.46 (0.12-1.73) 0.32 (0.13-0.92) 0.35 (0.15-1.37) 0.21 (0.06-0.80) 0.48 (0.16-1.65) 0.25 (0.08-0.99)

granulocytes 0.23 (0.13-0.49) 0.22 (0.11-0.48) 0.17 (0.10-0.34) 0.09 (0.06-0.22) 0.16 (0.09-0.41) 0.11 (0.06-0.26)

monocytes 0.31 (0.14-0.73) 0.20 (0.09-0.68) 0.31 (0.12-0.64) 0.13 (0.05-0.29) 0.40 (0.20-0.91) 0.14 (0.06-0.39)

effect of storage time on csf cell counts
Because it is not feasible to count cells directly after sampling, we considered the cell 

count at 30min as a reasonable earliest measurement. Based on earlier data63, 230, 259, we 

postulated that addition of serum-containing medium immediately after CSF sampling, 

would prevent cell loss and provide the most accurate estimation of the number of cells 

in CSF at the time of sampling. We approximated this situation by performing the first 

enumerations at 30min after sampling, a time lapse needed for transport of the CSF sample 
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Microscopy

Microscopic counts of WBC, MNC and PMN (Figure 3) were also significantly lower in native 

CSF compared to CSF with serum-containing medium at all time points, except for the 

PMN 30min after sampling. When using microscopic counting, PMN showed the greatest 

loss in native CSF with a residual cell count of only 36% at 5h after sampling as compared 

to CSF stored in serum-containing medium. 

figure 3 |  loss of cells in native csf compared to csf stored in serum-containing medium as 

determined by microscopy 

Ratios of cell count in native CSF divided by cell count in CSF with serum-containing medium in paired samples 

for microscopic white blood cell (WBC), mononuclear cell (MNC) and polymorphonuclear cell (PMN) counts 

at 30min (N=48), 1h (N=61) and 5h (N=19) after sampling are presented in box-and-whisker plots. See further 

legend to Figure 2. 

discussion

We prospectively investigated the effect of adding serum-containing medium to CSF 

directly after sampling on cell counts determined by flow cytometry and microscopy in CSF 

samples from 69 patients. Our findings show that addition of serum-containing medium to 

CSF directly after sampling not only prevents immediate cell loss, but also allows longer 

preservation of CSF cells. The latter is important for clinical practice. Especially after office 

hours, CSF samples may remain unattended at room temperature for considerable and 

unknown amounts of time: at a busy emergency room, during prolonged transportation 

towards the laboratory and on the laboratory bench pending analysis. 

In CSF with a mild pleocytosis, WBC counting in samples without addition of medium 

may result in a normal cell count and pathology, e.g. neuro-inflammatory disease, may 

addition of serum-containing medium immediately after csf 
sampling
Flow cytometry

At all time points, flow cytometric counts of leukocytes and their subsets in native CSF were 

significantly lower than in CSF with serum-containing medium, except for the granulocyte 

count 30min after sampling (Figure 2). Furthermore, the ratio between cell counts in CSF 

without and with serum-containing medium decreased over time. After 5h, only 56% of the 

lymphocytes were left in native CSF (Figure 2). The monocyte counts were affected even 

more: only 34% of cells was still detectable after 5h (Figure 2). Most of the cell loss in native 

CSF occurred during the first hour after sampling, while the differences between 1h and 5h 

were not significant (data not shown). 

At 1h after sampling, 15 of the 69 patients (22%) had a pleocytosis (5-344x106 leukocytes/l) 

in the CSF sample with serum-containing medium. This pleocytosis was mild (5-15x106 

leukocytes/l) in 7 patients. In the native samples, normal leukocyte counts were observed 

in 6 of the 15 (40%) samples with pleocytosis and even in 6 of 7 (86%) samples with a mildy 

increased leukocyte count.

figure 2 |  loss of cells in native csf compared to csf stored in serum-containing medium as 

determined by flow cytometry 

Ratios of cell count in native CSF divided by cell count in CSF with serum-containing medium in paired samples 

for flow cytometric leukocyte, lymphocyte, monocyte and granulocyte counts at 30min (N=48), 1h (N=69) and 

5h (N=27) after sampling. Box-and-whisker plots were used to present the data graphically, showing median and 

interquartile ranges; the whiskers extended to the adjacent values, i.e., 1½x the interquartile range rolled back to 

where there is data. Observed points more extreme than the adjacent values were considered outliers and have 

been plotted individually. P-values (Wilcoxon matched-pair test) for the difference in cell counts between CSF 

with and without serum-containing medium are given.
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incorrectly be excluded. In our study, this situation was observed in 40% of the samples 

with a pleocytosis and even in 86% of the samples with a mildly increased WBC count. This 

result indicates that addition of serum-containing medium to CSF samples may prevent 

false-negative CSF interpretation and thereby impacts on clinical decision-making. 

In addition to the total number of WBC, we also studied the major WBC subsets. The 

selective loss of granulocytes, in native clinical CSF samples as well as in CSF with medium, 

has not been described earlier but is not unexpected as even under ideal circumstances 

granulocytes remain viable for only 7h258. Knowledge of this selective cell loss is important, 

because it may result in distortion of the relative size of cell populations230 and thereby 

affect clinical decisions (e.g. predominance of granulocytes in CSF may differentiate early 

bacterial from aseptic meningitis).

Different media can be added to CSF to reduce the cell loss. Here, we show that addition 

of serum-containing medium preserves CSF cells until at least five hours after sampling. An 

earlier study showed that immediate addition of Earle’s balanced salt solution with human 

serum albumin to CSF prevents total WBC loss until at least 24h after sampling259. In this 

study, major WBC subsets were not determined259. Other previous reports that investigated 

CSF cell preservation methods, were more laboratory based than clinical. Spiking of CSF 

cells into 5% fetal calf serum230 or saline258 showed no significant cell loss, while spiking 

into acellular CSF did230, 258. In addition, refrigeration of the CSF sample257 and a minimum 

of centrifugation steps 230 also reduce cell loss. The function of serum-containing media in 

preserving cells is probably a buffering one. Both increase in pH after removal of CSF from 

the body260 and low osmolarity258, 261 have been postulated to cause cell death. Also, it 

remains to be investigated which medium is the most effective in preventing CSF cell loss 

in clinical settings from practical and economic perspectives.

Based on the results of this study, we recommend adding serum-containing medium 

to CSF directly after collection, not only when CSF flow cytometry has to be performed, 

but also when cells are routinely counted by microscopy. Addition of serum-containing 

medium may prevent false negative reports of normal cell counts in CSF samples with a 

mild pleocytosis. Although the conditions and the maximal storage time to preserve CSF 

samples for optimal cellular analyses still have to be optimized, we may safely conclude 

that the use of native CSF samples for such analyses should be discouraged. 
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makes reliable identification and enumeration of leukocyte and lymphocyte subsets 

in CSF difficult63. Earlier studies have described the distribution of specific lymphocyte 

subsets in CSF of patients with neuro-inflammatory diseases such as multiple sclerosis, 

neuroborreliosis and paraneoplastic neurological syndromes (PNS) in order to investigate 

the immunopathogenesis of these diseases231, 254, 292, 293. In those studies, patients with 

other inflammatory or non-inflammatory neurological disorders were frequently included 

as controls instead of individuals without neurological disease. Svenningsson et al.234, 

235 studied normal CSF by assessing the percentages of lymphocyte subsets, but not 

absolute counts, in CSF of 34 healthy individuals with 2- or 3-colour flow cytometry. Here, 

a predominant presence of T cells, mostly with a central memory phenotype, and low 

frequencies of B and NK cells, were reported.

In the present study, we aimed to also study absolute numbers of WBC subsets in normal 

CSF, because percentages and absolute numbers can differ widely depending on the 

clinical setting229. In specific patients, enumeration of absolute levels of circulating cells 

and their subsets is of primary importance. E.g., in acquired immune deficiency syndrome 

(AIDS) absolute counting of CD4+ T cells in peripheral blood is the major laboratory 

tool for staging human immunodeficiency virus (HIV) infected patients294. In candidates 

for autologous or allogeneic hematopoietic stem cell transplantation, enumeration of 

absolute levels of circulating CD34+ hematopoietic progenitor cells is used as a marker for 

graft adequacy295. In our earlier work, PNS patients stood out by highly increased absolute 

counts of the major lymphocyte subsets in CSF, but above all, by B-cell counts that had 

increased more than 20-fold as compared to controls without neurological disease231. 

This indicates that assessment of absolute counts is also important in CSF and therefore 

knowledge of normal values is essential. 

By using 6-colour flow cytometry, we were able to study multiple functionally different WBC 

subsets in paucicellular CSF samples, such as lymphocytes (CD4+ and CD8+ T cells, NK, 

NKT and B cells), granulocytes, monocytes and dendritic cells (myeloid and plasmacytoid). 

These subsets were assessed in CSF and blood samples of 84 individuals without 

neurological disease who underwent spinal anaesthesia for surgery. We considered these 

study persons normal with respect to the numbers and phenotypes of WBC in their CSF. In 

addition to description of normal values, we confirmed the predominant presence of central 

memory CD4+ T cells and the paucity of B, NK and NKT cells in normal CSF. Additionally, 

we showed that dendritic cells, both myeloid as well as plasmacytoid are present in normal 

CSF. Comparison of our results with those in patients with neuro-inflammatory diseases 

may allow further studies of the immunopathogenesis of such diseases. 

abstract

background 
In order to use cerebrospinal fluid (CSF) immune phenotyping as a diagnostic and research 

tool, we have set out to establish reference values of white blood cell (WBC) subsets in CSF. 

methods 
We assessed the absolute numbers and percentages of WBC subsets by 6-colour flow 

cytometry in paired CSF and blood samples of 84 individuals without neurological disease 

who underwent spinal anaesthesia for surgery. Leukocyte (i.e., lymphocytes, granulocytes 

and monocytes), lymphocyte (i.e., T [CD4+ and CD8+], NK, NKT and B cells), T cell (i.e., 

naïve, central memory, effector memory and regulatory) and dendritic cell subsets (i.e., 

myeloid and plasmacytoid) were studied. 

results 
CSF showed a predominance of T cells, while granulocytes, B and NK cells were relatively 

rare compared to blood. The majority of T cells in CSF consisted of CD4+ T cells (~70%), 

most of them (~90%) with a central memory phenotype, while B cells were almost absent 

(<1%). Among the small population of dendritic cells in CSF, those of the myeloid subtype 

were more frequent than plasmacytoid dendritic cells (medians: 1.7% and 0.4% of 

leukocytes, respectively), whilst both subsets made up 0.2% of leukocytes in blood. 

conclusions 
This study reports reference values of absolute numbers and percentages of WBC subsets 

in CSF, which are essential for further investigation of the immunopathogenesis of neuro-

inflammatory diseases. Furthermore, the relative abundance of CD4+ T cells, mainly with a 

central memory phenotype, and the presence of dendritic cells in CSF suggests an active 

adaptive immune response under normal conditions in the central nervous system (CNS).

introduction

Patients with inflammatory disorders of the central nervous system (CNS) typically have 

increased white blood cell (WBC) counts in their CSF. Little information is yet available 

on the composition of these cells in normal CSF, as lumbar puncture without a clinical 

indication is generally considered unethical and flowcytometric studies in CSF mainly 

focus on detection of CSF involvement in hematologic malignancies204. Furthermore, the 

presence of relatively low numbers of cells with rapidly decreasing viability after sampling 
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2% Pen/Strep, 5% heat-inactivated BCS and 2500 IU heparin) to prevent direct cell 

lysis63. Within 6 hours after collection, cells were concentrated by centrifugation (8 min, 

450g) and resuspended in phosphate-buffered saline (PBS). Next, 100 µl of the sample 

was incubated for 15 min (15’) at room temperature (RT) in the dark with 10 µl of each 

of the above-mentioned mAb and after incubation the cells were washed in PBS. For 

enumeration of absolute numbers of leukocyte and lymphocyte subsets 100 µl PBS and 

100 µl Cyto-Cal Count Control counting beads (Duke Scientific Corporation, Palo Alto, 

CA) were added63, while for determination of T and dendritic cell subsets 250 µl PBS 

with 1% paraformaldehyde (PFA) was added. Immediately upon staining, list mode data 

were acquired on a 6-colour FACSCanto flow cytometer (BD Biosciences). Analysis was 

performed using FCS Express software (De Novo Software, Los Angeles, CA). Our gating 

strategy for leukocyte and lymphocyte subsets in CSF is presented in Figure 1. Absolute 

numbers were calculated as described previously 63. First, the number of events for each of 

the lymphocyte and leukocyte subsets and the number of acquired counting bead events 

were defined. Next, the absolute number of each cell subset (x106 cells/l) was calculated 

by using the following formula: (events in cell subset gate / events in counting bead gate) 

x (counting beads added per tube / volume of CSF sample)63. This method was validated 

by comparing flow cytometric absolute cell numbers with microscopic cell numbers in 45 

normocellular CSF samples of patients with haematological or solid malignancies (Table 

1). Percentages were calculated out of total leukocytes for the leukocyte and dendritic cell 

subsets, out of total lymphocytes for the lymphocyte subsets or out of total T cells for the 

T cell subsets. When less than 25 leukocytes per sample were counted63, individuals were 

excluded from the study.

methods

study persons
A total of 84 individuals without neurological disease undergoing spinal anaesthesia for 

surgery were included between May and August 2008 at the Department of Anaesthesiology, 

Sint Franciscus Gasthuis, Rotterdam. Individuals were not included when they had a history 

of (i) neurological disease; (ii) cancer; or (iii) treatment with corticosteroids or cytostatic 

drugs. The local ethical committee approved the study and written informed consent was 

obtained from all individuals.

monoclonal antibodies
Properly titrated fluorochrome-conjugated monoclonal antibodies (mAb) were used for 

cell surface labelling. For enumeration of leukocyte and lymphocyte subsets in CSF, a 

single 6-colour mixture was used: CD3 conjugated with fluorescein isothiocyanate (FITC; 

clone SK7), CD56 conjugated with phycoerythrin (PE; clone C5.9), CD45 conjugated with 

peridinyl cholorophyllin (PerCP; clone 2D1), CD4 conjugated with PE-Cy7 (clone SK3), CD19 

conjugated with allophycocyanin (APC; clone HIB19) and CD8 conjugated with APC-Cy7 

(clone SK1). For blood two 4-colour mixtures were used: CD3-FITC, CD56-PE, CD45-PerCP 

and CD19-APC and CD4-FITC (clone HP2/6), CD8-PE (clone SK1), CD45-PerCP and CD3-

APC (clone SK7). T cell subsets were assessed with a 6-colour panel: CD45RA-FITC (clone 

L48), CD127-PE (clone hIL-7R-M21), CD4-PerCP (clone SK3), CD25-PE-Cy7 (clone 2A3), 

CD27/28-APC (clone L128/CD28.2) and CD3-APC-eFluor780 (clone UCHT1). For dendritic 

cell subset immune phenotyping a 6-colour staining protocol described by Della Bella 

et al. 296 was used: LIN-1-FITC (Anti-Lineage 1 cocktail composed of CD3, CD14, CD16, 

CD19, CD20 and CD56 monoclonal antibodies), CD45-PerCP, CD123-PE-Cy7 (clone 6H6), 

CD11c-APC (clone S-HCL-3) and HLA-DR-APC-Cy7 (clone L243). All mAb were obtained 

from BD Biosciences (San Jose, CA) with the exception of CD56-PE (Dako, Glostrup, 

Denmark), and CD3-APC-eFluor780, CD19-APC and CD123-PE-Cy7 (eBioscience, San 

Diego, CA). 

cerebrospinal fluid
CSF was obtained during lumbar puncture performed by anaesthesiologists before 

administration of the anaesthetic drug. Lumbar puncture was done with a 27G atraumatic 

pencil-point Sprotte needle between the 2nd and 3rd or 3rd and 4th dorsal processes of 

the lumbar vertebrae in a sitting position. Approximately 5 ml CSF was carefully aspirated. 

Automated erythrocyte and leukocyte counts were obtained on a Sysmex XE-5000 

(Sysmex, Hamburg, Germany). For immune phenotyping, 3-5 ml CSF was collected in 

tubes containing stabilization medium (RPMI-1640 with 25 mM HEPES, 1 mM glutamin, 
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table 1 |  comparison of microscopic and flow cytometric csf absolute cell counts (x106/l) in 45 

patients with haematological or solid malignancies 

subset microscopy
Mean (SEM)

flow cytometry
Mean (SEM)

Pearson correlation 
(Pa)

Leukocytes 1.34 (0.42) 1.35 (0.21) 0.78 (0.035)

MNC 1.01 (0.48) 1.09 (0.21) 0.75 (0.043)

PMN 0.34 (0.15) 0.18 (0.02) 0.37 (0.238)
aCorrelation is significant at the 0.05 level (1-tailed).
SEM = Standard Error of Mean; MNC = mononuclear cells (lymphocytes and monocytes);  
PMN = polymorphonuclear cells (granulocytes).

blood
From all included individuals, approximately 14 ml blood was drawn in EDTA tubes. For the 

enumeration of absolute numbers of leukocyte and lymphocyte subsets, a single platform, 

whole blood, stain, lyse, no-wash method based on counting beads was used. Details of this 

method have been described elsewere297. Briefly, 100 µl of EDTA anti-coagulated whole 

blood was stained with mixtures of the above-mentioned mAb. After incubation for 15’ at 

RT, 2 ml NH4Cl lysing buffer was added and 100 µl of Flowcount counting beads (Beckman 

Coulter, Miami, FL). After another 15’ of incubation at RT, samples were acquired on a 

FACSCalibur flow cytometer (BD Biosciences). Analysis of list mode data was performed 

using CellQuestPro software (BD Biosciences). For quantification of T and dendritic cell 

subsets we used a lyse, stain and wash technique which required an additional washing 

step after red cell lysis in order to reduce background fluorescence due to unbound mAb. 

These samples were acquired on a 6-colour FACSCanto flow cytometer and analyzed 

using FCS Express software. 

statistical analysis
Results were analyzed with SPSS version 15.0 (SPSS Inc., Chicago, IL) and presented 

graphically in box-and-whisker plots. The boxes represent median and interquartile 

ranges; the whiskers extend to the adjacent values, i.e., 1.5x the interquartile range rolled 

back to where there is data. Observed values more extreme than the adjacent values were 

considered outliers and have been plotted individually. Because the absolute numbers 

and percentages of subsets in CSF were in general not normally distributed, non-

parametric tests were used. Percentages of subsets in CSF and blood were compared with 

the Wilcoxon test. Earlier studies have shown a significant impact of age and gender on 

the numbers and phenotypes of lymphocyte subsets in blood298-300. Therefore, influences 

of these factors on the subsets in blood as well as CSF were analyzed with the Spearman 

correlation coefficient (age) or the Wilcoxon test (gender). Differences between groups 

with a P-value <0.05 were considered significant. 

figure 1 | gating strategy for leukocyte and lymphocyte subsets in csf

Example of a 6-color flow cytometric analysis of a normal CSF sample. Each dot represents a single cell. The units 

on the x- and y-axes are relative fluorescense intensity. For absolute counting, microspheres are used and defined 

as FSClo, FL+++ [black dots in panel a]. Debris, erythroytes and non-leukocyte events (gray) were excluded by 

defining leukocytes CD45bright, FSCim-hi [panel a]. The leukocyte subsets (My = myeloid lineage; Imm = immature 

lineage; Mo = monocytes; Ly = lymphocytes) were defined with CD45 expression and side scatter [panel b and 

Table 3] and shows two major subsets: lymphocytes (CD45+, SSClo, FSCim; green dots) and monocytes (CD45+, 

SSCim, FSChi, CD4dim; blue dots). In order to optimize resolution, side scatter area (SSC-A) is used. To visualize all 

granulocytes separately, a plot with side scatter height (SSC-H) is included [panel c]. Next, within the lymphocyte 

gate, T cells (CD3+) and sporadic B cells (CD19+; highlighted red dots [panel d]), sporadic NK (CD3-,CD56+; 

highlighted blue dots) and NKT cells (CD3+,CD56+ [panel e]), CD4+ and CD8+ T cells [panel f] were identified.
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results

study persons 

We studied 84 paired CSF and blood samples from 84 individuals without neurological 

disease. Because all CSF samples contained a statistically sufficient number of leukocytes 

for the flowcytometric analysis (i.e., more than 25), no specimens were excluded from 

analysis. Clinical characteristics of the individuals are presented in Table 2. All individuals 

had normal CSF glucose and protein levels and a normal WBC count. No blood 

contamination was observed in any of the samples. After the first staining, enough CSF 

was left to perform additional staining for T cell subsets in 18 paired samples and dendritic 

cell subsets in 35 paired samples. There were no significant differences in the numbers 

of leukocyte and lymphocyte subsets between these 18 respectively 35 samples and the 

other samples. Table 3 outlines the different WBC subsets we studied, their immunological 

definition, function and absolute number in CSF. 

table 2 | characteristics of 84 included individuals 

Individuals without neurological disease

N 84

Age: median (range) 53 (17 - 82)

Gender

 Male 39

 Female 45

Cerebrospinal fluid: median (range)

 Volume (ml)a 2.86 (0.80 – 4.65)

 Glucose (mmol/l) 3.3 (0.3 - 4.9) 

 Protein (g/l) 0.36 (0.19 - 0.71) 

 WBC (x106/l) 1.12 (0.40 – 3.17)

 RBC (x106/l) 0 (0 - 0)

Reason for surgery

 Orthopaedicb 46

 Gynaecologicalc 15

 Urologicald 9

 Othere 14
aVolume of CSF used for determination of absolute numbers of leukocyte and lymphocyte subsets. 
bArthroscopy of hip or knee or hallux valgus correction.
cHysteroscopy, endocervical currettage, abortion or labiaplasty.
dOrchidectomy, lithotripsy or spermatocele excision.
eInguinal or abdominal wall hernia repair, dermatological or vascular surgery. 
WBC = white blood cell; RBC = red blood cell.
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lower than those of T cells (Figure 3, panel A and B). When looking at the percentages of the 

various lymphocyte subsets in CSF and blood (data not shown), the following differences 

were apparent: (i) the ratio between CD4+ and CD8+ T cells was shifted significantly in 

favour of CD4+ T cells in CSF compared to blood (median: 3.0 [5th and 95th percentile: 1.1 

and 6.5] versus 2.1 [0.9 and 6.0], respectively; P<1.0x10-6); (ii) NK and NKT cells were <5% 

in most CSF samples; and (iii) B cells were by far the smallest subset in CSF, whilst NKT cells 

were the smallest subset in blood.

figure 3 |  absolute numbers of lymphocyte subsets and percentages of t cell subsets in  

csf and blood

Absolute numbers (i.e., x106 cells/l) of T cells, CD4+ T cells, CD8+ T cells, NK cells, NKT cells and B cells in CSF (a) 

and blood (b). Percentages (expressed as percentage of T cells) of naïve, central memory, effector memory, late 

memory and regulatory CD4+ and CD8+ T cells in CSF (c) and blood (d). CM = central memory; EM = effector 

memory; LM = late memory. For absolute B-cell counts, a minimum of 5 events was required to calculate an 

absolute count. In 13 of the 84 cases, this threshold was not reached. An indication of these missing data was 

given in the figure by placing the lower whisker of “B cells” just above the 100 cells/l level.

leukocyte subsets 
In CSF, the absolute number of leukocytes was approximately 5,000x lower than in blood 

(CSF: median 1.12x106/l, blood: median 6048x106/l). Lymphocyte (CSF: median 0.66x106/l, 

blood: median 1716x106/l) and monocyte counts (CSF: median 0.23x106/l, blood: median 

414x106/l) were approximately 2,500x and 2,000x lower in CSF than in blood, while 

granulocyte counts were even ~45,000x lower (CSF: median 0.08x106/l, blood: median 

3568x106/l) (Figure 2, panel A and B). This was also reflected in the distribution of the 

leukocyte subsets which showed major differences between both compartments: CSF 

contained relatively more lymphocytes and monocytes, but less granulocytes than blood 

(Figure 2, panel C and D). 

figure 2 | absolute numbers and percentages of leukocytes and leukocyte subsets in csf and blood

Absolute numbers (i.e., x106 cells/l) of leukocytes, lymphocytes, granulocytes and monocytes in CSF (a) and 

blood (b). Percentages (expressed as percentage of leukocytes) of lymphocytes, granulocytes and monocytes 

in CSF (c) and blood (d). In paired analyses, all leukocyte subsets showed significant differences between the 

percentage in CSF and in blood (P<1.0x10-15).

lymphocyte subsets
As in blood, T cells were the most abundant lymphocyte subset in CSF with a predominance 

of CD4+ over CD8+ T cells, whilst absolute counts of NK, NKT and B cells were 10 to 100-fold 
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figure 4 | Percentages of dendritic cell subsets in csf and blood

Percentages (expressed as percentage of leukocytes) of myeloid and plasmacytoid dendritic cells in CSF (a) and 

blood (b).

impact of age and gender
Age and gender had no significant impact on numbers and proportions of leukocytes and 

their major subsets in CSF and blood (data not shown). With regard to the lymphocyte 

subsets, absolute counts of CD4+ T cells in CSF, but not in blood, were negatively 

correlated with age (r = -0.23, P<0.05), while absolute counts of CD8+ T cells in blood, but 

not in CSF, were negatively correlated with age (r = -0.27, P<0.05). Additionally, absolute 

counts of B cells were negatively correlated with age both in CSF and blood (r = -0.23 

and -0.25, respectively; P<0.05). However, multivariate analysis showed no confounding 

influence of age and gender on the CSF and blood results of this study (data not shown), 

which indicates that correction of these WBC reference values for age and gender is not 

necessary.

discussion

By using 6-colour flow cytometry, we studied absolute numbers and percentages of WBC 

subsets in paired CSF and blood samples of 84 individuals undergoing spinal anaesthesia 

before surgery. None of the patients had a history of neurological disease, cancer or 

treatment with immunosuppressive or cytostatic drugs, factors which may have influenced 

the numbers of WBC subsets. Furthermore, all CSF samples had normal levels of glucose 

and protein and normal WBC counts, without any blood contamination. Therefore, we 

propose that these CSF samples are useful as reference source for WBC subsets in that 

compartment.

t cell differentiation
We then studied markers reflecting lymphocyte differentiation on T cells in paired CSF and 

blood samples of a subgroup of 18/84 individuals and determined the percentages of 

naïve, central memory, effector memory, late memory and regulatory phenotypes (Figure 

3, panel C and D). The T cell subsets we describe here, are by and large similar to the 

subsets Kim et al.301 described recently: the naïve phenotype corresponds with Kim’s ‘N 

compartment’, the central memory phenotype with the ‘M1 compartment’, the effector 

memory phenotype with the ‘M2 compartment’ and the late memory phenotype with the 

‘M3 compartment’. We observed that the vast majority of T cells in CSF consisted of central 

memory CD4+ T cells (~60% of total T cells and ~90% of CD4+ T cells). Also, within the 

CD8+ T cell subset the largest proportion was composed of cells with the central memory 

phenotype (~17% of total T cells and ~60% of CD8+ T cells). This corresponds with earlier 

studies which showed that the majority of T cells in CSF had a memory phenotype234, 

235, 302, 303, while the proportion of naïve T cells was low 235, 303. Compared to blood, we 

observed significantly higher percentages of central memory CD4+ T cells (P<5.0x10-4), 

while the percentages of the naïve phenotypes, both CD4+ (P<5.0x10-4) and CD8+ 

(P<5.0x10-2), and regulatory CD4+ T cells (P<5.0x10-2), as estimated by the coexpression 

of CD25 (bright fluorescence) and CD127 on CD4+ T cells, were significantly lower in CSF. 

dendritic cells
The amount of CSF obtained allowed the additional characterization of dendritic cells in 

35/84 samples. We detected a median of 0.04x106 dendritic cells/l (5th and 95th percentiles: 

0.01 and 0.18x106 cells/l) in CSF, and a median of 31x106 dendritic cells/l (14 and 52x106 

cells/l) in blood. Relatively, dendritic cells were 2.2% of leukocytes in CSF versus only 0.4% 

in blood (P<5.0x10-7). We found a clear predominance of the myeloid subset over the 

plasmacytoid subset in CSF (medians: 1.7% and 0.4% of leukocytes, respectively), whilst 

both subsets had similar percentages in blood (median: 0.2%; Figure 4).
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In addition to serving as benchmark for WBC subsets in CSF, this study confirms the 

predominant presence of central memory CD4+ T cells, which may have selectively been 

recruited to the CNS to function as immune surveillants. The presence of these cells in 

CSF would facilitate quick responses to antigens and induction of an adaptive immune 

response, aided by dendritic cells. 
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Second, we confirmed the predominant presence of CD4+ T cells with relatively low 

numbers of granulocytes, B, NK and NKT cells shown in earlier CSF studies234, 235. The 

predominance in CSF of cells of the adaptive immune system over those of the innate 

immune system may be related to the fact that, under normal circumstances, the CNS is 

much less exposed to pathogens (and auto-antigens) than peripheral organs.

Third, within the CD4+ T cell subset in CSF, most cells have the central memory phenotype 

(~90%). This proportion is significantly higher than in blood (~58%), while the naïve and 

regulatory phenotypes were less abundant in CSF than in blood. This indicates a selective 

recruitment of central memory CD4+ T cells into normal CSF234, 235, 303-305. Hypothetically, 

central memory T cells search for their specific antigen after migration into the CNS. If they 

encounter it, they accumulate, initiate inflammation and cause infectious or autoimmune 

reactions303, 304, 306; if not they will leave the CNS. This is considered immunological 

surveillance of the CNS as is also observed in other organs307. An alternative explanation 

for the high proportion of memory T cells in CSF, is the absence of migration of naïve T 

cells into normal CSF. Several studies have shown that activated lymphocytes more readily 

migrate into the CNS than resting lymphocytes306-309. It is hypothesized that in case of CNS 

inflammation, naïve T cells first have to be activated by antigen in perivascular spaces or 

lymph nodes draining the CNS, before they can enter the CSF307. 

Fourth, the number of B cells is hardly above detection limit (median: 0.004x106 cells/l) 

in normal CSF. This result corresponds with our earlier study in which we examined 

CSF lymphocyte subsets in healthy controls and PNS patients. Whilst CSF B-cell counts 

in the healthy controls were very low (median: 0.005x106 cells/l), PNS patients showed 

significantly elevated counts (median: 0.133x106 cells/l)231. This suggests that B cells are 

recruited to CSF in certain pathological conditions, rather than that they participate in 

immunosurveillance of the CNS, like the (central memory) T cells do. 

Fifth, dendritic cells are relatively more abundant in CSF whilst being ‘rare events’ in blood. 

The absolute numbers we report here are comparable with the numbers Pashenkov et al.72 

observed in CSF of patients with non-inflammatory neurological diseases. In addition to 

the relatively high frequency of dendritic cells in CSF, we found a predominance of myeloid 

over plasmacytoid dendritic cells which may be explained by the origin of dendritic cells 

in CSF. Most myeloid dendritic cells arise in the CNS from blood monocytes72, while 

plasmacytoid dendritic cells are all blood-borne310. Dendritic cells are the most potent 

antigen presenting cells311. In CSF they take up antigens that invade the CNS and present 

them to T cells in secondary lymphoid organs, such as deep cervical lymph nodes310. In this 

way, dendritic cells have an important role in the adaptive immune response in CSF. This role 

is also supported by the finding that in CSF of patients with neuroinflammatory diseases, 

such as multiple sclerosis, optic neuritis, neuroborreliosis and aseptic meningoencephalitis, 

numbers of both myeloid and plasmacytoid dendritic cells are significantly elevated72.
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insight into the immune pathogenesis of this disease, we analysed lymphocyte subsets 

in paired CSF and blood samples of 12 untreated Hu-PNS patients and compared these 

results with those of two control groups. To differentiate between PNS and cancer-

associated lymphocyte subset alterations, 15 patients with cancer (mostly with breast or 

prostate cancer, but without PNS) were included. The second control group consisted of 

27 patients without cancer who donated CSF when undergoing spinal anaesthesia. We 

studied whether or not any major disturbance in the frequencies and proportions of the 

major lymphocyte subsets (i.e., B cells, NK cells, T cells, CD4+ T cells, CD8+ T cells and NKT 

cells) was related to PNS. 

Patients and methods

Patients and controls
Twelve patients with (i) high-titered Hu-antibodies; (ii) a definite clinical diagnosis of PNS38; 

(iii) progressive neurological disease, defined by the increase of at least one point on the 

modified Rankin score in the 4 weeks prior to study entry; and (iv) no chemotherapy or 

immuno suppressive therapy prior to study entry were included. Hu-IgG antibody titers 

were determined on rat cerebellar sections by indirect immunofluorescence (IIF) and 

immunoreactivity was confirmed by western blotting using purified recombinant HuD in 

all cases18. Only patients with high-titered serum Hu-antibodies were eligible for the study 

(serum IIF titer ≥400). Modified Rankin scores were determined as described previously6.

In addition, we in cluded two groups of controls. The first group consisted of 15 patients 

with cancer (hereafter referred to as ‘cancer controls’), who underwent lumbar puncture 

either because of neurological signs or symptoms or because of spinal anaesthesia 

during surgery with (i) no indication of PNS; (ii) no leptomeningeal metastases; and (iii) no 

chemotherapeutic treatment during testing. The second group consisted of 27 patients 

receiving spinal anaesthesia during surgery (hereafter referred to as ‘non-cancer controls’). 

These patients had no clinical evidence of cancer and no neurological symptoms. Fresh 

CSF and blood samples were prospectively collected. 

Written informed consent was obtained from all tested individuals and the local ethical 

review committee approved the study. Patient and CSF characteristics of Hu-PNS patients 

are listed in Table 1 and characteristics of both control groups are listed in Table 2.

abstract

In paraneoplastic neurological syndromes associated with Hu-antibodies (Hu-PNS) an 

important role for cellular immunity is hypothesized. We characterized the cerebrospinal 

fluid (CSF) pleocytosis in Hu-PNS patients by assessing the major lymphocyte subsets 

by flow cytometry. The B cell subset in the CSF of Hu-PNS patients showed a significant 

absolute (~20x) and relative (~3x) expansion, while the numbers of CD4+ T cells, CD8+ T 

cells and NK cells only showed an absolute expansion (~4-7x) compared to the controls. 

On the other hand, the NKT cell subset showed a significant relative reduction in CSF and 

in blood of Hu-PNS patients. The relative B cell expansion is consistent with the intrathecal 

synthesis of Hu-antibodies, while the increased number of T and NK cells supports 

an additional role for cellular immunity in the pathogenesis of Hu-PNS. In addition, the 

autoimmune hypothesis of Hu-PNS is supported by the relative NKT cell deficiency.

introduction

Paraneoplastic neurological syndromes (PNS) are a remote effect of cancer which causes 

significant neurological morbidity. High-titered Hu-antibodies are often found in the blood 

and cerebrospinal fluid (CSF) of PNS patients. Most patients with Hu-antibody associated 

PNS (Hu-PNS) have an underlying small cell lung carcinoma (SCLC). 

The precise mechanisms responsible for neuronal damage in Hu-PNS remain poorly 

understood. Earlier publications have shown that the tumor produces the onconeuronal 

Hu antigens, normally solely expressed in the nervous system. Hypothetically, these 

antigens provoke an autoimmune response not only directed against the tumor but also 

against nervous tissue1. Although the Hu-antibody is a useful diagnostic marker4, a direct 

pathogenic effect could not be established33. Pathological examination of affected areas 

of the nervous system in Hu-PNS shows loss of neurons with localized inflammatory cell 

infiltrates, containing B cells, CD4+ T-helper cells and cytotoxic CD8+ T cells34, 39, 40, 44. T 

cell receptor analysis supported a direct effector role of cytotoxic CD8+ T cells, the same 

clones being likely operative in neuronal damage and immune-mediated tumor growth 

control39, 44. 

The CSF of Hu-PNS patients generally shows a pleocytosis, intrathecal synthesis of IgG and 

Hu-specific oligoclonal bands2, 47. In the blood increased numbers of activated CD4+ and 

CD4+ memory T cells have been reported41 and in some publications the presence of Hu-

specific T cells is suggested38, 41. Overall, these findings suggest the occurrence of both B 

and T cell mediated immune responses in these compartments34, 40, 47. 

As a detailed analysis of the CSF pleocytosis in Hu-PNS patients might provide further 
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eMediastinal lymphadenopathy without a definite pathological diagnosis.
fTumor mass visible on CT scan, no pathological diagnosis.
Hu-Ab = Hu-antibody; PNS = paraneoplastic neurological syndrome; PEM = paraneoplastic encephalomyelitis; 
PSN = paraneoplastic sensory neuronopathy; PLE = paraneoplastic limbic encephalitis; PCD = paraneoplastic 
cerebellar degeneration; mRS = modified Ranking Score; SCLC = small cell lung carcinoma; NSCLC = non 
small cell lung carcinoma; NT = not tested; NA = not applicable; NF = no tumor found.

monoclonal antibodies 
Fluorochrome-conjugated monoclonal antibodies (mAb) were used for cell surface 

labelling. CSF samples were studied with a single 6-colour mixture: CD45 conjugated with 

peridinyl cholorophyllin (PerCP), CD3 conjugated with fluorescein isothiocyanate (FITC), 

CD56 conjugated with phycoerythrin (PE), CD4 conjugated with PE-Cy7, CD8 conjugated 

with allophycocyanin (APC) and CD19 conjugated with APC-Cy7. Blood samples were 

studied with two 4-colour mixtures: CD3-FITC, CD56-PE, CD45-PerCP and CD19-APC, 

and CD4-FITC, CD8-PE, CD45-PerCP and CD3-APC. All mAb were obtained from BD 

Biosciences (San Jose, CA, USA) with the exception of CD56-PE (Dako, Glostrup, Denmark). 

flow cytometric analysis of lymphocyte subsets in cerebrospinal 
fluid
Erythrocytes and leukocytes in CSF were enumerated within one hour after obtaining these 

samples. For immune phenotyping, cells were concentrated from 2 ml of fresh CSF by 

centrifugation (8 min, 450g) and resuspended in 100 µl phosphate-buffered saline (PBS). 

Next, samples were incubated for 15 min (15’) at room temperature (RT) in the dark with 

10 µl of each of the mAb (see above). Subsequently, the cells were washed, resuspended 

in PBS containing 1% paraformaldehyde (PFA), and acquired on a 6-colour FACScanto 

table 1 | hu-Pns patients: patient and csf characteristics at the time of study entry

Patient
no.

age/
gender

hu-ab titer 
serum

csf Pns mrsc symptoms- 
diagnosis
(months)

symptoms-
study 

(months)

tumor- 
studyd 

(months)

tumor

hu-ab titer Protein
(g/l)

igg indexa leuko-
cytesb

cd4+

t cellsb

cd8+

t cellsb

b cellsb nK cellsb nKt cellsb

1 53/F 102,400 2,048 0.44 0.84 2.45 0.87 0.34 0.042 0.085 NT PEM 3 8 8.5 17 SCLC

2 72/F 102,400 2,048 0.62 0.8 15.3 9.8 1.89 0.254 0.508 NT PSN 3 1.3 1.5 0 SCLC

3 76/M 3,200 128 0.59 0.72 1.15 0.42 0.24 0.007 0.014 NT PSN 4 2 4 3 SCLC

4 67/M 25,600 4,096 0.76 1.5 10.15 5.13 2.88 0.712 0.089 NT PSN 3 2.5 3 -1 NSCLC

5 57/F 6,400 NT 2.15 1.1 1.85 1.18 0.13 0.105 0.045 NT PSN 3 6 6.5 0.5 SCLC

6 54/F 51,200 512 0.66 0.59 6.85 2.06 1.36 0.041 0.165 <0.001 PSN 2 2.5 3 1 SCLC

7 65/F 204,800 2,048 0.38 2.5 2.45 0.86 0.51 0.179 0.061 0.003 PLE 3 1 1.5 4 Lymphe

8 70/F 51,200 512 0.65 1.3 3.6 1.58 0.9 0.162 0.047 0.001 PEM 3 6 6.5 -1 SCLC

9 67/M 102,400 256 0.33 0.73 1.15 0.5 0.31 0.034 0.019 0.005 PCD 3 2.5 3.5 0 SCLC

10 61/M 102,400 2,048 0.51 0.65 1.15 0.56 0.27 0.022 0.018 0.004 PEM 3 3.5 4.5 NA NF

11 68/F 51,200 256 0.76 0.76 11.15 4.39 3.68 0.912 0.168 0.021 PSN 3 2.5 3 -2 Lungf

12 61/M 51,200 8,192 1.38 0.93 16.15 10.4 2.81 0.483 0.387 0.007 PSN 3 2.5 3 0 SCLC
aIgG index = (IgG CSF/IgG serum)/(albumin CSF/albumin serum); an index >0.6 indicates intrathecal IgG 
synthesis.
bCells per microliter.
cmodified Rankin Score at the time of study entry6.
dTime between tumor detection and study entry; negative values indicate tumor detection after study entry.

table 2 | Patient and control characteristics at the time of study entry

hu-Pns patients cancer controls non-cancer controls

N 12 15 27

Age: median (range) 63 (53-76) 67 (30-84) 57 (26-76)

Gender

 Male 5 7 18

 Female 7 8 9

Cerebrospinal fluid: median (range)

 Protein (g/l) 0.64 (0.33-2.15) 0.41 (0.25-0.69) 0.34 (0.19-0.62)

 Leukocytes (cells/µl) 3.0 (1.15-16.15) 1.0 (0.45-5) 1.0 (0.15-4)

Tumor NA

 Lunga 10 -

 Breast - 7

 Prostate - 4

 Melanoma - 1

 Chondrosarcoma - 1

 Renal cell - 1

 Esophagus - 1

 Unknowna 2 -

Reason for lumbar puncture

 Neurological signs or symptoms 12 6 0

 Spinal anaesthetics 0 9 27
aFor further specification see Table 1.
NA = not applicable.
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groups. The lymphocytosis appears to be fully responsible for the pleocytosis, because 

analysis of the number of monocytes and granulocytes in the CSF showed similar results in 

the Hu-PNS patients as in the control groups (data not shown). 

Among the CSF lymphocyte subsets, the increment of B cells was most striking: the 

median result was ~20x that of both control groups (i.e., 133 vs. 5-8 cells per microliter). 

The increments of the other subsets ranged from ~4x for CD4+ T cells to ~7x for CD8+ T 

cells and NK cells in comparison to both control groups (Table 3).

table 3 |  absolute numbers of csf and peripheral blood lymphocyte subsets in hu-Pns patients 

and controls

lymphocyte 
subset

hu-Pns patients cancer controls non-cancer controls

median 5th - 95th 
percentile

median 5th - 95th 
percentile

median 5th - 95th 
percentile

csf 

 T cells 1.93b 0.67 - 13.38 0.4 0.16 - 1.8 0.46 0.2 - 2.02

 CD4+ T cells 1.38b 0.42 - 10.4 0.28 0.12 - 1.39 0.34 0.12 - 1.36

 CD8+ T cells 0.705b 0.13 - 3.68 0.07 0.03 - 0.7 0.13 0.06 - 1

 B cells 0.133b 0.007 - 0.912 0.008 0 - 0.059 0.005 0 - 0.034

 NK cells 0.073b 0.014 - 0.508 0.016 0.001 - 0.128 0.011 0.002 - 0.058

 NKT cells 0.004 0 - 0.021 0.006 0 - 0.029 0.005 0 - 0.037

Peripheral blood

 T cells 1.034 0.654 - 1.672 1.208 0.559 - 1.527 1.272 0.4 - 2.1

 CD4+ T cells 0.755 0.473 - 1.288 0.793 0.367 - 1.072 0.832 0.309 - 1.448

 CD8+ T cells 0.278 0.094 - 0.495 0.321 0.128 - 0.49 0.372 0.086 - 0.741

 B cells 0.179 0.088 - 0.43 0.181 0.06 - 0.497 0.178 0.087 - 0.354

 NK cells 0.128a 0.054 - 0.222 0.186 0.064 - 0.865 0.241 0.097 - 0.858

 NKT cells 0.034b 0.005 - 0.137 0.078 0.01 - 0.45 0.103 0.034 - 0.294

Median and ranges of absolute numbers of the different lymphocyte subsets in CSF and peripheral blood are 
given in Hu-PNS patients, cancer controls and non-cancer controls. Absolute cell counts are given in cells x106/l 
for CSF and in cells x109/l for peripheral blood. Groups were compared by linear regression analysis: Hu-PNS 
patients vs. non-cancer controls and cancer vs. non-cancer controls. Significant differences between groups 
were marked with a(P<0.01) and b(P<0.001).

flow cytometer (BD Biosciences). Analysis was performed using FACSdiva software (BD 

Biosciences). The absolute number of each subset was determined by multiplying the 

percentage (expressed as fraction of total lymphocytes or in case of CD4+, CD8+ and NKT 

cells as fraction of T cells) by the absolute number of lymphocytes. 

flow cytometric analysis of lymphocyte subsets in peripheral blood
For the enumeration of B cells, T cells, NK cells, NKT cells, CD4+ and CD8+ T cells in blood 

based on 4-colour flow cytometry (FacsCalibur; BD Biosciences), a single platform, whole 

blood, stain, lyse, no-wash method based on counting beads was used. Details of this 

method have been described elsewhere 297. Briefly, 100 µl of EDTA anti-coagulated whole 

blood was stained with mixtures of appropriately titrated mAb (see above). After incubation 

for 15’ at RT, 2 ml NH4Cl lysing buffer was added and 100 µl of Flowcount counting beads 

(Beckman Coulter, Miami, FL). After another 15’ of incubation at RT, samples were acquired 

on the flow cytometer. Analysis of list mode data was performed using CellQuestPro 

software from BD Biosciences. The absolute numbers of the subsets were calculated by 

multiplying the absolute lymphocyte numbers with the corresponding percentages of the 

cells expressing the markers of interest.

statistical analysis
A linear regression analysis was used for making comparisons between the different patient 

groups. Because the lymphocyte subset data were in general not normally distributed, log-

transformation was used for the lymphocyte counts in these models. Differences between 

groups with P-value <0.05 were considered significant. Box-and-whisker plots were used 

to present the data graphically, showing median and interquartile ranges; the whiskers 

extended to the adjacent values, i.e., 1.5x the interquartile range rolled back to where 

there is data. Observed points more extreme than the adjacent values were considered 

outliers and have been plotted individually. 

results

cerebrospinal fluid lymphocytes
Table 3 and Figure 1 give an overview of the absolute numbers of the lymphocyte subsets 

in CSF in the different patient groups. The CSF of the Hu-PNS patients shows a leukocytosis 

and lymphocytosis with increments in absolute numbers of the major subsets (B cells, 

NK cells, total T cells [CD3+], CD4+ T cells and CD8+ T cells) in comparison with the non-

cancer controls (Table 3). The absolute numbers of these five subsets were similar in both 

cancer and non-cancer controls. The absolute numbers of NKT cells were similar in all three 
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figure 2 | Percentages of lymphocyte subsets in csf

CSF percentages of lymphocyte subsets expressed as fractions of total lymphocyte counts (T cells, B cells and NK 

cells) or as fractions of CD3+ T cells (CD4+, CD8+ and NKT cells). See further legend to Figure 1.

Peripheral blood lymphocytes
The absolute numbers of the various lymphocyte subsets in the blood are shown in Table 

3 and Figure 3. Hu-PNS patients showed similar counts of the absolute numbers of the 

major subsets as compared to non-cancer controls, except for a NK and NKT lymphopenia 

(P<0.005 and P<0.001 respectively). The proportions of NK and NKT cells (expressed 

as fractions of total lymphocytes and CD3+ T cells respectively) were also lower in Hu-

PNS patients than in non-cancer controls (data not shown). In the cancer controls the NK 

and NKT numbers were also lower than in the non-cancer controls (Figure 3), but these 

differences did not reach significance. 

figure 1 | csf absolute cell numbers

CSF absolute numbers (i.e., cells per microliter) of total T cells (CD3+), CD4+ T cells, CD8+ T cells, B cells, NK 

cells and NKT cells are shown for Hu-PNS patients (abbreviated PNS), cancer controls (abbreviated CA) and 

non-cancer controls (abbreviated NC). See ‘Patients and methods’ for explanation of box-and-whisker plots. 

Logarithmic scales were used for the y-axes to compress the figures.

To highlight expansions or reductions of specific subsets within the lymphocytosis, we 

investigated their proportions expressed as fractions of total lymphocyte counts or, in 

case of CD4+, CD8+ T cells and NKT cells, as fractions of CD3+ T cell counts (Figure 2). 

This analysis also showed a significant and selective increase of the B cells in the Hu-PNS 

patients (median: 3.6%; range: 1%-10.9%) compared to the cancer controls (1.3%; <0.1%-

7.2%) and the non-cancer controls (1.2%; <0.1%-3.8%) (P<0.001). Thus, the proportions of 

B cells in the Hu-PNS patients were ~3x higher than those in the control groups. The NKT 

cells showed a significant and selective reduction in the Hu-PNS patients (0.2%; <0.1%-

0.6%) compared to the cancer controls (1.3%; <0.1%-6.8%) and non-cancer controls (1.3%; 

<0.1%-5.6%) (P<0.001). Thus, the proportions of NKT cells were ~6x reduced in Hu-PNS 

patients as compared to both control groups. 
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produced by intrathecal B cell clones has been reported earlier47, this striking expansion 

of B cells has never been observed. Under normal circumstances, CSF is nearly devoid 

of B cells235. B cell trafficking and proliferation within the CSF compartment have been 

found in neuroinflammatory disorders such as multiple sclerosis307, 312. In children with 

paraneoplastic opsoclonus-myoclonus syndrome a 5.1x higher B cell proportion is 

described253. Expansion of B cells in CSF indicates significant B cell recruitment to the 

CNS and the potential for autoantibody production253. The higher numbers of CSF B cells 

in our Hu-PNS patients may explain the intrathecal synthesis of Hu-IgG in PNS. Another 

role of autoreactive B cells in Hu-PNS may be enhancing antigen presentation to T cells as 

demonstrated for other autoimmune diseases254. 

Second, the CSF of Hu-PNS patients also contained higher numbers of total T cells (CD3+), 

their CD4+ and CD8+ subsets, and NK cells. Here, the absolute numbers were ~4x to ~7x 

as high as in the controls. In paraneoplastic cerebellar degeneration (PCD) associated 

with Yo-antibodies expanded populations of tumor-specific cytotoxic T lymphocytes were 

found in blood313 as well as increased proportions of activated T cells in CSF52, suggesting 

a role of these cells in the neuronal degeneration. On the other hand, a non-specific 

inflammatory phenomenon may explain the lymphocytosis in the CSF of Hu-PNS patients 

as it affects most lymphocyte subsets. 

A third interesting finding in Hu-PNS patients is the relative deficiency of NKT cells in CSF 

as well as in blood. Although the absolute number of NKT cells in the CSF of Hu-PNS 

patients was similar to those of both control groups, their proportion was relatively low as 

all other lymphocyte subsets are present in CSF in significantly increased numbers. In the 

blood of Hu-PNS patients both absolute numbers and proportions of NKT cells were lower 

than in the controls. NKT cells are a heterogenous group of T cells that share properties 

of both T cells and NK cells and exert effector and regulatory functions. Upon activation, 

they produce large quantities of different cytokines, in the course of which they activate 

other immune cells and acquire the ability to kill tumor cells directly314-316. Dysfunction 

or deficiency of NKT cells has been associated with the development of autoimmune 

diseases, such as systemic lupus erythomatosus, multiple sclerosis and rheumatoid arthritis, 

although the basis for this involvement remains elusive314, 315. These autoimmune diseases 

are characterized by Th1-polarized T cell responses, which has also been proposed for 

Hu-PNS by Benyahia et al.41 as Hu-specific lymphocytes in their study are predominantly of 

the Th1 subtype. We propose that the relative deficiency of NKT cells in the CSF and blood 

of our Hu-PNS patients, possibly in conjunction with Hu-specific Th1 cells41, support the 

autoimmune hypothesis of Hu-PNS. 

In conclusion, the pleocytosis in the CSF of Hu-PNS patients is caused by an increment of 

all major subsets (B, T [both CD4+ and CD8+] and NK cells). However, the B cells also show 

a relative expansion, while the NKT cells show a relative reduction. These findings suggest 

figure 3 | Peripheral blood absolute cell numbers

Peripheral blood absolute numbers (i.e., cells x 103 per microliter) of total T cells (CD3+), CD4+ T cells, CD8+ T 

cells, B cells, NK cells and NKT cells in Hu-PNS patients, cancer controls and non-cancer controls. See further 

legend to Figure 1. Logarithmic scales were used for the y-axes to compress the figures. 

discussion

The results of lymphocyte subset counts in CSF and peripheral blood of the cancer controls 

were, by and large, similar to the non-cancer controls. Therefore, we considered the data 

of both control groups as a reasonable approximation of reference values for the counts 

of CSF lymphocyte subsets. Our main question was to compare these values with the CSF 

lymphocyte subset counts of the Hu-PNS patients. This analysis showed us several striking 

imbalances of the CSF lymphocyte subsets of the Hu-PNS patients, which are partially in 

line with the pleocytosis and lymphocytosis in Hu-PNS reported in earlier publications2, 47. 

The most remarkable finding in the CSF of the Hu-PNS patients was the ~20-fold higher 

numbers of B cells compared to both control groups. When B cell results were expressed 

as fraction of the total number of CSF lymphocytes, Hu-PNS patients had still ~3x as much 

B cells as the controls, while the T and NK cell subset only showed an absolute (~4-7x) 

and no relative increase. This selective B cell expansion in the CSF may indicate a role 

for this subset in the pathogenesis of Hu-PNS. Although intrathecal synthesis of Hu-IgG 
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not only a role for autoreactive B cells by producing Hu-antibodies and possibly enhancing 

antigen presentation, but also indicate the involvement of T cells in the pathogenesis of 

Hu-PNS. In addition, the autoimmune hypothesis of Hu-PNS is supported by the relative 

NKT cell deficiency.
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figure 1 | hud-peptide specific t cell responses

Expanded CSF-derived T cell cultures were stimulated with pools of HuD-derived 15-mer peptides or 

phytohemagglutinin (PHA) (a) or with individual 9-mer HuD-derived peptides (b), and assayed by INF-g ELISPOT. 

Results of assays based on 1x104 T cells are shown. The ratios between the number of INF-g spot-forming cells 

(SFC) following stimulation in the presence and absence of antigen or mitogen are shown for individual Hu-

PNS and control patients; horizontal bars indicate median values for each peptide, peptide pool, or PHA. The 

horizontal line at ratio=2, indicating the treshold for assay positivity, is shown as reference. 

CSF-TCL = CSF derived T cell line; HuDmix = HuD protein spanning 15-mer peptide pool; PHA = phyto-

hemagglutinin; IFN = interferon; ELE, RLD, SLG, NLL, QLF, RLG and QYG designate individual 9-mer peptides.

Sirs: In PNS associated with small cell lung cancer (SCLC) and Hu-antibodies (Hu-PNS), Hu-

antigens expressed by the tumor hypothetically trigger an immune response that recognizes 

the same or similar antigens in the nervous system18. Hu-antibodies are directed against a 

family of neuron specific proteins including HuD, HuC and Hel-N1; HuD is expressed in all 

SCLC tumor cells18. Despite high serum and cerebrospinal fluid (CSF) titers, a pathogenic 

role of Hu-antibodies was never proven in animal models33. The occurrence of oligoclonal 

CD8+ T cells in nervous and tumor tissues and HuD-specific CD8+ T cells in blood of Hu-

PNS patients suggests their involvement in neuronal degradation38, 39, 44, 58. To investigate 

the putative role of HuD-specific cellular immunity in the pathogenesis of Hu-PNS, we 

determined the presence of HuD-specific T cells in the CSF of Hu-PNS patients. Based on 

our previous successful detection of virus-specific T cells using the HLA class I multimer 

technique and IFN-g ELISPOT assays, we employed the same state-of-the-art techniques 

here53, 60, 317, 318. 

Thirteen patients with high-titer serum Hu-antibodies, a ‘definite’ diagnosis of PNS3 

and progressive neurological disease were included in the study. Their characteristics 

are shown in Table 1. Four patients with non-inflammatory neurological diseases (i.e., 

normal pressure hydrocephalus and herniated cervical disc) were included as controls 

(all male, aged between 52 and 79, Hu-antibody seronegative, no prior chemotherapy 

or immunosuppression, and expression of either the HLA-A*0101 [n=2], HLA-A*0201 

[n=1] alleles, or both [n=1]). Our Institutional Review Board approved the study and all 

patients provided written informed consent. CSF-derived T cells of patients and controls 

were expanded318, 319 and assayed for reactivity against a HuD-protein spanning peptide 

pool consisting of 15-mer peptides with 11 amino acids overlaps and HuD-derived 9-mer 

peptides that had been identified by others38, 59 in IFN-g ELISPOT assays. Additionally, fresh 

CSF samples (10 ml) and CSF-derived T cell lines (CSF-TCL) from HLA-matched Hu-PNS 

and control patients were stained with 9-mer HuD-peptide-loaded HLA class I multimers 

(based on HLA-A*0101, HLA-A*0201 and HLA-A*2403 alleles) to visualize HuD-specific 

CD8+ T cells.

The IFN-g ELISPOT assays showed no HuD 15-mer or 9-mer specific responses in CSF-TCL 

from either Hu-PNS or control patients (Figure 1); neither were positive results observed 

in any of the fresh or expanded CSF samples tested with the multimers (data not shown).

Although the high titers of Hu-antibodies, their IgG1 isotype predominance34 and the 

presence of intrathecal Hu-antibody production in the majority of Hu-PNS patients are 

indicative for the involvement of local Hu-specific CD4+ T cells318, we were unable to detect 

HuD-specific T cells in CSF. There are several possible explanations for these negative 

results. First, the sensitivity of our assays may have been insufficient. Second, antigen-

specific positive controls in the CSF are lacking as a HuD-specific T cell line is not available 

and T cells directed to other known antigens, such as Epstein Barr virus antigens, are not 
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syndrome; mRS = modified Rankin Score; HLA = HLA-class I phenotype; F = female; M = male; PLE = 
paraneoplastic limbic encephalitis; PCD = paraneoplastic cerebellar degeneration; PSN = paraneoplastic 
sensory neuronopathy; SCLC = small cell lung cancer; NSCLC = non small cell lung cancer; IVIg = intravenous 
immunoglobulins; FDG-PET scan = fluorodeoxyglucose positron emission tomography scan.

detectable in unaffected patients. Third, failure of HuD-specific T cells to produce IFN-g 

(i.e., anergic T cells) could be the cause of the negative results in the IFN-g ELISPOT assays. 

Fourth, the preferential expansion of non-HuD reactive T cells may have hampered the 

detection of HuD-specific T cells. Finally, it could be possible that HuD-specific T cells are 

absent in the CSF or that T cells specific for other Hu-proteins (like HuC and Hel-N1) that 

do not crossreact with specific HuD-peptides are present. In conclusion, no HuD-specific 

T cells were detected in freshly isolated CSF T cells or CSF-TCL, although state-of-the-art 

techniques successful in detection of virus-specific T cells in CSF were used.
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table 1 | Patient and csf characteristics at study entry 

hu-Pns 
patient

age/ gender hu-ab titer 
serum

csf Pns tumor therapy symptoms-
diagnosis (months 

after onset)

symptoms-
assay (months 

after onset)

mrs hla

Protein (g/l) hu-ab titer aia mnc
(/μl)

Pnc
(/μl)

Hu_1 64/F 102,400 0.38 2,048 2,5 2.3 <0.3 PLE Lungb None 1 1.5 3 A*0201

Hu_2 61/F 204,800 1.70 32,768 2,0 <0.3 <0.3 PLE SCLC Chemo 1 1.5 5 A*0101

Hu_3 66/M 102,400 0.33 256 0,6 1.0 <0.3 PCD SCLC None 2.5 3.5 3 A11, A31

Hu_4 69/F 51,200 0.65 512 0,7 3.3 <0.3 PLE, PSN SCLC None 6 6.5 3 A*0101

Hu_5 51/F 102,400 0.44 2,048 4,0 2.3 <0.3 PLE, PSN Noc None 8 8.5 3 A*0101, A*0201

Hu_6 71/F 102,400 1.18 2,048 2,2 14.0 0.3 PSN SCLC None 1.3 1.5 3 A*2402

Hu_7 75/M 3,200 0.48 128 7,1 5.3 <0.3 PSN SCLC None 2 4 4 A*0201

Hu_8 66/M 25,600 0.76 4,096 7,0 10.0 <0.3 PSN NSCLC None 2.5 3 3 A*0101

Hu_9 53/F 51,200 0.66 512 1,6 6.7 <0.3 PSN SCLC None 2.5 3.0 2 A*0201

Hu_10 67/F 51,200 0.76 256 0,4 11.0 <0.3 PSN Noc None 2.5 3 3 A*0201

Hu_11 56/F 6,400 1.89 256 1,9 3.0 1.0 PSN SCLC IVIg 6 6.5 3 A*0201

Hu_12 64/F 102,400 0.15 256 3,3 1.7 0.7 PSN NSCLC Chemo 12 15 2 A*0201

Hu_13 61/M 51,200 1.38 8,192 7,0 16.0 <0.3 PSN Lungb None 2.5 3 3 A*0101
aAntibody index as evidence of intrathecal Hu specific antibody synthesis. A ratio >1.3 indicates intrathecal Hu 
antibody synthesis.
bTumor mass visible on CT scan.
cNo tumor mass visible on CT or FDG-PET scan.
Hu-PNS patient = patient with Hu antibody associated PNS; Hu-Ab = Hu antibody; CSF = cerebrospinal fluid; 
AI = antibody index; MNC = mononuclear cells; PNC = polynuclear cells; PNS = paraneoplastic neurological 
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HLA-genes may lead to characterization of epitopes in the HuD-antigen and subsequent 

elucidation of the role of T cells in the pathogenesis of this disease. Moreover, HLA 

association might explain why only a small part of the SCLC patients develops Hu-PNS, 

despite the fact that the HuD-antigen is expressed in all SCLC. Therefore, we compared the 

frequency of the different HLA-alleles (HLA-A, B, DR and DQ) in healthy controls (HC) and 

SCLC patients either with or without Hu-PNS. 

methods

Patients and controls
Hu-PNS patients were included in this study after detection of Hu-Ab at the Dutch national 

reference laboratory (Department of Immunology, Erasmus Medical Center, Rotterdam, 

The Netherlands) or the French national reference center for paraneoplastic antibodies 

(Centre de Référence Maladie Rare ‘Syndromes neurologiques Paranéoplasiques’, 

Hospices Civils de Lyon, Lyon, France) between June 2001 and January 2008. Fifty-three 

Caucasoid Hu-PNS patients were included because they met the following criteria: (i) 

high-titer serum Hu-Ab; (ii) histologically proven SCLC; (iii) a ‘definite’ diagnosis of PNS 

according to international guidelines3; and (iv) availability of leukocytes for HLA typing. 

We compared the Hu-PNS patients with 24 Caucasoid SCLC patients, who were included 

in collaboration with pulmonologists, when they (i) were Hu-antibody seronegative; and (ii) 

had no neurological signs or symptoms. Additionally, the Hu-PNS patients were compared 

with a cohort of 2440 healthy, unrelated, Dutch Caucasoid blood donors (HC)322. Written 

informed consent was obtained from all patients tested, and the local ethical review 

committee approved the study. Patient characteristics are presented in Table 1.

table 1 |  characteristics of hu-Pns patients, sclc patients and healthy controls

Patient group
(n)

median serum hu-
antibody titer (range)

type of Pnsa median age 
(range)

gender (m/f)

Psn Pem

Hu-PNS (53) 6400 (400-204,800) 29 28 65 (46-85) 23/30

SCLC (24) negative not present 62 (40-79) 15/9

HC (2440) not tested unkown 27 (20-35) 1198/1242
aFour patients had both PSN and PEM.
PNS = paraneoplastic neurological syndrome; PSN = paraneoplastic sensory neuropathy; PEM = 
paraneoplastic encephalomyelitis; SCLC = small-cell lung cancer; M = male; F = female; HC = healthy controls.

abstract

background 
Hypothetically, T cells are involved in the pathogenesis of paraneoplastic neurological 

syndromes associated with Hu-antibodies (Hu-PNS).

objective 
To identify genetic risk factors for Hu-PNS and investigate the role of T cells. 

methods 
HLA-A, B, DRB1 and DQB1 alleles were compared in 53 Hu-PNS patients with 24 small-cell 

lung-cancer (SCLC) patients and 2440 healthy controls (HC). 

results 
The frequency of both HLA-DQ2 and HLA-DR3 was significantly higher in Hu-PNS patients 

than in HC. 

conclusions 
This study indicates an association between Hu-PNS and presence of HLA-DQ2 and HLA-

DR3, which supports a role for CD4+ T cells in the pathogenesis of Hu-PNS. 

introduction

Hu-antibody associated paraneoplastic neurological syndromes (Hu-PNS) are diagnosed 

in patients with severe and subacute neurological syndromes through detection of high-

titer Hu-antibodies (Hu-Ab) in serum or CSF2. However, these antibodies have also been 

reported in 22.5% of SCLC patients without neurological symptoms320. Hu-Ab are directed 

against the neuronal HuD-antigen that is aberrantly expressed by all small-cell lung-cancers 

(SCLC)7. This ectopic expression hypothetically causes a strong autoimmune response, 

which has a positive antitumor effect19, but may also cause devastating neurological 

damage. The precise immunopathogenic mechanism of the neurological damage remains 

unknown, although occurrence of both B- and T-cell mediated immune responses in Hu-

PNS34, 40, 47 indicates a role for cellular immunity. Although all SCLC express the onconeural 

HuD-antigen, Hu-PNS develops in less than 1% of patients. 

In a wide range of autoimmune diseases, human leukocyte antigen (HLA) association 

is an important factor in an individual’s susceptibility to the disease321. In this study we 

determined whether HLA association plays a role in Hu-PNS. Identification of disease-risk 
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table 2 |  hla class ii frequencies in the hu-Pns patients, sclc patients and healthy controls

antigen hu-Pns (n=53) sclc (n=24) hc (n=2440) P valuea

Pns vs. 
sclc

P valuea

Pns vs. 
hc

Pos neg Pf (%) Pos neg Pf (%) Pos neg Pf (%)

DR1 14 39 26 3 21 13 437 1922 20 0.9717 0.9639

dr3 25 28 47 5 19 21 599 1796 25 0.4330 0.0082

DR4 11 42 21 11 13 46 679 1717 28 0.3399 0.9860

DR7 12 41 23 8 16 33 459 1937 19 0.9988 0.9998

DR8 3 50 6 2 22 8 128 2264 5 1.0000 1.0000

DR9 1 52 2 0 24 0 58 2328 2 1.0000 1.0000

DR10 2 51 4 2 22 8 100 2296 4 1.0000 1.0000

DR11 5 48 9 2 22 8 340 2054 14 1.0000 0.9993

DR12 3 50 6 0 24 0 108 2263 5 1.0000 1.0000

DR13 12 41 23 7 17 29 669 1686 28 1.0000 0.9995

DR14 1 52 2 3 21 13 127 2210 5 0.6942 0.9972

DR15 6 47 11 4 20 17 414 1208 26 0.9999 0.1871

DR16 2 51 4 0 24 0 43 2288 2 1.0000 0.9815

dQ2 33 20 62 7 17 29 881 1479 37 0.0631 0.0015

DQ3 19 34 36 14 10 58 1209 1156 51 0.3790 0.1687

DQ4 3 50 6 2 22 8 29 886 3 0.9943 0.9305

DQ5 18 35 34 8 16 33 300 567 35 1.0000 1.0000

DQ6 17 36 32 10 14 42 453 451 50 0.9487 0.0538
aAfter Bonferroni correction. 
Pos = positive; Neg = negative; Pf = positive frequency.

hla typing
In the Hu-PNS and SCLC patients, HLA typing was performed on DNA isolated from peripheral 

blood mononuclear cells by a molecular typing method using polymerase chain reaction 

with sequence-specific primers (PCR-SSP; Olerup-SSPTM, Saltsjöbaden, Sweden)323 at a 

4-digit resolution level (Laboratory for Histocompatibility and Immunogenetics, Sanquin 

Blood Bank South West Region, Rotterdam, The Netherlands). Due to limited availability of 

DNA it was not possible to perform a complete HLA typing in 5 of the 53 Hu-PNS patients. 

In the HC, HLA typing was performed using standard serological methods (Department 

of Immunohematology and Blood Transfusion, Leiden University Medical Center, Leiden, 

The Netherlands). Regarding this study, the HLA types determined by PCR-SSP and by 

serological methods are comparable324, 325. 

hu antibody detection
Hu IgG Ab titers were determined on rat cerebellar sections by indirect immunofluorescence 

(IIF)326 and immunoreactivity was confirmed in all cases with western blotting using purified 

HuD in all cases18. Only patients with ‘high-titer’ serum Hu-Ab were eligible for the study 

(serum IIF titer ≤400326).

statistical analysis
Odds ratios with 95% confidence intervals according to the Woolf test and two-sided 

Fisher exact test were used to compare the frequencies of the different HLA antigens in the 

patient groups and controls (Matlab version 6.5 [The MathWorks, Natick, MA])327. P-values 

were corrected for the number of alleles tested (HLA-A: 15 alleles; HLA-B: 21 alleles; HLA-

DR: 13 alleles; HLA-DQ: 5 alleles) as described earlier327 and were considered significant 

when P<0.05.

results

The HLA-antigen class II frequencies in the three groups are shown in Table 2 (for additional 

class I frequencies see Table 3). We found a significantly higher frequency of HLA-DQ2 in 

the Hu-PNS patients (33/53; 62%) than in the HC (881/2360; 37%) (P=0.0015). Although 

there was also a trend towards a higher prevalence of HLA-DQ2 in the Hu-PNS patients 

than in the SCLC patients (7/24; 29%), this difference did not reach statistical significance, 

probably because of the small size of the SCLC patient group. Additionally, the HLA-DR3 

frequency was significantly higher in the Hu-PNS patients (25/53; 47%) than in the HC 

(599/2395; 25%) (P=0.0082).
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discussion

This study indicates an association between Hu-PNS and presence of the HLA-DQ2 and 

HLA-DR3 antigens. Until now, no HLA association in Hu-PNS has been reported. Two 

previous studies compared the HLA-A, B and DRB1 alleles in Hu-PNS patients. In the first 

study, 17 Caucasoid Hu-PNS patients were compared with 30 Caucasoid SCLC patients328 

and in the second study, 5 Japanese Hu-PNS patients have been studied329, but no 

common antigen was identified in both studies. These negative findings can be explained 

by the fact that HLA-DQB1 alleles were not studied and patient groups were small. 

HLA-DQ2 is associated with various autoimmune diseases including celiac disease, type 

I diabetes mellitus and myasthenia gravis100-102. The association in celiac disease is very 

strong, more than 90% of patients express HLA-DQ2100. This HLA class II association is in 

accordance with the central role for CD4+ T cells in the pathogenesis of celiac disease330. 

As in our Hu-PNS patients, type 1 diabetes mellitus and myasthenia gravis have a weaker 

association with HLA-DQ2 than celiac disease101, 102. In general, HLA-associated diseases 

are usually the result of the combination of different HLA-antigens expressed at various loci 

rather than the result of one HLA variant only330. Both celiac disease and type 1 diabetes 

mellitus are associated with the 8.1 ancestral haplotype (HLA-A1, Cw7, B8, DR3, DQ2), 

which is a highly conserved HLA-complex associated with a wide range of autoimmune 

diseases321. We could not determine the haplotypes of our patients because we had no 

information on the HLA-types of their parents. However, of the 48 Hu-PNS patients with a 

complete class I and class II typing, 13 patients (27%) are HLA-A1+, B8+, DR3+ and DQ2+, 

while the frequency of the 8.1 ancestral haplotype in European populations is only around 

10%321. This may indicate an association with the 8.1 ancestral haplotype in Hu-PNS, but 

has to be further investigated. 

In Hu-PNS, the presence of HuD-specific T cells, both CD4+ and CD8+, is suggested38, 41, 

61. Knowledge of the involved auto-antigen together with specific disease-associated HLA 

class II alleles which we describe here, may lead to detection of HuD-specific CD4+ T cells 

in HLA-DR3+/DQ2+ Hu-PNS patients and subsequent epitope identification. However, the 

low incidence of Hu-PNS despite expression of the HuD-antigen in all SCLC cannot be 

explained with the results of this study only. As a substantial proportion of Hu-PNS patients 

do not express HLA-DR3 and -DQ2, we suggest that additional factors, such as dysfunction 

of regulatory T cells51, must be involved in susceptibility to developing Hu-PNS.

table 3 |  hla class i frequencies in the hu-Pns patients, sclc patients and healthy controls

antigen hu-Pns (n=53) sclc (n=24) hc (n=2440) P valuea

Pns vs. 
sclc

P valuea

Pns vs. 
hc

Pos neg Pf (%) Pos neg Pf (%) Pos neg Pf (%)

A1 22 27 45 5 19 21 747 1692 31 0.6635 0.4696

A2 27 22 55 9 15 38 1284 1156 53 0.9730 1.0000

A3 10 39 20 12 12 50 700 1739 29 0.1966 0.9897

A11 6 43 12 4 20 17 281 2153 12 1.0000 1.0000

A23 1 48 2 1 23 4 60 2366 2 1.0000 1.0000

A24 11 38 22 4 20 17 403 2021 17 1.0000 0.9976

A25 1 48 2 0 24 0 46 2393 2 1.0000 1.0000

A26 1 48 2 1 23 4 107 2333 4 1.0000 1.0000

A29 3 46 6 3 21 13 119 2321 5 0.9994 1.0000

A30 0 49 0 1 23 4 85 2350 3 0.9975 0.9997

A31 4 45 8 1 23 4 146 2291 6 1.0000 1.0000

A32 5 44 10 2 22 8 149 2290 6 1.0000 0.9783

A33 1 48 2 0 24 0 32 2404 1 1.0000 1.0000

A66 0 49 0 1 23 4 11 2280 0 0.9975 1.0000

A68 2 47 4 1 23 4 244 2191 10 1.0000 0.9790

B7 6 42 13 7 17 29 668 1772 27 0.9094 0.3599

B8 18 30 38 2 22 8 554 1886 23 0.2132 0.3866

B13 2 46 4 1 23 4 109 2331 4 1.0000 1.0000

B14 1 47 2 1 23 4 70 2367 3 1.0000 1.0000

B15 7 41 15 6 18 25 386 2050 16 0.9998 1.0000

B18 4 44 8 1 23 4 158 2282 6 1.0000 1.0000

B22 2 46 4 2 22 8 142 2298 6 1.0000 1.0000

B27 3 45 6 0 24 0 157 2283 6 1.0000 1.0000

B35 3 45 6 2 22 8 429 2010 18 1.0000 0.6692

B37 2 46 4 2 22 8 99 2340 4 1.0000 1.0000

B38 5 43 10 0 24 0 98 2341 4 0.9755 0.6287

B39 3 45 6 1 23 4 79 2358 3 1.0000 0.9928

B40 5 43 10 8 16 33 435 2005 18 0.4072 0.9976

B41 0 48 48 1 23 4 28 2411 1 0.9998 1.0000

B44 16 32 32 5 19 21 586 1853 24 1.0000 0.9808

B45 0 48 48 1 23 4 36 2404 1 0.9998 1.0000

B49 1 47 47 1 23 4 25 2415 1 1.0000 1.0000

B51 8 40 40 1 23 4 274 2158 11 0.9980 0.9975

B52 0 48 48 1 23 4 15 2412 1 0.9998 1.0000

B57 2 46 46 5 19 21 133 2284 6 0.5486 1.0000

B58 0 48 48 0 24 0 26 2386 1 1.0000 1.0000
aAfter Bonferroni correction.
Pos = positive; Neg = negative; Pf = positive frequency.
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Therefore, we concluded that the earlier, probably HLA-restricted, CD8+ T-cell response 

was not caused by the PSPP itself, but rather by an immunogenic contamination in the 

peptides333.

Mass spectrometry (MS) is based on the precise measurement of the mass-to-charge ratio 

(m/z) and is considered to be a significant aid in protein and peptide structure determination. 

For characterization of by-products in synthetic peptides, liquid chromatography coupled 

to electrospray ionization mass spectrometry (LC/ESI-MS) is a sensitive method335. In the 

present study we identified the contamination in the HuD peptides by analyzing the three 

responsible 15-mers of the HuD antigen with Fourier transform ion cyclotron resonance 

(FT-ICR) MS and elucidated why only these three of 127 individuals responded. The HuD 

PSPP appeared to be contaminated with a cytomegalovirus (CMV)-encoded peptide, 

which elicited a T-cell response in CMV seropositive, HLA-B*18 positive individuals with a 

specific cellular immune response to CMV immediate early (IE)-1 peptide. 

materials and methods

synthetic peptides
The 15-mer HuD and CMV IE-1 peptides were synthesized by custom peptide synthesis 

on an APEX 396 synthesizer (Advanced ChemTech, Giessen, Germany) at JPT Peptide 

Technologies (JPT, Berlin, Germany) using a standard Fmoc-based solid-phase synthesis 

protocol on a tricholorphenyl (TCP)-resin support. After lyophilization all peptides 

were shown to have a purity >70% according to analytical high-performance liquid 

chromatography (HPLC). The HuD peptides of this batch, batch 1, were used in the initial 

short-term stimulation assays. To see if the positive CD8+ T cell responses in the three 

individuals could be reproduced with newly synthesized batches with a higher purity, the 

HuD 15-mers #38, #40, and #86 were produced with purities of >82% (batch 2) and >93% 

(batch 3) (JPT Peptide Technologies). The individual 15-mer peptides were dissolved in 

dimethyl sulfoxide (DMSO) (Sigma, St. Louis, USA) at 100 mg/ml and a small portion of the 

dissolved peptides was diluted to 0.2 mg/ml and aliquoted for use in the T-cell assays and 

for the mass spectrometric analysis. The peptides were stored at -80°C. 

Prior to mass spectrometric analysis, the peptides (0.2 mg/ml) were diluted 10-fold in 

deionized water (Milli-Q). Next 0.5 µl of matrix (2,5-dihydroxy benzoic acid [DHB] 10 mg/ml 

in 0.1% TFA/milliQ water) was pipetted onto a 400 µm anchorchip and 0.5 µl of the diluted 

peptide solution was pipetted on top of the peptide drop. The mixture was dried under 

vacuum in a dessicator to remove the DMSO. The amount of peptide spotted is 6 pmol.

abstract

To detect HuD-specific T cells in patients with Hu-antibody associated paraneoplastic 

neurological syndromes (Hu-PNS), we used short-term stimulation assays with HuD protein 

spanning peptide pools (PSPP) with purities of at least 70% and found reproducible false-

positive CD8+ T-cell responses in three of 127 individuals (two healthy controls and one 

Hu-PNS patient), which all shared HLA-A*2402 and HLA-B*1801. After testing the 15-mer 

peptides of the HuD antigen separately, we discovered that the same three 15-mers yielded 

the CD8+ T cell response in those three individuals. This highly unusual result could not be 

reproduced when using new batches of peptides with a higher level of purity (>82% and 

>95%). Therefore, we assumed this response was not directed against the HuD peptides 

and analyzed the HuD 15-mers by Fourier transform ion cyclotron resonance (FT-ICR) 

tandem mass spectrometry (MS/MS), which showed the presence of a cytomegalovirus 

(CMV)-encoded peptide. The three responding individuals all were CMV-seropositive and 

the contaminating peptide appeared to fit in the binding groove of HLA-B*18. Our data 

reveal that synthetic PSPP may contain immunogenic contaminations which may cause 

false-positive results in T-cell stimulation assays.

introduction

Protein spanning peptide pools (PSPP) are mixtures of overlapping (mostly 15-mer) 

peptides, that can efficiently stimulate both CD4+ and CD8+ T-cell responses and are 

valuable for the detection of T-cell responses against proteins331, 332. In most cases, pools 

consisting of peptides of 70% purity are used in screening studies for antigen-specific 

T cells331, because the preparation of peptides of higher purity requires a significant 

investment. We used HuD PSPP of 15-mer peptides with purities of at least 70% in an earlier 

study to detect circulating HuD-specific T cells in patients with Hu-antibody associated 

paraneoplastic neurological syndromes (Hu-PNS)60, 333. HuD peptides were pooled and 

tested in short-term stimulation of peripheral blood mononuclear cells (PBMC) of Hu-PNS 

patients, small cell lung carcinoma (SCLC) patients and healthy controls (HC) followed by 

intracellular detection of interferon (IFN)-g334. The results showed reproducible positive 

CD8+ T-cell responses in only three of 127 individuals (two HC and one Hu-PNS patient), 

which all shared HLA-A*2402 and HLA-B*1801. Next, we tested the 15-mer peptides 

separately in the two responding HC (the Hu-PNS patient was no longer available) and 

showed that the same three 15-mers (peptide #38, #40, and #86) yielded the CD8+ T-cell 

responses in both HC. Subsequently, two newly synthesized batches of those 15-mers with 

a higher purity (>82% and >93%, respectively) were tested and elicited no responses at all. 
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determined by stimulating PBMC with #94 in a concentration of 1 µg/ml titrated to 0.02 

µg/ml.

fourier transform ion cyclotron resonance mass spectrometry
The measurements were performed using a MALDI-FT-ICR mass spectrometer (Apex Q 9.4 

Tesla equipped with a combi-source, Bruker Daltonics) 336. A multishot accumulation was 

used as recommended337-339. Ten laser shots were accumulated in the storage hexapole, 

transferred to the FT-ICR cell, and scanned for 0.78 seconds (TD size 512 kB). Fifty scans 

were used for each mass spectrum. The acquisition mass range was 800–4000 m/z. Total 

accumulation time was 3 min. FT-MS spectra were processed with a Gaussian filter (line 

broadening [LB]=0, Gaussian broadening [GB]=0.7) and 2 zero fillings. A standard peptide 

calibration mix (Bruker Daltonics, Leipzig, Germany) which contains angiotensin I and II, 

substance P, bombesin, renin substrate, ACTH clip 1-17, ACTH clip 18-39 and somatostatin 

28 was used for external calibration.

 

results

the contamination and its properties 
Since the HuD 15-mer #86 showed the largest CD8+ T-cell response (Figure 1, third panel), 

we decided to fractionate this sample by analytical HPLC. This procedure resulted in 39 

fractions (A1 to A12, B1 to B12, C1 to C12, and D1 to D3). Next, these freeze-dried fractions 

were dissolved in 20 µl DMSO and tested in the short-term stimulation assay with PBMC 

of the two responding HC (2x106 PBMC with 5 µl of the dissolved fraction). Only fraction 

B5 appeared to yield an IFN-g response in both HC. Figure 1 shows this response and the 

figure 1 | cd8+ t-cell responses to hud 15-mers

Assessment of CD8+ T-cell responses to HuD 15-mers #38, #40, #86, and fraction B5 of #86 in donor 1 (see Table 

1). T cells were selected by gating on the CD3+ cells with low sideward light scatter. To calculate the percentages 

of IFN-g-producing CD8+ T cells in response to peptide, thresholds were set on the unstimulated cells (negative 

control). A T-cell response was considered positive when the percentage of IFN-g-producing CD8+ T cells in 

the peptide-stimulated sample was at least 2-fold the corresponding percentage in the unstimulated sample. 

According to these criteria, the T-cell responses toward all peptides shown here, were classified as positive.

short-term stimulation assay
Written informed consent was obtained from all tested individuals and the local ethical 

review committee approved the study. PBMC were isolated within 12 h after venipuncture 

and stimulated as described elsewhere331, 332. Briefly, 2x106 PBMC were incubated at 37°C 

in a CO2 incubator for 18 h with 1 µg/ml synthetic peptide, 1 µg/ml ionomycin plus 25 ng/

ml phorbol myristate acetate (PMA; positive control) or without antigen (negative control). 

After 2 h of stimulation, brefeldin A was added to detect intracellular accumulation of 

cytokines in activated T cells. After another 4 h of incubation, the stimulated PBMC were 

stored overnight at 4°C and stained and analyzed the next day using con IgG1 monoclonal 

antibody (mAb) conjugated with fluorescein isothiocyanate (FITC), IFN-g mAb conjugated 

with FITC, con IgG1 mAb conjugated with phycoerythrin (PE), CD69 mAb conjugated 

with PE, CD8 mAb conjugated with PE, CD3 mAb conjugated with peridinyl chlorophyllin 

(PerCP), CD4 mAb conjugated with allophycocyanin (APC) and CD8 mAb conjugated with 

APC (all from BD Biosciences, San Jose, CA, USA; except for CD8-PE which was obtained 

from Dako, Glostrup, Denmark).

The detection limit of our short-term stimulation assay for CMV IE-1 peptide #94 was 
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figure 2 | fraction b5 of the hud peptide #86

MALDI-FT-ICR mass spectrum of fraction B5 of the HuD peptide #86 (GFVTMTNYDEAAMAI), batch 1, obtained 

by preparative HPLC. Sequences obtained by MS/MS as indicated. Underscores indicate missing amino acids. 

Oxidation is indicated by +O and +2O.

responses elicited by HuD 15-mers #38, #40, and #86 in one of the HC. For stimulation, 

we used 1 µg/ml of each 15-mer, whereas the concentration of peptide in fraction B5 was 

unknown. Therefore, the percentages of IFN-g-producing CD8+ T cells after stimulation 

with HuD #86 and fraction B5 are not quantitatively comparable.

Next, we analyzed HuD 15-mers #38, #40, and #86 and various fractions of #86, including 

B5, by FT-ICR MS and tandem mass spectrometry (MS/MS). The FT-ICR mass spectrum of 

fraction B5 is shown in Figure 2 and this spectrum contains 100 monoisotopic peaks having 

a signal-to-noise (S/N) ratio >10. MS/MS spectra for the most intense peaks were obtained 

and some of the found sequences are also shown in Figure 2. Some of these components 

(i.e., the omission peptides) had been identified in our previous study333. To ascertain 

which component was responsible for the IFN-g response, we searched for peaks that were 

abundantly present in the mass spectrum of fraction B5 and absent or much weaker in 

the mass spectra of the surrounding fractions. One promising candidate appeared to be 

a peptide having a monoisotopic mass of 1638.7366 ± 0.024 Da (indicated by an asterisk 

in Figure 2) and whose first three isotopic peaks are shown in Figure 3C. Upon close 

inspection it appeared that this component could also be seen in the mass spectrum of the 

unfractionated HuD peptide #86 (Figure 3A). The corresponding mass region for peptide 

#86, batch 2, is given in Figure 3B and it can be seen that the contamination may also be 

present in this fraction, but to a far lesser extent. However, the fifth isotope peak of HuD #86 

(monoisotopic mass 1633.7236) appears at m/z 1638.7403 and coincides with the mass of 

the impurity at mass 1638.7380. Based on an isotope intensity analysis, we conclude that 

mass 1638.7356 in batch 2 (indicated with an arrow in Figure 3B) corresponded to the 

fifth isotope of HuD #86, whereas mass 1638.7380 in batch 1 (Figure 3A) corresponded 

to the impurity which caused the T-cell response. The peak at mass 1638.7003 (Figure 3B) 

constituted another, unknown, impurity. 
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figure 4 | fraction b5 and ie-1 peptide #94

FT-ICR MS/MS spectra of (a) mass 1638.7366 in preparative HPLC fraction B5 of HuD peptide #86 batch 1, and 

(b) the synthetic HCMV IE-1 peptide #94 AIAEESDEEEAIVAY. Collision energy 65 eV. The synthetic peptide #94 

itself contains an impurity peak at m/z 1642.8734 and so to avoid interference with the MS/MS experiments, 

the mass window was set at 3 Da. Asterisks indicate shot noise peaks. B-ions have the charge retained on the 

N-terminal fragment, whereas y-ions retain the charge on the C-terminal fragment. PH+ (panel A) indicates 

protonated peptide #94.

In addition, HuD 15-mer #38 also yielded a weak signal with the same mass as the CMV-

encoded peptide, while such a signal was undetectable in #40 (data not shown). Moreover, 

we determined the concentration of the contamination in the three HuD peptides by 

MS. In such quantitative experiments, differences in ionization efficiencies must be taken 

into account. Because the contaminant peptide ionized by a factor 7 less than HuD #38, 

we constructed a calibration curve. From this calibration curve we concluded that HuD 

#38 contained about 1% of the contaminant, although the intensity of the peak for the 

contaminant in HuD #38 was only about 0.15%. Similar experiments were performed for 

figure 3 | ft-icr mass spectra of hud and hcmv peptides 

Partial FT-ICR mass spectra of (a) HuD peptide #86 batch 1, (b) HuD peptide #86 batch 2, (c) preparative HPLC 

fraction B5 of HuD peptide #86 batch 1, and (d) the synthetic HCMV IE-1 peptide #94 AIAEESDEEEAIVAY. Spectra 

(A) and (B): internal calibration on peptide #86 (calc. for GFTNYDEAAMAI: 1633.7236, one sodium exchange 

[calc. 1655.7056] and two sodium exchanges [1677.6876]); intensity relative to m/z 1633.7236 = 100%. Spectra 

(A) and (B): intensity relative to m/z 1633.7236 = 100%. Spectra (C) and (D): acquired after external calibration. 

To identify the contaminant, the FT-ICR MS/MS mass spectrum of m/z 1638.7366 in fraction 

B5 was obtained (Figure 4A). A search on a protein sequence database (Mascot) revealed 

this to be a CMV-encoded peptide, i.e., an HCMV IE-1 15-mer (#94) having sequence 

AIAEESDEEEAIVAY. (Six MS/MS masses searched, database MSDB, mass tolerance MS: 

2 ppm, mass tolerance MS/MS: 0.005 Da, score 61, all scores >37. These data indicate 

extensive identity or extensive homology [P<0.05].) The MS/MS mass spectrum only 

contains the b series of ions, the y series being absent. The b-ions in Figure 4 fragmented 

further by loss of H2O. The b13 ions, which terminate with the amino acid valine containing 

an isopropyl group, fragmented further by loss of C3H6. 

We then selected IE-1 #94 (AIAEESDEEEAIVAY) from our HCMV IE-1 15-mer collection340 

and analyzed it by FT-ICR MS/MS (Figure 4B). This spectrum is virtually superimposable to 

that of the impurity found in HuD #86 (Figure 4A). Also the measured mass of peptide IE-1 

#94 is within experimental uncertainty equal to that of the impurity (Figure 3D). 
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the HuD peptides #86 and #40. In peptide #86, the concentration of the contamination was 

found to be 2% and in HuD peptide #40 the contaminant was below the S/N level. From the 

calibration curve and spiking experiments, we concluded that HuD #40 contains less than 

0.4% of the contaminant (data not shown). 

We also determined the detection limit of our short-term stimulation assay by titrating 

the concentration of IE-1 peptide #94. The CD8+ T-cell response was still present at a 

concentration of IE-1 #94 of 1.5% (0.15 µg/ml), but absent at 0.7% (0.07 µg/ml), which 

means that the contamination in the HuD peptides should be present in a concentration 

exceeding 0.07 µg/ml to show a CD8+ T-cell response. 

Next, IE-1 peptide #94 was tested in the short-term stimulation assay with PBMC of the two 

responding HC to reproduce the CD8+ T-cell response. In both donors this response could 

be reproduced (Figure 5: donor 1 and 2; donor 4 and 5: see below).

As mentioned previously, we observed that in our mass spectrometric quantification 

experiments, strong suppressive effects operated against the peptide IE-1 #94, i.e., against 

the contaminant. We attributed this to the preponderance of the acidic aminoacids aspartic 

acid (D) and glutamic acid (E) in AIAEESDEEEAIVAY, making the peptide very hydrophilic 

and difficult to cationize by protonation. Importantly, such peptides are expected to show 

more than average affinity towards chromatographic columns, i.e., the columns used in the 

lyophilisation procedures for the synthesis of peptides. 

the responding individuals
The second aim of the present study was to discover the reason why only three out of 127 

individuals showed the false-positive CD8+ T-cell response. As mentioned earlier, the three 

responding individuals all share HLA-A*2402 and HLA-B*1801, while the HLA-C*, HLA-

DRB1* and HLA-DQB1* typing was different between the individuals (Table 1: donors 1, 

2, and 3). Another similarity between the 3 individuals is CMV seropositivity, which was 

expected after our discovery that a CMV-encoded peptide contaminated the PSPP. Because 

of the similarity in HLA type of the responding individuals, we performed a search using 

SYFPEITHY341, 342, Bimas343, NetMHC344, 345, and IEDB346 which revealed that IE-1 peptide 

#94 fitted in the binding groove of HLA-B*18347 whereas there was no match with HLA-A*24. 
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specificity of their IE-1 response with those of the responding individuals. Both patients 

showed no CD8+ T-cell response against IE-1, i.e., the IE-1 peptide mix and IE-1 peptide 

#94 (Figure 5: donors 4 and 5), whereas both CMV lysate and PP65 peptide mix elicited a 

T-cell response (data not shown). This negative response against IE-1 may explain the lack 

of a CD8+ T-cell response against the HuD PPSP in these patients although they are CMV 

seropositive and HLA-B*18. 

 

discussion

A reproducible IFN-g CD8+ T-cell response was observed by coincidence in three of 127 

individuals after stimulation with HuD PSPP. These individuals had identical HLA-A* and 

HLA-B* types. This response was directed against the same three HuD 15-mers (peptides 

#38, #40, and #86) and appeared to be caused by a contamination with a 15-mer derived 

from HCMV IE-1 (peptide #94). Recently, Currier et al.348 also demonstrated the presence 

of contaminating HCMV peptides in synthetic peptides from two independent custom 

peptide suppliers. Therefore, it seems unlikely that the effects we have observed are 

spurious events or are specific to our laboratory. 

The MS/MS spectra of HuD peptides #38 and #86 both showed the presence of the 

contamination. The contamination was not found in #40, although this peptide also 

yielded a positive response. There are two possible explanations for this finding. First, 

the contamination in HuD peptide #40 is present in such a low concentration that it is 

undetectable by MS/MS, but still causes a CD8+ T-cell response. The detection limit of our 

short-stimulation assay (0.7%) approximates the detection limit of the MS (0.4%), therefore 

a low concentration could explain why the contamination is not detected in HuD peptide 

#40. A second explanation could be that the CD8+ T-cell response against HuD peptide 

#40 is due to another, unrelated, immunogenic contamination. 

An important question is where the contamination originated. There are two possible 

explanations. First, the peptides may have been contaminated during the peptide 

synthesis at the manufacturer’s site; second, cross contamination may have occurred 

when the peptides were used in our laboratory. We do not have an unopened vial of the 

original stock peptide from the manufacturer left in order to check the presence of the 

contamination. Most impurities in synthetic peptides are considered to arise from deletion, 

additional residue incorporation, truncation and incomplete deprotection during solid 

phase peptide synthesis349. However, this explanation seems very unlikely in our case, 

because the amino acid sequences of the contaminated HuD peptides and the IE-1 peptide 

#94 are totally different. Another possibility for contamination during the peptide synthesis 

is that a peptide of an earlier procedure (e.g., generated during lyophilisation of the IE-1 

#94

C
D

8 
PE

2,47%

2,13%

0,02%

0,01%

#94

negative control

negative control

IFN-γ FITC

Donor 1

Donor 2

Donor 4 Donor 5
#94 #94

0,05%0,02%

figure 5 | hcmv-specific cd8+ t-cell responses

Assessment of CD8+ T-cell responses to HCMV IE-1 15-mer #94 in the two responding HC (donors 1 and 2) and 

the two non-responding Hu-PNS patients (donors 4 and 5). See further the legend to Figure 1. According to these 

criteria, the T-cell responses in donor 1 and 2 were classified as positive and the T-cell responses in donor 4 and 

5 were classified as negative.

However, apart from the three responding individuals, three other patients (two Hu-PNS 

patients and one SCLC patient) of the 127 individuals we tested were CMV seropositive 

and HLA-B*18 (Table 1: donors 4, 5, and 6), but they did not show a CD8+ T-cell response 

against the HuD PSPP. We tested the CMV response of the two Hu-PNS patients (donors 

4 and 5) in a short-term stimulation assay with thawed PBMC in order to compare the fine 
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peptides) has been left behind on the column and has come along with a peptide of the 

second procedure (here: lyophilization of the HuD peptides). This reasoning assumes that 

the same column has been used during multiple procedures. In addition, IE-1 #94 is a very 

hydrophilic peptide, which means that it may have a more than average affinity towards 

chromatographic columns. Reconstruction of the experiments in which the peptides, 

both the HuD and the IE-1 peptides, were used in our own laboratory, shows that it is very 

unlikely that the HuD peptides were contaminated by cross contamination. Both peptides 

were never used in the same experiment or on the same day, not even within the same 

month. Also, the fact that the spectra of the contaminating peptide (Figure 4, panel A) and 

IE-1#94 of our own collection (Figure 4, panel B) were identical, does not reveal the origin 

of the contamination. 

The CD8+ T-cell response has only been observed in CMV seropositive, HLA-B*18 donors. 

Moreover, the HCMV IE-1 15-mer #94 fits in the binding groove of HLA-B*18. Therefore, 

we conclude that the CD8+ T-cell response is HLA-B*18-restricted. A further three CMV 

seropositive, HLA-B*18 donors tested negative in the stimulation assays with the HuD PSPP, 

which could be explained by absence of a CD8+ T-cell response to IE-1, a difference in fine 

specificity of the cellular immune response between individuals. 

The HuD 15-mer peptides we used had a purity of >70%. Peptides with this level of purity are 

appropriate for screening studies for antigen-specific T cells and reduce costs significantly 

in comparison to the use of peptides which are at least 95% pure. For example, in the 

case of the HuD PSPP >70% purity costs around $18,000, while >95% purity is 2.3x more 

expensive, around $42,000. Therefore, taking account of the costs it is more reasonable 

to use peptides of >70% purity in T cell stimulation assays, whereas, in the case of the 

detection of a potentially relevant T-cell response, resynthesized peptides with a greater 

purity can be used to confirm this response. 

In conclusion, we found false-positive HLA-B*18-restricted CD8+ T-cell responses in a 

short-term simulation assay with HuD PSPP due to contamination of the PSPP with a CMV-

encoded peptide. Therefore, we recommend critical assessment of T-cell responses after 

stimulation with PSPP. Specifically, relevant T-cell responses should be confirmed with the 

use of resynthesized peptides, possibly with a purity of 95% or greater. 
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In many patients with Th1 mediated autoimmune diseases such as rheumatoid arthritis351 

and multiple sclerosis352, clinical symptoms or number of relapses regress during 

pregnancy. A prominent feature of early pregnancy is the presence in serum and urine 

of high levels of human chorionic gonadotrophin (hCG), a heterodimeric glycoprotein 

hormone that is secreted by syncytiotrophoblast cells of the chorion (an antecedent of 

the placenta). Because hormonal changes precede and accompany the immune changes 

in pregnant women, an immunomodulatory role for hCG was hypothesized. Khan et al.353 

tested the effect of hCG on the development of diabetes, a Th1 mediated autoimmune 

disease, in nonobese diabetic (NOD) mice. They showed that treatment of NOD mice with 

hCG lowered the increased blood glucose levels, reversed the established inflammatory 

infiltrate of pancreatic tissue, inhibited the development of diabetes for prolonged time 

and induced profound inhibition of the functional activity (i.e., production of IFN-gamma) 

of Th1 cells. The mechanism of action of hCG is probably related to its effects on the 

activation of NF-kappaB354, a transcription factor that plays a central role in regulating 

immune responses, and is down-regulated in pregnancy355.

We hypothesized that hCG induced inhibition of Th1 cells in Hu-PNS patients would result 

in clinical improvement or stabilization. hCG has been previously administered in clinical 

trials treating HIV-related Kaposi’s sarcoma356. From these studies, we concluded that the 

daily intramuscular (i.m.) administration of 10,000 IU of hCG was safe. In this uncontrolled 

and unblinded trial, we treated 15 Hu-PNS patients with daily i.m. injections of 10,000 IU 

of hCG for 12 weeks. 

materials and methods 

Patients 
Inclusion criteria for this prospective uncontrolled and unblinded single center study included 

high serum titers of Hu-Ab (>400) and progression of neurological symptoms over the last 

three weeks, defined as new symptoms or progression of existing symptoms confirmed by 

objective neurological examination. From February 2005 through March 2007, we identified 

46 new patients with high titer Hu-Ab, 15 of whom were included in the study. The main 

reasons for not including the remaining 31 patients were poor clinical condition (patient 

admitted to ICU for mechanical ventilation or patient already in nursing home or palliative 

unit), lack of progression of neurological symptoms over the last 3 weeks and declining 

participation by the patient or family. Clinical characteristics of the 15 included patients 

are summarized in Table 1. All patients were evaluated throughout the study by one of two 

clinical investigators (JEB, PSS). The study was approved by the Erasmus University Medical 

Center Institutional Review Board, and all participants gave written informed consent. 

abstract 

objective 
Paraneoplastic neurological syndromes associated with anti-Hu antibodies (Hu-PNS) 

are mediated by a T-cell immune response that is directed against the Hu antigens. In 

pregnancy, many Th1 mediated autoimmune diseases such as rheumatoid arthritis and 

multiple sclerosis regress. We hypothesized that this decreased disease activity during 

pregnancy may be related to high human chorionic gonadotropin (hCG) levels. 

methods 
We treated 15 Hu-PNS patients in a prospective, uncontrolled and unblinded trial with 

10,000 IU daily of hCG administered by intramuscular (i.m.) injection during 12 weeks. 

Primary outcome measures were functional improvement defined as a decrease of one 

or more points on the modified Rankin Scale (mRS) or stabilization in patients with mRS≤3 

and improvement of neurological impairment assessed with the Edinburgh Functional 

Impairment Tests (EFIT). Secondary endpoints included the change in activities of daily 

living (ADL) as evaluated by means of the Barthel Index (BI). 

results 
Seven out of 15 patients (47%) improved on the mRS or stabilized at mRS≤3. Four patients 

(27%) showed significant improvement of neurological impairment as indicated by an 

overall EFIT score of ≥1 point. Five patients improved on the BI (33%). 

conclusion 
Comparison with previous studies suggests that hCG may have immunomodulatory activity 

and may modify the course of Hu-PNS although well established confounding factors may 

have contributed in this uncontrolled trial. 

introduction 

The anti-Hu antibody (Hu-Ab) is the most prevalent paraneoplastic antibody3. The etiology 

of paraneoplastic neurological syndromes (PNS) associated with Hu-Ab (Hu-PNS) is 

believed to be autoimmune and the outcome is generally poor despite aggressive anti-

tumor and immunosuppressive treatment2, 6, 350. Circumstantial evidence suggests that 

T-cell reactivity to the onconeural antigen HuD is pivotal for the development of PNS and 

the consensus in the field is that Hu-PNS can be classified as Th1 mediated organ specific 

autoimmune disorders, much like diabetes mellitus and rheumatoid arthritis350.
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treatment 
The treatment consisted of hCG (Pregnyl, Organon, Oss, Netherlands; lot 685406) 10,000 

IU daily administered by intramuscular (i.m.) injection during 12 weeks. Only Pregnyl 

batches that effectively suppressed IFN-g production by CD4+ T cell cultures of NOD mice 

following stimulation were used353. 

outcome measures 
The primary endpoints of the study were the functional and neurological improvement 

after 12 weeks of hCG. Functional outcome was considered ‘successful’ when a patient 

with mRS≤3 improved or stabilized (i.e. remained ambulatory) and when a patient with 

mRS≥4 (bedridden patient) improved to ≤3 (ambulatory), after the 12th week of hCG as 

compared to baseline, as defined by Keime-Guibert et al.12. 

Improvement of neurological impairment was assessed with the Edinburgh Functional 

Impairment Tests (EFIT) that incorporate objective measures of upper and lower limb 

function, memory and a rating scale for dysphasia357. An overall EFIT=0 indicates no 

change, EFIT>0 indicates significant neurological improvement and EFIT<0 indicates 

significant neurological deterioration.

Secondary endpoints included CSF protein and WBC, the Hu-Ab titers in serum and CSF, and 

the change in activities of daily living (ADL) as evaluated by means of the Barthel Index (BI)358.

laboratory evaluations 
Serum and CSF were sampled at baseline and after four weeks of hCG treatment. Serum 

was additionally sampled at weeks 8, 12 and 20. The concentration of hCG was determined 

routinely in the clinical chemistry laboratory (normal value <1.9 IU/l). IgG titers of the Hu-

Ab were determined, as described6. 

statistical analysis 
We compared WBC, total protein concentration and Hu-Ab titers in baseline CSF and CSF 

obtained after 4 weeks of treatment by means of the Wilcoxon matched pairs test. We used 

the same test to compare Hu-Ab serum titers at baseline and end of study. P-values were 

two-sided and a significance level α=0.05 was used. All statistical analyses were performed 

using GraphPad Prism version 5 software (GraphPad Software, Inc., San Diego, CA).

results 

No adverse or serious adverse events related to hCG were reported. Eight patients received 

tumor treatment overlapping hCG treatment without complications (Table 2). None of ta
b
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Improvement of neurological impairment, as indicated by an overall EFIT score >0, was 

demonstrated in four patients (Table 2). The two patients who improved one point on the 

mRS also had improvement of neurological impairment. 

secondary endpoints 
Improvement in ADL was seen in patients 1, 2, 4, 5 and 11. In all patients the change in 

BI was minimal (+5 points). The laboratory evaluations revealed a median of 2 WBC/μl 

(range 0.3 – 38) at baseline versus a median of 5 WBC/μl (range 0.3 – 31) after 4 weeks of 

treatment. The median CSF protein concentration was 0.6 g/l (range 0.13 – 2.15) at baseline 

and 0.7 g/l (range 0.14 – 1.89) after 4 weeks while the Hu-Ab titers changed in CSF from 

median 128 (range 8 – 4096) to median 528 (range 8 – 2048). None of these changes were 

significant. Also, the change in serum titer from baseline (median 6400, range 400 – 25600) 

to end of study (median 2400, range 800 – 25600) was not significant. Hu-Ab titers did not 

correlate with baseline mRS nor with the change in mRS during the study (data not shown).

discussion 

With a positive response defined as stabilization at mRS≤3 or improvement12, treatment 

was ‘successful’ in seven out of 15 patients (47%). Four other studies have reported 

treatment results in Hu-PNS patients employing the same functional outcome criterion. 

In two retrospective studies, IVIg treatment was successful in six of 17 (35%)181 while 

treatment with IVIg, cyclophosphamide and methylprednisolone was successful in two of 

nine (22%)12 evaluable Hu-PNS patients. Vernino et al.11 prospectively treated five Hu-PNS 

patients with plasma exchange combined with either cyclophosphamide or chemotherapy 

based on the absence or presence of an underlying tumor. Treatment was successful in 

three of these five Hu-PNS patients (60%)11. Shams’ili et al.10 prospectively treated eight 

Hu-PNS patients with rituximab and observed improvement or stabilization at mRS≤3 in 

four of them (50%). 

These studies suggest that immunomodulatory therapy, including hCG, may modify 

the course of Hu-PNS and obtain clinically useful stabilization in patients with Hu-PNS. 

However, the patient numbers are small and confounding factors may explain the favorable 

outcome in some of our patients in this uncontrolled study. Four patients were successful 

on both primary outcome measurements (patients 1, 2, 4 and 11). Several studies have 

demonstrated that effective treatment of the tumor is important to at least stabilize Hu-

PNS6, 7. The successful outcome in patients 1 and 4 may have been confounded by the 

partial and complete tumor remissions that were achieved during the trial. Patient 2 

presented with limbic encephalitis and sensory neuronopathy. During hCG treatment she 

the patients received any other immunomodulatory or immunosuppressive drugs while 

on study treatment. Two patients received immunomodulatory treatment in the weeks 

preceding hCG administration. Both received one course of IVIg (2 g/kg over 5 doses), 6 

weeks (patient 7) or 3 weeks (patient 14) prior to inclusion in the study. Both patients got 

worse both functionally and neurologically after IVIg. The serum and CSF levels of hCG 

were negligible at baseline. During the study, the CSF level increased to a median 7 IU/l 

(range 3.4 – 14 IU/l) while the serum level was median 365 IU/l (range 43 – 963 IU/l) at end 

of study. Eleven of the 15 patients received hCG treatment for the scheduled 12 weeks 

while four patients did not complete the treatment (Table 2). 

table 2 | Primary endpoints: functional and neurological outcome

no weeks 
hcg

chemo 
during 

hcg

successful 
functional 
outcomea

mrs 
baseline

change 
mrs

neurological 
outcomeb

efit 
baseline

efit 
overall

1 12 Yes Yes 3 0 improve 2 2

2 12 No yes 3 -1 improve 2 2

3 12 Yes No 3 1 Worse 2 -2

4 12 Yes yes 4 -1 improve 2 2

5 12 No Yes 3 0 Stable 2 0

6 12 Yes Yes 3 0 Stable 2 0

7 12 Yes No 2 1 Worse 2 -2

8 1 Yes Died 5 1 N.e. 2 -

9 4 No No 3 1 N.e. 3 -

10 4 No Yes 3 0 Worsec 3 -1

11 12 No Yes 2 0 improve 2 1

12 12 No No 2 1 Worse 2 -1

13 12 Yes No 2 1 Worse 2 -2

14 12 Yes No 3 1 Worse 2 -2

15 1 No No 5 0 N.e. 4 -
aFunctional outcome was successful when a patient with mRS≤3 improved or stabilized or when a patient with 
mRS≥4 improved to ≤312. 
bNeurological outcome is improved when the overall EFIT>0; stable when overall EFIT=0; worse when overall 
EFIT<0357 
cOverall EFIT score determined at week 4.
mRS = modified Rankin Scale; EFIT = Edinburgh Functional Impairment Tests; N.e. = not evaluable. 
Improvement on mRS and EFIT in bold. 

Primary endpoints 
Functional outcome was ‘successful’ in seven out of 15 patients (47%). Six of twelve patients 

with mRS≤3 at baseline stabilized (n=5) or improved (n=1) while one of the three patients 

with a baseline mRS≥4 improved to ≤3 (Table 2). 
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regained initiative and her memory subjectively improved. Spontaneous remission of Hu-

Ab associated limbic encephalitis has been described and could also have occurred in this 

patient6. Finally, a long interval from symptoms to diagnosis, as observed in patients 1, 2 

and 11 (11 -16 months), is also associated with a favorable outcome6. 

The pathogenesis of Hu-PNS is now believed to be mediated by cytotoxic T-cells350. Hu-Ab 

are considered a marker of the immune response rather than being pathogenic and Hu-

Ab titers do not correlate well with disease severity nor with its course, as confirmed in this 

prospective study. In conclusion, seven out of 15 (47%) Hu-PNS patients either functionally 

improved or stabilized at mRS≤3 after treatment with hCG. Comparison with previous 

studies suggests that hCG may have immunomodulatory activity and may modify the 

course of Hu-PNS. However, well established confounding factors may have contributed in 

this uncontrolled trial.
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production253, which may explain the intrathecal synthesis of Hu-IgG in PNS. Another role 

of B lymphocytes in CSF of Hu-PNS patients may be enhancing antigen presentation to 

T lymphocytes as demonstrated for other autoimmune diseases254. Also, the numbers of 

CD4+ T lymphocytes, CD8+ T lymphocytes and NK cells were absolutely increased (~4-7x) 

in Hu-PNS, suggesting either a role of these cells in the neuronal degeneration or merely a 

non-specific inflammatory phenomenon as it affects most lymphocyte subsets. Finally, the 

relative reduction of NKT lymphocytes in CSF of Hu-PNS patients supports the autoimmune 

hypothesis of Hu-PNS as dysfunction or deficiency of these cells is also described in other 

autoimmune diseases314, 315. All these findings together confirm the presence of both T- 

and B-lymphocyte mediated immune responses in Hu-PNS. 

Consequently, the question arises if these higher numbers of T lymphocytes in CSF of 

Hu-PNS patients consist of or contain HuD-specific T lymphocytes. Although detection of 

HuD-specific T lymphocytes in blood of Hu-PNS patients appeared to be very difficult38, 

58-60, it seems worthwhile to focus on antigen-specific T lymphocytes in CSF of Hu-PNS 

patients. Because in patients with CNS viral infections and multiple sclerosis, the frequency 

of antigen-specific T lymphocytes was found to be higher in CSF than in blood53-55, 360. 

Unfortunately, we were not able to detect HuD-specific CD8+ T lymphocytes with either 

IFN-g enzyme-linked immunosorbent spot-forming assays (ELISPOT) or multimer staining 

(chapter 7). These negative results are in contrast with a recent publication, in which the 

detection of HuD157-specific CD8+ T lymphocytes in CSF of 1 HLA-A*0201 Hu-PNS patient 

by direct staining with tetramers is described61. Remarkably, these HuD157-specific CD8+ 

T lymphocytes were shown to exhibit a different phenotype, producing type 2 cytokines 

including IL-13 and IL-5 instead of IFN-g 61, which is an explanation for the failure to detect 

HuD-specific T lymphocytes in our IFN-g ELISPOT assay. Furthermore, in our multimer 

staining we did not include this specific 9-mer peptide (HuD157). Also, our results could 

be false-negative due to insufficient sensitivity of our assays, lack of an antigen-specific 

positive control or preferential expansion of non-HuD reactive T lymphocytes. However, 

the HuD157-specific CD8+ T lymphocytes were observed in only 1 Hu-PNS patient61. 

Therefore, this result has to be confirmed in a larger group of patients before our negative 

results can be considered false-negative. 

Concluding, although CSF seems to be the right compartment to study in search for T 

lymphocytes involved in Hu-PNS as CSF reflects ongoing immune responses in the CNS, 

and the CSF of Hu-PNS patients showed T-lymphocyte imbalances compared to controls, 

the presence of HuD-specific CD8+ T lymphocytes in CSF could not be demonstrated. 

The primary aim of this thesis was to investigate the role of T lymphocytes in the 

pathogenesis of Hu-antibody associated paraneoplastic neurological syndromes (Hu-PNS) 

by studying cerebrospinal fluid (CSF) and blood of Hu-PNS patients. 

cerebrosPinal fluid

In this thesis, we used flow cytometric immunophenotyping to study CSF. This technique is 

mostly used for detection of leptomeningeal metastasis of haematological malignancies. 

Additionally, in research settings it is performed to study immune responses occurring in 

the CNS in neuro-inflammatory diseases, including PNS. CSF flow cytometry facilitates the 

detection of a large spectrum of cellular characteristics on one single cell, determination 

of absolute cell numbers and detection of rare events, with a high sensitivity as well as 

a high specificity (chapter 3). By studying which leukocyte and lymphocyte populations 

are present in CSF, their frequency and activation status, more characteristics about the 

ongoing immune response in the CNS of Hu-PNS patients will be gathered. 

However, the low CSF leukocyte concentration (normal range: ≤5 per µl; Hu-PNS patients: 

median 3, range 1-8 per µl45) with a rapidly decreasing viability after withdrawal from the 

body211, 230, 257-259 is a huge challenge in CSF flow cytometry. To analyze leukocyte and 

lymphocyte subsets reproducibly, measuring a sufficient cell number is required359. CSF 

cell viability is increased by addition of serum-containing medium to CSF directly after 

sampling. This prevents immediate cell death and allows longer preservation of CSF cells 

(chapter 4), which results in higher cell yields in order to optimally study leukocyte and 

lymphocyte subsets. Therefore, we added serum-containing medium to CSF in all our CSF 

studies. 

Another important requirement to use CSF immunophenotyping as a research tool in Hu-

PNS, is knowledge of the normal composition of CSF. Therefore, we generated reference 

values of absolute numbers and percentages of leukocyte and lymphocyte subsets by 

studying CSF of 84 individuals without neurological disease undergoing spinal anaesthesia 

for surgery (chapter 5). In addition, we showed that normal CSF mainly contains central 

memory CD4+ T lymphocytes, which may have selectively been recruited to the CNS to 

function as immune surveillants. The presence of these cells in CSF would facilitate quick 

responses to antigens and induction of an adaptive immune response, aided by dendritic 

cells, which were also present in normal CSF.

Subsequently, the lymphocyte subsets in CSF of Hu-PNS patients were compared 

to cancer and non-cancer controls, which showed different changes (chapter 6). 

The significant absolute (~20x) and relative (~3x) B lymphocyte expansion indicates 

significant B-lymphocyte recruitment to the CNS and the potential for autoantibody 
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trial, possibly the inhibition of Th1 lymphocytes in the Hu-PNS patients after hCG treatment 

is responsible for clinical improvement or stabilization of the disease. 

Another issue in Hu-PNS is the low frequency (less than 1%) of Hu-PNS despite expression 

of the HuD antigen in all SCLC7. One possible explanation is HLA-association321. Although 

we found an HLA class II association in Hu-PNS, this association was not absolute. Only 

62% of Hu-PNS patients was HLA-DQ2+ and 47% HLA-DR3+ (chapter 8). In general, HLA-

associated diseases are usually the result of the combination of different HLA antigens 

expressed at various loci rather than the result of one HLA variant only330. To confirm if 

HLA type determines development of Hu-PNS in SCLC patients or not, further studies 

are warranted. An alternative explanation for the low frequency of Hu-PNS was recently 

proposed by the introduction of a novel hypothesis about the development of Hu-PNS, in 

which a natural immune response to the HuD antigen is absent and HuD tolerance has to 

be broken by some kind of tissue distress21. Apparently, this tissue distress is present in a 

minority of SCLC patients, given that only a small population of SCLC patients succumbs to 

neuronal degeneration. This hypothesis has to be further investigated. 

In conclusion, both association of Hu-PNS with HLA-DQ2 and HLA-DR3, and neurological 

improvement or stabilization upon treatment with hCG confirm the involvement of T 

lymphocytes in Hu-PNS. 

future studies

First, CSF studies in Hu-PNS patients should be extended. The massive B-lymphocyte 

expansion in CSF of Hu-PNS patients (chapter 6) has to be further characterized by 

determining the numbers of different B-lymphocyte subsets, including naïve and memory 

B lymphocytes, plasma blasts and plasma cells as is also performed in MS69. In addition, 

the presence and frequencies of various T-lymphocyte subsets, including regulatory, 

activated, suppressor and effector T lymphocytes can be studied. The characterization of B- 

and T-lymphocyte subsets in CSF will show us the differences in Hu-PNS patients compared 

to controls indicating which cells are involved in the neurological autoimmune response. 

Second, the detection of HuD-specific CD8+ T lymphocytes in 3/3 Hu-PNS patients61 

should be confirmed in a larger patient group both in blood as well as CSF. For blood, 

sorted CD8+ T lymphocytes will be stimulated with autologous dendritic cells and either 

HuD133-peptide in HLA-A*0301+ Hu-PNS patients or HuD157-peptide in HLA-A*0201+ 

Hu-PNS patients. After 8 days of stimulation, HuD133- or HuD157-tetramer staining will be 

performed to identify the specific CD8+ T lymphocytes, while CSF is directly stained with 

HuD133- or HuD157-tetramers. Although, it should be taken into account that different 

kinds of T lymphocytes may be present in different Hu-PNS patients361, it should be 

blood

In blood of Hu-PNS patients, different imbalances are observed compared with SCLC 

patients and healthy controls. With regard to lymphocyte subsets, the number of B, 

CD4+ and CD8+ T lymphocytes were decreased50, while the proportions of activated 

CD4+ and CD8+ T lymphocytes and CD4+ memory T lymphocytes were increased41, 50. 

Moreover, reduced numbers of terminally differentiated effector CD8+ T lymphocytes 

and lymphocytes with a cytotoxic phenotype (CD56+ and CD57+) were observed50 and 

expression levels of FOX-P3, TGF-β and CTLA-4 mRNA in regulatory T lymphocyte subsets 

were down-regulated suggesting dysfunctional regulatory T lymphocytes51. Also, a NKT 

lymphopenia was observed (chapter 6). Overall, these findings suggest the occurrence of 

T-lymphocyte mediated immune responses and presence of HuD-specific T lymphocytes in 

blood of Hu-PNS patients. Several groups have focused on detection of these HuD-specific 

T lymphocytes in blood of Hu-PNS patients, but were unsuccessful38, 58-60. However, a 

recent publication showed the presence of HuD-specific CD8+ T lymphocytes in blood of 

3/3 Hu-PNS patients61. 

Instead of T-lymphocyte stimulation assays, we used an alternative approach in the 

search for HuD-specific T lymphocytes, and looked for possible human leukocyte antigen 

(HLA)-association in Hu-PNS (chapter 8). In a wide range of autoimmune diseases, HLA-

association is an important factor in an individual’s susceptibility to the disease321 and 

knowledge of the involved auto-antigen (HuD) together with specific disease-associated 

HLA antigens, may lead to detection of HuD-specific T lymphocytes and subsequent 

epitope identification. In our study, we found an association of Hu-PNS with presence 

of HLA-DQ2 and -DR3 antigens, HLA class II antigens. This indicates a role for CD4+ T 

lymphocytes in the pathogenesis of Hu-PNS. 

The role of T lymphocytes in Hu-PNS is also supported by the results of our clinical trial, in 

which we treated 15 Hu-PNS patients with 10,000 IU daily of human chorionic gonadotropin 

(hCG) administered by intramuscular injection during 12 weeks (chapter 10). Seven 

out of 15 patients (47%) improved on the modified Rankin Scale (mRS) or stabilized at 

mRS≤3, 4 patients (27%) showed significant improvement of neurological impairment as 

indicated by an overall Edinburgh Functional Impairment Tests (EFIT) score ≥1 point and 5 

patients (33%) improved on the Barthel Index (BI). Although confounding factors, including 

additional anti-tumor therapy and spontaneous remission described in some of the PNS, 

may have contributed in this uncontrolled trial, these results indicate that hCG may have 

immunomodulatory activity and may modify the course of Hu-PNS. In mice, hCG induced 

inhibition of functional activity of Th1 lymphocytes353, a subset of CD4+ T lymphocytes 

involved in Th1-mediated autoimmune disease including diabetes and MS352. Although 

frequencies and functional activity of T lymphocytes were not determined in this clinical 
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inflammatory process may be extinct in this tissue and HuD-specific T lymphocytes might 

not be detectable anymore. 

The ultimate goal of Hu-PNS research is to develop an immune therapy modality against 

SCLC without harming the nervous system and, more specifically, contribute to development 

of targeted immunotherapy of Hu-PNS. Understanding the immunopathogenesis of 

neuronal damage in Hu-PNS and of tumor control in SCLC patients with anti-Hu antibodies 

is a first step towards this goal. This knowledge may also be applicable to other tumors, 

and other neurological and systemic autoimmune disorders. 

possible to detect HuD-specific CD8+ T lymphocytes in at least a part of Hu-PNS patients 

as these cells were demonstrated in only 3/3 patients61. 

Third, the association of Hu-PNS with HLA-DQ2 and -DR3 suggests involvement of CD4+ 

T lymphocytes in Hu-PNS. Additionally, the high titers of IgG1 isotype anti-Hu antibodies 

indicate help from HuD-specific CD4+ T lymphocytes to B lymphocytes34, 362, 363. 

Furthermore, in an earlier study the presence of HuD-specific CD4+ T lymphocytes was 

suggested by proliferation of CD4+ T lymphocytes upon HuD protein stimulation41. To 

search for HuD-specific CD4+ T lymphocytes, the ‘reversed immunology approach’ can 

be used. Because epitope immunogenicity is correlated with HLA binding364, this method 

starts with identifying which HuD-derived 15-mer peptides have optimal binding to HLA-

DQ2 and -DR3. By using iTopiaTM Epitope Discovering System (Beckman Coulter, Fullerton, 

CA)61, 365-367, peptide binding, affinity and dissociation rate of an overlapping peptide 

library of an antigen can be determined for certain HLA molecules. This method lead to 

the detection of HuD-specific CD8+ T lymphocytes in Hu-PNS patients61. Also, in Yo-PNS 

with high titer anti-Yo antibodies directed against cdr2 proteins, a previously unidentified 

cdr2 epitope could be identified, which induced the detection of cdr2-specific cytotoxic 

T lymphocytes365. However, iTopiaTM is now only available for class I HLA molecules, but 

will be developed for class II molecules in future. Alternatively, screening for HLA class 

II binding has been described with other peptide-binding assays368, 369, which possibly 

could be used in Hu-PNS. After identification of HLA-DQ2 and -DR3-restricted HuD 15-mer 

peptides, these peptides can be used in stimulation assays with T lymphocytes of Hu-PNS 

patients with addition of autologous dendritic cells as antigen-presenting cells, because 

addition of these cells improves sensitivity370. Next, fluorescently labeled tetramers of 

HLA-DQ2 molecules presenting the corresponding HuD peptides can be used to detect 

HuD-specific T lymphocytes, although HLA class II tetramers have very limited success up 

till now371-374. Alternatively, intracellular cytokine staining with a cocktail of cytokines can 

be performed on stimulated T lymphocytes375. This cytokine cocktail should contain type 1 

cytokines, e.g., IFN-g, as well as type 2 cytokines, e.g., IL-5 and IL-13. 

Fourth, the most important compartment to search for HuD-specific T lymphocytes is 

tumor or affected nervous tissue as indicated by observation of inflammatory T lymphocyte 

infiltrates in neuronal34, 39, 40, 44, as well as tumor tissue39, 44 in PNS. After identification and 

isolation of HuD-specific T lymphocytes in these tissues, they can be further characterized 

by detailed analysis of the T cell receptors (TCR)39, 44. Unfortunately, it is very difficult to 

obtain considerable amounts of tumor tissue, because the majority of SCLC patients is 

treated with chemotherapy following a diagnostic bronchoscopy376, which yields only 

small amounts of tumor tissue. Brain biopsies are never routinely performed in Hu-PNS 

patients. Furthermore, post-mortem tissue of Hu-PNS patients could be studied. However, 

acquiring this tissue is also difficult due to the low incidence of Hu-PNS. Moreover, the 
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declining viability make CSF flow cytometry challenging. To increase cellular viability in 

CSF in order to improve accuracy of CSF immunophenotyping and cell counting, we 

investigated the effect of adding serum-containing medium to CSF directly after sampling 

in chapter 4. We showed that addition of serum-containing medium prevents immediate 

cell death and allows longer preservation of CSF cells prior to flow cytometric or microscopic 

analysis. Without addition of medium, immediate cell loss will result in underestimation of 

the number of cells present in CSF and may decrease the sensitivity of flow cytometry in 

the diagnosis of leptomeningeal localization of hematological malignancies.

In order to use CSF flow cytometry as a diagnostic and research tool in neuro-inflammatory 

diseases including PNS, reference values of white blood cell (WBC) subsets in CSF are 

needed. chapter 5 describes absolute numbers and percentages of leukocyte and 

lymphocyte subsets in 84 CSF samples of individuals without neurological disease 

determined by 6-colour flow cytometry. Beside generation of reference values, we showed 

that normal CSF predominantly contains T lymphocytes, with a central memory phenotype, 

while B lymphocytes are nearly absent. In addition, we observed the presence of dendritic 

cells, both myeloid and plasmacytoid subsets, in CSF. These findings suggest that under 

normal conditions, the adaptive immune system is active in CSF, ready to quickly respond 

to invading, potentially dangerous, antigens.

By comparing CSF lymphocyte subsets in 12 Hu-PNS patients with 15 cancer and 27 non-

cancer controls in chapter 6, we were able to analyze the CSF pleocytosis generally found 

in Hu-PNS patients. This provided further insight into the immune pathogenesis of Hu-PNS. 

We found several striking imbalances in the CSF lymphocyte subsets in Hu-PNS, including 

20-fold higher B lymphocyte numbers, 4-fold higher T lymphocyte numbers and a NKT 

lymphocyte deficiency. This suggests not only a role for B lymphocytes in intrathecal Hu-

antibody production and antigen presentation, but also the involvement of T lymphocytes 

is confirmed, while the autoimmune hypothesis in Hu-PNS is supported by the NKT cell 

shortage. 

This T lymphocytosis in CSF indicates a role for T lymphocytes in the pathogenesis of Hu-

PNS. In addition, T lymphocytes in CSF may reflect a T lymphocyte response in the CNS 

parenchyma. Therefore, we studied the presence of HuD-specific T lymphocytes in CSF 

of 13 Hu-PNS patients in chapter 7. CSF was prospectively collected and CSF-derived T 

lymphocytes were expanded and assayed for HuD reactivity using HuD-derived peptides 

in IFN-g ELISPOT assays. Additionally, fresh and expanded CSF-derived T lymphocytes 

were stained with HLA class I multimers presenting HuD peptides. However, although the 

CSF from 12 of 13 Hu-PNS patients showed inflammatory changes, no HuD-specific CD8+ 

T lymphocytes were detected with either method. This finding questions the hypothesized 

role of HuD-specific T lymphocytes in the immunopathology of Hu-PNS, although our 

results could be false-negative. 

summary

Paraneoplastic neurological syndromes (PNS) are remote effects of cancer, by definition 

not caused by invasion of the tumor or its metastases, nor by infection, ischemia, metabolic 

and nutritional deficits, surgery or other forms of tumor treatment. The diagnosis and 

clinical management of PNS are reviewed in chapter 2. One of the most frequently 

involved tumors in PNS is small cell lung cancer (SCLC) and approximately 50% of patients 

with PNS and SCLC have high-titer Hu antibodies. This thesis focused on PNS associated 

with Hu-antibodies (Hu-PNS). 

In PNS, ectopic expression of onconeuronal antigens in the tumour has been suggested 

to trigger an immune response also reacting with structurally related antigens expressed 

in the nervous system. This immune response inhibits tumor growth. However, the price 

of tumor control is high, as PNS are devastating neurological syndromes leaving most of 

the patients severely disabled within a few months. Findings supporting a pathogenic role 

for Hu antibodies include the strong correlation between high titers of Hu antibodies in 

serum and CSF with development of PNS, the intrathecal synthesis and deposits of Hu 

antibodies in the central nervous system (CNS), and the highly restricted expression of 

Hu antigens by the nervous system and the tumor. However, a direct pathogenic role for 

Hu antibodies in the pathogenesis of Hu-PNS has never been proven. Alternatively, a role 

for the cellular immunity in the pathogenesis of Hu-PNS is suggested. Autopsy studies in 

Hu-PNS patients show extensive inflammatory infiltrates of CD4+ and CD8+ T lymphocytes, 

B lymphocytes and plasma cells in affected nervous tissue. Oligoclonal and monoclonal 

cytotoxic T-lymphocyte clones are detected in nervous and tumour tissue and in 78% of 

Hu-PNS patients also in peripheral blood. 

The primary aim of this thesis was to further investigate the role of T cells in the pathogenesis 

of Hu-PNS by studying CSF and blood of Hu-PNS patients with several immunological 

techniques, including flow cytometry, enzyme-linked immunosorbent spot-forming assay 

(ELISPOT) and an HLA-association study. 

The first compartment we investigated was CSF, which we studied by using flow cytometry. 

In chapter 3 the use of flow cytometry in CSF is reviewed. Flow cytometry of CSF is mainly 

used in patients suspected of leptomeningeal localization of haematological malignancies. 

Additionally, in several neuro-inflammatory diseases including PNS, CSF flow cytometry 

is performed in order to investigate the immunopathogenesis of these diseases. This 

technique facilitates the detection of a large spectrum of cellular characteristics on one 

single cell, determination of absolute cell numbers and detection of rare events, with a high 

sensitivity as well as a high specificity. Technically, the low cellularity together with a rapidly 
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cells in CSF could not be demonstrated. In chapter 11, we propose future studies directed 

at the continued search for HuD-specific T lymphocytes in Hu-PNS, as more research is 

required to either confirm or reject a role for T lymphocytes in these syndromes. 

The other compartment we studied was blood. We further investigated the role of T 

lymphocytes in the pathogenesis of Hu-PNS by determining whether human leukocyte 

antigen (HLA) association plays a role in Hu-PNS. Additionally, we aimed to explain 

the low incidence of Hu-PNS. In chapter 8, we compared the HLA types of 55 Hu-PNS 

patients with 24 SCLC patients and 2440 healthy blood bank donors. All patients and 

donors were Caucasian. The significant higher frequencies of HLA-DQ2 and HLA-DR3 in 

the Hu-PNS patients suggest that HLA-DQ2+ and HLA-DR3+ SCLC patients have a higher 

predisposition for development of Hu-PNS. Furthermore, a role for CD4+ T lymphocytes in 

Hu-PNS is indicated. Knowledge of the involved auto-antigen (HuD) together with specific 

disease-associated HLA class II alleles (DQ2 and DR3) which we describe here, may lead 

to detection of HuD-specific CD4+ T lymphocytes in HLA-DR3+/DQ2+ Hu-PNS patients 

and subsequent epitope identification. However, the low incidence of Hu-PNS despite 

expression of the HuD-antigen in all SCLC can not be explained with this study. 

During our earlier search for HuD-specific T lymphocytes in blood, we encountered false-

positive CD8+ T-lymphocyte responses in a short-term simulation assay with HuD protein-

spanning peptide pools (PSPP) that are analyzed in chapter 9. Our data reveal that 

synthetic PSPP may contain immunogenic contaminations which may cause false-positive 

results in T-lymphocyte stimulation assays. Therefore, we recommend critical assessment 

of T-lymphocyte responses after stimulation with PSPP. Specifically, relevant T-lymphocyte 

responses should be confirmed with the use of resynthesized peptides, possibly with a 

purity of 95% or greater. 

Finally, chapter 10 reports on the treatment of Hu-PNS patients with human chorionic 

gonadotropin (hCG). In this prospective, uncontrolled, unblinded trial, 15 Hu-PNS patients 

were treated with 10,000 IU daily of hCG administered by intramuscular injection during 

12 weeks. Seven out of 15 patients (47%) improved on the modified Rankin Scale (mRS) or 

stabilized at mRS≤3. Four patients (27%) showed significant improvement of neurological 

impairment as indicated by an overall Edinburgh Functional Impairment Tests (EFIT) score 

≥1 point. Five patients (33%) improved on the Barthel Index (BI). These results indicate 

that hCG may have immunomodulatory activity and may modify the course of Hu-PNS, 

although well established confounding factors may have contributed in this uncontrolled 

trial. Moreover, because hCG induces inhibition of Th1 lymphocytes, the results of this 

clinical trial further support the role of T lymphocytes in Hu-PNS. 

In this thesis, the role of T lymphocytes in the pathogenesis of Hu-PNS is confirmed by (i) 

4-fold higher T lymphocyte numbers in CSF of Hu-PNS patients compared to controls; (ii) 

association of Hu-PNS with HLA-DQ2 and HLA-DR3; and (iii) neurological improvement 

or stabilization upon treatment with hCG. However, the presence of HuD-specific CD8+ T 
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aantal kenmerken van één enkele cel tegelijkertijd te bepalen. Daarnaast kunnen absolute 

cel aantallen bepaald worden en zeldzame cellen gedetecteerd worden met een hoge 

sensitiviteit en specificiteit. Flow cytometrie in liquor is echter een uitdagende techniek 

door het lage cel aantal met een snel dalende viabiliteit. Om de cel viabiliteit in liquor te 

verbeteren en daarmee de nauwkeurigheid van liquor immuunfenotypering en celtelling 

te vergroten, hebben we het effect van toevoeging van serumhoudend medium direct 

na liquor afname onderzocht in hoofdstuk 4. Toevoeging van serumhoudend medium 

voorkomt directe celdood in liquor en maakt het mogelijk liquor cellen langer te bewaren 

totdat flow cytometrische of microscopische analyse plaatsvindt. Zonder toevoeging van 

medium kan directe celdood resulteren in onderschatting van het aantal cellen in liquor en 

hiermee wordt de sensitiviteit van flow cytometrie in de diagnostiek van leptomeningeale 

lokalisatie van hematologische maligniteiten lager. 

Om liquor flow cytometrie te kunnen gebruiken voor diagnostiek en research doeleinden 

in neuro-inflammatoire aandoeningen zoals PNS, zijn referentiewaarden van leukocyten 

subsets in liquor nodig. hoofdstuk 5 beschrijft de absolute aantallen en percentages 

van leukocyten en lymfocyten subsets bepaald met 6-kleuren flow cytometrie in 84 

liquor monsters van personen zonder neurologische aandoening. Deze studie laat 

zien dat normale liquor voornamelijk T lymfocyten met een central memory fenotype 

bevat, terwijl B lymfocyten zeer schaars zijn. Ook dendritische cellen, zowel myeloïde 

als plasmacytoïde, zijn aanwezig in liquor. Deze bevindingen suggereren dat onder 

fysiologische omstandigheden het adaptieve immuunsysteem actief is in liquor, klaar om 

direct te reageren op binnenkomende, potentieel gevaarlijke, antigenen. 

In hoofdstuk 6 wordt de liquor pleiocytose die meestal voorkomt in Hu-PNS 

geanalyseerd door de liquor lymfocyten subsets in 12 Hu-PNS patiënten te vergelijken 

met 15 kankerpatiënten en 27 controles zonder kanker. Dit geeft meer inzicht in de 

immuunpathogenese van Hu-PNS. Verschillende verschuivingen binnen de liquor 

lymfocyten subsets in Hu-PNS waren zichtbaar, zoals een 20x hoger aantal B lymfocyten, 

een 4x hoger aantal T lymfocyten en een lager aantal NKT lymfocyten. Dit wijst op een rol 

voor B lymfocyten in de intrathecale Hu-antistof productie en antigeen presentatie. Tevens 

wordt de betrokkenheid van T lymfocyten bevestigd, terwijl het tekort aan NKT cellen de 

autoimmuun hypothese in Hu-PNS ondersteunt. 

De T lymfocytose in liquor suggereert een rol voor T lymfocyten in de pathogenese 

van Hu-PNS. Daarnaast zijn de T lymfocyten in liquor mogelijk een afspiegeling van de 

T lymfocyt respons die plaats vindt in het CZS parenchym. In hoofdstuk 7 hebben we 

daarom gekeken naar de aanwezigheid van HuD-specifieke T lymfocyten in liquor van 

13 Hu-PNS patiënten. Na prospectieve verzameling van liquor, werden T lymfocyten 

uit liquor aspecifiek geëxpandeerd en getest op reactiviteit met HuD peptiden in IFN-g 

ELISPOT assays. Tevens werden zowel verse als geëxpandeerde T lymfocyten uit liquor 

samenvatting

Paraneoplastische neurologische syndromen (PNS) zijn bij-effecten van kanker die per 

definitie niet direct veroorzaakt worden door ingroei van de tumor zelf of door metastasen, 

noch door infectieuze, vasculaire, metabole of met de behandeling samenhangende 

oorzaken. De klinische benadering van PNS wordt besproken in hoofdstuk 2. De meest 

voorkomende tumor bij PNS is kleincellig longcarcinoom (KCLC). Bij ongeveer 50% van de 

patiënten met PNS en KCLC kunnen Hu antistoffen worden aangetoond. Dit proefschrift 

richt zich op PNS geassocieerd met Hu antistoffen (Hu-PNS). 

Door aberrante expressie van neuronale eiwitten in de tumor, zogenaamde onconeuronale 

antigenen, wordt in PNS een immuunrespons uitgelokt die niet alleen gericht is tegen 

de tumor, maar ook tegen neuronale eiwitten in het zenuwstelsel. Deze immuunrespons 

resulteert in een betere tumor gerelateerde prognose, maar naast dit gunstige effect 

veroorzaakt PNS ook ernstige neurologische syndromen waarbij patiënten binnen enkele 

maanden zeer geïnvalideerd kunnen raken. De pathogene rol van de Hu antistoffen wordt 

ondersteund door de sterke correlatie van hoge titers Hu antistoffen in serum en liquor 

met de ontwikkeling van PNS, de intrathecale synthese van Hu antistoffen in het centrale 

zenuwstelsel (CZS) en de expressie van Hu antigenen die beperkt is tot het zenuwstelsel 

en de tumor. Een direct pathogene rol voor Hu antistoffen in de pathogenese van Hu-PNS 

kon echter nooit bevestigd worden. Daarnaast wordt een rol voor de cellulaire immuniteit 

in de pathogenese van Hu-PNS verondersteld. Autopsie studies in Hu-PNS patiënten 

tonen uitgebreide inflammatoire infiltraten met CD4+ en CD8+ T lymfocyten, B lymfocyten 

en plasma cellen in aangedaan zenuwweefsel. Tevens zijn oligoclonale en monoclonale 

cytotoxische T-lymfocyten aangetoond in zenuw- en tumorweefsel en bij 78% van de Hu-

PNS patiënten ook in bloed. 

Het doel van de in dit proefschrift beschreven studies was meer inzicht te krijgen in de 

mogelijke rol van T cellen in de pathogenese van Hu-PNS door onderzoek van liquor en 

bloed van Hu-PNS patiënten met verschillende immunologische technieken, zoals flow 

cytometrie, enzyme-linked immunosorbent spot-forming assays (ELISPOT) en een HLA-

associatie studie. 

Allereerst hebben we liquor onderzocht met behulp van flow cytometrie. In hoofdstuk 

3 wordt het gebruik van flow cytometrie in liquor beschreven. Flow cytometrie in liquor 

wordt voornamelijk gebruikt bij patiënten die verdacht worden van leptomeningeale 

lokalisatie van hematologische maligniteiten. Daarnaast wordt liquor flow cytometrie 

gebruikt voor onderzoek naar de immuunpathogenese van verschillende neuro-

inflammatoire aandoeningen zoals PNS. Met deze techniek is het mogelijk om een groot 
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Daarnaast ondersteunen de resultaten van deze trial de rol van T lymfocyten in Hu-PNS, 

aangezien hCG inhibitie van Th1 lymfocyten induceert. 

Dit proefschrift bevestigt de rol van T lymfocyten in de pathogenese van Hu-PNS door (i) 4x 

hogere aantallen T lymfocyten in liquor van Hu-PNS patiënten vergeleken met controles; 

(ii) associatie van Hu-PNS met HLA-DQ2 en HLA-DR3; en (iii) neurologische verbetering of 

stabilisatie na behandeling met hCG. De aanwezigheid van HuD-specifieke CD8+ T cellen 

in liquor kon echter niet aangetoond worden. In hoofdstuk 11 wordt de aanzet geleverd 

tot toekomstig onderzoek gericht op de voortdurende zoektocht naar HuD-specifieke T 

lymfocyten in Hu-PNS, aangezien verder onderzoek noodzakelijk is om de rol van T cellen 

in de pathogenese van deze syndromen op te helderen. 

getest op binding met HuD-specifieke HLA klasse I multimeren. Hoewel bij 12 van de 13 

Hu-PNS patiënten inflammatoire veranderingen in de liquor gezien werden, konden er 

geen HuD-specifieke CD8+ T lymfocyten aangetoond worden. Deze bevinding trekt de 

veronderstelde rol van HuD-specifieke T lymfocyten in de immuunpathologie van Hu-PNS 

in twijfel, hoewel onze resultaten ook vals-negatief kunnen zijn. 

Naast liquor hebben we ook bloed onderzocht. Door te bepalen of humaan leukocyten 

antigeen (HLA) associatie een rol speelt in Hu-PNS, werd de rol van T lymfocyten in de 

pathogenese van Hu-PNS verder bestudeerd. Daarnaast zochten we naar een verklaring 

voor de lage incidentie van Hu-PNS. In hoofdstuk 8 worden de HLA typeringen van 

55 Hu-PNS patiënten vergeleken met 24 KCLC patiënten en 2440 gezonde bloedbank 

donoren, allen Kaukasisch. De significant hogere frequenties van HLA-DQ2 en HLA-DR3 

in de Hu-PNS patiënten suggereert dat HLA-DQ2+ en HLA-DR3+ KCLC patiënten een 

hogere predispositie hebben voor het ontwikkelen van Hu-PNS. Bovendien wijst dit op 

een rol voor CD4+ T lymfocyten in Hu-PNS. Kennis van het betrokken auto-antigeen (HuD) 

in combinatie met specifieke ziekte-geassocieerde HLA klasse II allelen (DQ2 and DR3), 

kan leiden tot detectie van HuD-specifieke CD4+ T lymfocyten in HLA-DR3+/DQ2+ Hu-PNS 

patiënten en vervolgens identificatie van het betrokken epitoop. De lage incidentie van 

Hu-PNS ondanks expressie van het HuD-antigeen in alle KCLC kon echter niet verklaard 

worden met de resultaten van deze studie. 

Tijdens onze eerdere zoektocht naar HuD-specifieke T lymfocyten in bloed, stuitten we 

in een stimulatie assay met HuD protein-spanning peptide pools (PSPP) op vals-positieve 

CD8+ T-lymfocyt reacties. Deze vals-positieve reacties worden geanalyseerd in hoofdstuk 

9. Onze data laten zien dat synthetische PSPP immunogene vervuilingen kunnen bevatten 

die vals-positieve reacties kunnen veroorzaken in T-lymfocyt assays. Daarom adviseren we 

kritische beoordeling van relevante T-lymfocyt reacties na PSPP stimulatie door bevestiging 

van deze reacties met behulp van nieuw gesynthetiseerde peptides, bij voorkeur met een 

zuiverheid van 95% of meer. 

hoofdstuk 10 beschrijft de behandeling van Hu-PNS patiënten met humaan 

choriongonadotrofine (hCG). In deze prospectieve, niet-gecontroleerde, niet-geblindeerde 

trial werden 15 Hu-PNS patiënten behandeld met dagelijks 10.000 IU hCG intramusculair 

gedurende 12 weken. Zeven van de 15 patiënten (47%) toonden verbetering of stabilisatie 

op de modified Rankin Scale (mRS). Vier patiënten (27%) toonden significante neurologische 

verbetering in de Edinburgh Functional Impairment Tests (EFIT) en 5 patiënten (33%) 

verbeterden op de Barthel Index (BI). Deze resultaten wijzen op een immuunmodulerend 

effect van hCG waarmee mogelijk het beloop van Hu-PNS beïnvloed kan worden, hoewel 

andere factoren mogelijk ook een rol hebben gespeeld in deze niet-gecontroleerde trial. 
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d aspartic acid

da Dalton

daP 3,4-diaminopyridine 

dim  dim expression

dmso dimethyl sulfoxide 

dna deoxyribonucleic acid

e glutamic acid

edta ethyleendiamine tetra-acetaat

efit Edinburgh Functional Impairment Tests

e.g. exempli gratia

elisa enzyme-linked immunosorbent assay 

elisPot enzyme-linked immunosorbent spot-forming assay

em effector memory

ev elektronvolt

f female

fbs fetal bovine serum

fc flow cytometry

fda food and drug administration

fdg-Pet fluorodeoxyglucose positron emission tomography

fitc fluorescein isothiocyanate

flair fluid attenuated inversion recovery 

foxP3 forkhead/winged helix transcription factor

fsc forward light scatter

ft-icr Fourier transform ion cyclotron resonance

fu follow-up

g centripetal acceleration

g gram

h hours

ha hematology analyzer

hc healthy controls

hcg human chorionic gonadotropin

hcmv human cytomegalovirus

hel-n1 neuronspecific RNA binding protein

hePes 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

hi  high expression

hiv human immunodeficiency virus

hla human leukocyte antigen

hPlc high-performance liquid chromatography 

List of abbreviations 

list of abbreviations

’ minutes  

9-mer peptides consisting of 9 amino acids

15-mer peptides consisting of 15 amino acids

µl microliter

µm micrometer

ab antibody

achr acetylcholine receptor 

acth adrenocorticotropic hormone 

adl activities of daily living

afP alpha-fetoprotein

ai antibody index

aids acquired immune deficiency syndrome

amp anti-amphiphysin

anti-hu antibodies against the onconeural HuD antigen

anna antineuronal nuclear antibody

aPc allophycocyanin

bcs bovine calf serum

bi Barthel Index

brdu bromo-deoxy-uridine

ca cancer controls

cc conventional cytomorphology

cd cluster of differentiation

cdr calcium-dependent regulator 

cfse carboxyfluoroscein diacetate succinimidyl ester 

cll chronic lymphatic leukemia

cm central memory

cmv cytomegalovirus

cns central nervous system

cr complete remission

crmP collapsin response mediator protein

csf cerebrospinal fluid

csf-tcl cerebrospinal fluid-derived T cell lines

ct computed tomography

ctla cytotoxic T-lymphocyte antigen

cv coefficient of variation

cv crossveinless
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ml milliliter

mm millimolar

mmol millimol

mnc mononuclear cells

mo monocytes

mri magnetic resonance imaging

mrna messenger ribonucleic acid

mrs modified Rankin Scale

ms mass spectrometry

ms multiple sclerosis

ms/ms tandem mass spectrometry

my myeloid lineage

mysb myasthenic syndrome antigen B

n number

na not applicable

nachr  nicotinic acetylcholine receptor

nc non-cancer controls

n.e. not evaluable

neg negative

nf not found

ng nanogram

nind non-inflammatory neurological diseases

nK natural killer

nmda N-methyl-D-aspartate 

nod nonobese diabetic

nsclc non small cell lung cancer

nt not tested

on optic neuropathy

Pbmc peripheral blood mononuclear cells

Pbs phosphate buffered saline

Pca Purkinje cytoplasmic antibody

Pcd paraneoplastic cerebellar degeneration

Pcr polymerase chain reaction

Pcr-ssP polymerase chain reaction with sequence-specific primers

Pd progressive disease

Pe phycoerythrin

Pem paraneoplastic encephalomyelitis

PercP peridinyl chlorophyllin

List of abbreviations 

hu antigen called after the first patient’s initials

hu-ab Hu-antibody

huc neuronspecific RNA binding protein

hud neuronspecific RNA binding protein

hudmix  HuD protein spanning 15-mer peptide pool

hu-Pns Hu-antibody associated paraneoplastic neurological syndromes 

hz Hertz

icu intensive care unit

ie cytomegalovirus immediate early 

i.e. id est

ifn interferon

ig immunoglobulin

iif indirect immunofluorescence

il interleukin

im  intermediate expression

i.m. intramuscular

imm immature lineage

iu international units

ivig intravenous immunoglobulin

l liter

lcr light chain ratio

lc/esi-ms liquid chromatography coupled to electrospray ionization mass spectrometry

lems Lambert-Eaton myasthenic syndrome

lm late memory

lo  low expression

lP lumbar puncture

ly lymphocytes

m male

m/z mass-to-charge ratio

ma antigen called after the first patient’s initials

mab monoclonal antibody

maldi-ft-icr  matrix-assisted laser desorption/ionization Fourier transform ion cyclotron 

resonance

mg milligram

mglur1 metabotropic glutamate receptor

mhc major histocompatibility complex

mi antigen called after the first patient’s initials

min minutes



195194 List of abbreviations

vgcc voltage-gated calcium channels

vgPc voltage-gated potassium channels

vs. versus

wbc white blood cell

yo antigen called after the first patient’s initials

zic zinc finger protein

List of abbreviations 

Pet positron emission tomography

Pf positive frequency

Pfa paraformaldehyde

Pha phytohemagglutinin

Ple paraneoplastic limbic encephalitis

Pma phorbol myristate acetate 

Pmn polymorphonuclear cells

pmol picomol

Pnc polynuclear cells

Pns paraneoplastic neurological syndromes

Pos positive

PP65 cytomegalovirus phosphoprotein 65

Pr partial remission

Psn paraneoplastic sensory neuronopathy

PsPP protein spanning peptide pools

rbc red blood cell

ri antigen called after the first patient’s initials

rna ribonucleic acid

rPmi Roswell Park Memorial Institute

rt radiotherapy

rt room temperature

rt-Pcr real time polymerase chain reaction

sclc small cell lung cancer

sem  standard error of mean

sfc spot-forming cells

sle systemic lupus erythematosus

s/n signal-to-noise

sPect single-photon emission computed tomography 

ssc sideward light scatter

ta antigen called after the first patient’s initials

tcP tricholorphenyl

tcr T cell receptor

temp temperature

tgf transforming growth factor

th T helper

tnf tumor necrosis factor

tr antigen called after the first patient’s initials

u unit
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