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Abstract: Pathological changes in striate (B17, V1) and extrastriate (B18, V2) visual cortex
were studied in variant Creutzfeldt-Jakob disease (vCJID). No differences in densities of vacu-
oles or surviving neurons were observed in B17 and B18 but densities of glial cell nuclei and
deposits of prion protein (PrP) were greater in B18. PrP deposit densities in B17 and B18 were
positively correlated. Diffuse deposit density in B17 was negatively correlated with the density
of surviving neurons in B18. The vacuoles either exhibited a density peak in laminae II/III
and V/VI or were more uniformly distributed across the laminae. Diffuse deposits were most
frequent in laminae 1I/I1I and florid deposits more generally distributed. In B18, the surviving
neurons were more consistently bimodally distributed and the glial cell nuclei most abundant
in laminae V/VI than in B17. Hence, both striate and extrastriate visual cortex is affected by the
pathology of vCJD, the pathological changes being most severe in B18. Neuronal degeneration
in B18 appears to be associated with diffuse PrP deposit formation in B17. These data suggest
that the short cortico-cortical connections between B17 and B18 and the pathways to subcortical
visual areas are compromised in vCJD.
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Introduction

Visual signs and symptoms are commonly observed in a significant number of patients
with Creutzfeldt-Jakob disease (CJD). These include poor visual acuity, visual field
defects, eye movement problems, nystagmus, and visual hallucinations (Purvin et al
1989; Aguglia et al 1991; Grant et al 1993; Satish-Chandra et al 1996; De Seze et al
1998; Kropp et al 1999; Lueck et al 2000; Armstrong 2006). Visual symptoms, such
as hemianopias, may be the presenting feature or may develop at some stage during
the disease.

The most obvious pathological signs in the brains of patients with CJD observed
post-mortem are the presence of vacuolation (‘spongiform change’), neuronal loss,
astrocytosis, and the presence of activated microglia (Masters and Richardson 1978;
Mizutani 1981; Sasaki et al 1981). In addition, there are deposits of a protease resistant
form of prion protein (PrP*), an abnormal structural conformation of normal PrP
(PrP¢). PrP* is deposited in the extracellular space in the form of discrete protein
aggregates or plaques (Watanabe and Duchen 1993). These pathological changes are
often evident within the visual cortex of patients with CJD and most consistently in
the striate cortex (B17, V1) (Armstrong 2003) and may provide the substrate for the
observed visual symptoms.

A previous study of cases of sporadic CJD (sCJD), the commonest form of the
disease, demonstrated that B17 was one of the most severely affected areas of the
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cerebral cortex (Armstrong 2003). Vacuolation was most
frequent in lamina III, PrP deposition in laminae II/I1I, while
reactive glial cells were most abundant in laminae V/VI. It
was concluded that pathological changes in B17 in sCJD
could affect the transmission of visual information from B17
to other cortical and subcortical visual areas and could be a
factor in the development of many of the visual symptoms
seen in sCJD (Armstrong 2003). Variant CJD (vCJID) is a
new subtype of the disease first described in the UK in 1996
and believed to be the human form of bovine spongiform
encephalopathy (BSE) (Will et al 1996). There are distinct
differences between vCJID and the sporadic form of the dis-
ease; vCJD having an earlier age at onset, longer duration of
disease, a psychiatric presentation, and extensive deposition
of florid-type PrP deposits in the brain (Ironside 2000). There
may also be differences in the visual signs and symptoms in
the two forms of CJD; diplopia, supranuclear palsies, visual
hallucinations, and cortical blindness being particularly com-
mon in vCJD while saccadic and smooth pursuit movements
are more common in sCJD (Lueck 2000).

To explain the development of visual symptoms in CJD
and the differences between subtypes of the disease will
require pathological studies of the different visual areas.
Hence, the present study compared the densities of the vacu-
oles, surviving neurons, PrP deposits, and glial cell nuclei in
striate and extrastriate visual cortex in eleven cases of vCID.
The specific objectives were: 1) to quantify the pathological
features, 2) to study the correlations between the densities
of the pathological changes both within and between visual
areas, and 3) to determine the laminar distribution of the
pathological changes.

Materials and methods

Cases

Eleven cases (details in Table 1) of vCJD were obtained
from the CJD Surveillance Unit, Western General Hospital,
Edinburgh, UK and studied at the Brain Bank, Department
of Neuropathology, Institute of Psychiatry, King’s College
London, UK. The principles embodied in the 1975 Hel-
sinki declaration were followed with respect to experiments
involving material of human origin. All cases fulfilled the
criteria for the pathological diagnosis of vCJD (Ironside et al
2000). None of the cases had any of the known mutations of
the PrP gene or family history of prion disease, and there was
no evidence of the common types of iatrogenic actiology.
The pattern of PrP deposition typical of vCID was observed
in all cases with florid-type plaques in the cerebral cortex,
cerebellum, basal ganglia, thalamus, and brain stem.

Table | General clinical and pathological features of variant
Creutzfeldt-Jakob disease (vC]D) cases studied

Case Sex Ageat Duration  Brain weight Atrophy
onset(yrs) (yrs) (gm)

A F 39 2 586L None
B F 28 | 1375 None
C F 28 | NA NA
D M 19 | NA NA

E M 30 | 699R None
F M 48 2 1470 None
G F 34 | 8loL None
H M 18 | 1434 None
| M 24 | NA NA

J F 21 2 1394 None
K M 35 | 718 None

Abbreviations: M, Male; F;, female; R, right hemisphere only; L, left hemisphere only;
NA, data not available.

Histological methods

A block of the calcarine sulcus was taken at a distance of
2.5 cm from the occipital pole. Tissue was fixed in 10%
phosphate buffered formal-saline and embedded in paraffin
wax. Coronal 7 um sections were stained with hematoxylin
and eosin (H/E) while adjacent sections were immunos-
tained against PrP using the monoclonal antibody 12F10
(dilution 1:250) which binds to a region of human PrP
downstream of the neurotoxic domain adjacent to helix
region 2: residues 142—160 (Krasemann et al 1996) (kindly
provided by Prof. G. Hunsmann, The German Primate Centre,
Gottingen, Germany). Immunoreactivity was enhanced by
formic acid (98% for 5 minutes) and autoclaving (121 °C for
10 minutes) pretreatment. Sections were treated with Dako
Biotinylated Rabbit anti-Mouse (RAM) (dilution 1:100)
and Dako ABComplex HRP kit for 45 minutes (Amersham,
UK). Diaminobenzidine tetrahydrochloride was used as the
chromogen. Immunostained sections were counterstained
with haematoxylin for 1 minute to reveal the neuronal cell
bodies and glial cell nuclei (Armstrong 1996a).

Lesion densities

Identification of visual areas was based on Brodmann’s
cortical map. Area B17 has well-defined boundaries although
the detailed architecture is not uniform throughout its length.
B17 is typical of granular cortex in which the laminar pat-
tern is partially obscured because of the high density of
granule cells present. It can be identified by the presence
of the Band of Gennari and by the cell poor sublamina [IVB
(Clarke and Miklossy 1990). Area B18 occupies a ‘horse-
shoe’ shaped region surrounding B17 and has a clearer six-
layered structure in which layer III is broader than IV, the
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latter with a high density of small pyramidal cells (Clarke
and Miklossy 1990). In addition, B18 can be identified by
the large pyramidal cells in the deeper parts of lamina III
(Clarke and Miklossy 1990). The boundary between B18 and
B19 is more difficult to detect as microscopic changes occur
more gradually. Hence to delimitate area B18, the position
of B19 was determined approximately by comparison of the
morphology of the occipital cortex with Brodmann’s cortical
maps (Clarke and Miklossy 1990).

The densities of the vacuoles, surviving neurons, glial cell
nuclei, and the degree of PrP deposition were determined in
areas B17 and B18 of each case. In each area, strips of tissue
(3200 to 48090 um in length) were sampled using 50 x 250
um contiguous sample fields. A micrometer eye-piece with
100 horizontal divisions was used as the sample field. The
sample fields were located in the upper and lower cortex
approximately within laminae III and V; the short edge of the
sample field was aligned with guidelines marked on the slide
and located parallel to the pia mater. All vacuoles greater than
5 um in diameter were counted in each sample field. Neurons
were identified as cells containing at least some stained
cytoplasm in combination with larger shape and non-spherical
outline (Armstrong 1996a). Small spherical or asymmetrical
nuclei without cytoplasm but with the presence of a thicker
nuclear membrane and more heterogeneous chromatin were
regarded as glial cells. Two morphological types of PrPs=
deposit are present in vCJD (Armstrong et al 2003), viz.,
florid deposits which consist of a small dense core of PrP*
and are strongly stained with antibodies raised to PrP and
the more lightly stained irregularly shaped ‘diffuse deposits’.
Differences in the densities of each histological feature in
B17 and B18 were tested using Students ‘t’ test. The correla-
tions between the densities of the histological features both
within and between visual areas were tested using Pearson’s
correlation coefficient (‘r’) (Armstrong et al 1990).

Laminar distribution

of pathological changes

The laminar distribution of the pathological changes across
the cortex was studied in B17 and B18 of each case using
methods based on those of Duyckaerts and colleagues (1986).
Five traverses from the pia mater to white matter were located
at random within each visual area. Lesions were counted
manually in 50 x 250 um sample fields, the larger dimension
of the field being located parallel with the surface of the pia
mater. The eye piece micrometer was moved down each tra-
verse one step at a time using histological features to correctly
position the field. Depending on the degree of occipital lobe

atrophy, between 20 and 35 sample fields were necessary to
sample each traverse. Counts from the five traverses were
added together to study the laminar distribution of lesions
within each area.

Variations in lesion density with distance below the pia
mater were analyzed using a curve fitting procedure. For each
area, a linear, quadratic, cubic, and quartic polynomial was
fitted successively to the data. At each stage, the goodness
of fit of the curve to the data was tested using correlation
methods and analysis of variance. A more complex curve
was accepted as a better fit to the data if it resulted in a
significant increase in Pearson’s correlation coefficient (‘1)
and a significant reduction in the residual sums of squares
compared with the preceding curves (Snedecor and Cochran
1980). Where a significant relationship between density and
distance from the pia mater was established, the lamina in
which the maximum density of each pathological feature
occurred was determined. The boundary between laminae
I and II and the location of lamina IV were determined
from the tissue sections. The location of the II/IIl and V/VI
boundaries is more difficult to establish especially in B17
(Armstrong 1996b). Hence, the approximate location of
these boundaries was estimated based on the laminar profiles
of the visual areas given in Brodal (1981) and Clarke and
Miklossy (1990).

Results

The mean density of each histological feature in areas B17
and B18 is shown in Figure 1. There were no significant
differences in the density of the vacuolation (t = 0.59,
P > 0.05) or surviving neurons (t = 1.86, P > 0.05) between
visual areas. However, the densities of the glial cell nuclei
(t=12.88, P <0.02) and the diffuse (t=2.71, P <0.050 and
florid (t =5.97. P < 0.001) PrP deposits were significantly
greater in B18 than B17.

Correlations between the densities of the histological
features both within and between areas are shown in Table 2.
Within each visual area, the only features that were mutually
correlated were the densities of the diffuse and florid PrP
deposits (B17 r=0.80, P <0.01; B18 r =0.74, P < 0.01).
Several correlations, however, were observed between the
densities of features in B17 with those in B18. The densities
of the diffuse deposits (r = 0.73, P < 0.05), florid deposits
(r = 0.84, P < 0.01), and the glial cell nuclei (r = 0.72,
P <0.05) in B17 were positively correlated with their cor-
responding densities in B18. In addition, there was a negative
correlation between the density of the vacuolation in B17 and
the diffuse deposits in B18 (r=-0.68, P <0.05) and between
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Figure | Mean densities (per 50 x 250 um sample field) of the vacuolation (VC), surviving neurons (SN), glial cell (GL) nuclei, diffuse prion protein (PrP) deposition (DP),

and florid PrP (FP) deposition in visual areas BI7 and B8 of |1 cases of variant Creutzfeldt-Jakob disease (vC]D).

Table 2 Correlation matrix (Pearson’s ‘r’) between the densities of pathological features in areas B17 and B18 of the visual cortex in

patients with variant Creutzfeldt-Jakob disease (vC)D), (Correlation significant at * P < 0.05,** P < 0.01)

AreaBI7 AreaBl8
vC SN GL DP FP vC SN GL DP FP
BI7
vC -
SN -0.02 -
GL -0.01 -0.28 -
DP -0.19 -0.40 0.02 -
FP -0.34 0.02 -0.19 0.80** -
BI8
\e 0.05 -0.14 0.15 0.13 0.16 -
SN -0.19 0.20 -0.30 -0.62* -0.38 -0.31 -
GL -0.28 0.02 0.72* 0.04 -0.02 0.37 -0.26 -
DP —-0.68* -0.26 0.11 0.73* 0.76* 033 -0.27 0.01 -
FP -0.37 -0.06 -0.04 0.74%* 0.84%* 0.24 -0.53 0.02 0.74% -

Abbreviations: VC, vacuolation; SN, surviving neurons; GL, glial cell nuclei; PrP, diffuse prion protein; DP, deposits; FP, florid PrP deposits.
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the diffuse deposits in B17 and the density of the surviving
neurons in B18 (r =-0.62, P <0.05).

Examples of the changes in the density of pathological
features across the cortex in area B17 of a single case (Case E)
are shown in Figure 2. Changes in vacuolation were fitted by
a fourth-order polynomial (r = 0.75, P < 0.01); suggesting
a bimodal distribution, density reaching a maximum in the
upper and lower cortical laminae. By contrast, the densities
of the florid PrP deposits did not vary significantly with
distance below the pia mater in this case. A summary of the
laminar distributions exhibited by each histological feature
in all vCJD cases studied is shown in Table 3. There were
no significant differences between the laminar distributions
of the vacuoles in B17 and B18 (¥*> = 1.09, P > 0.05). The
vacuoles exhibited either a bimodal distribution with peaks of
density in laminae II/I1I or V/VI or were present in all lami-
nae with the exception of lamina I and a region of lamina VI
immediately adjacent to the white matter. The laminar distri-
bution of the surviving neurons varied significantly between
visual areas. In B17, the surviving neurons were more evenly

distributed across the cortex and were less often bimodally
distributed than in B18. In B18 of three cases, neurons were
uniformly distributed across the cortex. In addition, the glial
cell nuclei were more consistently distributed in laminae
V/VI1in B18. The laminar distributions of the diffuse and flor-
id PrP deposits were similar in both visual areas, the diffuse
deposits being more frequently distributed in laminae II/I11
while the florid deposits were more generally distributed.

Discussion

Similarities and differences were observed in the pathology
of striate and extrastriate visual cortex in vCJD. The densi-
ties of the vacuoles and surviving neurons were similar in
both visual areas but there were greater numbers of PrP
deposits and glial cell nuclei in B18. Hence, both striate
and extrastriate visual cortex is affected in vCJD with the
pathological changes being more severe in B18. A similar
pattern of pathology is seen in patients with Alzheimer’s
disease (AD) in which B18 is more severely affected than
B17 (Armstrong et al 1990).
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Figure 2 Laminar distribution of the vacuolation and florid PrP deposits in area B17 in a case of variant Creutzfeldt-Jakob disease (vC|D).
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Table 3 The laminar distributions shown by the pathological features in areas B17 and BI8 in cases of variant Creutzfeldt-Jakob

disease (vCJD). Data are the number of cases (out of eleven) exhibiting a particular type of laminar distribution

Type of distribution

Feature Area V) M L All -1/VI1 BM NS
Vacuoles BI7 0 0 | 5 5 0
BI8 0 0 2 3 5 |
Neurons BI17 0 0 0 5 6 0
B18 0 0 0 0 8 3
Glial cells BI17 | 3 5 0 0 2
BI8 0 0 10 | 0 0
Diffuse PrP BI7 6 | 0 0 3 |
BI8 5 2 | 0 | 2
Florid PrP BI17 3 0 | 0 2 5
B18 0 2 2 3 0 4

Abbreviations: U, predominantly laminae Il/Ill; M, predominantly lamina IV; L, predominantly laminae V/VI;All-I/VI, feature present in all laminae except | and the lower part
of VI; BM, bimodal distribution with a density peak in the upper and lower laminae; NS, no significant variation in density across the cortex. Comparisons betweenV| and V2:
Vacuoles %2 = 1.83 (p > 0.05), Neurons y* = 8.28 (2DF, P < 0.05), Glial cells x> = 8.67 (P > 0.05), Diffuse PrP * = 2.76 (4DF, P > 0.05), Florid PrP x> = 10.54 (5DF, P > 0.05)

The laminar distributions of the vacuolation and PrP
deposits were similar in B17 and B18 but there were differ-
ences in the distributions of the surviving neurons and glial
cell nuclei. In B17, surviving neurons exhibited either a
bimodal distribution or were distributed more evenly across
the cortex while in B18, neurons were bimodally distributed
in 8 cases and uniformly distributed in 3 cases. In normal
brain, surviving neurons are often bimodally distributed with
peaks of density in laminae II/III and V/VI. Lack of these
peaks in individual cases suggests specific losses of neurons
in these laminae. In addition, glial cell nuclei were distributed
more consistently in laminae V/VI in area B18 while distribu-
tions in B17 were more variable. Since reactive gliosis is a
response to neuronal loss, this result suggests that neurons
are lost more consistently in the lower laminae in B18 while
the pattern of neuronal loss in B17 is more variable.

Significant correlations were observed between the densi-
ties of pathological features both within and between visual
areas. The density of the diffuse PrP deposits in B17 was
negatively correlated with the density of surviving neurons in
B18. These results suggest either that cell losses in B18 may
have resulted in the formation of PrP deposits in B17 or that
PrP deposition in B17 may have been responsible for the cell
losses in B18. Areas B17 and B18 are reciprocally connected
via the short cortico-cortical projections (DeLacoste and
White 1993). The feedforward cortico-cortical projections
originate in lamina I-III in B17 and terminate in lamina IV
of B18, while the feedback connections originate in laminae
V and VI and a lesser extent in lamina III in B18 and termi-
nate in lamina I in B17. In some cases, the diffuse deposits
in B17 were distributed in laminae II/IIT while the surviving

neurons had a bimodal distribution in B18 with peaks in the
upper and lower laminae. Hence, the bimodal distribution
of the surviving neurons in B18 could reflect in part neuro-
nal losses in lamina I'V associated with the development of
diffuse PrP deposits in B17 and the loss of the feedforward
cortico-cortical projections. These results provide further
support for the hypothesis that the pathology associated
with prion disease spreads from one cortical area to another
(Armstrong et al 2001).

Visual information arrives in the striate cortex from the
lateral geniculate nucleus (LGN) terminating in lamina [Va
and IVDb (Singer 1979) and is then conveyed to laminae II
and III and to a lesser extent lamina V. The output from B17
to B18 is mainly via the large pyramidal neurons in lami-
nae II/III which constitute the feedforward cortico-cortical
projections (DeLacoste and White 1993). In addition, there
is a connection from B17 originating in lamina IVDb to the
medial temporal area (MT or V5) which is crucial for the
analysis of motion in the visual field (Zeki and Shipp 1988).
V5 also receives a projection from the deep part of lamina IIT
originating in B18 (Ship and Zeki 1989). In B17, there was
a significant laminar degeneration associated with a diffuse
or bimodal distribution of the vacuolation. In addition, the
diffuse PrP deposits were present mainly in laminae II/II1
while the florid deposits were more generally distributed
down the cortex. These pathological changes are likely to
affect visual processing within the upper laminae in B17 and
subsequently, the transfer of information to B18. In addition,
the pathological changes in the lower laminae could affect
the neurons providing the output to subcortical visual areas,
eg, from lamina VI to the dorsal and ventral LGN and from
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lamina V to the superior colliculus and the pretectal area
(Parnavelas and McDonald 1983). A similar distribution of
the pathological changes is present in B18 with the excep-
tion that neuronal losses and the glial cell reaction are more
marked in the lower laminae. These results suggest that the
short cortico-cortical pathways connecting B17 and B18
and the output from these areas to subcortical visual areas
are likely to be compromised in vCJD. By contrast, the long
cortico-cortical pathway from B17 to V5 is less likely to be
affected although there is some evidence that the projection
from B18 to this area may be compromised.

Pathological changes in striate and extrastriate visual cor-
tex may contribute to several of the visual problems identified
in patients with vCJD and explain some of the differences
between vCJID and sCJD (Armstrong 2003). For example,
homonymous visual field defects appear to be more charac-
teristic of sCJD than vCJD (Vargas et al 1995) and could be
attributable to the more localised and less diffuse pathologi-
cal changes in B17 in sCJD (Armstrong 2003). Supranuclear
palsies, by contrast, appear to be more characteristic of vCIJD
(Lueck 2000; Lueck et al 2000) and could be a consequence
of the more extensive pathology in area B17 affecting the
corticofugal fibres from B17 to the superior colliculus and
pretectal areas. Cell losses affecting the output pathways
from B17 to the subcortical visual areas could be a contribu-
tory factor in the development of oculomotor signs in vCJD.
Similarly, visual hallucinations (Satish-Chandra et al 1996)
and cortical blindness appear to be more common in vCJD
and could reflect the more diffuse and extensive pathology in
B17, B18, and associated visual areas in vCJD.
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