
 

New target for Alzheimer's therapies found
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Medin interacts directly with amyloid-β, promoting its aggregation. a, Immuno-
electron microscopy of MFG-E8 (or fragment) staining in cortical brain sections
from 4-month-old APPPS1 × Mfge8 wild-type or APPPS1 × Mfge8 C2 KO
mice. Asterisks indicate the plaque core and arrowheads show MFG-E8 staining
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on amyloid fibrils (APPPS1 × Mfge8 wild-type: 1 female and 1 male mouse;
APPPS1 × Mfge8 C2 KO: 1 female and 1 male mouse). b, Amyloid staining
with LCOs for compact (qFTAA) and diffuse (hFTAA) amyloid, and
quantification of their area ratio in 12-month-old APP23 and 4-month-old
APPPS1 mice (APPPS1 × Mfge8 wildtype: 3 female and 4 male mice; APPPS1
× Mfge8 C2 KO: 3 female and 4 male mice; APP23: 167  Mgfe8 wild-type and
131 C2 KO plaques; APPPS1: 244 wild-type and 206 C2 KO plaques). c, Top, in
vitro ThT-based co-aggregation assay using recombinant Aβ40 and medin (n = 3
independent experiments). Bottom, immuno-electron microscopy analysis of co-
aggregated peptides. d–g, In vitro ThT assay using methionine-Aβ42 (Met-Aβ,
10 µM) and a C-terminal medin fragment (CT-medin, 10 µM) for co-aggregation
of monomeric peptides (d) and induction of Met-Aβ (e) or CT-medin (f)
aggregation with 0.5 µM pre-formed seeds. t1/2, aggregation half-time. g,
Structural properties of aggregates were assessed on the basis of raw or
normalized emission spectra of the LCO pFTAA (black line shows mean and
colored area indicates s.e.m.) and the PCA of these spectra (n = 3 independent
experiments, with 2 replicates each). h, Structural fitting of a medin peptide with
high homology to amyloid-β (red box) interacting with reported amyloid-β
assemblies—with indicated PDB IDs—derived from Alzheimer’s disease brains.
Top, alignment of medin and Aβ42 amino acid sequences, showing conservation
levels. Asterisks indicate identical amino acids. Middle, graphical model of the
interaction of the medin peptide (red) with amyloid-β structures. Bottom, fibril
stability values for each amyloid-β aggregate structure interacting with random
peptides (triangles; n = 100) and peptide sequences from blood proteins (circles; 
n = 250) compared with amyloid-β itself (that is, free energy (ΔΔG) for amyloid-
β is zero). Violin plots show median and quartiles. Bar charts display mean ±
s.e.m. b, One-tailed Mann–Whitney U-test. d–g, One-way ANOVA with Tukey’s
post hoc test. Mag., magnification; scale bars: 1 μm (a, top), 250 nm (a, bottom),
40 µm (b), 200 nm (c). Credit: Nature (2022). DOI:
10.1038/s41586-022-05440-3

The protein medin is deposited in the blood vessels of the brains of
Alzheimer's patients along with the protein amyloid-β. Researchers from
DZNE have discovered this so-called co-aggregation. They have now
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published their observation in Nature. 

"Medin has been known for over 20 years, but its influence on diseases
was previously underestimated. We were able to show that pathological
changes in the blood vessels of Alzheimer's patients are significantly
enhanced by medin," says Dr. Jonas Neher from the Tübingen site of
Deutsches Zentrum für Neurodegenerative Erkrankungen (DZNE), who
led the study. 

The Hertie Institute for Clinical Brain Research in Tübingen, the
University of Tübingen and several international institutions and
cooperation partners were also involved in this long-term project.

Medin belongs to the group of amyloids. Of these proteins, amyloid-β is
best known because it clumps together in the brains of Alzheimer's
patients. These aggregates then deposit both as so-called plaques directly
in the brain tissue, but also in its blood vessels, thereby damaging the
nerve cells and the blood vessels, respectively. But while many studies
have focused on amyloid-β, medin has not been a focus of interest. 

"There was little evidence of pathology, that is, of a clinically striking
finding associated with medin—and that is often the prerequisite for a
more in-depth study of an amyloid," Jonas Neher explains.

However, medin is actually found in the blood vessels of almost
everybody over 50 years of age, making it the most common amyloid
known. With his team, Jonas Neher originally found that medin even
develops in aging mice, and reported this discovery two years ago in 
Proceedings of the National Academy of Sciences. 

The older the mice get, the more medin accumulates in the blood vessels
of their brains, was the finding at the time. What's more, when the brain
becomes active and triggers an increase in blood supply, vessels with
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medin deposits expand more slowly than those without medin. This
ability of blood vessels to expand, however, is important to optimally
supply the brain with oxygen and nutrients.

For their latest results, the researchers built on this foundation and
looked specifically at Alzheimer's disease. First, they were able to show
in Alzheimer's mouse models that medin accumulates even more
strongly in the brain's blood vessels if amyloid-β deposits are also
present. Importantly, these findings were confirmed when brain tissue
from organ donors with Alzheimer's dementia was analyzed. 

However, when mice were genetically modified to prevent medin
formation, significantly fewer amyloid-β deposits developed, and as a
result, less damage to blood vessels occurred. 

"There are only a handful of research groups worldwide working on
medin at all," says Jonas Neher. Most recently, a study from the U.S.
reported that medin levels may increase in Alzheimer's patients.
However, it remained unclear whether this increase is merely a
consequence of the disease or whether it is one of the causes. 

"We have now been able to show through many experiments that medin
actually promotes vascular pathology in Alzheimer's models," Neher
says. So medin deposits are indeed a cause of blood vessel damage. "And
this indicates that medin is one of the causes of the disease," Neher said.

In their studies, the researchers stained tissue sections from both mice
and Alzheimer's patients in such a way that specific proteins become
visible. This allowed them to show that medin and amyloid-β are
deposited together in blood vessels of the brain—co-localization is the
technical term for this. In a next step, they were able to prove that these
two amyloids also co-aggregate—that is, form mixed deposits. 
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"Amazingly, medin interacts directly with amyloid-β and promotes its
aggregation—this was completely unknown," Jonas Neher says.

It is precisely from this insight that the researchers draw hope for the
development of a new treatment. "Medin could be a therapeutic target to
prevent vascular damage and cognitive decline resulting from amyloid
accumulation in the blood vessels of the brain," they conclude. 

It is undisputed among experts that in addition to amyloid-β aggregates
in brain tissue, the development of Alzheimer's disease is also promoted
by vascular alterations—that is, reduced function or damage to blood
vessels. Therefore, treatments that target not only plaques but also
affected blood vessels could help patients.

In a next step, it will now be necessary to determine if medin aggregates
can be removed therapeutically and whether this intervention actually
has an effect on cognitive performance. The scientists first want to test
this in mouse models, because these reflect the pathological changes in
Alzheimer's patients very well. 

  More information: Jessica Wagner et al, Medin co-aggregates with
vascular amyloid-β in Alzheimer's disease, Nature (2022). DOI:
10.1038/s41586-022-05440-3 

Karoline Degenhardt et al, Medin aggregation causes cerebrovascular
dysfunction in aging wild-type mice, Proceedings of the National
Academy of Sciences (2020). DOI: 10.1073/pnas.2011133117
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