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SSUUMMMMAARRYY
Limbic encephalitis patients usually present with rapidly progressive memory
deficit, psychiatric symptoms, seizures, CSF inflammatory findings and EEG or
MRI abnormalities in the temporal lobes. While these findings might be caused
by viral infections or systemic autoimmune disorders, many patients with limbic
encephalitis have an immune-mediated etiology (paraneoplastic or not) cha-
racterized with serum or CSF antineuronal antibodies. Once considered rare,
non-viral immune mediated limbic encephalitis is now increasingly recognized
and new immunophenotypes are identified. With the advent of new diagnostic
techniques, novel serum or CSF antibodies have been detected in the majority
of limbic encephalitis patients previously regarded as seronegative. These an-
tibodies are mainly directed against the cell membrane antigens such as volta-
ge-gated potassium channels and N-methyl-D-aspartate receptors expressed
by the hippocampal and cerebellar neuropil and play a significant pathogenic
role. Furthermore, this immunopehonotype associates less frequently with can-
cer or cytotoxic T cell infiltration than other limbic encephalitis variants and
responds significantly better to immunosuppressive treatment methods.
(Nöropsikiyatri Arflivi 2007; 44: 101-7)
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IInnttrroodduuccttiioonn

Limbic encephalitis was first described by Brierley et al. in
1960 (1). In 1968, Corsellis et al. used the term “limbic encephali-
tis” and noticed for the first time a relationship between limbic
encephalitis and cancer (2). In the following years, several para-
neoplastic antineuronal antibodies were discovered and various
clinical-immunological associations were established (e.g. anti-
Hu and small cell lung cancer (SCLC), anti-Ma2 and testicular
cancer) (3-6). These findings have had a substantial impact on cli-
nical neurology. The understanding that limbic symptoms may be
induced by immune-mediated mechanisms has not only corrobo-
rated the notion that autoimmunity can affect behavior, affection
and cognition but also has facilitated the diagnosis and treatment
of patients presenting with neuropsychological symptoms.

However, until recently, limbic encephalitis has been
inaccurately considered as a rare and untreatable disease
that is almost always associated with cancer. In 2001, a lim-
bic encephalitis patient was reported to have antibodies to a
cell membrane antigen, voltage-gated potassium channel
(VGKC) (7). Notably, this patient had no cancer, was respon-
sive to immunomodulating treatments and the antibody titers
correlated with the severity of the clinical symptoms. Further
examination of limbic encephalitis patients’ samples with no-
vel diagnostic techniques revealed that many patients previ-
ously considered as seronegative did in fact have antibodies
directed against cell membrane antigens such as N-methyl-
D-aspartate receptor (NMDAR), responded significantly bet-
ter to immunotherapy and were less frequently associated
with cancer. 

ÖÖZZEETT
Limbik ensefalit hastalar› genellikle h›zl› ilerleyiflli bellek kayb›, psikiyatrik
semptomlar, nöbetler, inflamatuar BOS bulgular› ve temporal loblarda EEG ve
MR de¤ifliklikleri ile baflvururlar. Bu bulgulara viral enfeksiyonlar ve sistemik
otoimmün hastal›klar da sebep olabilmekle beraber, pek çok limbik ensefalit
hastas›nda serum veya BOS’da antinöronal antikorlarla karakterize immun-
arac›l› bir etiyoloji (paraneoplastik veya non-paraneoplastik) mevcuttur. Bir
zamanlar nadir oldu¤u düflünülen non-viral immun-arac›l› limbik ensefalit ol-
gular›na giderek daha fazla rastlanmakta ve yeni immünolojik fenotipler ta-
n›mlanmaktad›r. Yeni tan› tekniklerinin ortaya ç›kmas›yla, önceden seronega-
tif oldu¤u san›lan limbik ensefalit hastalar›n›n ço¤unda yeni serum veya BOS
antikorlar› saptanm›flt›r. Bu antikorlar, büyük ölçüde, hipokampus ve serebel-
lum nöropillerinde bulunan voltaj ba¤›ml› potasyum kanallar› ve N-metil-D-as-
partat reseptörleri gibi hücre membran› antijenlerine karfl› geliflmekte ve muh-
temelen patojenik rol oynamaktad›rlar. Ayr›ca bu immünolojik fenotip di¤er
limbik ensefalit varyantlar›na k›yasla kanser ve sitotoksik T hücresi infiltras-
yonu ile daha az iliflkili olup immün sistemi bask›lay›c› tedavi yöntemlerine
daha iyi yan›t vermektedir.(Archives of Neuropsychiatry 2007; 44: 101-7)
AAnnaahhttaarr  kkeelliimmeelleerr: Limbik ensefalit, paraneoplastik, non-paraneoplastik, antikorlar



These reports have shown that limbic encephalitis is more
frequent than formerly suggested, is potentially treatable and of-
ten presents without a cancer. Detection of well-characterized
serum or CSF antineuronal antibodies is generally considered as
an indicator of autoimmune origin and warrants immunotherapy.
On the other hand, limbic encephalitis patients with no detectab-
le antibodies might be deprived from immunomodulating treat-
ments. Although limbic encephalitis patients associated with an-
tibodies to cell membrane antigens give a significant response to
immunotherapy, conventional techniques often do not detect
these antibodies. These facts necessitate a better understan-
ding of these recently described limbic encephalitis syndromes.
In this review, after briefly browsing the general features of clas-
sical limbic encephalitis, we will focus on clinical and diagnostic
features of the recently identified immunophenotypes associ-
ated with cell membrane antigens.

CClliinniiccaall  FFeeaattuurreess  aanndd  DDiiaaggnnoossiiss

The diagnosis of limbic encephalitis is based on core clini-
cal symptoms of acute or subacute onset short-term memory
loss, seizures and behavioral changes, neuroimaging evidence
for unilateral or bilateral medial temporal lobe involvement and
exclusion of other disorders that may affect the limbic system.
The most characteristic clinical feature of limbic encephalitis is
the short-term memory loss, which might be masked by seizu-
res, confusion or abnormal behaviour. In a clinical study con-

ducted with 50 limbic encephalitis patients, 46% of the patients
had acute confusional state, 14% had cognitive decline and
42% had psychiatric symptoms (4). In another study of 24 pati-
ents, 92% had cognitive dysfunction and 50% psychiatric symp-
toms (8). Seizures occur in approximately 60% of patients with
limbic encephalitis. Complex partial seizures (40%), generalized
seizures (24%) or a combination of seizure types (36%) have be-
en reported (4). EEG often demonstrates uni- or bilateral tempo-
ral lobe epileptic discharges or slow background activity. EEG
monitoring is important in patients with confusion or low level
of consciousness for the diagnosis of non-convulsive status
epilepticus (8,9). 

CSF examination typically shows mild to moderate lymphocy-
tic pleocytosis (usually less than 100 white blood cells/ml), incre-
ased protein (usually <150 mg/dl) and normal glucose concent-
ration. Increased IgG production, oligoclonal bands and intrathe-
cal synthesis of paraneoplastic antibodies are also frequently
encountered. Alternatively, CSF of patients with anti-VGKC anti-
body is often normal (Table 1). CSF analysis is also required to ru-
le out leptomeningeal metastasis (4,8,10-12). MRI is the best
technique to exclude metastatic lesions and other cancer as-
sociated complications. Uni- or bilateral medial temporal lobe
enhancement demonstrated by T2 and fluid-attenuated inversi-
on recovery (FLAIR) sequences is the hallmark of limbic encep-
halitis. MRI abnormalities can be asymmetrical and may occa-
sionally show contrast enhancement. More often than MRI
examination, (18F) Fluorodeoxyglucose positron emission to-

TTaabbllee  11. Comparison of clinical features of limbic encephalitis immunophenotypes

AAnnttiibbooddiieess  ttoo  iinnttrraacceelllluullaarr  AAnnttiibbooddiieess  ttoo  VVGGKKCC  AAnnttiibbooddiieess  ttoo  NNMMDDAARR  AAnnttiibbooddiieess  ttoo  ootthheerr  cceellll  
aannttiiggeennss  ((ee..gg..  HHuu,,  MMaa22,,  CCVV22)) ((cceellll  mmeemmbbrraannee  aannttiiggeenn)) ((cceellll  mmeemmbbrraannee  aannttiiggeenn)) mmeemmbbrraannee  aannttiiggeennss

CCSSFF  iinnffllaammmmaattoorryy  cchhaannggeess Frequent Infrequent or mild Frequent Frequent
IInnttrraatthheeccaall  ssyynntthheessiiss  ooff  aannttiibbooddiieess Frequent Infrequent or absent Frequent. Antibodies may Not studied

only be detected in CSF
SSyymmppttoommss  ddiiffffeerreenntt  ffrroomm  Several according to the Neuromyotonia, REM Psychiatric symptoms, Infrequent. The clinical
ccllaassssiicc  lliimmbbiicc  eenncceepphhaalliittiiss type of antibody sleep disorders, epilepsy, decreased level of picture is typical of limbic

Morvan’s syndrome consciousness, autonomic encephalitisencephalitis
instability, hypoventilation, 
dyskinesias

MMRRII  ffiinnddiinnggss Frequent typical findings* Frequent typical findings Normal or FLAIR increased Typical findings and/or
signal in cerebral or FLAIR increased signal in
cerebellar cortex, transient focal cortical regions.
meningeal enhancement. 
In about 25% of cases: 
typical findings

FFrreeqquueennttllyy  aassssoocciiaatteedd  ttuummoorrss Depends on the antibody Usually no tumor, in 20% Ovarian teratoma, Tumors of the thymus,
type (e.g. lung, testis, of cases: thymoma, less rarely no tumor Hodgkin’s lymphoma,
breast, thymoma) frequently SCLC SCLC, no tumor.

RReessppoonnssee  ttoo  ttrreeaattmmeenntt  Infrequent, except 30% of Frequent; corticosteroids Frequent; ICU, tumor Frequent; tumor
((ttuummoorr  rreemmoovvaall  aanndd//oorr  patients with anti-Ma2 and/or plasma resection, corticosteroids, resection, corticosteroids
iimmmmuunnootthheerraappyy)) antibodies and testicular exchange, IVIg plasma exchange, plasma exchange, IVIg

tumors. IVIg, other 
PPaatthhoollooggiiccaall  eexxaammiinnaattiioonn  Microgliosis, intense Not studied Intense microgliosis, IgG Not studied
ooff  tthhee  CCNNSS lymphocytic infiltrates deposits, rare lymphocytic 

infiltrates

*Typical findings- T2/FLAIR hyperintensity in medial temporal lobes.
IVIg- intravenous immunoglobulins, REM- rapid eye movement, ICU- intensive care unit.
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mography (FDG-PET) studies may show hypermetabolism in
frontotemporal lobes, brainstem and cerebellum in addition to
medial temporal lobes (4,8,13,14) (Figure 1). Overall, clinical,
electrophysiological, CSF, MRI and metabolic neuroimaging
studies establish the diagnosis of limbic encephalitis in 70-80%
of patients (4,13,14).

Following the diagnosis of limbic encephalitis, the possible
paraneoplastic etiology is corroborated with demonstration of
the tumor and paraneoplastic antibodies in serum, CSF or the tu-
mor. In most instances tumor is shown by CT of the chest, abdo-
men and pelvis. FDG-PET is useful in demonstrating occult neop-
lasms or small metastatic lesions. Type of the syndrome and the
paraneoplastic antibody may suggest a specific test such as ult-
rasound of the testes in anti-Ma2 positive patients (15). 

Detection of specific antibodies does not only uncover the
paraneoplastic etiology but also provides hints about the underl-
ying cancer, response to treatment, prognosis and possible seri-
ous clinical problems that may be encountered during the cour-
se of the disease (e.g. severe hyponatremia in anti-VGKC limbic
encephalitis or hypoventilation in anti-NMDAR limbic encephali-
tis). Serum/CSF antibodies are detected by a range of immunolo-
gical techniques including immunohistochemistry, western blot,
immunocytochemistry and radioimmunoassay. Pathological
examination of the brain usually demonstrates inflammatory in-
filtrates, neuronal loss, microglial activation and gliosis, which
are non-specific and can be observed in any immune-mediated
limbic encephalitis (16,17).

DDiiffffeerreennttiiaall  DDiiaaggnnoossiiss

Viral encephalitis, autoimmune limbic encephalitis (parane-
oplastic or not) and central nervous system (CNS) involvement
of a systemic autoimmune disease (e.g. Hashimoto’s thyroiditis,
Sjögren’s syndrome and systemic lupus erythematosus) are
three major groups of disorders that should be considered in
diagnosis of limbic encephalitis. Particularly, herpes simplex vi-
rus (HSV) and human herpesvirus 6 (HHV-6) encephalitis may
almost perfectly mimic typical autoimmune limbic encephalitis.

HSV encephalitis is diagnosed by demonstration of HSV DNA in
CSF by PCR. This assay has 94% sensitivity and 98% specificity
but it can be negative within the first 72 hours of symptom on-
set (18,19). HHV-6 encephalitis is often observed in immuno-
suppressed patients (e.g. after bone marrow or hematopoietic
stem cell transplantation) and is diagnosed by CSF HHV-6 PCR
(20). It is very unlikely for other viral agents such as varicella-
zoster virus and cytomegalovirus to cause symptoms and MRI
findings compatible with limbic encephalitis. Likewise, immu-
ne-mediated systemic autoimmune diseases rarely present
with isolated and typical limbic encephalitis. Usually, these pa-
tients have a wide array of neurological symptoms and multip-
le MRI lesions in widespread CNS regions. Nevertheless, there
are a few Hashimoto’s thyroiditis, systemic lupus erythemato-
sus and CNS angiitis patients reported to present with classical
limbic encephalitis findings (21-23). A list of immune-mediated
or infectious disorders presenting with complete or partial lim-
bic symptoms is provided in Figure 2.

IImmmmuunnoopphheennoottyyppeess  ooff  AAuuttooiimmmmuunnee  
LLiimmbbiicc  EEnncceepphhaalliittiiss

Recent studies have demonstrated that antibodies of limbic
encephalitis patients are directed against two broad categories
of antigens: intracellular paraneoplastic antigens and cell
membrane antigens (paraneoplastic or not) (10). Well-characte-
rized intracellular antigens are Hu (ANNA1), CV2/CRMP5 and
Ma2 (Ta) (9,15) and cell membrane antigens are VGKC and
NMDAR (7,11,12,24,25). The second group was established re-
cently by the introduction of new tissue processing and immuno-
histochemistry techniques, which enabled characterization of
several novel antibodies. Analysis of serum/CSF samples of lim-
bic encephalitis patients with these new techniques gave way to
detection of antibodies in 93% of 39 limbic encephalitis patients
prospectively identified on clinical grounds. Notably, antibodies
to known antigens (Hu, Ma2, VGKC) were detected only in 49%
of the patients (36% anti-Hu or anti-Ma2, 13% anti-VGKC), whe-
reas antibodies to novel cell membrane antigens were detected
in 44% of the patients (26), who would formerly be considered as
seronegative. Some of these novel antigens were later found out
to be NMDAR (24). 

LLiimmbbiicc  eenncceepphhaalliittiiss  wwiitthh  aannttiibbooddiieess  ttoo  iinnttrraacceelllluullaarr  aannttiiggeennss
The main autoantigens related to this group are Hu,

CV2/CRMP5 and Ma2. These antigens have been characterized
by different laboratories and reported in large cohorts of limbic
encephalitis patients. Detection of these antibodies suggests pa-
raneoplastic etiology and demands extensive clinical, CSF and
neuroimaging evaluation to find out the cancer (lung, testis, bre-
ast, thymus cancer and others), even if no tumor is found at ini-
tial evaluation. This immunophenotype is usually resistant to IgG
depleting treatment strategies and CNS specimens of the pati-
ents contain T, B and plasma cell infiltrates that are possibly res-
ponsible from neuronal damage (16,17) (Table 1).

Less frequently encountered antigens include amphiphysin
(27), serine/threonine kinase 2 (28) and anti-glial nuclear anti-

FFiigguurree  11.. Medial temporal lobe involvement in the brain MRI (A) and FDG-PET (B) of
a patient with limbic encephalitis, carcinoma of the thymus and serum/CSF antibo-
dies to hippocampal neuropil antigens. Axial MRI FLAIR and FDG-PET sequences
were matched to show the area of maximal involvement
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body (AGNA) (29). These antigens are primarily associated with
an underlying lung cancer (SCLC or non-SCLC), with the excep-
tion of anti-amphiphysin antibody, which is also frequently asso-
ciated with breast cancer (30). An extensive review on limbic en-
cephalitis associated with antibodies to intracellular antigens
can be found elsewhere (10).

LLiimmbbiicc  eenncceepphhaalliittiiss  wwiitthh  aannttiibbooddiieess  ttoo  cceellll  mmeemmbbrraannee  aannttiiggeennss
Well-characterized cell membrane antigens related with lim-

bic encephalitis are VGKC and NMDAR, both of which are ubiqu-
itously expressed in the nervous system but particularly con-
centrated in the hippocampus (7,11,14,24). Furthermore, some
patients present with antibodies to cell membrane antigens exp-
ressed by hippocampal or cerebellar neuropil. Although these
antigens (will be referred from hereafter as novel neuropil anti-
gens) have not yet been characterized, the clinical features of
the patients have been reported (14). In this group of limbic en-
cephalitis, frequency of an accompanying cancer is much lower
(Table 1). While most anti-VGKC limbic encephalitis patients ha-
ve no detectable tumors, almost all anti-NMDAR limbic encep-
halitis patients present with an underlying teratoma (24). The fre-
quency of cancer in the patients with antibodies to novel neuro-
pil antigens needs to be further clarified. In a recent report, 2 out
of 5 patients with anti-novel neuropil antigen antibodies were
free of any detectable tumors (14). 

Patients with antibodies to cell membrane antigens often
respond to IgG depleting treatment methods and there is usually
correlation with the clinical status and antibody titers (Table 1).
Therefore, IgG appears to be the major pathogenic factor in this
category. Pathological examination of the brain specimen of a

single anti-NMDAR encephalitis patient has shown intense IgG
deposits but rare lymphocytic infiltrates corroborating this as-
sumption (24).

The relative frequencies of limbic encephalitis patients rela-
ted with these three groups of cell membrane antigens remain to
be determined. However, a review of the database of a single
institution showed that around 30% of patients with cell memb-
rane antibodies present with anti-VGKC antibodies and 70% ha-
ve antibodies against NMDAR (55%) or novel neuropil antigens
(15%) (personal communication with J Dalmau).

Identification of these immunophenotypes is mainly establis-
hed by immunohistochemistry and immunocytochemistry as-
says. Antibodies to cell membrane antigens intensely immunola-
bel the neuropil of the hippocampus or cerebellum, with highly
characteristic patterns that depend on the target antigen. The
best immunohistochemistry results are obtained using parafor-
maldehyde fixed brain tissue from non-perfused rats (Figure 3).
Following the demonstration of the neuropil staining, further
characterization of the antibody type is required. For this purpo-
se, live rat neurons or cells transfected with specific cell memb-
rane antigens of interest (e.g. NR1 subunit of the NMDAR) are
tested by immunocytochemistry for antibody binding. Anti-VGKC,
anti-NMDAR and anti-novel neuropil antigen antibodies all show
distinctive staining patterns (Figure 3) (14,24,25). 

Anti-VGKC antibodies can also be detected by a radioimmu-
noassay method based on the labeling of the antibodies by radi-
oactive α-dendrotoxin, which binds to the VGKC subunits Kv1.1,
Kv1.2 and Kv1.6 (7). In contrast with antibodies to intracellular
antigens, antibodies to cell membrane antigens usually do not yi-

FFiigguurree  22.. Immune-mediated or infectious disorders presenting with complete or partial limbic symptoms classified according to cancer association. Diseases with less than
five patients reported in English literature are written in italics (HSV: herpes simplex virus; HHV6: human herpesvirus-6; VGKC: voltage-gated potassium channel; SLE: syste-
mic lupus erythematosus; CNS: central nervous system; NMDAR: N-methyl-D-aspartate receptor; APL: anti-phospholipid)
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eld specific bands in western blot assays. This suggests that the-
se antibodies bind to conformational epitopes, which are lost by
the denaturing conditions of the western blot procedure.

Encephalitis associated with VGKC antibodies 
Anti-VGKC antibody is associated with neuromyotonia, clas-

sical limbic encephalitis and limbic encephalitis with additional
symptoms of neuromyotonia, autonomic dysfunction, hyperhyd-
rosis and rapid eye movement sleep behavior abnormalities, al-
so known as Morvan’s syndrome (31). Anti-VGKC antibody has
also been detected in patients with epilepsy (32), pilomotor se-
izures (33) and intestinal pseudo-obstruction (34). 

Although the cancer frequency is relatively low, there are
still various cancer types associated with anti-VGKC limbic en-
cephalitis (mainly thymoma and SCLC) (29,35). A review of all re-
ported VGKC limbic encephalitis patients shows that around 30%
of the patients present with a tumor and therefore cancer scre-
ening is necessary. Due to relatively low cancer association
VGKC-associated limbic encephalitis should be considered in
young patients and patients with no smoking history. Brain MRI
usually shows FLAIR hyperintensity in the medial temporal lobes
(asymmetrical or not). As compared to other limbic encephalitis

types, the CSF is frequently normal or shows minimal pleocytosis
and elevated proteins (7,10-12).

Around 70-80% of patients with VGKC antibody-associated
disorders respond clinically and radiologically to corticostero-
ids, intravenous IgG (IVIg) or plasma exchange (11,12). Hyponat-
remia is frequently encountered in this immunophenotype and
may be life-threatening (14,35). 

Encephalitis associated with NDMAR antibodies 
Recent studies have demonstrated that currently uncharac-

terized antigens predominantly expressed by the hippocampal
and cerebellar neuropil are associated with a phenotype of lim-
bic encephalitis that is often accompanied by an underlying te-
ratoma or thymoma and is responsive to IgG depleting treat-
ments (Table I). The notable clinical feature of this type of limbic
encephalitis is the predominance of behavioral and psychiatric
symptoms. Different from anti-VGKC associated patients, this im-
munophenotype presents with CSF pleocytosis, increased prote-
in concentration and elevated IgG index (Table 1) (14).

A subgroup of patients with anti-neuropil antibodies develops
a specific syndrome characterized with subacute psychiatric
symptoms, seizures, short-term memory deficits, decreased level
of consciousness and central hypoventilation often requiring as-
sisted ventilation (24,25). Notably, majority of the patients develop
a flu-like illness (fever, headache, malaise or fatigue) a few days
before initial symptoms. Psychiatric symptoms often dominate
the clinical picture and include extreme agitation, delusions, di-
sorientation and confusion. Because of these symptoms, young
age (median age 27 years) and absence of cancer history, these
patients are usually first admitted in psychiatric wards, where
malingering and drug abuse are frequently considered. Some pa-
tients develop choreic or dystonic movements, dyskinesias, sle-
ep dysfunction and autonomic instability. The autonomic instabi-
lity may include intense fluctuation of blood pressure and tempe-
rature, tachycardia, bradycardia, cardiac pauses and diaphore-
sis. Most patients eventually develop a catatonic state with eyes
open, unresponsive to visual threats, mute or mumbling unintelli-
gible words, with increased muscle tone and dystonic postures. 

CSF usually shows pleocytosis, increased protein concentra-
tion, oligoclonal bands and elevated IgG index. Brain MRI is usu-
ally normal or shows non-specific cortical FLAIR abnormalities.
Only 1/4 of the patients present with a classical medial temporal
lobe hyperintensity. An immature or mature ovarian teratoma or
a mediastinal teratoma (1 case) is often found and may be mis-
sed with FDG-PET examination. In most patients, imaging studi-
es show a pelvic cyst, which is mistakenly considered unrelated
to the neurological symptoms. EEG monitoring usually reveals
diffuse delta-theta activity (24,25). 

Prompt recognition of the syndrome, removal of the underl-
ying teratoma and immunotherapy appear to shorten the time
spent in intensive care unit. Symptoms usually resolve in weeks
following removal of the tumor and treatment with corticostero-
ids, IVIg or plasma exchange (24,25). In a few cases, cyclop-
hosphamide and rituximab have been effectively used (personal
communication with J Dalmau). 

The target antigen in this syndrome has recently been iden-
tified as the NR1/NR2 heteromers of the NMDAR (24). All of the

FFiigguurree  33..  Comparison of staining patterns of CSF samples of limbic encephalitis
patients with antibodies to cell membrane antigens. (A) Sagittal sections of rat
brain immunoreacting with CSF of patients with antibodies against VGKC (deter-
mined with the α-dendrotoxin radioimmunoassay), NMDAR and novel neuropil
antigens. Note different patterns of hippocampal reactivity. NMDAR and novel
neuropil antigen antibodies react with the entire molecular layer (m, dark brown)
adjacent to the granular cells of the dentate gyrus (g, light blue counterstaining),
while the VGKC antibodies primarily react with the outer portion of the molecular
layer distant from the granular cells and relatively spare the inner portion (*, light
brown). Panel B: CSF antibodies from the same patients recognize membrane anti-
gens of cultured live rat hippocampal neurons. Panel C: Confirmation that the CSF
antibodies selectively react with NMDARs is achieved using human embryonic
kidney (HEK293) cells expressing NR1/NR2B heteromers of the NMDAR. The anti-
body reactivity is shown with green. In Panels B and C, cell nuclei are labeled with
4,6-diamidino-2-phenylindole-2-HCl (DAPI). Magnification: Panel A x100; Panel B
x800; Panel C x400.
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patients’ CSF and/or serum antibodies react with NR1/NR2B co-
transfected human embryonic kidney 93 (HEK93) cells and 67%
of the patients’ antibodies react with NR1/NR2A co-transfected
HEK93 cells. These findings suggest that antibodies mainly react
with conformational epitopes located on homodimerized
NR1/NR2 subunits of the NMDAR. Furthermore, the requirement
of NR1 for antibody binding differs this syndrome from others re-
lated to antibodies that only bind to NR2 subunits of the NMDAR
(e.g. epilepsia partialis continua, Rasmussen’s encephalitis,
stroke) (36,37).

Pathological examination of a brain sample obtained from an
anti-NMDAR encephalitis patient has shown extensive microgli-
osis, neuronal degeneration and intense IgG deposits predomi-
nantly involving but not restricted to hippocampus (24). In cont-
rast with limbic encephalitis associated with antibodies to intra-
cellular antigens (16,17), there were rare T cell, B cell and plas-
ma cell infiltrates in a few sections (e.g hippocampus, frontal lo-
be) and there was no lymphocytic infiltration in most CNS regi-
ons (24). Using antibodies to anti-microtubule-associated prote-
in-2 (MAP-2), all examined tumor specimens of anti-NMDAR en-
cephalitis patients were shown to bear mature or non-mature
appearing nerve cells with a dense network of neuropils. Some
of these nerve cells expressed NR2A and NR2B subunits of
NMDAR, which co-localized with patients’ antibodies. Additi-
onally, intense T cell, B cell and plasma cell infiltrates were ob-
served in all the examined tumor sections (24). It is well known
that the tumor tissue associated with a paraneoplastic disorder
might express neuronal antigens and this expression might trig-
ger an autoimmune response to CNS, eventually generating ne-
urological symptoms. Notably, ovarian teratoma samples associ-
ated with anti-NMDAR encephalitis is unique in possessing not
only the neuronal target autoantigens but also the entire neuro-
nal cells. All these data suggest that the teratoma tissue might
be directly involved in generation of an autoimmune response
against hippocampal neurons, which abundantly express
NMDARs and thus induce limbic encephalitis. 

Encephalitis associated with novel neuropil antigen antibodies 
In addition to patients with anti-VGKC and anti-NMDAR anti-

bodies, there is an emerging group of limbic encephalitis cases
that are negative for all known antibodies. In these patients, the
target antigens are expressed by hippocampal and cerebellar
neuropil. By both immunohistochemistry and immunocytoche-
mistry, these patients’ antibodies produce a staining pattern that
is very similar to that of anti-NMDAR antibody. However, they do
not react with NR1/NR2 expressing HEK93 cells (Figure 3). Iden-
tical to anti-VGKC and anti-NMDAR encephalitis, patients with
these antibodies significantly respond to immunotherapy and
they have a better prognosis than that of patients with antibodi-
es to intracellular antigens (14).

CCoonncclluussiioonn

The accumulating data on limbic encephalitis suggest that
there are two types of pathogenic immune mechanisms depen-
ding on whether the target antigen is located within the cell or

on the cell membrane. While, limbic encephalitis associated
with intracellular antigens is mainly mediated by cytotoxic T
cells, encephalitis related to cell membrane or extracellular an-
tigens appears to be mainly mediated by antibodies. Furthermo-
re, the first group associates with cancer, resistance to immu-
notherapy and cytotoxic T cell infiltrates in the brain and the se-
cond group associates less frequently with cancer, have less
frequent brain inflammatory infiltrates and respond significantly
better to immunotherapy. Patients with antibodies to cell memb-
rane antigens usually recover promptly following tumor removal
and immunotherapy, which might include cyclophosphamide
and rituximab. The good treatment response and recovery rate
obligate the recognition of these recently described syndromes.
However, except anti-VGKC antibodies, commercial testing is
not available for antibodies related to this group of limbic encep-
halitis. Due to the conformational nature of the target epitopes,
recognition of these antibodies might require novel techniques
summarized above and depicted in Figure 3. Therefore, the pati-
ent’s serum and CSF should be examined in research laboratori-
es, when any of these disorders is suspected. 
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