
Introduction 
Paraneoplastic neurologic syndromes (PNS) include several 

types of neurological disorders, such as cerebellar degeneration, 

limbic encephalitis, encephalomyelitis, and myelopathy [1]. 

Most cases of PNS are immune-mediated and are associated 

with onconeural antibodies [2]. In close association with specif-

ic cancers, several onconeural antibodies are known to cause 

PNS [3]. Unlike other autoimmune diseases, some cases of PNS 

are refractory to classical immunotherapy [4]. Herein, we pres-

ent a case of paraneoplastic myeloradiculopathy with Ma2/Ta 

antibody that was successfully treated with low-dose interleu-

kin-2 (IL-2). The patient recovered completely after low-dose 

IL-2 treatment, and other previously administered immuno-

therapies elicited only a partial or no therapeutic response. 
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Case Report 
A 51-year-old woman with no relevant medical history devel-

oped paresthesia in her lower extremities 6 months before she 

visited our hospital. The symptoms progressed to weakness in 

the left leg and gait imbalance over 6 months. Neurological ex-

amination revealed spasticity of the lower extremities with left 

leg weakness (grade III). The weakness was more severe in the 

distal part (ankle dorsiflexion, plantarflexion) than in the proxi-

mal part. The deep tendon reflex (DTR) was increased in the bi-

lateral upper and lower extremities. Sensory examination re-

vealed a diminished sense of vibration and proprioception in 

both feet. No apparent sensory level was observed. Myelopathy 

that primarily involved the posterior column was clinically sus-

pected. Magnetic resonance imaging (MRI) of the spinal cord 

showed no abnormality, and pleocytosis or protein elevation 

were absent on cerebrospinal fluid (CSF) analysis. Nerve con-
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duction study and electromyography were performed to ex-

clude motor neuron disease. Electrophysiological tests showed 

left lumbosacral radiculopathy (L5). Brain MRI revealed only 

mild small vessel disease. The oligoclonal band was negative. 

Transverse myelitis or demyelinating disease such as multiple 

sclerosis and neuromyelitis optica were included on the initial 

list for the differential diagnosis. However, these diseases were 

excluded because of clear spine and brain imaging, absent pleo-

cytosis in CSF and the negative oligoclonal band. 

The serum paraneoplastic antibody test from the extensive lab-

oratory workup revealed the presence of anti-Ma2/Ta antibod-

ies. No systemic tumors were found on computed tomography 

of the chest, abdomen, and pelvis. Intravenous immunoglobulin 

(IVIg) 400 mg/kg was administered for 5 days, based on the clin-

ical diagnosis of paraneoplastic myeloradiculopathy. 

Leg weakness improved clinically after two cycles of IVIg ad-

ministration at a 4-week interval. Spasticity disappeared and the 

DTRs were normoreflexive on the follow-up neurological exam-

ination. However, despite the improvement in leg weakness, the 

patient continued to complain of gait imbalance. Second-line 

immunotherapy was implemented with four cycles of tocili-

zumab (4 mg/kg) at monthly intervals. However, tocilizumab 

therapy did not elicit any clinical improvement. 

A low-dose human recombinant IL-2 (aldesleukin) was admin-

istered after the tocilizumab therapy failure. Low-dose IL-2 (1 

million IU) was injected subcutaneously for 5 days. The patient 

was able to walk normally without any discomfort 1 month later. 

Subsequently, low-dose IL-2 therapy was administered every 

month for more than a year. 

There was a temporary interruption (6 months) in the hospital’s 

supply of aldesleukin, which is the only recombinant IL-2 prod-

uct that is commercially available in South Korea, due to a lack of 

inventory in early 2018. As a result, the patient was unable to re-

ceive treatment with recombinant IL-2 for 6 months. Gait distur-

bance, leg weakness, and sensory symptoms relapsed during this 

period. Follow-up spinal cord MRI revealed diffuse high-signal 

T2 intensities in the thoracic spinal cord (Figure 1). After resum-

ing low-dose IL-2 treatment the symptoms improved drastically 

again. The spinal cord lesion became less prominent on the fol-

low-up MRI that was performed after 4 months and the lesion 

completely disappeared a year later (Figure 2). 

Low-dose IL-2 treatment was administered monthly due to 

Figure 1 Spinal cord MRI obtained on myeloradiculopathy relapse

A B

(A) Sagittal spinal MRI indicating an abnormal high-signal T2 intensity was observed in the thoracic spinal cord (arrow) during symptom relapse. (B) T9 
level axial image showing diffuse high-signal T2 intensity in the spinal cord.
MRI, magnetic resonance imaging.
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chronic relapsing myeloradiculopathy. Cancer screening for 

hidden malignancies was performed regularly along with medi-

cal treatment. The patient no longer experienced lower extremi-

ty weakness, but occasionally experienced gait disturbance if 

the treatment interval was prolonged. 

Written informed consent was obtained for publication of this 

case report and accompanying images.

Discussion 
Anti-Ma2/Ta paraneoplastic syndrome can manifest with di-

verse clinical neurologic presentations. Most cases present with 

limbic encephalitis or brainstem encephalitis, and cerebellar 

dysfunction or peripheral neuropathy have been observed in a 

few cases [5]. Motor neuron involvement in anti-Ma2-associat-

ed PNS has recently been reported [6]. In the article, three pa-

tients were diagnosed with myeloradiculopathy among 33 pa-

tients with anti-Ma2 antibodies. However, only two of the 38 pa-

tients presented with myelopathy in a previous clinical study of 

anti-Ma2-associated encephalitis [7]. To the best of our knowl-

edge, only one other case of anti-Ma2-associated myeloradicu-

lopathy has been reported and was documented in 2012 [8]. Our 

patient represents another rare case of paraneoplastic myelora-

diculopathy associated with anti-Ma2 antibody. The immuno-

reaction between anti-Ma2 antibodies and Ma2 protein (para-

neoplastic antigen Ma2) has been demonstrated in all neurons 

of the human brain, dorsal-root ganglia, intestinal autonomic 

neurons, and spinal cord [9]. Therefore, paraneoplastic myelo-

radiculopathy associated with anti-Ma2 antibody has a plausi-

ble pathophysiological mechanism. 

The underlying immune mechanism for PNS is related to auto-

antibody production and these antibodies can be classified into 

two broad categories [3]. The first group consists of onconeural 

antibodies, which target intracellular neuronal antigens ex-

pressed by tumors. The second group consists of antibodies that 

target the neuronal cell surface or synapse. When compared 

with synaptic antibodies, onconeural antibodies induce irre-

versible cell damage that is mediated by cytotoxic T-cells. This 

may explain the poor response of onconeural PNS to immuno-

therapy [10]. The imbalance in the circulating T-lymphocyte 

subsets was demonstrated in anti-Hu antibody PNS by a previ-

ous study [11]. 

Figure 2 Follow-up spinal cord MRI

A B

(A) Spinal cord MRI obtained 4 months after resuming low-dose interleukin-2 treatment. The abnormal high-signal T2 intensity was less prominent. (B) 
Complete resolution of abnormal high-signal T2 intensity on the follow-up MRI obtained after 1 year.
MRI, magnetic resonance imaging.
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Tani et al. [12] demonstrated that regulatory T cell (Treg) dysfunc-

tion plays a key role in PNS development. They included an-

ti-Hu and anti-Yo-positive patients with PNS and analyzed mes-

senger RNA (mRNA) expression in the peripheral blood. The re-

sults showed downregulation of forkhead box P3 (FOXP3), tu-

mor growth factor-β (TGF-β), and cytotoxic T-lymphocyte-asso-

ciated protein 4 (CTLA-4) mRNA, which are functional Treg mol-

ecules in patients with PNS. This study suggests that a therapeu-

tic mechanism of potential drugs could be based on Treg modu-

lation in PNS. 

Low-dose IL-2 has become an essential therapeutic option for 

autoimmune neurological diseases [13,14]. The mechanism of 

action of low-dose IL-2 involves modulation of Treg function [15]. 

High-dose IL-2 was originally used for treating tumors, such as 

melanoma or renal cell carcinoma [16]. However, high-dose 

IL-2 treatment has occasionally been accompanied by high-risk 

side effects such as severe bacteremia or vascular leak syndrome 

[17]. In comparison, low-dose IL-2 has been used as a new ther-

apeutic option for autoimmune diseases because the Treg has a 

lower activation threshold for IL-2 compared to the effector T 

cells. Low-dose IL-2 administration has demonstrated favorable 

outcomes in several autoimmune diseases such as hepatitis C 

virus-induced vasculitis, systemic lupus erythematosus, and 

graft versus host disease [18]. 

Considering the pathomechanism of PNS and therapeutic 

mechanism of low-dose IL-2 together, a treatment strategy that 

targets Treg seems convincing for onconeural PNS. Our case sup-

ports this hypothesis as the patient achieved complete remis-

sion of the disease following low-dose IL-2 injection. IVIg was 

also effective during the initial treatment but achieved only a 

partial clinical response. Moreover, myelopathy recurred when 

low-dose IL-2 treatment was stopped unwillingly. During the 

second severe relapse of myelopathy, an abnormally high T2 

signal appeared on spinal cord MRI. Fortunately, the clinical 

symptoms and abnormal MRI findings improved completely 

with the resumption of low-dose IL-2 treatment (Figure 3). Con-

ventional treatment options for anti-Ma2/Ta paraneoplastic 

syndrome include corticosteroids, cyclophosphamide, IVIg, and 

azathioprine [19]. Additionally, we suggest that low-dose IL-2 

could be a novel treatment option for refractory PNS. 

The accuracy of the diagnosis could be debated since no ac-

companying tumor was found. However, according to the rec-

ommended diagnostic criteria of PNS, a diagnosis of PNS does 

not require the presence of a tumor [20]. According to the pro-

posed diagnostic criteria of the Paraneoplastic Neurological 

Syndrome Euronetwork [20], this case belongs to the ‘definite 

PNS’ category. Of note, one limitation of this study was that im-

munotherapy has not been given to patients in conventional 

flow. The flow of immunotherapies and approach for this pa-

tient was determined by experienced physicians. 

Graph of clinical course expressed in the modified Rankin Scale (mRS). Intravenous immunoglobulin (IVIg) was clinically effective but 
myeloradiculopathy relapsed. Tocilizumab (TCZ) showed no clinical benefit. Monthly interval low-dose interleukin-2 (IL-2) showed clinical effectiveness. 
However, myeloradiculopathy relapsed both clinically and radiologically during the discontinuation of the treatment.
MRI, magnetic resonance imaging; FU, follow-up.

Figure 3 Clinical course and treatment response
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Our case report has several limitations. First, the possibility of a 

false-positive result for the paraneoplastic antibody test cannot 

be excluded. In our hospital, the paraneoplastic antibody test 

was conducted with the immunoblot method. Concise sensitiv-

ity and specificity are unknown for this examination. According 

to a study by Budhram et al. [21], the positive predictive value of 

paraneoplastic antibody test with the immunoblotting method 

was only 39%. Second, conventional immunotherapies such as 

corticosteroid or cyclophosphamide were not administered be-

cause of possible clinical side effects. Although the patient was 

successfully treated with low-dose IL-2, the clinical response to 

corticosteroids is not known. Third, because the appropriate 

treating period for low-dose IL-2 has not been established, it is 

difficult to determine a suitable plan for long-term treatment. 

Our case showed that Treg modulation using low-dose IL-2 could 

be a new treatment option for PNS. This approach can be used 

for patients that require refractory to first-line immunotherapy, 

although further research and clinical evidence with a larger 

sample size are needed. 
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