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Case Report: Innate Immune System Challenge Unleashes Paraneoplastic Neurological Autoimmunity
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Paraneoplastic autoimmune neurological disorders reflect tumor-initiated immune responses against onconeural antigens. Symptoms and signs can affect the central and/or peripheral nervous systems, neuromuscular junction or muscle, and typically evolve subacutely before an underlying neoplasm is discovered. We describe four patients whose neurological symptoms were precipitated by potent innate immune system challenges: bladder instillation of BCG, tick bite and an “alternative cancer therapy” with bacterial extracts and TNF-α. We hypothesize that a tumor-initiated autoimmune response (evidenced by autoantibody profiles), pre-dating the immune system challenge, was unmasked or amplified in these patients by cytokines released systemically from innate immune cells activated by microbial pathogen-associated molecular patterns (PAMPs). The resultant upregulation of cognate onconeural peptides as MHC1 protein complexes on neural cell surfaces would render those cells susceptible to killing by CD8+ T cells, thus precipitating the patient's neurological symptoms.
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INTRODUCTION

Paraneoplastic neurological autoimmunity is recognized most frequently with small-cell lung cancer (SCLC), thymoma, breast carcinoma, and ovarian or testicular neoplasms (1). Neural autoantibodies found in the patient's serum or cerebrospinal fluid (CSF) are products of B cells activated by immunogens released from tumor cells and co-stimulated by antigen-specific helper T cells (2, 3). These IgGs do not necessarily predict a specific neurological syndrome (4, 5), nor are they neuropathogenic, unless reactive with the extracellular domain of a plasma membrane autoantigen. Autoantibodies of cytoplasmic and nuclear specificities are surrogate markers of cytotoxic CD8+ T cell activation (6).

As serological biomarkers, neural-specific autoantibodies aid early cancer diagnosis. Each one generally associates with a restricted number of cancers, e.g., collapsin response-mediator protein 5 (CRMP5)-IgG and anti-neuronal nuclear antibody type 1 (ANNA-1)-IgG associate with SCLC (more rarely thymoma or neuroblastoma), Purkinje cytoplasmic antibody type 1 (PCA-1)-IgG with mullerian or breast carcinoma, Ma2-IgG or Kelch-like Protein 11 (KLH11)-IgG with seminoma (7), and N-methyl-D-aspartic acid receptor (NMDAR)-IgG with ovarian teratoma (3). Neurological symptoms sometimes appear years before cancer detection, and the triggering factors are largely unknown. In a service diagnostic autoimmune serology laboratory, we encountered four cases whose neurological symptoms were apparently precipitated or amplified by a potent systemic challenge to the innate immune system.



CASE PRESENTATIONS

Case 1: A 68-year-old man, with a >20 pack years smoking history, completed intravesical Bacillus Calmette-Guerin (BCG) therapy for recurrence of in situ urothelial cancer involving bladder and prostatic urethra. Non-productive cough, malaise and chills occurred 1 month later, soon after a tick-bite. Oral doxycycline was prescribed by the primary care physician who suspected Lyme disease. In the following months, progressive cerebellar ataxia evolved. CSF at onset was inflammatory (Table 1). Brain MRI was normal. Despite negative Lyme serology, intravenous ceftriaxone was given empirically for 6 weeks. Neurological symptoms worsened and he lost 40 pounds. Lyme serology and CSF PCR testing (repeated at Mayo Clinic 4 months after onset) were negative, but CRMP5-IgG was found (serum titer, 240; normal value <240). Evaluation for cancer recurrence revealed a left kidney mass; nephrectomy identified foci of disseminated urothelial carcinoma. The patient stabilized neurologically post-surgery, without immunotherapy. The diagnosis was cerebellitis. He had no evidence of cancer for 5 years. Four cutaneous cancers were diagnosed and treated within the next 2 years: 3 carcinomas (basal cell, dorsum; squamous cell, leg; basal cell, pinna) and melanoma in situ (chest). At year 8, CRMP5-IgG titer was 15,360; chest CT showed calcified pre-tracheal lymph nodes and right lung granuloma, but no tumor. This serological finding was consistent with an active anti-tumor immune response and suggested an underlying SCLC. He survived until age 91.


Table 1. Patients whose paraneoplastic neurological autoimmunity was precipitated or exacerbated by innate immune system challenge.
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Case 2: A 72-year-old man, with 22 pack years smoking history, presented soon after bladder urothelial carcinoma resection with left arm neuropathic pain accompanied by numbness and weakness. Within 2–3 weeks of intravesical BCG treatment, symptoms worsened and spread to the right arm and leg. EMG showed axonal asymmetric sensorimotor neuropathy, consistent with mononeuritis multiplex. Sural nerve pathology demonstrated reduced myelinated fiber density, multifocal axonal degeneration and epineurial mononuclear inflammatory infiltrates. Symptoms stabilized with steroid therapy. By 7 months, the patient had lost 20 pounds despite good appetite; generalized asymmetric chorea was diagnosed (a classical manifestation of paraneoplastic CRMP5 autoimmunity (8). Brain and spinal cord MRIs, CSF, and metabolic and toxicological studies were unremarkable. At month 8, autoimmune serology revealed two neural autoantibodies that strongly predict SCLC, ANNA-1-IgG, and CRMP5-IgG. PET/CT did not demonstrate cancer recurrence but wedge excision of a FDG-PET hypermetabolic pulmonary nodule revealed necrotizing granulomas that were negative for acid fast bacilli. Neurological symptoms stabilized but did not improve after cyclophosphamide therapy. Two years later no cancer was detectable.

Case 3: A 39-year-old woman, non-smoker, had a 4 year history of locally invasive ovarian carcinoma with multiple recurrences. Serum CA-125 remained persistently elevated despite surgery, chemotherapy, hormonal therapy and radiotherapy. She sought “alternative cancer immunotherapy” with intravenous immune globulin, tumor necrosis factor alpha (TNF-α) and “purified extracts of bacteria, thymus, spleen and liver.” Fever and subacute cerebellar ataxia developed during her treatment. Six months later she was wheel-chair-confined by ataxia with no evidence of tumor progression or brain metastasis. PCA-1/anti-Yo IgG (consistent with neurological autoimmunity related to mullerian or breast carcinoma; 3) was detected in serum (titer: 61,440; normal value <240). Symptoms stabilized but did not reverse after plasmapheresis and one cycle of doxorubicin. A neck metastasis and neurological deterioration were recorded 2 years later.

Case 4: A 74-year-old woman, non-smoker with cardiovascular risk factors, presented with intermittent fever, chills, arthralgia, myalgia and anorexia after a tick bite. Peripheral blood smear confirmed babesiosis. After antibiotic treatment, severe encephalopathy with delirium developed. EEG did not show any seizure activity. Brain MR angiogram and MRI demonstrated no significant abnormalities. CSF was non-inflammatory and lacked evidence of current babesiosis or Lyme disease. Metabolic studies were unremarkable. The neural autoantibody profile in her serum was highly SCLC-predictive: voltage-gated calcium channel (both P/Q-type and N-type), voltage-gated (Kv1) potassium channel-complex, CRMP5, glutamic acid decarboxylase-65, muscle acetylcholine receptor, and sarcomeric (striational) specificities were positive (3). The family history was positive for lung carcinoma (brother), but full body PET/CT imaging and mammography were negative for malignancy. She improved dramatically following high dose i.v. methylprednisolone therapy and autoantibody levels fell. The therapeutic response was consistent with IgG-mediated autoimmunity targeting neural synapses. Six years later metastatic hepatic carcinoid tumor was diagnosed. She died the following year.



DISCUSSION

We describe 4 patients with cancer, evident at neurological diagnosis or later, in whom symptoms of paraneoplastic neurological autoimmunity began or were exacerbated following extraordinary challenges to the innate immune system. We propose that in each of these patients a preexisting anti-tumor immune response was unmasked by large-dose exposure to pathogen-associated molecular patterns (PAMPs) in live microbial products. PAMPs activate Toll-like receptors on innate immune cells, triggering systemic release of cytokines and chemokines (9).

Onconeural proteins are normally restricted to neural cells, but when expressed in cancer cells they have potential to initiate paraneoplastic autoimmunity (1, 3, 6). Attack by natural killer (NK) cells, the “first responders” at the nascent tumor site, releases these antigens locally to dendritic cells, initiating an adaptive response in tumor-draining lymph-nodes (10). NK-released interferon (IFN)-γ and TNF-α at the tumor site would upregulate cancer cell surface display of MHC class I (MHC1) proteins complexed with onconeural peptides (pMHC1). Peptide-activated CD8+ T cells emerging from lymph nodes to circulate through all tissues would kill tumor cells by TCR engagement with tumor surface pMHC1 complexes (10). Despite activation of an autoimmune effector response, neurological symptoms are lacking or limited because surface MHC1 expression is minimal on quiescent nervous system parenchymal cells. However, in face of large-dose microbial product challenge, such as BCG inoculation (11) or tick bite (12), pro-inflammatory cytokines and chemokines are released by innate immune cells. The pro-inflammatory milieu elicited by systemically released cytokines and chemokines, could promote MHC1 upregulation on neural cells, rendering them susceptible to CD8+ T cell attack, and accounting for the patient's neurological presentation (Figure 1).
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FIGURE 1. Proposed scheme by which pathogen-associated molecular patterns in a microbial challenge amplify, via systemically released cytokines, a pre-existing anti-tumor immune response to unleash a paraneoplastic neurological autoimmune response: Natural killer (NK) cells, the innate cytolytic immune responders to a nascent tumor, release onconeural peptides to dendritic cells which initiate an adaptive response in tumor-draining lymph nodes (LN). Intratumoral NK secretion of IFNγ and TNFα upregulates on the tumor cell surface the display of MHC class I (MHC1) proteins complexed with onconeural peptides (pMHC1) from the intracellular compartment. Antigen-primed CD8+ T cells emanating from lymph nodes circulate systemically and kill tumor cells by T cell receptor (TCR) engagement with tumor surface pMHC1 complexes. In response to large-dose challenge with microbial products, pathogen-associated molecular patterns (PAMPs) amplify systemic cytokine and chemokine release from innate immune cells via activation of their Toll-like receptors (TLRs). The resulting pro-inflammatory milieu promotes MHC1 upregulation on neural cells, rendering them susceptible to attack by activated CD8+ T cells entering the central nervous system, thus precipitating the patient's neurological presentation.


The efficacy of anti-tumor immune responses in patients with paraneoplastic autoimmunity is attested to by the survival of patient #1 for 24 years, despite development of 5 independent malignancies, and of patient #3 beyond 6 years, despite multiple cancer recurrences.

Both of this report's patients with urothelial carcinoma were abusers of tobacco products, which are a major cause of bladder cancer and the leading cause of SCLC. Although no lung carcinoma was found in the follow-up period, the autoantibody profiles in both patients were highly predictive of SCLC (3). It is estimated that lung cancer eventually will be diagnosed in 8% of men who have bladder cancer diagnosis (13). Our laboratory has observed that SCLC diagnosis is eventually made, usually limited and sometimes only at autopsy, in 13% of patients who have a SCLC-predictive autoantibody profile with initial detection of an unrelated cancer (14). It is a reasonable assumption that the malignant carcinoid eventually found in patient #4 (non-smoker, with SCLC-predictive autoantibody profile) expressed neuroendocrine antigens common to SCLC (15).



CONCLUSIONS

We consider the unmasking of a pre-existing but silent autoimmune response through immune activation mediated by PAMPs to be a generalizable explanation for precipitation of paraneoplastic neurological autoimmune manifestations by microbial encounters, and perhaps more plausible than the notion of microbial “molecular mimicry” of neural antigens.
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(urotheiial; skin (basal lymphocytes),
cell, squamous cell protein 80 mg/dlL,
melanoma) OCB positive
2.M/72 Bladder (urothelial) BCG Sensorimotor 2 ANNA-1, CRMPS Normal 22 IVMP, cyclophos- 2 (alive)
neuropathy, phamide
chorea
3.F/39 Ovary Extracts of *bacteria, ~ Cerebellar ataxia 1 PCA-1 Not available 0 Plasmapheresis, 2 (alive)
thymus, spleen and
ver”; TNF-a
4.F/74 Carcinoid (metastasis)  Tick bite, Babesia Encephalopathy 3 VGKG, VGCC-P/Q, 7 WBC (88% 0 IVMP 7 (dead)
VGCC-N, CRMPS,  lymphocytes),
GADSS5, AChR, protein nomal, no
Striational ocB

ANNA-1, anti-neuronal nuclear antibody, type 1 (aka “anti-Hu”); BCG, bacillus Calmette-Guerin; Ca, carcinoma; CRMPS, collapsin response-mediator protein-5; GAD6S5, glutamic acid decarboxylase-65 kDa; IVMF, intravenous
methylprednisolone; AChR, nicotinic muscle acetyicholine receptor; OCB, supemumerary oligoclonal bands; PCA-1, purkinje cell cytoplasmic antibody, type 1 (aka “anti-Yo'); TNF-a, tumor necrosis factor-«; VGCC, voltage-gated
calcium channel; VGKC, voltage-gated (Kv1) potassium channel-complex (not subtyped for LGI1 or CASPR2 specificities); WBC, white blood cells.
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