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Paraneoplastic anti-N-methyl-
D-aspartate receptor
encephalitis associated with
small cell lung cancer and
cytotoxic T-cell-mediated
pathology: Case report

Haruna Akanuma1*, Takahiro Iizuka2, Dan Abe1, Kenji Yoshida1,
Nozomu Matsuda1, Kotaro Sugimoto3, Yuko Hashimoto3

and Kazuaki Kanai1

1Department of Neurology, Fukushima Medical University School of Medicine, Fukushima, Japan,
2Department of Neurology, Kitasato University School of Medicine, Sagamihara, Japan, 3Department of
Pathology, Fukushima Medical University School of Medicine, Fukushima, Japan
Anti-N-methyl-D-aspartate receptor (NMDAR) antibody encephalitis is caused

by a reversible inhibition of ion channel actions by autoantibodies and is

associated with a relatively good prognosis. Pathological findings of NMDAR

encephalitis usually do not show neurophagorous nodules, but rare or mild

inflammatory infiltration. We report a patient of small cell lung cancer (SCLC)-

related paraneoplastic encephalitis with NMDAR antibodies, a cytotoxic T-cell-

mediated pathology of the brain, and a rapid clinical course. This case

highlights that the neuropathological diversity of NMDAR encephalitis may be

even broader than previously thought and that NMDAR antibodies may also be

found in various pathological conditions with a vigorous immune response.

KEYWORDS

paraneoplastic encephalitis, small cell lung cancer, Anti-N-methyl-d-aspartate
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Introduction

Paraneoplastic neurological syndromes are classically associated with autoantibodies

against neuronal intracellular antigens. Graus et al. recently proposed that such

onconeural antibodies should be classified as high-risk (>70% associated with cancer)

and intermediate-risk (>30%–70% associated with cancer) (1). Cytotoxic T-cell

infiltration of the nervous system is usually observed in classical paraneoplastic
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syndromes with high-risk antibodies to intracellular antigens

(2). On the other, the anti-N-methyl-D-aspartate receptor

(NMDAR) antibody is to cell-surface antigen and categorized

in the intermediate-risk group. In patients with anti-NMDAR

encephalitis (NMDARE), nerve tissue destruction is usually

mild, neurological manifestations are likely caused by

reversible inhibition of ion channel actions by autoantibodies,

and infiltration of cytotoxic T cells is rare (3).

Here, we report a patient with paraneoplastic encephalitis

associated with small cell lung cancer (SCLC) and NMDAR

antibodies with a cytotoxic T-cell immune response and

atypically rapid clinical course.
Case presentation

A 72-year-old woman presented to our hospital with

increasingly frequent headaches over 2 months, hallucinations,

and lethargy; for example, she became irritable and began to say

that there were people who were not really there. She had a

history of diabetes, atrial fibrillation, and 55-pack-year smoking.

On admission, she was afebrile and vital signs were

unremarkable. Neurological examination revealed impaired

consciousness (Glasgow Coma Scale E3V3M6), right ptosis,

and paratonic and nuchal rigidity. There was no abnormality

in the blood test: red blood cells 4.25 × 106/ml, white blood cells

5,700/ml, platelet 16.0 × 106/ml, blood glucose level 142 mg/dl,

aspartate aminotransferase 17 IU/l, alanine aminotransferase 13

IU/l, blood urea nitrogen 9 mg/dl, creatinine 0.55 mg/dl, sodium

concentration 135 mEq/l, potassium concentration 3.6 mEq/l,

and C-reactive protein 0.19 mg/dl. Cerebrospinal fluid (CSF)

examination revealed 25 cells/ml (mononucleated 96%), protein

154 mg/dl, glucose 89 mg/dl, positive CSF-restricted oligoclonal

bands, and a high IgG index (1.05). Cytologic studies of CSF

showed no malignant cells. Her serum and CSF were negative for

all classical (intracellular) paraneoplastic, glial fibrillary acidic

protein, and neuronal surface antibodies (including gamma-
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aminobutyric acid B and a-amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid receptor antibodies), except for

NMDAR antibodies, which were detected in the CSF. These

autoantibodies were identified by well-established rat brain

immunohistochemistry (IHC) and cell-based assays (CBA) in

Dalmau’s Laboratory (Barcelona) and Kitasato University

( Japan) . Addit ional ly , according to a commercia l

immunoblotting assay, no serum anti-neuronal antibodies

were identified for the following 12 antigens: Hu. Ri, Yo,

SOX1, CV2, amphiphysin, Ma2/Ta, Zic4, recoverin, titin,

GAD65, and Tr/DNER. Brain MRI showed symmetric

increased fluid-attenuated inversion recovery signals in the

basal ganglia and medial temporal lobes (Figure 1). Full-body

CT revealed a mass in the right hilar region, consistent with a

diagnosis of SCLC (Figure 2). Fluorine-18 fluorodeoxyglucose

[(18)F-FDG]-positron emission tomography (PET) revealed

increased uptake of tracer in the right hilum but no apparent

distant metastasis. An electroencephalogram showed

unremarkable results.

We strongly suspected paraneoplastic encephalitis

associated with SCLC on the basis of the above findings and

therefore instituted high-dose methylprednisolone (1,000 mg

daily intravenously for 3 days) from day 18 of admission with no

improvement. On day 23, the patient had a cardiopulmonary

arrest. Cardiopulmonary resuscitation was performed for a

while, but the family wanted to stop it on the way. The patient

died 9 h later after sudden change.

Postmortem examination revealed infiltration of the CNS

with small mononuclear cells, most prominently in the limbic

system and brainstem, including the respiratory center,

moderately in the cerebral cortex and lumbar cord, but not in

the cerebellum. Activated neuronophagic cytotoxic T cells (CTL)

that were positive for CD3, CD8, TIA-1, and granzyme B were

diffusely spread throughout the brain parenchyma, whereas

CD20-positive B cells were localized in the perivascular

regions (Figures 3A, C). No neutrophils, eosinophils, or

foreign body-type giant cells were identified. Thus, our
FIGURE 1

Brain MRI showed symmetric increased fluid-attenuated inversion recovery signals in the basal ganglia and medial temporal lobes.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.952868
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Akanuma et al. 10.3389/fimmu.2022.952868
patient’s neurologic manifestations were presumably caused by

autoimmune-mediated encephalitis, dominantly triggered by

mechanisms of cellular immunity with CTL infiltration. The

right lung tumor was diagnosed pathologically as a

neuroendocrine marker-positive SCLC with scant cytoplasm

and salt-and-pepper nuclei (Figure 3B). CTL were identified

infiltrating the stroma of the carcinoma, suggesting that it had

triggered the T-cell-mediated response responsible for the

paraneoplastic encephalitis. Furthermore, we conducted

quantitative polymerase chain reaction (qPCR) which revealed

GluN1 gene expression in the SCLC tissue (Figure 3D).
Frontiers in Immunology 03
Although we could not conduct IHC in the tumor tissue,

mRNA was extracted from the FFPE specimen using TRIzol

reagent following a standard protocol. No other lesions

suggestive of malignant tumors were found throughout the

body, including the ovaries.
Discussion

This case shows that NMDARE associated with SCLC may

have an atypical clinical course and pathological findings
A B

D

C

FIGURE 3

Microscopic images for the globus pallidus (A, C) and lung tumor (B). Blue and orange squares indicate perivascular regions and parenchyma
with neurons, respectively. Bars, 50 mm. (D) RT-PCR using total RNA derived from the indicated organs of the patient (D). GAPDH,
glyceraldehyde 3-phosphate dehydrogenase; GrB, granzyme B; GRIN1, glutamate ionotropic receptor N-methyl-D-aspartate type subunit 1;
Synapt, Synaptophysin; TIA-1, T-cell intracytoplasmic antigen-1.
FIGURE 2

Full-body CT revealed a mass in the right hilar region.
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(extensive infiltration of CTL throughout the CNS), similar

to those in paraneoplast ic encephali t is with high-

risk autoantibodies.

NMDARE is caused by a reversible inhibition of ion channel

actions by autoantibodies and is associated with good prognosis

(2). The mortality rate of typical NMDARE is usually low;

therefore, only a small number of autopsy cases of NMDARE

have been reported. In such reports, it was revealed that the

pathological findings of NMDARE were characteristically

unaccompanied by neuronophagic nodules and with rare or

mild inflammatory infiltration (4, 5). On the other, classical

SCLC-associated paraneoplastic encephalitis/encephalomyelitis

with high-risk autoantibodies is known to be accompanied by

CTL-mediated pathology of the brain, and its clinical course is

usually severer than of NMDARE.

To date, encephalitis complicating SCLC with NMDAR

antibodies and with a poor prognosis has also been reported

(6–15) (Table 1). There were only two cases where pathological

autopsy was performed and both died in a rapid course. One

case was not positive for TIA-1 and neuronal loss was mild, but

T-cell infiltration was observed not only in the perivascular but

also in the parenchymal (12).

In our case, the coexistence of obvious CTL-mediated

pathology of the brain and only NMDAR antibodies, which

is a disease-specific one, was a characteristic pathological

finding. So far, similar autoimmune diseases such as type 1

diabetes and anti-PIT-1 hypophysitis have been reported, in

which disease-specific autoantibodies and CTL pathology

coexist. In such diseases, it has been shown that antigen-

presenting cells with highly immunogenic antigens may

induce both CTL activation and autoantibody production
Frontiers in Immunology 04
through activation of CD4-positive T cells (16). Similarly, in

our case, SCLC may cause both CTL pathology in the brain and

anti-NMDAR antibody positivity reflecting a vigorous immune

response through NMDAR expression. A rapidly progressive

clinical course of our case might also reflect such underlying

vigorous immune response.

Furthermore, Zrzavy et al. recently reported that the

topographic distribution of inflammation in patients with

NMDAR encephalitis reflects the clinical course (5). Although

we did not conduct an IHC to NMDAR of the brain tissue of this

patient and topographic change of NMDAR distribution was

unclarified, we found that the areas with maximal inflammation

were limbic system and brainstem including the respiratory

center, which correlated with the clinical presentation of

sudden cardiopulmonary arrest, supporting the conclusion by

Zrzavy et al. Also, we considered that the abnormalities in MRI

were due to inflammation caused by CTL, because pathological

examination showed strong inflammation of the limbic system

as mentioned earlier.

On the other hand, it might be possible that SCLC in itself

may cause CTL-mediated responses in the brain and accidental

coexistence of the NMDAR antibody. Raspotnig et al. reported

that four of 14 patients with SCLC and paraneoplastic

encephalitis had no detectable onconeural autoantibodies (17).

However, Bastiaansen et al. had shown that there were no false

positives if anti-NMDAR antibodies were detected in both CBA

and IHC in the CSF (15). We considered that it was not a

coincidence that anti-NMDAR antibodies were detected in this

patient, because it was not only positive for CBA in CSF but also

positive for IHC in CSF, although this case was clinically

atypical. In addition, we confirmed the expression of the NR1
TABLE 1 Clinical features of cases of encephalitis complicating SCLC with NMDAR antibodies.

Nr Onset
Age

Sex Clinical
Symptoms

seizure hypo-ven-
tilation

IVM Duration
(M)

Pathological
Examination

T-cell infil-
tration

TIA-1-
positivity

Ref.

psychosis Findings

1 62 F + + + + 1 NA NA NA 6

2 61 M + + - + 12 Gliosis (hippocampus, amygdala,
and claustrum)

NA NA 7

3 NA NA NA NA NA NA NA NA NA NA 8

4 76 M + - + - 1 NA NA NA 9

5 66 F + - - - >12* NA NA NA 10

6 58 M + - + + NA NA NA NA 11

7 76 M + - - - 0.5 Mild Neuronal loss and gliosis
(hippocampus)

+ - 12

8 62 M + + - - >15* NA NA NA 13

9 67 F + - - + 57 NA NA NA 14

9 66 M + + - - 1 NA NA NA 14

9 62 F + + - + 2 NA NA NA 14

10 NA NA NA NA NA NA NA NA NA NA 15
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subunit in samples of SCLC by qPCR. Several previous reports

found that the NR1 subunit was expressed in tumor tissue and

the findings had been thought to suggest an association between

anti-NMDAR antibodies and tumor (6–8, 14). It is well known

that NMDARE is often accompanied by hypoventilation in its

clinical course (18). Two of three reported patients with SCLC-

related encephalitis with NMDAR antibodies and pathologically

proven fatal encephalitis had aggressive clinical courses and poor

prognoses (7, 12). We conjecture that hypoventilation actions of

the antibody may be responsible for the shorter survival of

patients with SCLC-related encephalitis with the NMDAR

antibody, including our case, although the copresence of

undetected high-risk antibodies might also contribute to a

severe clinical course.

This report is a single and retrospective case study, and the

possibility of contribution of undetected paraneoplastic

antibodies is not fully excluded. Nevertheless, this case

highlights that neuropathological diversity may be even

broader than previously thought. We think that the

accumulation of further pathological examinations will

be needed.
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et al. NMDA receptor encephalitis with cancer of unknown primary origin. Tumori
(2016) 102 Suppl 2:S3–4. doi: 10.5301/tj.5000447
Frontiers in Immunology 06
14. Bost C, Chanson E, Picard G, Meyronet D, Mayeur M-E, Ducray F, et al.
Malignant tumors in autoimmune encephalitis with anti-NMDA receptor
antibodies. J Neurol (2018) 265(10):2190–200. doi: 10.1007/s00415-018-8970-0

15. Bastiaansen AEM, de Bruijn MAAM, Schuller SL, Martinez-Hernandez E,
Brenner J, Paunovic M, et al. Anti-NMDAR encephalitis in the Netherlands,
focusing on late-onset patients and antibody test accuracy. Neurol Neuroimmunol
(2021) 9(1):e1127. doi: 10.1212/NXI.0000000000001127

16. Yamamoto M, Iguchi G, Bando H, Kanie K, Hidaka-Takeno R, Fukuoka H,
et al. Autoimmune pituitary disease: New concepts with clinical implications.
Endocr Rev (2020) 41(2):bnz003. doi: 10.1210/endrev/bnz003

17. Raspotnig M, Vedeler C, Storstein A, et al. Paraneoplastic neurological
syndromes in lung cancer patients with or without onconeural antibodies. J Neurol
Sci (2015) 348(1-2):41–5. doi: 10.1016/j.jns.2014.10.040

18. Dutschmann M, Mörschel M, Rybak IA, Dick TE. Learning to breathe:
control of the inspiratory-expiratory phase transition shifts from sensory- to
central-dominated during postnatal development in rats. J Physiol (2009) 587(Pt
20):4931–48. doi: 10.1113/jphysiol.2009.174599
frontiersin.org

https://doi.org/10.1016/S1474-4422(10)70253-2
https://doi.org/10.1016/S1474-4422(10)70253-2
https://doi.org/10.1212/WNL.0b013e3182a4a49c
https://doi.org/10.1155/2016/3263718
https://doi.org/10.1155/2016/3263718
https://doi.org/10.1212/01.wnl.0000325917.48466.55
https://doi.org/10.5301/tj.5000447
https://doi.org/10.1007/s00415-018-8970-0
https://doi.org/10.1212/NXI.0000000000001127
https://doi.org/10.1210/endrev/bnz003
https://doi.org/10.1016/j.jns.2014.10.040
https://doi.org/10.1113/jphysiol.2009.174599
https://doi.org/10.3389/fimmu.2022.952868
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Paraneoplastic anti-N-methyl-D-aspartate receptor encephalitis associated with small cell lung cancer and cytotoxic T-cell-mediated pathology: Case report
	Introduction
	Case presentation
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


