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Fig. 4. Nonstop mRNA degradation is effective in 
limiting the translation of aberrant mRNAs. The 
HIS3 gene was amplified by polymerase chain 
reaction using oRP1075 (CGAGAGCTCAACA- 
CAGTCCTTTCCCGCAA) and oRP1077 (CGAG- 
GATCCACTTGCCACCTATCACC) and was cloned 
as a Sac I-Bam HI fragment into the CEN URA3 
plasmid pRS416 (30). The nonstop his3 allele was 
created by deleting the first nucleotide of the 
termination codon (Quick-change kit, Strat- 
agene). This creates an open reading frame that 
extends past the previously mapped polyadenyl- 
ation sites (31). The nonstop his3 plasmid was 
transformed into strains that were ura3A and 
his3A and were either SKI+, ski2A, ski7A. ski8A, 
or ski7-AC. URA+ transformants were selected 
and streaked onto a plate lacking histidine. This 
plate is shown after a 2-day incubation at 30?C. 

ski8A ski7A 

Fig. 4. Nonstop mRNA degradation is effective in 
limiting the translation of aberrant mRNAs. The 
HIS3 gene was amplified by polymerase chain 
reaction using oRP1075 (CGAGAGCTCAACA- 
CAGTCCTTTCCCGCAA) and oRP1077 (CGAG- 
GATCCACTTGCCACCTATCACC) and was cloned 
as a Sac I-Bam HI fragment into the CEN URA3 
plasmid pRS416 (30). The nonstop his3 allele was 
created by deleting the first nucleotide of the 
termination codon (Quick-change kit, Strat- 
agene). This creates an open reading frame that 
extends past the previously mapped polyadenyl- 
ation sites (31). The nonstop his3 plasmid was 
transformed into strains that were ura3A and 
his3A and were either SKI+, ski2A, ski7A. ski8A, 
or ski7-AC. URA+ transformants were selected 
and streaked onto a plate lacking histidine. This 
plate is shown after a 2-day incubation at 30?C. 

13. Nonstop mRNAs are not detectably deadenylated, 
even when they are stabilized by deletion of SKI7 
or several other exosome mutations. One possible 
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nucleases from digesting it. A corollary of this 
explanation is that in a wild-type strain, the exo- 
some or associated proteins can dislodge a stalled 
ribosome at the 3' end of the mRNA or initiate 
3'-to-5' decay of the mRNA in the presence of 
such a ribosome. 

14. To test whether translation of nonstop PGK1 mRNA 
was required in cis, we introduced G18 in its 5' UTR. 
This sequence forms a stable secondary structure and 
reduces translation by 4 orders of magnitude (27). 
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or an NH2-terminal deletion of Ski7p were integrated 
into the genome at the SKI7 locus and were ex- 
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amino acids from 265 to the COOH-terminal. The 
COOH-terminal truncation removes all of the trans- 
lation factor homology. 
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mRNA degradation pathway, protein prod- 
ucts of nonstop mRNAs accumulate to func- 
tional levels. 

In combination, these results define a 
mechanism of mRNA quality control that 

recognizes and degrades yeast mRNAs 

lacking translation codons, thereby pre- 
venting the production of truncated pro- 
teins. Because Ski protein homologs are 

present in the human genome (19, 26), we 

expect that the mechanism of nonstop de- 

cay is conserved. Transcripts that lack a 
termination codon are also recognized in 

prokaryotes (15, 16). It will be interesting 
to determine to what extent the prokaryotic 
and eukaryotic systems are similar and 
whether they are evolutionarily related. 
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The deposition of amyloid-P (Ap) peptides into amyloid plaques precedes the 
cognitive dysfunction of Alzheimer's disease (AD) by years. Biomarkers indic- 
ative of brain amyloid burden could be useful for identifying individuals at high 
risk for developing AD. As in AD in humans, baseline plasma Ap levels in a 

transgenic mouse model of AD did not correlate with brain amyloid burden. 
However, after peripheral administration of a monoclonal antibody to Ap 
(m266), we observed a rapid increase in plasma Ap and the magnitude of this 
increase was highly correlated with amyloid burden in the hippocampus and 
cortex. This method may be useful for quantifying brain amyloid burden in 

patients at risk for or those who have been diagnosed with AD. 
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Abundant evidence suggests that a key event 
in the pathogenesis of AD is the conversion 
of AP peptides from soluble to insoluble 
forms in the brain (1). This process is among 
the earliest pathological changes that charac- 
terizes AD, and is estimated to occur --10 to 
20 years before the appearance of the earliest 
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20 years before the appearance of the earliest 

cognitive changes of the disease (2, 3). 
Whereas individuals with pre-clinical AD 
(i.e., cognitively normal individuals with 
plaque and tangle densities similar to those 
with AD) have no measurable neuronal loss 
in affected brain regions, individuals with 
even very mild cognitive impairment indica- 
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tive of clinical AD have plaques and tangles 
and also have already lost a significant num- 
ber of neurons (4, 5). Identification of bio- 
markers predictive of the presence and mag- 
nitude of amyloid plaque burden may be 
useful in the diagnosis of both pre-clinical 
and clinical AD. In the case of pre-clinical 
AD, these biomarkers might allow for detec- 
tion of individuals who may benefit from 
preventative therapies even before the devel- 
opment of neuronal loss and cognitive im- 
pairment. Further, such biomarkers may be of 
help in distinguishing patients with mild cog- 
nitive impairment (MCI) due to AD and those 
with other underlying disease processes. 

The Ap peptides are predominantly 40 to 
42 amino acids in length and are synthesized 
as soluble proteolytic products of the amyloid 
precursor protein (APP), a large integral 
membrane protein expressed at high levels in 
the brain (1). Recent data suggest that after 
AP synthesis in the central nervous system 
(CNS), the peptide(s) can be locally metabo- 
lized or cleared into the plasma (6-9). With 
the use of a tg mouse model of AD amyloid- 
osis, PDAPP (APPV7l7F) mice, in which a 
human APP transgene with a familial AD 
mutation is expressed (10), we have recently 
demonstrated that peripheral administration 
of a monoclonal antibody to Ap (m266) re- 
sults in a rapid and massive increase of CNS- 
derived AP in the plasma (9). Our data sug- 
gested that m266 was both decreasing plasma 
Ap degradation as well as facilitating A3 
efflux from CNS to plasma. The presence and 
amount of insoluble Ap deposited in plaques 
in the brain appears to influence the metabo- 
lism and clearance of soluble Ap. For exam- 
ple, as plaque deposition progresses, the 
amount of insoluble AP in brain lysates in- 
creases markedly (11). Though the amount of 
soluble A3 in brain lysates does not increase 
to the same extent, it does increase (12). 
Thus, we reasoned that the accumulation of 
AP in plasma after the administration of 
m266 might be a measure of (or in some way 
reflect the amount of) A3 burden in the 
brain. 

We assessed a large cohort (n = 49) of 
PDAPP mice homozygous (+/+) for the 
APPV717F transgene, all of which were 12 to 
13 months of age. These mice begin to ex- 
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hibit AP and amyloid deposition in the brain 
at -3 to 6 months of age. Though all 
PDAPP+/+ mice ultimately develop deposits 
of AP in the form of diffuse and neuritic 
(thioflavine-S-positive, amyloid) plaques af- 
ter 6 months, there is a rather large variability 
in the degree of amyloid pathology in indi- 
vidual animals of the same age (9, 13, 14). 
This inherent variability in amyloid burden in 
our age-matched cohort allowed us to com- 
pare plasma A3 levels with brain Ap burden. 
Five minutes before administering m266 to 
the mice, we obtained a baseline plasma sam- 
ple from each animal. Each mouse then re- 
ceived an intravenous (i.v.) injection of m266 
(500 pIg). Plasma samples from each animal 
were then obtained 5 min and 1, 3, 6, and 24 
hours later. In each plasma sample, levels of 
AP40 and A342 were assessed by enzyme- 
linked immunosorbent assay (ELISA) as pre- 
viously described (9). Mice were killed after 
24 hours. One hemisphere was assessed with 
the use of quantitative AP-immunofluores- 
cent and thioflavine-S (amyloid) staining to 
determine the area of the hippocampus or 
cingulate cortex occupied by A3 and amy- 
loid, respectively (% Ap or amyloid load), 
and regions from the other hemisphere were 
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assessed for Ap by ELISA as described (9, 
14, 15). Neuropathological assessment of A3 
and amyloid load was carried out by investi- 
gators blind to the plasma Ap levels. 

Baseline levels of plasma Af40, A342, 
and the calculated AP40142 ratio before the 
administration of m266 did not correlate with 
the amount of AP or amyloid deposition 
present in the brain (Table 1, Fig. 1). This 
finding is similar to that previously reported 
in humans where plasma Ap has been shown 
not to be a useful biomarker in distinguishing 
AD patients from age-matched controls (16). 
As we have previously reported, after paren- 
teral (i.v.) administration of m266, there was 
a rapid and marked increase in plasma A340 
and Ap42. We also observed highly signifi- 
cant correlations between levels of plasma 
AP (At40, AP42, AA40/42 ratio) and both AP 
and amyloid burden in the hippocampus (Fig. 
1, Table 1) and in the cingulate cortex. In 
addition, highly significant correlations were 
observed when comparing the total amount of 
plasma A4o0 and At42 accumulated over 24 
hours (area under the curve, AUC) and both 
AP and amyloid burden (Table 1). Highly 
significant correlations were obtained when 
comparing plasma Ap levels after m266 ad- 
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Fig. 1. Plasma levels of AI40 following m266 administration are highly correlated with Ap and 
amyloid burden in hippocampus. Just before (pre-bleed) and after the i.v. administration of m266 
(500 [Lg), plasma samples were collected at various times (1, 3, 6, and 24 hours). Plasma A,40 and 
AP42 were measured by ELISA as previously described (9). Ap and amyloid load were quantitated 
as described (14). Before m266 administration, there was no correlation between the plasma levels 
of A04o (or Ap42) (Table 1) and % Ap3 or amyloid load in the hippocampus. In contrast, 24 hours 
after i.v. administration of m266, there were highly significant correlations (see Table 1) when 
comparing the plasma levels of AI,4 and the AP40 accumulation over 24 hours (AUC) to Ap and 
amyloid load in the hippocampus. 
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high Ap load groups after m266 administration (C) and (D). 

Table 1. Plasma APB correlations with A3 load and fibrillar amyloid in hippocampus with AD-like 
pathology. The Pearson correlation coefficient (Pearson r) and significance (P value) were determined 
between plasma A3 values (before and after injection of m266) and hippocampal A3 or amyloid load with 
the use of GraphPad Prism software (v. 3.00 for Windows, San Diego, CA). AP load was defined as the 
% area of the hippocampus covered by AP-immunoreactive deposits. Amyloid load was defined as the 
% area of the hippocampus covered by thioflavine-S positive deposits. Correlations were also determined 
between the plasma AP accumulation over 24 hours (AUC) and hippocampal A3 load or amyloid load. 

Pre-bleed 5 min 1 hour 3 hours 6 hours 24 hours AUC 

Plasma A40 

AP load 
Pearson r -0.0158 0.5527 0.5904 0.4310 0.5533 0.5932 0.7056 
P value 0.9209 <0.0001 <0.0001 <0.0014 <0.0001 <0.0001 <0.0001 

Amyloid load 
Pearson r 0.1535 0.7420 0.6257 0.7053 0.6684 0.7432 0.7624 
P value 0.3378 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Plasma A 42 

AP Load 
Pearson r -0.0614 0.2223 -0.0036 0.1309 0.4551 0.3391 0.5322 
P value 0.6817 0.1207 0.9798 0.3549 0.0008 0.0139 <0.0001 

Amyloid load 
Pearson r 0.0443 0.4790 0.2321 0.3996 0.4476 0.6062 0.6214 
P value 0.7698 0.0005 0.1013 0.0037 0.0011 <0.0001 <0.0001 

AP40/42 ratio 

AP Load 
Pearson r 0.0369 0.5223 0.6888 0.4215 0.1754 0.7190 0.6138 
P value 0.8236 <0.0001 <0.0001 0.0019 0.2183 <0.0001 <0.0001 

Amyloid load 
Pearson r 0.1293 0.4825 0.5047 0.4364 0.2843 0.6029 0.5510 
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ministration to brain A3 levels measured by 
ELISA. We next grouped mice according to 
their Ap burden and compared plasma A3 
levels among those with the lowest, middle 
two, and highest quartiles of Ap burden (Fig. 
2A). There was no overlap in plasma A340 
levels assessed at 24 hours (or in AUC for 
plasma A340) after m266 administration be- 
tween mice in the lowest quartile (0 to 1.4%) 
versus those in the highest quartile (18.2 to 
34.5%) of brain A3 load (Fig. 2, A, C, and 
D). By contrast, plasma Ap levels measured 
just before m266 administration failed to dif- 
ferentiate these two groups of mice (Fig. 2B). 
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ically displayed as a tree dendogram (decision 
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ined all plasma Ap values after m266 adminis- 
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pocampus. Using diagnostic rules based on 
only one plasma Ap measurement [A340 at 24 
hours (19)] or on multiple measurements (19), 
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model allowed us to discriminate between ani- 
mals with greater than the 50% percentile of 
AP burden in the cohort (n = 49) from those 
with less than that percentile, with a sensitivity 
of 96% and a specificity of 84%. The recursive- 
partitioning models discussed were intentional- 
ly forced to be very conservative, which sug- 
gests that more complex models with even 
higher predictive power can be developed for 
eventual use in humans. 

Here, we found no correlation between 
baseline levels of plasma A3 and brain Ap 
burden in a large cohort of 12-to 13-month- 
old PDAPP mice. In contrast, after paren- 
teral administration of m266, we observed 
rapid and large increases in plasma A340, 
A142, and the A40142 ratio that were high- 
ly correlated with the amount of A3 depo- 
sition and amyloid burden in brain. There 
was no overlap between plasma A[40 levels 
at 24 hours after m266 administration in 
mice from the lowest and highest quartiles 
of A3 burden quantitated in the hippocam- 
pus. Our findings have obvious implica- 
tions for quantifying Ap and/or amyloid 
burden in humans. However, whether such 
a "diagnostic" test in humans would yield 
similar results is unclear. Though there is a 
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wide range of A3 and amyloid deposition 
that occurs with age in both humans and 
PDAPP mice, all PDAPP mice overproduce 
human Ap and, unlike humans, all mice 
will eventually develop A3 and amyloid 
deposition in the brain. In quantitative 
terms, this contrasts with what is observed 
in the aging human brain. Whereas cortical 
amyloid plaque burden in humans with pre- 
clinical and clinical AD are similar to each 
other and to that observed in the PDAPP 
mice we studied with high A3 burden, 
studies have shown that most cognitively 
normal elderly humans (-70% by age 75) 
have either no or only very small amounts 
of cortical A3 deposition (3, 20). The latter 
human group would be analogous to the 
mice in our study with little to no A3 

deposition (lowest quartile). This dichoto- 
my in amyloid plaque burden observed in 
the aging human brain suggests, therefore, 
that measuring plasma A3 after administra- 
tion of antibody to A3 may be able to 
clearly distinguish such individuals. Thus, 
the use of a monoclonal antibody with char- 
acteristics similar to m266 but developed 
for humans may provide a means to devel- 
op a facile diagnostic test to quantify amy- 
loid burden in persons with pre-clinical 
AD, as well as to assist in the differential 
diagnosis of clinical AD. Such a test may 
also have utility for monitoring the re- 
sponse to anti-amyloid therapy. 

The highly significant correlations be- 
tween plasma Ai and both brain Ap and 
amyloid burden strongly suggest that the 
presence of m266 in the peripheral circula- 
tion directly facilitated net Ap efflux from 
the brain, acting as a "peripheral sink." 
Further supporting this model is that sig- 
nificant correlations were observed within 
5 min after peripheral injection of m266. 
By increasing Ap efflux from brain, it ap- 
pears that the presence of m266 in plasma 
can also reveal quantitative differences in 
brain A3 deposition, presumably by facili- 
tating efflux of soluble Ap from brain. 
Taken together, our data suggest that brain 
AP clearance is a dynamic process and that 
modifying this process may be useful in 
both diagnosing and treating AD. 
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Dynamics of Pleistocene 

Population Extinctions in 

Beringian Brown Bears 

1. Barnes,l12 P. Matheus,3 B. Shapiro,2 D. Jensen,2* A. Cooper7' 

The climatic and environmental changes associated with the last glaciation 
(90,000 to 10,000 years before the present; 90 to 10 ka B.P.) are an important 
example of the effects of global climate change on biological diversity. These 
effects were particularly marked in Beringia (northeastern Siberia, northwestern 
North America, and the exposed Bering Strait) during the late Pleistocene. To 

investigate the evolutionary impact of these events, we studied genetic change 
in the brown bear, Ursus arctos, in eastern Beringia over the past 60,000 years 
using DNA preserved in permafrost remains. A marked degree of genetic struc- 
ture is observed in populations throughout this period despite local extinctions, 
reinvasions, and potential interspecies competition with the short-faced bear, 
Arctodus simus. The major phylogeographic changes occurred 35 to 21 ka B.P., 
before the glacial maximum, and little change is observed after this time. Late 
Pleistocene histories of mammalian taxa may be more complex than those that 

might be inferred from the fossil record or contemporary DNA sequences alone. 
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Throughout the late Pleistocene Beringia 
formed a largely ice-free subcontinent connect- 
ing the Old and New Worlds. This period saw a 
number of major events including global climat- 
ic change, the movement of humans into the 
New World (-13 ka B.P.), and a large-scale 
extinction of megafauna (-12 to 10 ka B.P.). 
Preliminary studies of mammal bones preserved 
in permafrost deposits have shown that genetic 
information can be retrieved from material aged 
more than 60 ka B.P., beyond the limit of radio- 
carbon dating (1-4). To study genetic change in 
large-mammal populations throughout this peri- 
od, we examined 71 brown bears preserved in 
east Beringian permafrost and cave deposits, 
comprising all suitable specimens available in 
museums. Brown bears were chosen because 
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their extensive modem distribution in Europe, 
Asia, and North America shows strong phylo- 
geographic structuring (5-7), and they are 
thought to have entered Eastern Beringia early 
in the last (Wisconsinan) glaciation (8). In 
North America, three genetically and geograph- 
ically distinct clades of brown bears (2, 3, and 4) 
are currently recognized (Figs. 1 and 2D) as well 
as several subclades (3a, 3b, 2a), one of which 
consists of the polar bear [U. maritimus, 2b (7)]. 
Studies suggest that much of this structure may 
have resulted from expansions following glacial 
population bottlenecks, and that late Pleistocene 
populations were considerably more diverse ge- 
netically (2). 

DNA was obtained from cortical bone sam- 
ples (-0.5 g) of 36 specimens by established 
ancient-DNA techniques (9). Two sections of 
the mitochondrial (mt) control region, 135 and 
60 base pairs (bp), respectively, were amplified 
by polymerase chain reaction (PCR). Primer 
pairs were chosen to amplify short yet highly 
variable regions of mtDNA, to maximize an- 
cient-DNA recovery while allowing the detec- 
tion of population turover through time. The 
phylogenetic relationships of brown bear clades 
have been previously established with the use 
of longer sequences (7). Stratigraphic control is 
often lacking for permafrost bones, so radiocar- 
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