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Case 26-2008:

A 26-year-old Woman with Headache and Behavioral Changes
(N Engl J Med 2008; 359: 842-53)
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Figure 2. Mature Ovarian Teratoma (Dermoid Cyst)
and Results of Tests for NMDAR Antibodies.

A wide variety of mature tissues are identified (Panel A,
hematoxylin and eosin). Ectoderm-derived tissues in-
clude skin with hair and sebaceous glands (not shown)
and abundant mature neuroepithelial tissue (aqua
arrows). Mesoderm-derived elements include cartilage
(dark blue arrows), bone (yellow arrow), fat, and de-
veloping teeth. Endoderm-derived tissues include re-
spiratory epithelium (green arrows) and seromucinous
glands as well as thyroid follicles (red arrow). Unin-
volved ovarian cortex is seen at the left (black arrow).
At higher magnification (Panel A, inset), rare cells sug-
gestive of neurons can be seen in the neuroepithelial
tissue (arrows). To test for antibodies to N-methyl-
D-aspartate receptors (NMDARs), cerebrospinal fluid
diluted with 5% normal goat serum (1:10 dilution) is
incubated with sections of rat brain; the binding of
antibodies to NMDARs is shown by adding a biotiny-
lated antibody to human immunoglobulin, followed by
avidin—biotin immunoperoxidase labeling and counter-
staining with hematoxylin (Panel B, brown staining).
There is predominant immunolabeling of the hippo-
campus, an area with a high level of expression of the
NR1/NR2B heteromer of NMDARs (Panel B). A high-
power view of the stained section (Panel B, inset) shows
reactivity of the antibodies with neuronal processes
contained in the molecular layer of the hippocampus,
adjacent to the granular cells of the dentate gyrus. A
culture of rat hippocampal neurons (one neuron is shown
in Panel C) was incubated with the patient’s cerebro-
spinal fluid; binding of the antibody to NMDARs (bright
green dots) was shown by adding a fluorescein-labeled
antibody to human immunoglobulin. The antibody analy-
sis was performed and the figures and legends were
provided by Josep Dalmau, M.D., Ph.D., Department of
Neurology, University of Pennsylvania.
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