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2018 Nobel Prize in Physiology or Medicine

Cancer therapy: Inhibiting the brakes on the immune system

Date:
October1,2018

Source:


https://headlines.yahoo.co.jp/hl?a=20181001-00000103-asahi-soci

Nobel Foundation

Summary:
The 2018 Nobel Prize in Physiology or Medicine is beingawarded jointly to James P.

Allison and Tasuku Honjo for their discovery of cancer therapy by inhibition of negative

immune regulation.
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Upper left: Activation of T cells requires that the T-cell receptor binds to structures on other
immune cells recognized as 'non-self'. A protein functioning as a T-cell accelerator is also required
for T cell activation. CTLA-4 functions as a brake on T cells that inhibits the function of the
accelerator. Lower left: Antibodies (green) against CTLA-4 block the function of the brake leading
to activation of T cells and attack on cancer cells. Upper right: PD-1 is another T-cell brake that
inhibits T-cell activation. Lower right: Antibodies against PD-1 inhibit the function of the brake

leading to activation of T cells and highly efficient attack on cancer cells.

Credit: © The Nobel Committee for Physiology or Medicine. Illustrator: Mattias Karlén



The Nobel Assembly at Karolinska Institutet has today decided to award the
2018 Nobel Prize in Physiology or Medicine jointly to James P. Allison and
Tasuku Honjo for their discovery of cancer therapy by inhibition of negative
immune regulation.

Cancer Kkills millions of people every year and is one of humanity's greatest health challenges. By
stimulating the inherent ability of our immune system to attack tumor cells thisyear's Nobel

Laureates have established an entirely new principle for cancer therapy.

James P. Allison studied a known protein that functions as a brake on the immune system. He
realized the potential of releasing the brake and thereby unleashing our immune cells to attack

tumors. He then developed this conceptinto a brand new approach for treating patients.

In parallel, Tasuku Honjo discovered a protein on immune cells and, after careful exploration ofits
function, eventually revealed that it also operates as a brake, but with a different mechanism of
action. Therapies based on his discovery proved to be strikingly effective in the fight against

cancer.

Allison and Honjo showed how different strategies for inhibiting the brakes on the immune system
can be used in the treatment of cancer. The seminal discoveries by the two Laureates constitute a

landmark in our fight against cancer.
Can our immune defense be engaged for cancer treatment?

Cancer comprises many different diseases, all characterized by uncontrolled proliferation of
abnormal cells with capacity for spread to healthy organsand tissues. Anumber of therapeutic
approachesare available for cancer treatment, including surgery, radiation, and other strategies,
some of which have been awarded previous Nobel Prizes. These include methods for hormone
treatment for prostate cancer (Huggins, 1966), chemotherapy (Elion and Hitchins, 1988),and
bone marrow transplantation for leukemia (Thomas 1990). However, advanced cancer remains

immensely difficult to treat,and novel therapeutic strategies are desperately needed.

In the late 19th century and beginning of the 20th century the concept emerged that activation of
the immune system might be a strategy for attacking tumor cells. Attempts were made to infect
patients with bacteria to activate the defense. These efforts only had modest effects, but a variant
ofthis strategy is used today in the treatment of bladder cancer. It was realized that more

knowledge was needed. Many scientists engaged in intense basicresearch and uncovered



fundamental mechanisms regulatingimmunity and also showed how the immune system can
recognize cancer cells. Despite remarkable scientific progress, attempts to develop generalizable

new strategies against cancer proved difficult.
Accelerators and brakes in our immune system

The fundamental property of our immune system is the ability to discriminate "self" from "non-
self" so thatinvading bacteria, viruses and other dangers can be attacked and eliminated. T cells, a
type of white blood cell, are key players in this defense. T cells were shown to have receptors that
bind to structures recognized as non-selfand such interactions trigger the immune system to
engage in defense. But additional proteins actingas T-cell accelerators are also required to trigger
a full-blown immune response (see Figure). Many scientists contributed to this important basic
research and identified other proteins that function as brakes on the T cells, inhibiting immune
activation. Thisintricate balance between accelerators and brakes is essential for tight control. It
ensures that the immune systemis sufficiently engaged in attack against foreign microorganisms
while avoiding the excessive activation that can lead to autoimmune destruction ofhealthy cells

and tissues.
A new principle forimmune therapy

During the 1990s, in his laboratory at the University of California, Berkeley, James P. Allison
studied the T-cell protein CTLA-4. He was one of several scientists who had made the observation
that CTLA-4 functions asa brake on T cells. Other research teams exploited the mechanism as a
targetin the treatment of autoimmune disease. Allison, however, had an entirely differentidea. He
had already developed an antibody that could bind to CTLA-4 and blockits function (see Figure).
He now set out to investigate if CTLA-4 blockade could disengage the T-cell brake and unleash the
immune system to attack cancer cells. Allison and co-workers performed a first experiment at the
end of 1994, and in their excitement it was immediately repeated over the Christmas break. The
results were spectacular. Mice with cancer had been cured by treatment with the antibodies that
inhibit the brake and unlock antitumor T-cell activity. Despite little interest from the
pharmaceutical industry, Allison continued hisintense efforts to develop the strategyinto a
therapy for humans. Promising results soon emerged from several groups, andin 2010 an
important clinical study showed striking effects in patients with advanced melanoma, a type of
skin cancer. In several patients signs of remaining cancer disappeared. Such remarkable results

had never been seen before in this patient group.



Discovery of PD-1 and its importance for cancer therapy

In 1992, a few years before Allison's discovery, Tasuku Honjo discovered PD-1, another protein
expressed on the surface of T-cells. Determined to unravel its role, he meticulously explored its
function in a series of elegant experiments performed over many years in his laboratory at Kyoto
University. The results showed that PD-1, similar to CTLA-4, functions as a T-cell brake, but
operates by a different mechanism (see Figure). In animal experiments, PD-1 blockade was also
shown to be a promising strategyin the fight against cancer, as demonstrated by Honjo and other
groups. This paved the way for utilizing PD-1as a target in the treatment of patients. Clinical
development ensued,and in 2012 a key study demonstrated clear efficacy in the treatment of
patients with different types of cancer. Results were dramatic, leading to long-term remission and
possible cure in several patients with metastatic cancer, a condition that had previously been

considered essentially untreatable.
Immune checkpoint therapy for cancer today and in the future

After the initial studies showing the effects of CTLA-4 and PD-1 blockade, the clinical development
has been dramatic. We now know that the treatment, often referred to as "immune checkpoint
therapy,” has fundamentally changed the outcome for certain groups of patients with advanced
cancer. Similar to other cancer therapies, adverse side effects are seen, which can be serious and
even life threatening. They are caused by an overactive immune response leading to autoimmune
reactions, but are usually manageable. Intense continuing research is focused on elucidating

mechanisms of action, with the aim ofimproving therapies and reducing side effects.

Of the two treatment strategies, checkpoint therapy against PD-1 has proven more effective and
positive results are being observed in several types of cancer, includinglung cancer, renal cancer,
lymphoma and melanoma. New clinical studies indicate that combination therapy, targetingboth
CTLA-4 and PD-1, can be even more effective, as demonstrated in patients with melanoma. Thus,
Allison and Honjo have inspired efforts to combine different strategies to release the brakes on the
immune system with the aim of eliminating tumor cells even more efficiently. A large number of
checkpoint therapy trials are currently underway against most types of cancer, and new

checkpoint proteins are beingtested as targets.

Formore than 100 years scientists attempted to engage the immune system in the fight against

cancer. Until the seminal discoveries by the two laureates, progress into clinical development was



modest. Checkpoint therapy has now revolutionized cancer treatment and has fundamentally

changed the way we view how cancer can be managed.
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University of Minnesota Medical School
researchershave discovered how to slow

aging
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Natural product found to reduce the level of damaged cells in the body, caused
by aging

University of Minnesota Medical School

MINNEAPOLIS, MN- October 2, 2018- Previous research published earlier this year in Nature
Medicine involving University of Minnesota Medical School faculty Paul D. Robbinsand Laura J.
Niedernhofer and Mayo Clinic investigators James L. Kirkland and Tamara Tchkonia, showed it
was possible to reduce the burden of damaged cells, termed senescent cells, and extend lifespan
and improve health, even when treatment was initiated late in life. They now have shown that
treatment of aged mice with the natural product Fisetin, found in many fruits and vegetables, also

has significant positive effects on health and lifespan.

As people age, they accumulate damaged cells. When the cells get to a certain level of damage they
go through an aging process of their own, called cellular senescence. The cells also release
inflammatory factors that tell the immune system to clear those damaged cells. A younger person's
immune system is healthy and s able to clear the damaged cells. But as people age, they aren't
cleared as effectively. Thus they begin to accumulate, cause low level inflammation and release

enzymes that can degrade the tissue.

Robbins and fellow researchers found a natural product, called Fisetin, reduces the level of these
damaged cellsin the body. They found this by treating mice towards the end oflife with this

compound and see improvement in health and lifespan. The paper, "Fisetinis a senotherapeutic

thatextends health and lifespan,” was recently published in EBioMedicine.

"These results suggest that we can extend the period of health, termed healthspan, even towards
the end oflife," said Robbins. "But there are still many questions to address, including the right

dosage, for example.”

One question they can now answer, however, is why haven't they done thisbefore? There were
always key limitations when it came to figuring out how a drug will act on different tissues,
different cells in an aging body. Researchers didn't have a way to identify ifa treatment was

actually attacking the particular cells that are senescent, until now.

Under the guidance of Edgar Arriaga, a professor in the Department of Chemistry in the College of

Science and Engineeringat the University of Minnesota, the team used mass cytometry, or CyTOF,
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technology and applied it for the first time in aging research, which is unique to the University of

Minnesota.

"In addition to showing that the drug works, this is the first demonstration that shows the effects

ofthe drug on specific subsets of these damaged cells within a given tissue." Robbins said.
HH

Dr. Niedernhoferis the director and Dr. Robbins co-director of the Medical Discovery Team on
Aging and the new Institute on the Biology of Aging and Metabolism (iBAM) at the University of
Minnesota Medical School which are focusing on basic and translational research to identify novel

and effective approaches to improve the health of the aging population.
About the University of Minnesota Medical School:

The University of Minnesota Medical School is at the forefront oflearning and discovery,
transforming medical care and educating the next generation of physicians. Our graduates and
faculty produce high-impact biomedical research and advance the practice of medicine. Visit

med.umn.edu to learn how the University of Minnesotais innovatingall aspects of medicine.
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Making mice a tiny bit more human to study preterm

birth



Research enhances ability to studybiology of persistent public health
problem

Date:
October2,2018

Source:
Cincinnati Children's Hospital Medical Center

Summary:
Preterm birth remains a global epidemic linked to a lifetime of potential health
complications. It alsois difficult to study in living creatures -- especially the uniquely
precise biology of preterm birth in humans. Researchers report successfully inserting just
enough human DNA into transgenic laboratory mice that it allowed the team to study a

unique part of human pregnancy compared to other animals.

FULL STORY




A scientistat the Cincinnati Children's Perinatal Institute performs DNA tests as researchers study
the genetics and biology of preterm birth, a global health epidemic that can lead to a lifetime of
medical problems. Institute researchers report in PLoS Biology finding new clues about what
controls the timing of birth and how these maylead to newanswers for this persistent public

health challenge.

Credit: Cincinnati Children's

Preterm birth remains a global epidemic linked to a lifetime of potential
health complications. It also is difficultto study in living creatures --
especially the uniquely precise biology of preterm birth in humans.

Researchers reportin PLoS Biology successfully inserting just enough human DNA into transgenic
laboratory mice that it allowed the team to study a unique part of human pregnancy compared to

other animals.

As a result, the scientists at the Cincinnati Children's Perinatal Institute and Department of
Pediatrics at the University Of Cincinnati College Of Medicine discovered what controls expression
ofa stress hormone called corticotrophin-releasing hormone (CRH) in the placenta. The placenta

supports the fetus and provides communication with the mother.

CRH expression levels are linked to birth timing in humans and indicate whether a pregnancy will
be preterm, post-term, or the normal term of 37-42 weeks. Unfortunately, pregnantmice and
other non-primate species don't naturally express CRH in the placenta. The scientists had to figure

outhow to get the animals to incorporate the geneticmachinery needed to express the hormone.

This is important because researchers still don't know what CRH doesin the placenta during
pregnancy. Having transgenic mice with the necessary human DNA to express CRH in the placenta
should help them find out, according to Louis Muglia, MD, senior investigator on the study, Co-

Director of the Perinatal Institute and Director of Human Genetics at Cincinnati Children's.

"The challenge with studying human pregnancy is the typical biomedical approachrequiresa
relevant animal for research,” Mugliasaid. "It's been done for cancer and many other diseases. The
problem is pregnancyin humansis different enough thatit's not been possible to effectively

translate the findings from the animal studies to humans."



Transgenic mouse models that mimic key aspects of human pregnancy also should help
researchers uncover more information about how epigenetics affect birth timing. This could help
answer long-standing questions about whether environmental exposures, like social stress or poor

nutrition, influence the expression of genesimportant to birthing healthy, full-term babies.
Nature Finds a Way

To get pregnantlaboratory mice to express CRH, Muglia's team decided to test evolutionary
genetics and biology. They experimented with something called a retroviral long terminal repeat
(LTR) known as THE1B.

Retroviral LTRs are identical sequences of DNA that continually repeatthemselves and allow
viruses to insert their genetic material into the genome of a host species. In the case of THE1B, it
jumped into the genome of anthropoid primates (humankind's closest evolutionary relatives) 50

million years ago.

The research team developed a hypothesis that THE1B's invasion of the anthropoid primate

genome may haveinitiated CRH expression in the placenta during pregnancy.

They tested this by microinjecting into transgenic mice 180 kilobytes of human DNA containing
the THE1B LTR and CRH. Muglia said researchers didn't know if it would work, butin a vivid
display of genetic adaptability the mice integrated and activated the DNA in the placenta.

"We were fortunate that the mice already had the machinery waiting and ready to activate and

incorporate the human DNA and CRH in their placenta during pregnancy,” he said.
Glimpse of Pregnancy Control

After the human DNA was up and running in the mouse placentas, the researchers selectively
edited DNA regions of THE1B with a precise gene-editing technique called CRISPR/Cas9. They
found that the restricted deletion of THE1B silenced CRH expression and normalized birth timing

in the transgenic mice.

Their data also uncovered an interaction between THE1B and a transcription factor called DLX3,
which is expressed in the placenta. Transcription factors in essence are genes that tell other genes

what to do. During pregnancy, DLX3 is critical to normal development of the placenta.

Collectively the study's findings suggest that retroviral insertion of THE1B into the anthropoid
genome initiated CRH expression in the placenta by working with DLX3. ThThe dataalso suggest



that intentionally manipulating placental CRH levels can alter the timing of birth. The authors
stress the current study is still early and its findings are a small part of a large and complex puzzle

thatrequires more research.

In their ongoing studies of CRH, THE1B and DLX3, the scientists will use thisnew information to
explore how these biological pieces fit into the complex puzzle of what controls the timing of

human pregnancies.

Firstauthor of the study is Caitlin Dunn-Fletcher, a student in the Medical Scientist Training
Program (MD/PhD)atthe UC College of Medicine and member of the Muglia laboratory teamin

the division of Human Genetics at Cincinnati Children's.

Funding support for the research came in part from the March of Dimes Prematurity Research
Center Ohio Collaborative and the Eunice Kennedy Shriver National Institute of Child Health and
Human Development (RO1HD091527,R21HD090196).
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Out like a light: Researchers ID brain's 'sleep switch'

Sleep promoting neurons also tied to regulating body temperature

Date:
October8,2018
Source:
Beth Israel Deaconess Medical Center

Summary:
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Scientists demonstrate in mice that that specificbrain cells -- located in a region of the
hypothalamus called the ventrolateral preoptic nucleus (VLPO) -- are in fact essential to

normal sleep.

FULL STORY

Two decades ago, Clifford B. Saper, MD/PhD, Chairman of the Department of
Neurology at Beth Israel Deaconess Medical Center (BIDMC), and colleagues
discovered a set of nerve cells they thought might be the switch that turns
the brain off, allowing it to sleep. In a new study published in Nature
Communications today, Saper and colleagues demonstrate in mice that that
these cells -- located in a region of the hypothalamus called the ventrolateral
preopticnucleus (VLPO) -- are in fact essential to normal sleep.

"Our paperis the first test of what happens when you activate the VLPO neurons," said Saper, who
is also James Jackson Putnam Professor of Neurology and Neuroscience at Harvard Medical School.

"The findings support our original observation that the VLPO cells are essential to normal sleep."

Working with genetically engineered mice, Saper's team artificially activated the VLPO neurons
using several different tools. In one set of experiments, the scientistsactivated the neuron cells
using a laser light beam to make them fire, a process called optogentics. In another test, the team
used a chemical to selectively activate the VLPO neurons. In both cases, activating these cells

profoundly drove sleep.

The results confirmed Saper and colleagues' earlier findings that these neurons are active during
sleep and that damage to them causesinsomnia -- as seen in Saper's subsequentwork with
laboratory animals and, in 2014, in older people who have lost cells of the VLPO as part of the

natural aging process.

Based on that previous body of work, it came as a surprise when another team of researchers
reported just the opposite. Ina 2017 publication, experiments stimulating the VLPO neurons woke

laboratory animals up. In their current paper, Saper's team cleared up the seeming contradiction.

"We found that when the VLPO cells are stimulated one to four times per second, they fire each

time they are stimulated, resulting in sleep,” Saper said. "But if you stimulate them faster than that,



they begin to fail to fire and eventually stop firing altogether. We learned our colleagues in the

otherlab were stimulating the cells 10 times per second, which was actually shutting them off."

Additionally, Saper's teamalso found thatactivating the VLPO cells caused a fall in body
temperature. Scientists already knew that warm temperatures activate VLPO cells, and that body

temperature dips slightly during sleep, whenthe VLPO neuronsare firing.

"We thought that this is why people need to curl up under a warm blanket to get to sleep," Saper
added.

However, with continued activation, body temperature in the mice fell by as much as five or six
degrees Celsius. Saper's team proposed that excessive firing of these same neurons may be
responsible for the prolonged sleep and decline in body temperature in animals that hibernate. In
follow up, Saper's teamis already looking at the relationship between sleep and body temperature

in ongoing studies.
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Geneticdisease healed using genome
editing

ETH Zurich


https://www.eurekalert.org/pub_releases/2018-10/ez-gdh100518.php

IMAGE: Based on the Crispr—Cas method, researchers developed a tool for the targeted

correction of defective genes. view more
Credit: colourbox

Parents of newborns may be familiar with the metabolic disorder phenylketonuria: in Switzerland,
allnewborn babiesare screened for this genetic disease. Ifa baby is found to have
phenylketonuria, it needs a special diet so that the amino acid phenylalanine does not accumulate
in the body. Excess phenylalanine delays mental and motor development. Ifleft untreated, the

children may suffer massive mental disability.

The cause of this metabolic disorder is a mutation in a gene that provides the blueprint for the
enzyme phenylalanine hydroxylase (Pah). This enzyme, whichis produced by the cells of the liver,
metabolizes phenylalanine. The disorder is referred to as "autosomal recessive": the child
develops the disease ifitinherits one mutated gene from the mother and one from the father.

There has been no cure for this disorder to date.
Enhancement of the CRISPR/Cas9 system

A team of researchers led by ETH professor Gerald Schwank has now taken advantage of a method
to correct both mutated genesin the liver cells and thus heal the disease. They have succeeded, at

leastin mice.


https://www.eurekalert.org/multimedia/pub/182469.php

With the help ofa CRISPR/Cas9 system extended by one enzyme, the researchers changed the
sequence of the DNA building blocks for the corresponding gene in adult mice. Theliver cells were

subsequently able to produce functioning Pah enzymes, and the mice were healed.

Let'slookat the details: The CRISPR/Cas9 system enhanced by the enzyme cytidine deaminase
binds to the locus on the gene that needsto be corrected and locally opens both DNA strands. The
deaminase converts the disease-causing DNA base pair C-G into T-A, which is the base pair that
occurs at that spotin healthy individuals. This corrects the errorin the DNA sequence of the Pah

enzyme.

In traditional CRISPR/Cas editing, inducinga DNA double-stranded break s the central element of
genome editing. The double strand is cut at a defined point, and the cell attempts to repair the cut
using various mechanisms. Ifa matching DNA sequence is added to the cell from outside, it enables

a specialized repair mechanism to precisely modify the specific genetic sequence.

The problem here is that most human cells primarily use other DNA repair mechanisms that

produce additional undesired mutations.
More sparing genome editing

The researchers realized thatthe new genome editing tool is much more efficient than the
traditional CRISPR/Cas9 method: up to 60 percent of all copies of the gene with errorsin the
mouse liver were corrected. This resulted in the concentration of phenylalanine falling to normal
levels, and the animals no longer showing any signs of the disorder after being treated with the

genome editingtool.

To transfer the genetic code for the new editing tool to the liver cells, the researchers implanted
the required genes into adeno-associated viruses and injected them into the blood of the mice. The
virus then infected the liver cells, thereby introducing the genes for the editing tool into the liver

cell.
Healing other metabolic diseases

"This approach has great potential for application in humans", says Gerald Schwank. However, this
study is only a first proof of concept. Clinical studies in other animal models would have to follow

in order to test the efficacy and safety of the new genome editing tool for application in humans.



Previous methods of genome editing have onlylimited success at correcting target mutations
directly in animals. The correction rate in the liver of adult mice has previously been only a few
percent, explains Schwank. "Here we've achieved several fold higher editingrates - nobody has

managed thatso far."

Schwank considers the risks to be low. After applying the editing tool in the mouse model the
researchers looked for non-target mutations, that is, on sites where there shouldn't be mutations.
Butthey didn't find any. Schwank would like to examine this more closely in a follow-up study.
«The human liver consists of several billion cells. In none of them we want to induce any
mutations that could cause cancer», emphasizes Schwank. Testingis also needed to find out
whether the adeno-associated virus used by the researchers as a vehicle for applying the editing

tool gene causes any adverse effects.
Focus on further metabolic disorders

"The use ofa base editor was the key to our success", explains Schwank's doctoral candidate and
primary author of the study, Lukas Villiger. They were developed at the Massachusetts Institute of
Technology (MIT) and presented just two years ago in a scientific journal. Before that, the ETH
researchers had been working with traditional CRISPR/Cas approaches. In 2016, Schwank and
Villiger starting using the techniques developed by the US researchers. "Even with the new base
editors, the path still didn't follow a straight line - we had to tinker around quite a bit", says
Villiger. The biggest surprise was that this system is so much more effective than the traditional
CRISPR/Cas toolbox.

Schwankis now looking for funding to conduct trails on other animal models such as pigs. "The
liver ofthe mouse differs in size and structure from that of humans or pigs, so we definitely have

to expand the scope of our trials to other organisms to make progress."

Phenylketonuriais not the only genetic metabolicdisorder that affects the liver. For example, urea
cycle disorders prevent the body from removingammonia (as a by-product from foods containing
nitrogen) from the blood and metabolizing it to urea. This results primarily in central nervous
dysfunctions. The only currently available option to cure this disease is liver transplantation.
Therefore, Schwank would like to test the newly developed genome editing tool for use in such

diseases as well.
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Mouse pups with same-sex parents born in China using

stem cells and gene editing

Date:
October11,2018

Source:
Cell Press

Summary:
Researchers were able to produce healthy mice with two mothers that went on to have
normal offspring of their own. Mice from two dads were also born but only survived for a
couple of days. The worklooks at what makes it so challenging for animals of the same sex
to produce offspring and suggests that some of these barriers can be overcome using stem

cells and targeted gene editing.
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This image shows a healthy adult bimaternal mouse (born to two mothers) with offspringofher

own.

Credit: Leyun Wang

Researchers at the Chinese Academy of Sciences were able to produce
healthy mice with two mothers that went on to have normal offspring of
their own. Mice from two dads were also born but only survived for a couple
of days. The work, presented October 11 in the journal Cell Stem Cell, 1ooks
at what makes it so challenging for animals of the same sex to produce
offspringand suggests that some of these barriers can be overcome using
stem cells and targeted gene editing.

"We were interested in the question of why mammals can only undergo sexual reproduction. We

have made several findings in the past by combining reproduction and regeneration, so we tried to



find out whether more normal mice with two female parents, or even mice with two male parents,
could be produced using haploid embryonicstem cells with gene deletions," says co-senior author
Qi Zhou.

While some reptiles,amphibians, and fish can reproduce with one parentofthe same sex, it's
challenging for mammals to do the same even with the help of fertilization technology. In
mammals, because certain maternal or paternal genes are shutoff during germline development
by a mechanism called genomicimprinting, offspring that don't receive genetic material from both
amother and a father might experience developmental abnormalities or might not be viable. By
deleting these imprinted genes from immature eggs, researchers have produced bimaternal mice -
- mice with two mothers -- in the past. "However, the generated mice still showed defective

features, and the method itselfis very impractical and hard to use," says Zhou.

To produce their healthy bimaternal mice, Zhou, co-senior author Baoyang Hu, co-senior author
Wei Li, and their colleagues used haploid embryonic stem cells (ESCs), which contain halfthe
normal number of chromosomes and DNA from only one parent and which the researchers believe
were the key to their success. Theresearchers created the mice with two mothers by deleting
three imprinting regions of the genome from haploid ESCs containing a female parent's DNA and
injected them into eggs from another female mouse. They produced 29 live mice from 210

embryos. The mice were normal, lived to adulthood, and had babies of their own.

One advantage of usinghaploid ESCs is that even before the problematic genes are knocked out,
they contain less of the imprinting programming that ultimately causes maternal- or paternal-
specific genes to be expressed. "We found in this study that haploid ESCs were more similar to
primordial germ cells, the precursors of eggs and sperm. The genomic imprinting that's found in

gametes was 'erased," says Hu.

Twelve live, full-term mice with two genetic fathers were produced using a similar but more
complicated procedure. Haploid ESCs containing only a male parent's DNA were modified to delete
seven key imprinted regions. The edited haploid ESCs were then injected -- along with sperm from
another male mouse -- into an egg cell that had its nucleus, and therefore its female genetic
material, removed. This created an embryo containing only genomic DNA from the two male
parents. These embryos were transferred along with placental material to surrogate mothers, who

carried them to term.



These pups survived 48 hours after birth, but the researchers are planning to improve the process
so that the bipaternal micelive to adulthood. Similar results wereachievedin 2011 butusing a
method thatrelied on a female intermediary produced from the first father's stem cells to mate
with the second father. That method sidestepped the problem of genomic imprinting but presents

ethical and practical hurdles if this technology were to ever be considered for humans.

Linotes that there are still obstacles to using these methods in other mammals, including the need
to identify problematicimprinted genes that are unique to each species and concerns for the
offspring that don't survive or that experience severe abnormalities. They do hope, however, to

explore these techniquesin otherresearch animalsin the future.

"This research shows us what's possible," he says. "We saw that the defects in bimaternal mice can
be eliminated and that bipaternal reproduction barriers in mammals can also be crossed through
imprinting modification. We also revealed some of the mostimportant imprinted regions that
hinder the development of mice with same sex parents, which are also interesting for studying

genomic imprintingand animal cloning."
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New immunotherapy targeting blood-clotting protein
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Researchershave stopped the detrimental effects of blood-brain
barrierleaks to protectagainst multiple sclerosis and Alzheimer's
disease

Date:
October 15,2018

Source:
Gladstone Institutes

Summary:
A team has developed an antibody that blocks the inflammatory and oxidative activity of
fibrin, which contributes to neurodegeneration in the brain, without compromising the
protein's clotting function.

FULL STORY

Normally, the blood protein fibrin does not enter the brain. But in several
neurological disorders,the blood-brain barrier -- which keeps large
molecules in the blood from enteringthe brain -- becomes abnormally
permeable, allowing fibrin to leak into the brain and trigger inflammation.
Emerging evidence points to a leaky blood-brain barrieras an early eventin
brain diseases that causes neurodegeneration. In fact, this process may lead
to the death of nerve cells in multiple sclerosis, Alzheimer's disease, and
other disorders.

Until now, however, treatments to inhibit the blood from harming the brain were not available.
Although studies in patients with multiple sclerosis or Alzheimer's disease (and in related animal
models) indicate that fibrin may play a role in promoting these disorders, mostresearchers have
shied away from targeting fibrin to treat neurological diseases because of concerns that targeting
the protein would impair its beneficial role in blood clotting, which prevents excessive bleeding

after injuries.

Scientists from the Gladstone Institutes may have overcome this challenge witha new

immunotherapy. A team led by Senior Investigator Katerina Akassoglou, PhD, developed an



antibody that blocks the inflammatory and oxidative activity of fibrin, which contributes to

neurodegeneration in the brain, without compromising the protein's clotting function.

To come up with a very precise and highly effective antibody, the researchers focused on targeting
only a small region of the fibrin protein thatis involved in activating the immune system in the

brain. This way, they avoided interfering with the part of the proteinresponsible for clotting.

"We have developed a monoclonal antibody to target a major culpritin the blood that damages the
brain," said Akassoglou, whois also a professor in the Department of Neurology at UC San
Francisco. "Fibrin-targeting immunotherapy could protect the brain from the toxic effects of blood
leakage and may also have beneficial effects in other organs affected by inflammatory conditions

with vascular damage."

For their new study, published online on October 15 in the journal Nature Immunology,
Akassoglouand her colleagues used models of neurodegeneration simulating two major brain
diseases that are associated with blood-brain barrier leakage, chronic inflammation, and vascular

abnormalities: multiple sclerosis and Alzheimer's disease.

The therapeutic fibrin antibody entered the brain, accumulated at fibrin-rich areas, and protected
against neuroinflammation and neurodegenerationin both disease models. Molecular analysis
showed that the treatment also reduced activation of biochemical pathways that contribute to
inflammation and oxidative stress, a potential source of molecules that can poison cells, including

neurons.

"We discovered that fibrin also contributes to brain disease through oxidative stress -- an
unanticipated result," explained first author Jae Kyu Ryu, PhD, a staffresearch scientist on
Akassoglou's team. "Treatment with the antibody puta damper on this fibrin-driven oxidative

mechanism, which may contribute to many different neurodegenerative diseases."

In the mouse model of Alzheimer's disease, animals were treated with the antibody after they had
already developed accumulations of amyloid proteinsin the brain, a hallmark of the disease.
Compared to placebo-treated mice, the treated mice had lessbrain inflammation and lost fewer

neurons.

Similarly, treatment with the antibody reduced activation of inflammatory cells and their
accumulation at sites of inflammation in the mouse model of multiple sclerosis. In addition, it

reduced the loss of nerve axons, which often degenerate in patients with multiple sclerosis.



"Our study supports that vascular damage leading to immune-driven neurodegeneration may be a
common thread between diseases of different etiologies with blood-brain barrier leaks," said
Akassoglou. "Targeting fibrin with immunotherapyis a new approach that could be used to test

the therapeutic benefits of suppressing this pathogenic mechanism in multiple disease contexts."

Using this approach, Akassoglou and her team could be in a positionto achieve neuroprotectionin

diverse disorders without shutting down protective immune responses or blood clotting.

The next step will be to make a version of the antibody that can be used in human patients. Given
that the treatment targets an immune response and a blood clotting factor, Akassoglou cautions,
however, that tests monitoring the immune system and blood clotting will be important during

clinical evaluation.
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Father's nicotine use can cause cognitive problems in

children and grandchildren



Mouse study implicates epigenetic changes in paternal sperm DNA

Date:
October 16,2018

Source:
PLOS

Summary:
A father's exposure to nicotine may cause cognitive deficits in his childrenand even
grandchildren, according to a new study. The effect, which wasnot caused by direct
secondhand exposure, maybe due to epigenetic changesin key genes in the father's
sperm.

FULL STORY

A father's exposure to nicotine may cause cognitive deficits in his children
and even grandchildren, accordingto a study in mice publishingon October
16 in the open-accessjournal PLOS Biology by Pradeep Bhide of Florida State
University in Tallahassee and colleagues. The effect, which was not caused
by direct secondhand exposure, may be due to epigenetic changesin key
genes in the father's sperm.

Exposure of mothers to nicotine and other components of cigarette smoke is recognized as a
significant risk factor for behavioral disorders, including attention deficit hyperactivity disorder,
(or ADHD) in multiple generations of descendants. Whether the same applies to fathers has been
less clear, in part because in human studies it has been difficult to separate genetic factors (such as
a genetic predisposition to ADHD) from environmental factors, such as direct exposure to cigarette

smoke.

To overcome this difficulty, Deirdre McCarthy, Pradeep Bhide and colleagues exposed male mice to
low-dosenicotine in their drinking water during the stage oflife in which the mice produce sperm.
They then bred these mice with females that had never been exposed to nicotine. While the fathers
were behaviorally normal, both sexes of offspring displayed hyperactivity, attention deficit, and

cognitive inflexibility. When female (but not male) mice from this generation were bred with



nicotine-naive mates, male offspring displayed fewer, but still significant, deficits in cognitive
flexibility. Analysis of spermatozoa from the original nicotine-exposed males indicated that
promoter regions of multiple genes had been epigenetically modified, including the dopamine D2
gene, critical for brain development and learning, suggesting that these modifications likely

contributed to the cognitive deficits in the descendants.

Nicotine and cigarette smoke have been previously shown to cause widespread epigenetic
changes, Bhide said. "The fact that men smoke more than women makes the effects in males
especially important from a public health perspective. Our findings underscore the need for more
research on the effects of smoking by the father, rather than just the mother, on the health of their

children."

Story Source:

Materials provided by PLOS. Note: Content may be edited for style and length.
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New target of alcohol in the brain
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October22,2018

Source:
University of Illinois at Chicago

Summary:
When alcohol enters the brain, it causes neurons in a specialized region called the ventral
tegmental area, or VTA -- also known as the "pleasure center” -- to release dopamine, a
neurotransmitter that produces those feel-good sensations, and tells the brain that

whateveritjust experiencedis worth gettingmore of.

FULL STORY

When alcohol enters the brain, it causes neurons in a specialized region
called the ventral tegmental area, or VTA -- also known as the "pleasure
center"” -- to release dopamine, a neurotransmitter that produces those feel-
good sensations, and tells the brain that whatever it just experienced is
worth getting more of.

Scientists have long soughtthe first step in the molecular pathway by which alcohol causes

neurons in the VTA to release dopamine.

Now, researchersin the Center for Alcohol Research in Epigenetics at the University of Illinois at
Chicago reportin the journal Neuropharmacology, that alcohol blocks a potassium channel called
KCNK13 that sits within the membrane of dopamine-releasing neuronsin the VTA. When the

potassium channel gets blocked, the neuronsincrease their activity and release more dopamine.

"The KCNK13 channel is absolutely required for alcohol to stimulate the release of dopamine by
these neurons," said Mark Brodie, professor of physiology and biophysics in the UIC College of
Medicine and lead author of the study. "Without the channel, alcohol can't stimulate the release of

dopamine, and so drinking is likely less rewarding. We think that the KCNK13 channel presentsan



extremely exciting new target for drugs that could potentially help people with alcohol use

disorder to stop drinking."

Other drugs on the market to treat alcohol use disorder cause feelings of nausea with drinking, or

interfere with the action ofalcohol in other parts of the brain.

"Currently available drugs reduce the impact ofalcohol on the brain that is akin to turning down
the volume on a stereo," he said."A drug that would target KCNK13 would be different in that it
would be like an on/off switch. Ifit's turned off, alcohol just wouldn't trigger increased dopamine

release."

Brodie explained that without the channel, the VTA would still be able to release dopaminein

response to other pleasurable indulgences, like chocolate cake.

"This channel seems to be specificto alcohol effects in the VTA, so targetingit with a drug would

dampen the effects ofalcohol only," he said.

Brodie and his colleagues used genetic techniques to reduce KCNK13 in the VTA of mice by about
15 percent compared with normal mice. When allowed to binge on alcohol, these mice drank 20

percent to 30 percent more than normal mice.

"We believe that mice with less KCNK13 in the VTA drank more alcohol in order to achieve the
same 'reward' from alcohol as normal mice, presumably because alcohol was triggering the

release ofless dopaminein their brains," Brodie said.

In another experiment, the researchers examined the response of neurons in the VT A region taken
from the mice that expressedless KCNK13. When these neurons were exposed to alcohol, they

were 50 percent less responsive to alcohol than VTAneurons from normal mice.

Brodie speculates thatvariations in the amount of the KCNK13 channel could be involved in

predisposing certain people to binge drinking.

"If someone has naturally lower levels of this channel, then in order to produce the pleasurable
effects ofalcohol, that person would have to drink much more, and maybe at higher risk for binge

drinking disorder," he said.

Brodie and his colleagues will continue to investigate the role of KCNK13 and examine how
selective manipulation of the channel in other brain areas and cell types might alter alcohol -

related behaviors.



"We are the first to show that KCNK13 is a primary, direct target ofalcohol and that this channel is
important for regulating alcohol consumption. KCNK13 represents a novel target for the

development of alcohol use disorder drugs, of which we have relatively few today," Brodie said.
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Obese mice lose a third of their fat using
a natural protein
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October 29, 2018, Georgetown University Medical Center

To the great surprise of cancer researchers, a protein they investigated for its
possible role in cancer turned out to be a powerful regulator of metabolism. The
Georgetown University-led study found that forced expression of this protein in a
laboratory strain of obese mice showed a remarkable reduction of their fat mass
despite a genetic predisposition to eat all the time.

The study, published in Scientific Reports, suggests that the protein FGFBP3 (BP3
for short) might offer novel therapy to reverse disorders associated with metabolic
syndrome, such as type 2 diabetes and fatty liver disease.

Because BP3 is a natural protein and not an artificial drug, clinical trials of
recombinant human BP3 could begin after a final round of preclinical studies,
investigators say.

"We found that eight BP3 treatments over 18 days was enough to reduce the fat in
obese mice by over a third,"” says the study's senior investigator, Anton Wellstein,
MD, Ph.D., a professor of oncology and pharmacology at Georgetown Lombardi
Comprehensive Cancer Center.
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The treatments also reduced a number of obesity-related disorders in the mice,
such as hyperglycemia—excess blood sugar that is often linked to diabetes—and
eliminated the fat in their once fatty livers. Clinical as well as microscopic
examination of the mice showed no side effects, researchers say.

Obesity, which affects more than 650 million people worldwide, is the major driver
for metabolic syndromes, which includes disorders such as insulin resistance,
glucose intolerance, hypertension and elevated lipids in the blood.

BP3 belongs to the family of fibroblast growth factor (FGF) binding proteins (BP).
FGFs are found in organisms ranging from worms to humans and are involved in a
wide range of biological processes, such as regulating cell growth, wound healing
and response to injury. Some FGFs act like hormones.

BP1, 2, and 3 are "chaperone" proteins that latch on to FGF proteins and enhance
their activities in the body. Wellstein has long researched the BP1 gene because
its production is elevated in a range of cancers, suggesting that growth of some
cancers is linked to the excess delivery of FGFs. Only recently has Wellstein
turned his attention, and that of his lab and colleagues, to BP3 to understand its
role.

The researchers found that this chaperone binds to three FGF proteins (19, 21,
and 23) that are involved in the control of metabolism. FGF19 and FGF 21
signaling regulates the storage and use of carbohydrates (sugars) and lipids (fats).
FGF23 controls phosphate metabolism.

"We found that BP3 exerts a striking contribution to metabolic control,” Wellstein
says. "When you have more BP3 chaperone available, FGF19 and FGF21 effect is
increased through the increase of their signaling. That makes BP3 a strong driver
of carbohydrate and lipid metabolism. It's like having a lot more taxis available in
New York City to pick up all the people who need a ride."

"With metabolism rewed up, sugar in the blood, and fat processed in the liver are
used for energy and is not stored,” Wellstein says. "And warehouses of fat are
tapped as well. For example, the job of FGF21 is to control break down of fat,
whether it is stored or just eaten.”

While the study results are exciting, additional research is required before BP3
protein can be investigated as a human therapy for metabolic syndromes, he says.
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Explore further: Some cancer therapies may provide a new way to treat high

blood pressure

More information: Elena Tassi et al. Fibroblast Growth Factor Binding Protein 3
(FGFBP3) impacts carbohydrate and lipid metabolism, Scientific Reports (2018).
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