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Case Report of Variant Creutzfeldt-Jakob Disease In a Macaque after Blood
Transfusion

Lascoutra-Etchegaray, N'; Ruchaows, MM?; Correla, EY; Jolit, AY; Freire, §'; Lasmiezas,
CI%; Deslys, J™; Comay, £ )

\CEAIDSVIMETISEPIA, France; *Scripps Florida, USA

A fourth human case of probable transmission of vGJD through transfusion has now

been reported but a number of features affecting transfusion-related infection remain

imprecise, including infectious dose, length of incubation period and critical infectious
window of bloed donors.

We report here the first case of experimental transmission of vCJD in primates by
bload transfusion. Experimental infection of Cynomolgus macaque has been
demonstrated $o be a sensitive modei for the investigation of kuman prion diseases,
Inducing similar distribution of infectivity In peripheral lymphoid tissties and equivatent
brain pathology. In obr study, transfusion was performed with 40 ral of whole biood
drawn from a vCJD-nfected macaque at the terminal stage of the disease. Clinlcal
symptoms of viG.JD appeared in the reciplent animal after five years of incubation. The
totat amount of infectivity in the transfused blood was approximately 106 fold lower
than in the brain (titration stifl in progress). in several animals infected intravenously
with brain homogenate, the presence of PrPres in serial lymph nodes blopsies and in
other organs at autopsy was examined and results will be presented.

P04.51

Atypical Presentation of Variant Creutzfeidt-Jakob Disease in a 73 Year Old Bjood
Transfusion Recipient

Wroe, 5% Pal, §%; Webb, T% Alner, K% Hewitt, P3, Brander, $% Wadsworth, JD% Callinge,
J(

‘National Hospital for Neurology and Neurasurgery, National Prion Clinic, UK; *National
Hospilal for Neurclogy and Neurasurgery, Depariment of Neurvpsychology, UK;
THealth FProtection Agency, UK ‘Natioral Hospital for Neurology and Neurasurgery,
Department of Neuropathology, UK; Sinstitute of Neurology, UCL, UK

We report atypleal presentation of variant Creutzfeldt-Jakob Disease (vCJD) identified
ante-mortem in a 73 year-old recipient of blood products. This patient was transfused
following orthapaedic surgery In December 1997, Tracing of blood products identified
a single unit of nondeucodepleted red cells from an individual who developed
neuropathologically confinmed vCJD eleven months after donation. Nine years post
transfusion, this individual was referred lo the MNational Prion Clinlc for specialist
investigation. Six years post transfusion the recipient complained of fluctuating fatigue
and impaired concentration. At this time neurological examination and MRI brain
{T1/T2 weighted/DWI) were nomral. Progressive symptoms emerged six months kder
with imbalance and detedorating cognition. Exarmination two months after ansef of
newological symptoms demonstrated cognitive deficits, dyspraxia or visuospatial
dysfunction and normal motor, sensory and gait examination. Six weeks later cognitive
impainment was identified alongside tremulousniess, impaired manual dextesity and
limb ataxia. Serological Investigations were normal. MR! (T1/T2 weighted/FLAIRFDWI}
demonstraled prominent signal change throughout. the dorsal thalamus, consistent
with vCJD. PANP genotyping revealed no mutations and homozygosity for methionine
al codon 129. The profonged incubation period of vCJD and possibility of
asymptomatic carrier states pose major public heatth concems. This case highlights
the significant risk encountered by recipients of contaminated bicod products and the
necessity for their speciafist monitoring.

Epidemiology, Risk Assessment

JRC2007T-067

and Transmission
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Reglonal and Global Apparent Diffusion Coefficient in inherited Prion Disease:

Correlation with Disease Severity

Wroe, S'; Hyara, H% Thoimton, JS2 Yousty, 1% Slddique, D'; Webb, T4 Cc;{'lhga, J
'National Hosplta for Neurology and Neurosurgery, UK; 3National Hospital for
Neurology and Neurasurgery, UK

Cerebral diffusion welighted MR imaging (DW1) has recently emerged as the most
sensitive sequence for the diagnosis of prion diseases with reporis of apparent
diffusion coefficlent (ADC) changes in specific anatomical regions. This study
exarnined regional and global changes in cerebral ADC in a farge cohort of patients
with inhevited prion diseass, and by conslation with dlinical indices investigated their
potential as blomarkers of disease progression, Twenty five patients {14 female, mean
age 45.2 years, rahge 32-69 years) with inherited prion disease underwent acho-planar
DWI ©1000, TE101ims) and conventional T2W and FLAIR imaging at 1.5T. Mean
region-of-interest (ROI} ADCs for tha head of caudate, putamen and pulvinar nuclei
were determined bilatecafly and volumenomnalised whola-brain ADC .histograms
computed following tissue segmentation. Clinical assessment included the Mint Mental
State Examination (MMSE), Alzhelmer's Disease Assessment Scale (ADAS-COG),
Clinician's Dermentia Fating {CDR) and the Rating of Global Severity {GS). The
Spearman rank comelation coeflicient was calculated for each of the ROl mean ADCs,
the whole-brain mean and median ADCs, and histogram peak helght and peak
position, versus chinical score, with p<0.01 considered significant. For the whole-brain
measures, significant comelations were with MMSE: whole-brain mean ADC vs,
MMSE: r=-0.53, p=0.008, whole-brain ADC histogram peak helght vs. MMSE: r=0.51,
p=0.01 and median whole-brain ADC vs. MMSE: r=-0.52, p=0.008). Of the ROIs
investigated, biiatera! pulvinar mean ROl ADCs alone comrelated significantly with each
of the clinical scores, the most significant correlations being between the pulvinar
mean ADC and ADAS-GOG: right: r=0.77, p<0.001 {Fig 3) and left r=0.56, p=0.009 {r~
4). No pathological signal changes were detected on conventional MR imaging.
anatomically specific and whale-brain ADC fetrics correlated with disoase severy. )
Conventiohal MR imaging, including visual assessment of DWI, was relativelys
insensitive to cerebral pathology in this patient group. Despite this, we have shown
that quantification of cerebral ADG provides bath regional and global measures that
cotrelate with ciinical neurological status and therefore show promise as quantitative
pathological biomarkers in inherited prion disease.

P04.52

Quantification of Brain Atrophy Rates in CJD Using Valumetric MRI

Wroe, S% Macfarlane, RG";Seahill, R Yousry, TAY Collinge, J!

Dept of Neurodegenerative Disease, Institute of Neurology, MRC Frion Unit, UK;
Instifile of Neurology, UK Dementia Research group, UK; TNational Hospilal for
Neurology and Neurosurgery, UK

Brain atrophy has been described in alf forms of human prion disease. Mast reporis
are from visual Inspection and subjective impression by radiologists who may or

ot be blinded to diagnosis. This study applied quantitative measures of the rat .
brain atrophy to patients with prion disease. Subjects were patients with any form: -
human pricn disease. A control group of 12 age and sex matched normal subjects was
also identified. MRIs were performed at 0, 1, 2, 4 ard & momths from trial enrolment
and 3 monthly thereafter. All subjerts and controls had T1 weighted volumetric scans
acquired at 1.5T. Image processing wag performed using MIDAS (Medical [mage
Display and Analysis Software) with a protoco!l for whole brain and cerehellar
segmentation. Each scan was bias comrected to even out any intensity ishomogeneity
dnd then underwent segmentation, reglstration and brain boundary shift integral (B31)
calculation fram which annual rates of whole brain and cerebellar atrophy were
calculated. All image processing was done in a blinded manner. 217 MRI scans were
performed in 44 patients. Each patient had between 1 and 19 scans each (mean 4.5,
median 3), Seventy nine scans were discarded, mainly due to movement arlefact,
feaving 1238 scans remained in 31 patients. The mean interval between first and last
scans in each’patient was 1.24 years. One variant CJD, two sporadic CJD and 28
inherited prion disease patients (the majority with 6-OPRL or P102L PRNP mutations)
were studied. Control patients were identified from a familial Aizheimer’s trial and had
two scans each, an average of 1.78 years apart (range1.05-3.15). This study showed
that rates of brain atrophy and cerebellar atrophy were significantly higher in
symptomatic CJID patients than in control patients. Mean whole brain atrophy rates
were 1.3%/year higher than controls {whose mean rate was 0,17 %/year). Whole brains
did not atrophy at a significantly ditferent rate to cerebelli. Atrophy rates were not
significantly different acconding to presence of symploms, sex, disease type or
inherited disease type in this set of patients. No asymplomatic patients were deemed
to have become symplomatic during the study. This is the first description of
quantification of retes of brain atrophy in prion disease. Rate of brain atrophy may be
a useful prognostic indicator or oulcome measure in future clinical trials in human prion
disease.
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Amyloidogenic potential of foie gras |

JRCZOO'?T-M?

4

Alan Saolomon**, Tina Richey*, Charles L. Murphy*, Deborah T WEISS* Jonathan 5. Wall*, Gunilla T. Westermark?,

and Per Westermark$

*Human Immunology and Cancer Program, Department of Medicine, University of Tennessee Graduate School of Medicine, Knoxville, TN 37220;
*Division of Cell Biclogy, Link8ping University, SE-58185 Linkdping, Sweden; and $Department of Genetics and Pathology, Uppsala University,

SE-75185 Uppsala, Sweden-

Communicated by D. Carleton Gajdusek, institut de Neuroblologle Alfred Fessard, Gif-sur-Yvette, France, January 30, 200? freceived for review

October 10, 2006}

The human cerebral and systemic amyloidoses and prion-
associated spongiform encephalopathies are acquired or inherited
protein folding disorders in which normally sofuble proteins
or peptides are converted into fibrillar aggregates. This is a
nucleation-dependent process that can be initiated or accelerated
by fibril seeds formed from homologous or heterologous amyloi-
dogenic precursors that serve as an amyloid enhancing factor (AEF)
and has pathogenic significance in that disease may be transmitted
by oral ingestion or parenteral administration of these conforma-
tionally altered components. Except for infected brain tissue,
specific dietary sources of AEF have not been identified. Here we

report that commercially available duck- or goose-derived foie gras

contains hirefringent congophilic fibrillar material composed of
serum amylold A-related protein that acted as a potent AEF in a
transgenic murine model of secondary (amyloid A protein) amy-
Joidosis. When such mice were injected with or fed amyloid
extracted from foie gras, the animals developed extensive systemic
pathological deposits. These experimental data provide evidence
that an amyloid-containing food product hastened the develop-
ment of amyloid protein A amyloidosis in a susceptible population.
On this basis, we posit that this and perhaps other forms of
amylcidosis may be transmissible, akin to the infectious nature of
‘prion-related illnesses.

amytoid protein A amyloidosis | amyloid-enhancing factor | protein
aggregation | rheumatoid arthritis | transemissibility

myloid protein A amyloidosis (AA) occurs in patients with

rheumatoid arthritis and other chronic inflammatory dis-
eases and results from a sustained elevation of the apolipopro-
tein serum amyloid A (SAA) protein produced by hepatocytes
under regulation by interlenkin (TL)-1, IL-6, and tumor necrosis
factor (1). This acute-phase reactant is cleaved into an ~76-
residue N-terminal fragraent deposited as amyloid predomi-
nately in the kidneys, liver, and spleen. The disorder also can be
induced experimentally in susceptible strains of mice by inflam-
matory stimuli that result in an >1,000-fold increase in SAA
concentration (2). Further, the lag phase of this process is greatly
decreased by injecting or feeding animals extracts of amyloid-
laden spleens of affected mice (2-3).

To determine whether amyloid-containing food products ex-
hibit amyloid enhancing factor (AEF) activity, we used a more
robust in vivo murine model of A A amyloidosis involving mice
carrying the human IL-6 (hIL-6) gene under control of either the
murine metallothionein-1 (MT-1) (MT-1/hIL-6) or histocom-
patibility H2-19 (H2/hIL-6) promoter (§). Typically, AA amyloid
develops in these animals at =5 mo of age and is initially located
predominately in the perifollicular regions of the spleen. Over
the next 2-3 mo, the deposits spread rapidly into the liver
parenchyma, renal glomerular and intertubular regions, cardiac
muscle, tongue, and gastrointestinal tract and lead to death at
~8-9 mo. However, by injection into 8-wk-old transgenic mice
of a single 100-p.g i.v. dose of an exogenous source of AA fibrils,
amyloid deposits are formed within 3 wk, and severe systemic
disease {akin to that found in 8-mo-old animals) occurs within
2 mo, at which time the resultant pathology is lethal (7).

10998-11001 | #NAS | June 26,2007 | vol. 104 | no.26

AA amyloid deposits are commonly found in waterfowl,
particularly Pekin ducks, in which the liver is prcdonuuately
invoived (8-10). This pathological alteration is noticeably in-
creased in birds subjected to stressful environmental conditions
as well as to the forced feeding that is used to produce foie gras
(8). This culinary product, derived from massively enlarged fatty
livers results from gorging young ducks or geese up to three times
daily over a 4-wk period with corn-based feed.

‘We now report the results of our studies that have shown that
AA-containing fibrils extracted from duck or goose foie gras
have potent AEF activity when administered by i.v. injection or

gavage into our T1-6 transgenic mice. : k
Results and Discussion

‘We analyzed several commercial sources of foie gras histochem-

- ically and found amyloid to be present. Microscopic examination

of hematoxylinfeosin- and Congo red-stained sections cut from
formalin-fixed, paraffin-embedded specimens revealed virtual
replacement of the normal hepatic parenchyma by fat; addition-
aily, green birefringent congophilic areas in residual vasculature
were noted by polarizing microscopy (Fig. 1 a and b). Further,
these deposits were immunostained by a specific anti-AA anti-
serum (Fig. 1¢). Similar material was found in marketed pités
prepared from duck or goose liver (Fig. 2),

The AA composition of the hepatic amylaid deposits was
confirmed chemically through analysis of material derived from
acetone-defatted specimens extracted first with 0.15 M NaCl and
then distilled water. The isolates were strongly congophilic, and,
when examined by transmission electron microscopy, contained
fibrils with the typical ultrastructural features of amyloid;
namely, ~10-pro-thick unbranched structures (Fig. 3a). Elec-
trophoresis of the water-suspended product on a SD§/
polyacrylamide gel in the presence of 0.1 M DTT and 8 M urea
revealed, aftér Coomassie blue staining, a protein band with a M,
of ~6,000, comparable to that of amyloid extracted from th:-_L
spleen of a mouse with AA amyloidosis (Fig. 3b). After transfer -
to a PVDF membrane, this component was subjected to auto-
mated Edman degradation with which 14 residues identical in
amino acid sequence to that of the N-terminal portion of duck
54 A were detected. In a similar study of tryptic digests obtained
from cleavage of this molecule after reduction and alkylation, six
peptides that included 45 of the first 60 residues of duck SAA
were identified by MS/MS (Fig. 3¢) (9).
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Fig. . AA depasition in foie gras. {a} Large venule surrounded by residual,
extensively vacuolated fatty hepatic tissue (hematoxylinfecsin stain). (b) Green
birefringent amyloid deposits in the blood vessel wall {Congo red stain). (d
Immunchistochemical identification of vascular AA amyloid. (Scale bar, 62 um.)

To determine whether amyloid-containing duck- or goose-
derived foie gras had AFEF activity, groups of up to mine
MT-1/hIL-6 or H2/bIL-6 mice received tail vein injections of
either 100 pg of extract suspended in 0.1 mi of PBS or the
equivalent volume of PBS alone. Both sets were euthanized 8§ wk
later and multiple organs (liver, spleen, kidney, pancreas, heart,
lung, tongue, and intestines) were obtained at necropsy for
histochemical analysis. Examination by polarizing microscopy of
Congo red-stained sections revealed the presence of varying
amounts of amyloid deposits in one or more tissues of virtually
;- all of the treated mice; most affected were the liver, spleen, and

a Jesser extent, the kidneys and pancreas (Fig. 4q). In conlrast,
wuntrol animals that received PBS had no detectable amyloid.

Fig. 2. Tissue fragment with amyloid in duck paté. Congo red stain.

Solomon et al.
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Fig. 3.  Ultrastructural and chemical characterization of amyloid extracted
from foie gras. (a) Fibrillar nature of proteins contained in the peliet {electron
micrograph, negative uranyl acetate stain). (Scale bar, 200 nm.) (b) SDS/PAGE
of congophilic components extracted from duck foie gras and the spleen of a
mouse with AA amyloidosis (Coomassie blue stain). The M, values of the
standard proteins are given; arrows show the location of AA-containing
protein bands. (¢} Comparison of the amino acid sequence of duck faie gras AA
amyloid with that of duck SAA (9). Homologous residues are indicated by
dashes.

Similar results were obtained in the conventional murine
model of AA amyloidosis in which SAA overexpression was
induced by an inflammatory stimulus (4). Two groups of wild-
type BALB/c mice were given two 0.5-ml s.c. injections of
aqueous 1% AgNO: (days 1 and 10), and oue set also were
injected i.v. with 100 pg of the foie gras extract; the others
{controls) received PBS only. At tlie time of cuthanizing (day
21), 8 of 10 mice from the first group had detectable amyloid in
the liver and spleen. In contrast, no amyloid was found in the
control animals,

The amyloid induced by administration of fibril-containing
foie gras ‘into both the wild-type and transgenic mice was
immunostained by an anti-AA antibody. Further, the deposits
were AA in nature as confirmed by MS of protein extracted from
the spleen of a recipient animal. MS/MS analyses of tryptic
peptides generated from an HPLC-purified reduced and alky-
lated water pellet identified residues 19-56 of murine SAA.

AA-containing foie gras extracts also had AEF activity when
administered orally to the hIL-6 transgenic animals. Five of eight
mice that were gavaged for 5 consecutive days with 100 ug of
material suspended in 50 pd of PBS were found 8 wk later to have
amyloid deposits in virtnally all organs examined, and, as in the
case of animals injected Lv. with this material, this effect was
most pronounced in the liver and spleen (Fig. 45).

The AEF activity of foie gras was reduced, but not abolished,
by cooking, as specified by the supplier. Intravenous injeclions
into nine hiL-6 transgenic mice of 100-pg doses of extracts
prepared from liver that had been heated to =~95°C for 20 min
in an oven resulted in 4+, 2+, and I+ hepatic and/or splenic
amyloid deposits in two, one, and two animals, respectively (in
four cases, no amyloid was found). [n contrasi, when this
material was dissolved in 6 M guanidine FCl, incubated at 37°C
for 24 h, dialyzed against PBS. and injected info six transgenic
no. 26 |
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Fig. 4. AEF activity of foie gras. Hepatic and splenic amyloid depasits found in
hiL-6 transgenic mice 8 wk after they were injected (a) or gavaged (b} with AA
{ibrils extracted from foie gras. The extent of amyloid burden in the liver (w),
spleen (%), kidney (D), and pancreas (&) is as indicated, (Scale bars, 100 m.}

mice, only traces of splenic amyloid were found in two mice. A
summary of the results of all of the above studies is presented in
Table't and supporting information (SI) Fig. 5

The prevalence of A A amyloidosis in the human population is
unknown. In most developed countries, sustained inflammatory
processes, particularly rheumatoid and juvenile chronic arthritis
(as opposed to infectious diseases), now account for the majority
of such cases (11). Notably, there 'is a marked geographic
variation in incidence among such patients, e.g., the number is
relatively high in Europe compared with the United States but
particularly high in parts of Papua New Guinea (12). This
difference has been attributed, in part, to genetic factors,
including expression of a more amyloidogenic SAA allotype (13}
or other genes encoding inflammatory molecules (11). Notably,
increased blood levels of SAA do not necessarily result in
amyloidosis (11, 14).

Given our experimental findings, exposure {0 exogenous
substances with AEF activity also may be an important epige-

‘netic or epvironmental factor in the development of AA amy-

loidosis in a susceptible poputation, In this regard, it would seem
prudent for children and adults with rheumatoid arthritis or
other diseases who are at risk for this disorder to avoid foods that
may be contaminated with AA fibrils (15). In addition to foie

" gras, meat derived from sheep (16) and seemingly healthy cattle

{17) may represent other dietary sources of this material,
Further, the fact that chemically heterologous fibrils can serve as
AEF, as demonstrated in experimental models of AA (18-20)
and AApoAll amyloidosis .(21-23), suggests that jt may be
bazardous for individuals who are prone to develop other types
of amyloid-associated disorders, e.g., Alzheimer’s dlseasc ar type
I diabetes, to consume such products

Materials and Methods

Materials. Whole fresh duck -and- goose liver (for.e gras) was
purchased from three commercial venders located in the United
States and France.

Mice. Mice carrying the AJL-6 gene under control of the mouse __
MT-1 or histocompatibility H>-L? promoter were obtained from;
Gennaro Ciliberto and Michael Potter, respectwely, and geners:
ated as described previously (6). At 4 wk the mice were weaned,
and the presence of the transgene -was confirmed through
analysis of genomic DNA derived from tail snips. Wild-type
BALB/c mice were purchased from Charles River Laboratories
(Boston, MA). Animals were housed in groups of eight in a
positive pressure environment with a 12-h light/dark cycle and
provided filtered tap water and a standard laboratory rodent
chow (Harlan Teklad, Madison, WI) ab libitum. The animals
were treated in accordance with National Institutes of Health
regulations under the aegis of a protocol approved by the
University of Tennessee’s Animal Care and Use Committee.

Histochemical and Immunohistochemical Analyses. Samples of foie
gras and mouse organs obtained at necropsy were placed in 10%
buffered formalin (Fisher Scientific International, Inc., Hamp-
ton, NH) and embedded in paraffin. To detect amyloid, 6-um-
thick deparaffinized sections were stained with a freshily pre-
pared solution of alkaline Congo red and examined under
polarizing microscopy. A qualitative assessment of amyloid
deposition was made by an experienced microscopist {T.R.)
based on the relative extent of green birefringence seen in at

Ieast 10 fields at X20 magnification; a value of 1+, 2+, 3+, i\
- 4+ was assigned if such material occupied, respectively, trace,

minimal, moderate, or extensive portions of the sections studied,

_and these values were corroborated by quantitative image anal-

yses. Electron microscopy on Epon-embedded sections stained

Table 1. Summary of the amyloidogenic potential of foie gras preparations.

Group Mice (n} Treatment Route Positive (%) Mean score*
1 H-2/hiL-6 (8) Extract 1 Lv. 3(37.5) 3+

2 H-2/hIL-6 (6) Extract 2 iv. 2{33.3) 4+

3 H-2/hiL-6 (7) - Extract 3 [R'A 6 (85.7) 1.9+
4 H-2/mhiL-6 (5) P8BS iv. 0{0) 0

5 H-2/hiL-6 (7} Extract 4 iv. 7 (100) 3.1+
6 MT-1/hIL-6 (8) Extract 4 Gavage 5 (62.5) 4+

7 MT-1/hiL-6 (7) Extract 5 iv. 5{(71.4) 44+

8 H-2/hiL-6 (9) Extract 5/cooked v, 5(55.6) 1.75+
g H-2hiL-6 {6) Extract 5/guanidine HC i 2({33.3) - 0.5+
i0 BALB/c (10) Extract 5 R 8 {80) 1.6+
11 BALBIC (5} RS v, Q{0 4]

*Mean score of amyloid-positive spleens in each group.
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