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On the way to a Global Association
for Phenylketonuria

By Tobias S. Hagedorn, Secretary of ESPKU and Chairman of DIG PKU
Christine Brown, Executive Director of the National PKU Alliance

The United Nations Convention on the Rights of Persons
with Disabilities (CRPD) promotes equal human rights
to all persons with disabilities and respect for their in-
herited dignity. In particular, state parties shall provide
health services including early identification and inter-
vention as appropriate, and services designed to min-
imize and prevent further disabilities (§25b). The CRPD
has been the most swiftly ratified international treaty:
In 2016, only ten years after CRPD has been adopted, 168
states and the European Union already ratified the con-
vention, representing 87% of the United Nations' mem-
ber states.

Regarding the care of PKU patients, ithough, the
well-developed regions of the world is still living in ivo-
ry towers. We have the opportunity of early diagnosis
and access to established nutritional therapies includ-
ing advanced dietary products. Many new treatment
options are at hand. However, of 370.000 babies being
born globally every day, only 35% of them have access
to proper newborn screenings. Based on an incidence
of 1:10000, statistically 24 PKU patients are born daily
(or one per hour) without neither a chance to be early
diagnosed nor any access to care. This is unacceptable.
Naturally, factors like economical power and political
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structures have great influence on national and re-
gional health inequalities: To a quick implementation
of newborn screenings in
regions with high infant
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mortality is as unrealis-
tic as expecting unlimited
access to special low pro-
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tein dietary food in regions regularly threatened by
famine and hunger crises. Lastly, health policy is also
influenced by progressive globalization, leaving PKU
patients with the need for an even stronger voice to
make efforts to mainstream their rights, needs and
perspectives. This strong voice is not available every-
where. Though patient's advocacy groups are welcome
in the healthcare systems of established democracies,
it remains somewhat difficult to convince a number of
stakeholders with different perspectives. In autocrat-
ic governments on the other hand, only few decision
makers must be convinced. But that comes at the cost
of being potentially less welcome in the first place.
Therefore, working on a global level requires knowl-
edge of regional and national diversities of healthcare
challenges as well as sensitivity for opportunities and
traditions. Clearly, aglobal platform for PKU advocacy
could strengthen the patients' voices to achieve im-
provements in access to diagnosis and care.

With this intention, at the occasion of their 2016 Annual
Conference in Dublin, ESPKU invited patient representa-
tives from the US, Canada and Australia to jointly take
the lead in establishing such a global initiative. Short-
ly after, in July 2017, ESPKU and several country-based
PKU patient organizations from around the world met
in Toronto (Canada) and agreed to form the first glob-
al association for PKU. This global entity will serve as
a supportive umbrella organization to its regional and
national equivalents and groups in bridging the gap

and diagnosis, treatments and comprehensive care;

*to mentor like-minded patients associations and groups
and offer best practices and support that are sensitive
to their experiences, culture, language(s) and laws,

*to increase collaboration among PKU researchers,
scientists, clinicians and patient groups to move ba-
sic science and research forward to accelerate new
knowledge, treatments and a cure.”

Weitere Medienberichte zu Delifirst:
Im TV-Sender NDR am 14. November 2012

The formation of the Global Association for PKU is in
its early stages. Currently, all organizations involved
are collaborating to meet the formal demands of an in-
ternational charity organization and to agree on struc-
tures and statutes. It is intended to sign the founding
documents in the summer of 2018, at the occasion of
the NPKUA Conference in Atlanta, USA.
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2018 NPKUA Conference
July 5-8,2018 « Atlanta, GA

The National PKU Alliance (NPKUA) will be holding its 5th
conference in Atlanta, Georgia on July 5-8, 2018. The last
conference brought together 630 PKU adults, families
and professionals from all over the United States and
the world. The conference will focus on the latest re-
search and developments in PKU including presentations ||
on possible future treatments for PKU including gene |
therapy, genetically engineered probiotics, pegvaliase :
cellular and chaperone therapy. Participants will also
learn about best practices in daily PKU management
such as sessions on sports and PKU, PKU and the brain,
healthy eating on the run, meal planning with schools
and transitioning to college. As in years past, there
will be supervised care for children ages 3-12, a teen
breakout season track and an adult breakout session
track with an evening social outing.

The conference will kick off with an informative and
inspirational talk by Geir Fglling, grandson to Asborn
Fglling, who discovered PKU. This will be followed by
a session on the future of PKU therapy as well as the
official signing of the creation of an international
PKU association that has been in the making for the
last year. PKU knows no borders and in July, 2017
one regional and several country-based PKU pa-
tient organizations from around the world made
history by agreeing to form the first inter-
national association for PKU. This global
entity will serve as a supportive umbrel-
la organization to regional and nation-
al patient organizations and groups in
bridging the gap for PKU worldwide.
The vision of this new group is that all
people living with PKU, despite their
origin, will be able to reach their full
potential. The mission is to advance
PKU as a global health priority and
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The GMP Revolution - A breakthrough
more than a decade in the making

By Sally Younger, Wisconsin Alumni Research Foundation (WARF)

The story of GMP medical foods - palatable, safe and
validated by 15 years of research — can be described as a
breakthrough. And like most breakthroughs, it did not
happen overnight. Rather, it is a story of discovery and
clinical rigor, and a supportive community of PKU fami-
lies that dared to turn a dream into reality.

The story centers on the University of Wisconsin in
Madison, Wisconsin, USA. In the 1990's a food scientist
named Dr. Mark Etzel invented and patented an isola-
tion method for a special protein in the whey leftover
from cheese production. The protein, kappa casein gly-
comacropeptide (abbreviated GMP), is the only naturally
occurring protein that in pure form is free of phenyl-
alanine, the amino acid that is life-threatening to

PKU patients. Moreover, it is naturally enriched

in large neutral amino acids.

For this reason, GMP caught the attention
of a small, family-run medical foods com-
pany called Cambrooke Therapeutics. The
company believed it just might hold the
key for improving the overall health and
quality of life for PKU patients. Unlike
synthetic amino acids, GMP represent-
ed the only known source for low-phe-

To find answers and explore the po-
tential of GMP, a task force including
Cambrooke enlisted the expertise of
another University of Wisconsin sci-
entist, Denise Ney, Ph.D., R.D.N.

8th anniversary of Delifirst —the low-protein food webshop SLBOVBEES

First of all, Delifirst is going to remain your independent source of high-quality, low-protein food for your diet and will
stay family-owned. Our vision is to offer a broad variety of products enriching your life with PKU. The Delifirst concept is
fully family-driven and funded. We are very proud being able to support and serve families all around the European Union
and appreciate their trust in the Delifirst concept. Growing our revenues sustainably by double-digit numbers each year
motivates us to work even harder to constantly improve our service for you. In constant exchange with over 3500 families

Prof. Denise Ney and Dr. Mark Etzel
Dr.Ney, a professor of nutritional sciences, is an inter-
nationally recognized authority on metabolic disorders.
She can tell stories about the patients and families af-
fected by PKU that she has come to know through the
years: the resilient children and adolescents, the adults
who have led full lives thanks to early diagnosis, and
still others less fortunate.

Her research carries on a rich tradition at the University
of Wisconsin. It was here in the 1960s that a trailblaz-
ing biochemist and pediatrician named Harry Waisman
dedicated his life to developing treatments for PKU.
According to the Waisman Center on campus (named in
his honor), Dr. Waisman championed mandatory screen-
ings for PKU and was among the first to show the dis-
order can be managed by strict adherence to a diet low
in phenylalanine.

Ney's GMP studies, beginning in the early 2000s, repre-
sent the latest chapter of this legacy. Preliminary tests
conducted using animal models of PKU were extraordi-
nary — mice fed a GMP-based diet thrived while those
on AA medical foods consistently showed inflammation,
weaker bones, altered gut microbiota and other marks
of poor health.

A landmark clinical trial led by Ney and experts at Boston
Children's Hospital followed 30 PKU patients over four
years (2011-2016). The goal of the trial, which was fund-
ed by the United States Food and Drug Administration,
Office of Orphan Products Development, was to assess
the efficacy of the GMP medical foods compared to the
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THERE ARE NEW OPPORTUNITIES

When we started our family initiative Delifirst in 2010,
we wanted to provide more nutritial options for peo-
ple with PKU and their obligatory lifelong low protein
diet. Back then, we couldn't have imagined what a
big difference the Delifirst concept would make in
the future to families being offered suitable low pro-
tein foods from all over the world. We have always
searched and looked out for the most natural low
protein foods in addition to the special medical food
products. This food portfolio seems to work out for
the PKU community in Europe.

Following our original vision, the Hamburger Kaffee-
klatsch continues to inform PKU-related people about
new developments in foods and medical products as
well as PKU research from around the world on a reg-
ular basis

The main headline of this year's edition is the intro-
duction of glycomacropeptide (GMP) in Europe. The
first time | heard about GMP was at the E.S.PKU con-
ference in Warsaw, Poland in 2011. Since then, | have
followed up the development and research on this
alternative way to treat PKU. At the same time, | have
carefully listened to people with PKU and their wishes
and needs. There has been a significant interest in
learning more about the GMP-based PKU treatment.
This edition provides the most recent viewpoints on
and experiences with the GMP treatment from Den-
mark, the United Kingdom and the U.S.A..

This year's edition stands out in many ways: Highly
recognized PKU experts from around the world con-
tributed to the content. The number of companies
that funded this year's biggest edition (24 pages) by
their respective advertisement increased as well. All
this led to a circulation of more than 3,000 copies.

I would like to thank everyone who has taken part in
making this edition possible! In particular, Prof. Denise
Ney of The University of Wisconsin Madison for push-
ing forward profound GMP research and sharing all the
important results with the PKU community and us.

I wish you a very good, enjoyable and healthy 2018.

Yours,

Johannes C. Rohr
(Father of three children, two of them with PKU,
founder of the Delifirst initiative)

Germany
Land of Ideas

Selected Llandmark 2012

Our initiative and engagement in the Delifirst on-
lineshop has been rewarded by some wellknown
and estatblished awards in Germany since 2012:

@»

E-Mail: hallo@delifirst.de
www.delifirst.com

with PKU, we will make 2018 a good year. Thank you for your support and confidence in our engagement. Deutschland - Land der Ideen, Health Media Award,

Querdenker Award, Hamburger Marketing Award
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AA medical foods for the nutritional management of
PKU.

The results were a resounding success. The trial con-
firmed that GMP is a better tasting source of protein,
which is good news for patient compliance. Further-
more, participants using GMP medical foods showed
fewer negative side effects such as persistent hunger
and indigestion — reflecting the slower digestion and
other physiological benefits of whole protein.

In addition, no increase in blood phenylalanine levels
and better utilization of tyrosine (an amino acid added to
GMP and often low in patients with PKU) were also noted.

Ney is the co-inventor of the GMP medical foods used
in the trial. The patent is held by the Wisconsin Alumni
Research Foundation (WARF) and is exclusively licensed
to Cambrooke Therapeutics. “We provide evidence that
GMP medical foods provide a safe and acceptable al-
ternative to synthetic AA medical foods for managing
PKU," Ney said soon after the trial was published in the
American Journal of Clinical Nutrition in 2016. “This
evidence is vital for clinicians to prescribe GMP medi-
cal foods and for regulatory agencies to provide reim-
bursement for them." But that's not all. Ney continues
to investigate the broader health effects of GMP.

It is well known that skeletal fragility is a chronic
complication of PKU, affecting more than 30 percent
of children and up to 50 percent of adults. Ney's lat-
est research suggests that AA medical foods may be a
contributing factor. In the PKU mouse model, she has
shown that a GMP diet results in bigger and stronger
bones compared to the AA diet. But do GMP medical
foods improve the bone health of humans with PKU? To
find out, Ney and her research team recently concluded
the first clinical trial comparing medical foods differing
in dietary protein source (AA or Glytactin GMP) and their
effect on bone health.

The study, published in the Journal of Nutrition and
Metabolism, indicates that the high acid loads of AA
medical foods cause bones to leach minerals and be-
come weaker over time. In contrast, Ney's study showed
that Glytactin GMP medical foods do not have high acid
loads. Additionally, this study highlighted that not
all AA and GMP medical foods are created equal and,
in fact, AA and GMP medical food products across
brands vary in acid loads due to diverse amino acid
and mineral compositions. A larger clinical trial is now
in the works to investigate the metabolism of calcium
and other critical minerals in PKU patients consuming
AA or GMP medical foods. The study will look at bone
health as well as other physiological aspects such as gut
microbiota, Ney says.

The story of GMP is far from over. Reflecting on the past
15 years of research, the development of GMP medical
foods for PKU is deserving of the term 'breakthrough’.
The innovations of Dr.Ney and her colleagues at the
University of Wisconsin — Madison are a source of pride
for the entire campus, and the latest chapter in a long
and inspiring legacy.
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How Arla Foods Ingredients
is giving PKU patients a new
formula choice

By Erik Jensen, Research Scientist, Arla Foods Ingredients, Denmark

Arla Foods Ingredients is one of the world's leading sup-
pliers of dairy proteins. We are based in Denmark, but
have an international mindset and supply ingredients
to food producers all over the world, from Europe to the
USA, from Latin America to Asia-Pacific and Africa. Our
ingredients are used in all kinds of products — drinks,
yoghurts, cakes, protein bars, infant formulas and
medical nutrition products, among others.

Our raw material is liquid whey, which is a by-product of
cheese production. Whey contains an impressive range
of different proteins and is today acknowledged for its
high nutritional value. The proteins found in whey may
especially benefit vulnerable people, such as specific
patient groups and infants. We are therefore focused
on making these proteins commercially available to our
customers, which are companies in the food industry.
We have maintained this focus through several decades
and it has resulted in a high level of expertise in puri-
fying specific proteins and protein fractions through the
use of various filtering techniques.

It was therefore an easy decision for us to invest in de-
veloping the production process for Casein Glycomac-
ropeptide (or CGMP for short), which is found in liquid
whey. We agreed to put our efforts into this project
after scientists had discovered that the C(GMP peptide
chain was completely free from phenylalanine, there-
by making it a potential game-changer as a partial
substitute for free amino acids in PKU products.

Our aim was to produce a CGMP ingredient with the
highest possible purity in order to limit residual phe-
nylalanine originating from the presence of other milk
proteins. This very ambitious goal resulted in a long
and challenging journey to develop a high quality (GMP
product suitable for PKU patients. The project demand-
ed large investments in research and development as
well as the building of a new production facility in
Denmark. Finally, we achieved our goal by combining
processing technologies to ensure that both product
and production costs were optimal.

We are very happy that it is now possible for PKU pa-

tients in many countries to consume (GMP-contain-
ing formulas, make their own impressions, and decide
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whether products containing the CGMP ingredient can
positively affect their lives.

The journey does, however, not stop here and our work
is not yet finished. We believe it is important to help
build scientific evidence regarding the potential health
benefits of C(GMP in PKU patients. Therefore, we are very
focused on supporting PKU research and we are active-
ly getting involved in setting up and sponsoring new
studies within PKU nutrition. Indeed, the road ahead
for CGMP - and those living with PKU - looks very ex-
citing. We look forward to joining them on the quest to
improve treatments and dietary options.

Brooke and Cameron Paolella © Private

How GMP
came to be...

By David Paolella,
father of two PKU-children

On July 9, 1992, Lynn and | had our second child,
Cameron Lake Paolella. He was a healthy 8 pounds
12 ounces (3.9 kilos), and very engaged with his sur-
roundings when not fast asleep. Like any parents,
we were elated by this chubby infant boy with a
striking mane of black hair. It was such a remark-
able feature, thick and standing upright at atten-
tion, that all the nurses on the ward came by to see
‘Don King' - the baby with hair that looked like the
famous boxing promoter!

Only a few days after bringing Cameron home, we
learned of another remarkable but hidden feature
of our new son, phenylketonuria. Lynn took the call
that forever changed the course of our lives.

Like many of you, we didn't know what to expect.
Our confirmatory diagnostic tests were our door into
the world of phenylketonuria. Life has not been the
same since. In retrospect, it was the best for us and
we are thankful to be a part of this supportive com-
munity. What followed, was the story of how GMP
came to be (...) an alternative protein source for PKU.

Fortunately, Cameron's diagnosis came in the first
week of life, so he instantly started the low-protein
diet that many readers here know so well. Lynn, with
an instinct for nurturing and feeding our new best
friend, faced most of the daily challenges. The search
for better PKU food and formula started with her en-
gagement.

Those first six to eight years we struggled with ev-
ery emotion - but life got easier as we learned how
to manage the diet. In 1997, we were well prepared
to welcome our daughter Brooke along with her
classical PKU (Ru08W/R261Q) diagnosis — thankful-
ly sharing the same alleles as her brother. With the
paucity of choices available in the 1990s, food and
formula was not very appealing to our son. He was
constantly hungry. It became our family's mission to
learn about every option for PKU food and formula.
Together, we engaged both commercial food scien-
tists and university researchers in the field.

While searching for better alternatives for home-
made bread, Lynn communicated regularly with
Virginia Schuett MS RD (editor of the National PKU
News and author of the Low Protein Food List) and
Sally Gleason MS, RD.Sally had the insight to work
closely with the Center for Dairy Research in Wis-
consin. One of their research scientists, Dr Mark Et-
zel, had patented a process for extracting a dairy
whey peptide from the cheese-making process. It
was kappa-casein-glycomacropeptide, now often
abbreviated just GMP. GMP is a unique 64 amino acid
small protein (peptide) containing not a single mol-
ecule of phenylalanine, tryptophan or tyrosine - the
aromatic amino acids. She believed it could play an
important role as a source of protein for PKU.

GMP is a unique 64 amino acid small protein (pep-
tide) that contains not a single molecule of phe-
nylalanine, tryptophan or tyrosine - the aromatic
amino acids.

In 2000, the team of Lynn, Sally and Virginia got a small
supply of this product from Dr Etzel's lab. Each of them
explored the use of GMP to improve the browning of
low-phenylalanine (Phe) bread. From 2000-2002 the
team experimented with a variety of food applications
- with mixed results. But overall, they were encouraged.

By 2002, Cambrooke Foods had been operating for two
years and developed more than a dozen low-protein
food items distributed in the US and Canada. Sally was
determined to see Dr Etzel's GMP get put to practical use
and called me to lead a 'task force' for industry and ac-
ademia to explore its potential. Sally Gleason enlisted
an expert research doctor from the nutritional science
department to investigate the safety and efficacy of us-
ing GMP to treat PKU mice. What could we learn about
the physiology of a GMP diet when compared with the
conventional amino acid diet for PKU? Dr Denise Ney
raised several million dollars from both the NIH and FDA
to answer this question. She needed an animal model
to compare GMP to an amino acid diet when fed from
infancy to adulthood. Dr Ney collaborated with Drs Woo
and Harding to create an appropriate clinical model for
this study. (We are indebted to a global network of sci-
entists who share their lifetime of learning to advance
our knowledge.) They focused on this little mouse called

the PAH enu-2, as an ideal candidate to test such a diet:
Before beginning the study, the team bred a small colo-
ny of ‘mice cousins' in the hundreds with a nearly iden-
tical genetic background (PKU mutation). Such ‘models’
are essential to minimise variation in the study design.
After two years, UW Madison had their mice and the
study began in 2004.

There are several papers published from the data collect-
ed during these pre-clinical studies, a summary of which
is beyond the scope of this article. What was eye-opening
for Lynn and me were the physiological improvements in
both the PKU and 'wild-type' (normal) mice when fed
GMP from birth to adulthood. To my surprise, even the
healthy mice, when fed an AA diet, had consistently poor
health (inflammation, weaker bones, enlarged kidneys
and spleen). In contrast, the PKU and wild type mice
thrived on the GMP diet. Of course, mice are not humans
but another fact is that nature is very conservative - the
biochemistry of phenylalanine metabolism (Phe -> tyr) is
very similar in all mammals. These results had us com-
mitted to further testing to explore if it could help our
children’'s lifelong health.

continued next page >>>

Jetzt auch in Deutschland:

Die medizinisch gesicherte
| Osung fur eine naturlichere
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Seit 2010 entwickelt Cambrooke medizinische

Nahrungsmittel auf der Basis von naturlichem Molke-
eiweill, um die traditionellen Aminosaurenmischungen
in der PKU Behandlung zu ersetzen bzw. zu erganzen.
Im Gegensatz zu einer herkommlichen Aminosauren-
mischung enthalten die Produkte Glucomacropeptid
(GMP), ein natlrliches Molkeeiweil? als Eiweiliquelle,
sowie alle wichtigen Vitamine und Mineralstoffe im
Rahmen einer eiweiflarmen Ernahrung,

Wenn Sie mehr dardber erfahren méchten,

warum Glytactin die naturlichere Alternative zur
Behandlung der PKU ist, besuchen Sie uns auf
www.cambrooke.de oder kontaktieren Sie uns per
E-Mail: peterschn@cambrooke.com.

Wir starten in Deutschland mit;

Sabrina Petersohn
Cambrooke Therapeutics

{Technologiepark Heldelberg)

Im Neuenheimer Feld 582

69120 Heidelberg

E-Mail: petersohn@cambrooke.com
I www.cambrooke.de

Folgende Produkte sind in Deutschland erhaltlich:

PIN PRODUKT GEBINDE
13M8R07 GLYTACTIN BETTERMILK LITE 2OPE 30 x 51 g Pubvir
13348776 GLYTACTIN BETTERMILE ORIGINAL 15PE - 30 & 49 ¢ Pulses
1324862% GLYTACTEY BUILD 10PE 30 x 16 g Pulver
13243641 GLYTACTIN RESTORE LITE ORANGE 10PE 30 x 19 g Pubser
13248700 GLYTACTEN RTD DRIGHNAL 15FE

13248724 GLYTACTIN RTD SCHOROLADE 15 PE
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Service Team

| Apotheker Patrick Pongs
gesund leben Apotheke Altona

Grofe Bergstrasse 231
22767 Hamburg

E-Mail: gla-altona@gmx.de
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GMP and appetite

By Kirsten Ahring, Kennedy Centre, Denmark

Kirsten Ahring at the annual danish PKU Meeting 2017© J.R6hr

Since 1997, Kirsten Kiaer Ahring has worked as a meta-
bolic dietitian at the Kennedy Centre, the national PKU
center in Denmark, including Greenland and the Faroe
Islands.

Comparison between casein glycomacropeptide (CGMP-
20) and free synthetic amino acids (FSAA) in connec-
tion with standardized meal on selected biomarkers in
phenylketonuria (PKU) patients.

BACKGROUND: Phenylketonuria (PKU) is a metabolic dis-
order with elevated blood levels of phenylalanine (Phe)
due to lack of the enzyme phenylalanine hydroxylase'.
Management of PKU is mainly achieved through dietary
control with limited intake of Phe from food, supple-
mented with low-protein (LP) food and a mixture of
free synthetic amino acids (AA).

Casein glycomacropeptide (CGMP) is
a natural peptide, released in whey
during cheese production by the ac-
tion of the enzyme chymosin®. CGMP
in its pure form does not contain
Phe. This makes it nutritionally suit-
able as part of the diet for patients
with PKU when supplemented with
tyrosine, tryptophan, histidine, ar-
ginine, methionine, lysine and leu-
cine. Lacprodan® (GMP-20 is the
name of the product used in this
study and contains a small amount
of Phe.

We investigated the influence of the following biomark-
ers when comparing the absorption of CGMP versus FSAA:
ghrelin, glucose, insulin, peptide-tyrosine-tyrosine
(PYY), cholecystokinin (CCK), glucagon-like-peptide-1
(GLP-1) and blood urea nitrogen (BUN). All biomarkers are
related to food intake.
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METHODS: Patients (7 females, 1 male, age 15-48 (mean
33.25 + Standard deviation (SD) 11.21), weight 47-85kg
(mean 72.8 + SD 15.9) were received in the clinic in the
morning, fasting. They had been selected from the Ken-
nedy Centre database from the following criteria:

Inclusion criteria:

-diagnosis of classical PKU confirmed by mutation
analysis,

+age =15 years at inclusion,

-had received treatment with a protein restricted diet
since neonatal period and were willing and able to
visit the KC four times.

Exclusion criteria:

<15 years at inclusion,

+had not followed the dietary treatment continuously,

+had a second chronic disease or condition, which po-
tentially could influence the PKU treatment and out-
come,

-treated with BHy (coenzyme),

*BMI > 30, pregnant,

*nursing or planning to become pregnant.

All patients had 4 identical visits in randomized order
and received a new drink mixture (DM 1-4) each time,
containing CGMP or AA. The four DM were designed
as follows: DM1:100% CGMP, DM2:100% AA (=DM1),
DM3:78.4% CGMP+19.6% AA, DM4:100% AA (=DM3).
Ghrelin was measured at time o (fasting) right before
eating the meal), as well as 15, 30, 60, 120 and 240
minutes after the meal. All the rest of the biomarkers
were measured at time 0 and 240 minutes.

RESULTS: None of the seven nutritional parameters
showed a significant change from baseline (time 0) to
240 min: DM1: Ghrelin (p= 0.454), glucose (p= 0.334),
insulin (p= 0,563), PYY (p= 0,981), CCK (p= 0.523), GLP-1
(p= 0.871) and BUN (p= 0.260). DM2: Ghrelin (p= 0.180),
glucose (p= 0.935), insulin (p= 0.726), PYY (p= 1.000),
(CK (p= 0.910), GLP-1 (p= 0.420) and BUN (p= 0.800).
DM3: Ghrelin (p= 0.473), glucose (p= 0.071), insulin (p=
0.484), PYY (p= 0.382), (CK (p= 0.620), GLP-1 (p= 0.131)
and BUN (p= 0.937). DMy Ghrelin (p= 0.986), glucose
(p= 0.906), insulin (p= 0.537), PYY (p= 0.985), (CK (p=
0.297), GLP-1 (p= 0.068) and BUN (p= 0.991).

CONCLUSION: None of the selected biomarkers did sig-
nificantly change from time o to 240 min after a meal.
Thus CGMP may be useful as a supplement in the PKU
diet.

Why is this study important?

A lifelong diet requires AA supplements and LP food
with the best possible taste and CGMP has proven to
have a better taste compared to FSAA3. It is import-
ant to investigate what kind of impact CGMP has on
metabolism compared to free, synthetic amino acids.
Hunger and lack of satiety is a problem among some
of our patients due to restrictions of food and limited
intake of fiber. Other studies with CGMP have shown
a positive impact on ghrelin, also called "the hunger
hormone". Besides regulating appetite, ghrelin plays a
significant role in regulating the distribution and rate
of energy usage.* Recent studies confirm the role of
CGMP in the future treatment of PKU ¢
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The data in this article has been presented as a poster at
the SSIEM 2017 (http://www.iciem2017.0rg/files/APROVA-
DOS_ICIEM_poster.pdf) and as an oral presentation at
the E.S.PKU 2017 (http://www.espku.org).
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Ghrelin, also called the "hunger hormone", is absorbed when the stomach is empty and acts to increase
hunger. Besides regulating appetite, ghrelin also plays an important role in regulating the distribution and
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Over the next few years, the research team at UW
Madison conducted an in-hospital clinical trial of 11
PKU patients, an environment that allowed their di-
ets to be carefully controlled. Each of the subjects
monitored themselves in a classic 'cross-over' de-
sign study. From the published data, we learned that
GMP was not just a better-tasting source of protein
for PKU - but that nearly all of the patients improved
on four critical biomarkers in just a few days of the
diet! (A subsequent four-year study, published in
2016 with 30 PKU patients, confirmed these results.)

In2008, our little Cambrooke Foods had grown to more
than 120 low-protein foods, a 3,000-square-metre
processing facility and a ready-to-drink amino acid
product line for PKU and MSUD. We were determined
to find a supplier to make a commercial-grade GMP
toinclude in a new PKU formula. While there is plenty
of whey in America, the small market size, technical
sophistication, and investment needed to purify the
background whey from the GMP made it very difficult
to convince a commercial dairy to manufacture this
product just for PKU.

But in the spring of 2008, | had the good fortune to
meet with the CEO of Arla Food Ingredients in Den-
mark. At our first meeting, Henrick Andersen shook
my hand and said, 'I've been waiting 18 years to meet
you!'. He was aware of PKU and knew GMP could be
a source of low-Phe protein for us PKU families. We
set to work planning our collaboration. Cambrooke
would need many millions of dollars for develop-
ment (which we didn't have) and Arla would need to
build a commercial plant dedicated to manufacture
this special ingredient for the ~60,000 PKU people in
the world who could benefit. (As a side note, Phyllis
Acosta, PhD of Ross/Abbott Nutrition, and inventor
of Phenex®, later told me she had been interested
in GMP as a protein source for PKU, ‘but could never
get a source "pure enough" for commercial produc-
tion.") Lynn and | would risk everything on the evi-
dence that this intact natural protein would help all
patients with PKU. In 2009, our journey to raise more
than 35 million dollars, to expand our manufactur-
ing facility and finally, to bring GMP to the global PKU
market, began.

GMP alone is not an ideal protein. Protein quality is
the result of a complete range of essential amino ac-
ids (those not made by the human body) in the right
proportions. GMP, as mentioned earlier, is devoid of
phenylalanine, tyrosine and tryptophan and must
be supplemented with five 'limiting' amino acids. In
addition, GMP contains high levels of threonine and
other large neutral amino acids (LNAAs) bound in the
peptide. (There is evidence that high LNAA concen-
trations can reduce brain phenylalanine by blocking
LAT-1 transport.) To determine the best proportion of
supplemental amino acids to balance the GMP pro-
tein, the research and development team examined
PKU patient serum amino acid levels, gut microbiota
and potential renal-acid load (PRAL), among other
factors, to determine the optimal formulation for
this new protein substitute. The result: Cambrooke's
patented Glytactin formulation. We have developed
and refined this formulation for the past eight years.

We are proud to say that currently, Cambrooke Ther-
apeutics offers more than 18 glytactin products for
PKU and four tyrosinemia products— and all that in
addition to our range of low-protein foods. More
than 1000 patients worldwide (including Cameron
and Brooke) use our Bettermilk product, available in
the US since 2009. We now learn from many what it
is like to live with PKU.

Still, many challenges remain for individuals and
families with PKU. Although the dietary options
have improved greatly since Cameron was born, it
is difficult at every stage of life to maintain tar-
geted serum Phe levels for nearly all classical PKU
teens and adults. Many symptoms of transient el-
evated Phe levels plague our children and others
with PKU. There are promising new pharmaceutical
therapies being studied. In fact, our own family has
direct experience with two of these. We hope to see
a safe and effective alternative to this highly re-
strictive diet in the near future. Until one or more
of these alternatives are available, maintaining a
low-phenylalanine diet is both safe and effective
management of PKU. Stay healthy today for a better
tomorrow!
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GMP and its use in
children with PKU

By Anita MacDonald, Research Dietitians,
Birmingham Children's Hospital, UK

© Anita MacDonald
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INTRODUCTION

Over the last 2 years there has been a lot of discussion
about the use of GMP as a protein substitute in PKU.
Most of the research work has originated from Dr Denise
Ney, from the Wisconsin University in America. This has
led to it being a popular protein substitute throughout
the USA. However, uptake of this protein substitute has
been low across Europe, with many health care profes-
sionals needing to see more supporting research about
the usage of GMP in children with PKU as well as study-
ing GMP over a longer time period (van Wegberg et al.,
2017).

In this article we are going to examine some of the work
the metabolic dietitians from Birmingham Children's
Hospital, UK have been doing with GMP and PKU.

GMP is an abbreviation for glycomacropeptide. This
sounds complex and sophisticated but when the word is
broken down into sections, its meaning becomes clearer.

GLYCO MACRO PEPTIDE
Sugar Large or long | Short chain of amino acids

GMP is, therefore, a large sugar molecule made up of an
amino acid chain called a peptide. In GMP, there are 64
amino acids in the peptide chain.

GMP is extracted from whey (milk protein) as a by-prod-
uct of cheese making. In recent years, it has been shown
that milk components, particularly found in whey pro-
tein, have biological properties with several important
physical, chemical, nutritional and health functions.
Some of these functions include improving flavour and
taste, while others include important immunological
actions. For example, a milk protein that is added to in-
fant formula called alpha lactalbumin has been shown
to help growth and decrease gastrointestinal problems
in infants (Davis et al., 2008, Heine et al., 1991). Simi-
larly, GMP has been shown to have some immunolog-
ical properties in animal studies as well. (Laclair et al.,
2009, Ney et al., 2008, Solverson et al., 2012a, Solverson
et al., 2012b). These are exciting findings, but more
human studies are needed to confirm the benefi-
cial properties of GMP.

Proteins found in milk

Cow's milk protein Components of milk protein

Whey B lactoglobulin
a lactalbumin
Glycomacropeptide
proteose peptone 3
immunoglobulins
serum albumin
lactoferrin
lactoperoxidase

Curds (casein) x casein

A LITTLE BIT OF HISTORY

GMP is not a new protein. Gyorgy (Gyorgy et al., 1954)
examined its amino acid structure over 60 years ago, as
early as 1954. At this time, GMP was considered an in-
complete and therefore unusable protein. As well as be-
ing low in phenylalanine, it is low in other amino acids:
arginine, cysteine, histidine, tryptophan, leucine, lysine
and tyrosine. These are all essential or semi essen-
tial amino acids. Their functions are many and include
building blocks for tissue protein growth as well as being
essential substrates for the formation of other important
body chemicals. Because GMP was an incomplete protein
source, GMP was largely forgotten in the early days.

However, since the 1970's, more work on this peptide
has been carried out and it has been found to have
some unique properties. It is associated with reducing
inflammation within the digestive tract and is used as
a protein source for people with autoimmune colitis. It
has the ability to both inhibit the growth of unfriendly
bacteria, but helps the growth of friendly gut bacteria
(bifidobacteria).

Properties of GMP
Assists in immune regulation and repair
May potentially inhibit bacterial infection
Increases the growth of friendly bacteria (bifidobacteria)
Helps to protect teeth
Suppresses gastric secretions

PKU AND GMP

Almost 10 years ago, the first reports of GMP being used
as a protein substitute in PKU appeared in the science
literature.

When a GMP protein substitute is made, the essential/
semi-essential amino acids that are missing in GMP are
added back into the protein substitute, so it is not de-
ficient in any important amino acids. Therefore, a GMP
protein substitute is a combination of GMP and added
amino acids. The GMP protein substitutes are also sup-
plemented with all the other necessary nutrients such
as vitamins and minerals. Many studies have report-
ed potential advantages of using GMP in PKU compared
with usual Phe-free amino acid supplements. Some of
these studies have been done in PKU mice only, oth-
ers have been done in humans. Most of the human
PKU studies have only been completed in older people
(teenagers and adults) over a short time period.

Potential advantages of GMP from studies in PKU

_ Work from animal studies

Improved fullness Reduces phenylalanine in
the brain

Better taste Improved bone health

Improved nitrogen Acts as prebiotic

retention

There is also suggestion that GMP may cause less bad
breath and may be better tolerated by people with PKU,
e.g. they may experience less constipation or stomach
ache, but this must still be proven (van Calcar et al., 2009,
van (Calcar and Ney, 2012, Veldhorst et al., 20094, Veldhorst
et al., 2009b, Sawin et al., 2015).

POTENTIAL DISADVANTAGES OF GMP

The down side to commercial GMP, is that it does contain
a small amount of phenylalanine. Usually for every 20g
low Phe protein that GMP protein substitute supplies it
will contain approximately 36mg of phenylalanine. Taking
60g/day of low Phe protein from GMP protein substitute
(the average UK teenage/adult dose) will give an extra 108
mgl/day phenylalanine. The concern is that this addition-
al phenylalanine may have an adverse impact on blood
phenylalanine control, particularly in children. Therefore,
this extra phenylalanine source cannot be ignored.

We have been working on GMP protein substitute for the
last 3 years in children aged 5 to 16 years. We are doing a
range of carefully controlled studies to examine the ef-
fect of GMP protein 'over time' in PKU. Systematically, we
have slowly introduced this protein substitute to either
completely replace or partly replace the usual Phe-free
amino acid supplements. The study we report on exam-
ined if the additional phenylalanine supplied by GMP pro-
tein substitute would affect blood phenylalanine control
when compared with conventional Phe-free amino acid
supplements in children with PKU.

WHAT DID WE DO? (figure 1)

Forty-eight children with PKU aged from 5 to 16 years
(median age 9.2 years) have completed a 12-month
research study. Some of the children have taken low Phe
GMP as protein substitute; the others remained on their
usual Phe-free amino acid supplements. All the chil-
dren were asked to try the GMP protein substitute when
they started the study. Twenty-nine children changed to
GMP because they preferred it whilst 19 chose to remain
on their usual Phe-free amino acid supplements. The
children on the Phe-free amino acids acted as the control

group.

48 children enrolled onto the study
median age 9.1 y

29 low Phe GMP 19 Phe-free amino
'; acid supplements

Weekly home blood phenylalanine and tyrosine
blood spots

V

Monthly anthropometry
(weight and height)

v

Monthly dietary assessment and adherence
visits

Figure 1. Diagram showing study methodology

We monitored the long-term use of low Phe GMP com-
pared with the usual Phe-free amino acid supplements
over 12 months. We studied blood phenylalanine and
tyrosine levels every week.

The low Phe GMP was introduced slowly depending on
blood phenylalanine levels. All children started on 20g

protein from the low Phe GMP (1 packet of the study
low Phe GMP product contains 20g protein). If blood
phenylalanine levels were within target reference
range for 3 consecutive weeks, a further 20g of low
Phe GMP protein (1 additional packet of the study
GMP product) replaced the same amount of protein
provided by the Phe-free amino acid supplements.
We did not reduce the phenylalanine intake from
food in any child.

WHAT DID WE FIND?

Results at the end of 12 months (figure 2)

No significant differences were found between or
within the study (low Phe GMP) and control (Phe-
free amino acids supplements) groups for either
blood phenylalanine or tyrosine levels over the 12
months of close observation. Median phenylalanine
and tyrosine blood levels remained within normal
target reference ranges for age.

e o,

—— 1 4
3 Lo P AP prg wlty umakL mm\\lﬂgmp’\:ﬁw1aﬁwa

a

Figure 2. Median blood phenylalanine concentrations (umol/L)
at start of study (when all subjects were on Phe-free amino acid
supplements) and at 12 months follow up for all children on the
Low Phe GMP and Phe-free amino acids (control group).

In the children taking the low Phe GMP, many chil-
dren did not take the low Phe GMP as the sole source
of protein substitute. The low Phe GMP provided a
median of 75% (33-100%) of the total protein substi-
tute intake, with the remaining amount (25%) sup-
plied by the usual Phe-free amino acid supplements.
0f the 29 children using low Phe GMP at the end of
the 12-month study period, 13 were taking all their
protein substitute supply from low Phe GMP and the
remaining 16 were taking a combination of low Phe
GMP and Phe-free amino acid supplements.

In the control group, the Phe-free amino acid sup-
plements provided all their protein substitute re-
quirement.

Both groups of children were taking a median of
60g/d (50-80g) of protein equivalent from the pro-
tein substitute. The median amount of prescribed
phenylalanine from food that the children were
taking was 250 mg/day (range 150 to 1500 mg/day). In
the children taking the low Phe GMP, this provided
an extra 81 mg/daily (range 36 to 108 mg) of phenyl-
alanine.

TO SUMMARISE OUR RESULTS

*Blood phenylalanine and tyrosine levels remained
stable when a median of 75% of total protein sub-
stitute intake was given as low Phe GMP. Most
children continued to take a little conventional
Phe-free amino acid supplement. Both blood phe-
nylalanine and tyrosine results were within the rec-
ommended target levels for the age groups studied.

*No reduction in the intake of dietary phenylalanine
was made even though an extra 81 mg/day phenyl-
alanine was being taken by the children in the low
Phe GMP group.

*The GMP protein substitute was very well tolerat-
ed and overall liked by the children who chose to
take it.

CONCLUSIONS

We were able to maintain blood phenylalanine con-
trol when using low Phe GMP in children with PKU
over a 1-year duration. The impact of low Phe GMP
on blood phenylalanine levels is very individual, and
some children remained on partial Phe-free amino
acid supplements. Very careful monitoring is im-
portant, particularly whilst GMP is being introduced.
More work is needed on this low Phe GMP with its
unusual properties, and we still have much to learn
about its use in PKU.

© J.R6hr Feb.2017 Niirnberg
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New research: Bone health in
Phenylketonuria (PKU)

By Denise M. Ney, PhD, RD; Professor of Nutritional Sciences,
University of Wisconsin-Madison, USA

Does PKU affect the skeleton?

Newborn screening and initiation of a low-phenylala-
nine (PHE) diet have resulted in a full life for those born
with PKU. Skeletal fragility has emerged as a compli-
cation of PKU. The term skeletal fragility refers to low
bone mass and alterations in bone architecture often
leading to a bone fracture with minimal trauma. Various
degrees of skeletal fragility have been observed in peo-
ple with PKU. Bone is composed of a collagen protein
matrix and precipitated mineral (calcium phosphate
hydroxyapatite). Bone strength reflects both formation
of the collagen matrix inside the bone and hardening
the outside of the bone with precipitated minerals. Ad-
equate nutrition is essential for growth and mainte-
nance of the skeleton.

Collagen

Calcium

© Prof.Ney

Over 50 research articles have discussed bone health
in patients with PKU. Most agree that PKU affects the
bone, but there is controversy regarding the degree,
implications and cause of the bone abnormalities in
PKU. Two systematic reviews noted lower bone miner-
al density (BMD) determined using dual-energy X-ray
absorptiometry (DXA) based on studies in over 360 PKU
patients. This is an important finding because low
BMD increases the risk for osteoporosis and frac-
tures. A fracture rate of 20% in children with PKU

was noted, and after age 8, a fracture rate that

was 2.6 times higher in children with PKU
compared to healthy sibling controls was

noted'. In summary, PKU has a negative
effect on bone, possibly increasing

© Privat
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risk for fracture, but not everyone with PKU is affected
to the same degree.

Genetics and gender help to explain why only some
people with PKU are at risk for skeletal fragility. Genetic
factors account for approximately 70% of the variance

GMP Improves Bone Strength in PKU
and WT Mice Compared with AA Diet

in bone mass in the non-PKU population?. Females have cMp L, -

lower bone mass than males and show a higher risk for " ) ' ———
osteoporosis, especially after menopause; this may also _ﬂ = ) Pont Vi Doplacemment S,
apply to PKU. Of the more than 800 mutations associ- E :

ated with PKU, it is likely that some mutations have a Casein L '

greater impact on bone, but we don't know which mu- o I L
tations are linked with poor bone health in PKU. T ™ Dcfoemtion

Bone development is hard to study because bone de-
velops over a lifetime and is affected by many factors.
Both non-modifiable (genetics and gender) and modifi-
able (nutrition and exercise) factors are known to affect
bone mass. Fortunately, a great deal is already known
about bone physiology and studies in the PKU mouse
model can provide important insights.

How does the PKU diet affect bone health?

Using the PKU mouse model, we asked an important
question that cannot be studied in human PKU - is skel-
etal fragility related to the PKU genotype or the amino
acid (AA)-based PKU diet? The answer is that both the
PKU genotype and the AA diet contribute to skeletal fra-
gility in PKU3. We found that PKU mice had leg bones
(femora) that were brittle and broke more easily com-
pared to mice without PKU and this skeletal fragility was
worsened by a low-PHE AA diet. Interestingly, mice fed
a low-PHE glycomacropeptide (GMP) diet showed bigger
and stronger femora that were harder to break using
the three-point bending test compared to mice fed the
AA diet. As shown in the figure, a greater maximum load
was needed to break a femur from a mouse fed the GMP
diet.

Glycomacropeptide (GMP) is a whey protein contained
in milk that is isolated during cheesemaking. It pro-
vides the only known source of low-PHE whole protein
and can be made into good-tasting foods for the PKU
diet. GMP foods for PKU are currently available in North
America and Southern Europe. Our research has shown
that GMP foods are well-accepted by people with PKU.
They promote satiety such that people ‘feel fuller lon-
ger' after a meal and help to reduce some of the diges-
tive complaints that many people experience with AA
formula. Overall, foods that contain whole protein such
as GMP are easier for the body to use than AAs.

© Prof.Ney

Our PKU studies in humans and mice suggest two rea-
sons which may explain how GMP improves bone health
compared to an AA diet. The first reason is that GMP
foods provide a low dietary acid load compared to AA
formula. Bickel reported that synthetic AA diets provide
a high dietary acid load and provided advice on how to
lower it.t. Eating a high-acid diet is known to have a
negative effect on bone because it causes bone break-
down and loss of calcium in the urine as bone helps
the body to maintain a neutral pH. For example, a re-
cent German study reported that healthy children and
adolescents with a long-term higher dietary acid load
lost more calcium in urine and this predicted a reduced
BMDs.

The second reason is that GMP is a prebiotic due to mu-
cin-type carbohydrate chains that are attached to the
GMP amino acid chain (see figure). The word ‘prebiotic’
means that GMP provides a source of poorly digested
carbohydrate that is fermented by bacteria in the co-
lon to short-chain fatty acids and results in beneficial
changes in the intestinal microbiota®. Evidence from
both human and animal studies demonstrates that
prebiotic foods increase calcium absorption, and in one
study, BMD was also increased in adolescents (without
PKU) who were fed a prebiotic for one year”. In summa-
ry, GMP is a prebiotic, low-acid, low-PHE dietary protein
that promotes bone health.

High blood PHE levels have been suggested to contrib-
ute to poor bone health in PKU. However, the evidence
in 75% of 12 studies shows there is no association be-
tween high PHE levels and reduced BMD in PKU. Thus,
although it is essential to follow the low-PHE diet to
protect the brain and provide adequate nutrition for
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bone development, high-PHE levels do not appear
to impair bone development.

What can be done to optimize bone health in PKU?

Two modifiable factors help to optimize bone
health - nutrition and physical activity. Many
nutrients are needed in the diet for bone devel-
opment including: protein for collagen synthesis,
calcium, phosphorous and magnesium for miner-
alization of bone, and many vitamins but espe-
cially vitamin D to promote absorption of calcium
from the diet. These nutrients are essentially the
building blocks for bone formation. Because ani-
mal foods including dairy products are restricted in
the PKU diet, the main way these bone-promoting
nutrients can be obtained is by consuming PKU for-
mula that is supplemented with vitamins and min-
erals. It is also important to eat fruits and vegeta-
bles that provide natural sources of vitamins and
minerals and, especially potassium, to reduce the
total acid load of the diet. Examples of low-pro-
tein, high-potassium foods for the PKU diet include
apples, oranges, potatoes and tomatoes. Exposure
to sunlight, 5—15 minutes three times a week, can
also provide a source of vitamin D2,

Adequate nutrition is especially important during
childhood where the skeleton grows at a fast
pace. During the years around puberty (ages
9-14), children build about 40-60% of the bone
they will have for their adult lifetime. In fact,
bone mass attained in childhood is thought to
be the most important modifiable determinant of
lifelong skeletal health2.

Physical activity works together with the PKU diet
to optimize bone health. Weight-bearing exercise
provides 'mechanical loading' which increases
bone formation and has also been shown to im-
prove mineralization of bone, when the nutrient
building blocks for bone are provided in the diet.
For most people, walking, jogging, jumping, skip-
ping and dancing activities are better for bone
health than swimming or bicycle riding. Exercise
and PKU formula work together to promote bone
health, especially in children who are growing.
Consuming PKU formula at least three times a day,
but especially before and after exercise, will pro-
vide energy to enhance the performance and also
rebuild muscle after strenuous exercise. Excessive
high-impact exercise can, however, increase frac-
ture risk.
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Key points

-Skeletal fragility is a poorly understood complication that
affects some people with PKU

*Elevated blood PHE levels are not consistently linked with
low bone mineral density in PKU

*Glycomacropeptide medical foods provide low-PHE whole
protein for the PKU diet that promotes bone health. The be-
nefit to bone relates to GMP being a prebiotic and providing
a low dietary acid load

‘Two modifiable factors help to optimize bone health:
drinking PKU medical formula and doing weight-bearing
exercise

«Children between the ages of 9 and 14 years build 40-60%
of the bone they will have for their adult lifetime. Adequate
nutrition and exercise during childhood is critical to optimize
lifelong bone health
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Wish it, Dream it,
Find a way and DO IT

By Marketa Rysava, now living in Denmark

© J.R6hr

My dad truly is the outdoorsy type. He loves hiking,
camping in the wild and spending the weekends in the
mountains, forests, etc. The fact that | was born with
PKU was a shock for both of my parents, but they did
not let it affect their nor my life.

Since | was little | can remember dad taking me and
my sister to those adventures, hikes and camping trips.
I loved it and when | look back the memories always
make me smile. | was also very impressed by my dad,
because | was born in 1988 in the (zech Republic and
let me tell you that in that time, there was not that
much low protein food to choose from. So, my dad took
mostly just LP bread that my grandma made, a can of
AA supplements, some veggies and put it in his big
backpack which he then carried the whole weekend.
Sometimes, he found a lovely place to have lunch or a
snack. In the countryside, with a beautiful view and a
spring with mountain water from which he made me
the AA supplement. It was so simple and wonderful.
Now | am 29, but I still love going on those hikes, days
1 and weekends in the countryside with
my dad and my sister. My mum did not
join us. She preferred to go abroad in
the summer and enjoy the sun and the
sea. She used to take me and my sis-
ter to e.g. Croatia or Spain. The food
there was not a problem as each meal
was a buffet, therefore a lot of fruits,
veggies, potatoes, etc. were available
there. There was always something to
choose from. So, all | needed was my
AA supplement and perhaps LP bread.

Why am | saying all this? Because |

strongly believe that the reason for

what | have become, what | have done

and accomplished in my life and also

how | chose to live my life goes back to

my parents” attitude towards PKU and

the fact that they showed and proved

to me by things like:

+travelling - not only with my family, but also letting
me travel with my friends or school,

-allowing me to join different kinds of camps (sport,
cooking, etc.)

+signing me up for different after school activities such
as cooking, singing, German language, taekwondo, etc.

That | am no different than anyone else. That there

-..\ is always a way. That | can do what | want and
: love and there are no limits, except the ones

Delifirst interviewed
Marketa on GMP
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we set ourselves. That is the approach | grew up with
and adopted. I love the saying: ,,Don’t call it a dream,
call it a plan."” And | am trying to live my life according
to that philosophy.

Travelling is one of the biggest passions in my life. The
first big step I took was in 2008, when | was 20 and |
moved to the United Kingdom. | went there by myself
without any big planning beforehand. Even though |
studied English for a year before | moved, | did not re-
ally speak the language. | just wanted to do this spon-
taneous thing and | was sure it would work out without
any major problems. | was not entirely right. | stayed
with my friend for 2 weeks during which | found a place
to live and a job. However, getting an appointment at
the PKU clinic took around a year. Until then | had to
bring the LP food and AA supplements from the Czech
Republic, just to have at least something. At that time, |
was not really proud of my diet, but when I finally found
out how it worked, and | had access to both LP foods
and AA supplements | got back on track. The beginning
was hard, but it gave me a lot of power and confidence.
| became truly independent, learned to take care of my-
self, found wonderful friends, learned English and in
the end | was so happy | decided to do this scary thing.

It was then | realized that fulfilling my dreams will
be more complicated and difficult than | previously
thought. But it never stopped me, because as a rule, the
best things do not come easy. So | cannot be as spon-
taneous as | would love to, instead | have to plan and
prepare myself for every travel or change... So what? If
you really want something, you do not mind putting in
extra effort.

I loved the UK so much that the one year | planned grew
into almost four. | lived in Salisbury and later on also in
Bristol, but | was not in the country all this time. | used
the earned money to travel some more. That is how |
visited, among others, South Africa and South Korea.

SR ' e
South Africa © Marketa Rysava
Going backpacking to South Africa for 2 months in 2010
was a big step for me, as it was the first time | travelled
outside of Europe. | was quite nervous, but as soon as
| arrived in Cape Town and started to travel along the
Garden route (Cape Town and around the coast to Port
Elisabeth) | got super excited and happy. | took with
me LP bread which lasted only for a few days and my
AA supplements. Maybe you know that South Africa is
famous for consumption of meat as well as making BBQ,
but not many people are familiar with the fact that they
have very delicious vegetarian options, too. The tastiest
meal | was given at BBQs were potatoes with salad and
grilled pumpkin filled with herbs and veggies. As you
can imagine, the choice of fruits and vegetables was
very wide and the taste was divine, therefore | was ex-
cited about having those every day as my main food.
| can recommend to everyone who will ever go there
to eat as much fruits and vegetables as they possibly
can. When | booked the accommodation, | made a silly
mistake of not checking whether the places we chose
had a kitchen available for their guests. That was how |

ended up not being able to make a meal for myself for 3
weeks. During this time, | had to eat food in restaurants
or fast food chains and some of the meals had higher
protein content. | learned a lesson and since then | have
never booked another accomodation without knowing
for sure that there is a kitchen I can use.

Another amazing adventure happened a year later,
when | went to South Korea for 1 month. That time |
used Couchsurfing, which turned out to be the best thing
| could have possibly done as | met some really great
people. Thanks to them, | discovered the interesting
and unique culture of South Korea in a very special way.
| stayed in Seoul for most of the time, but | also visit-
ed several places around the North Korean border and |
flew to Jeju Island for a few days. After | tasted the local
food | fell in love with it. Asian cuisine is based on rice,
which is higher in protein therefore it was necessary
to monitor and lower the amount of food | ate. How-
ever, as there were a lot of veggie side dishes avail-
able, | filled up with those. There were tons of different
rice products such as sweet and spicy rice cakes, rice
noodles, Kimbap (Korean sushi — option with veggies),
etc. and all of them were delicious. There was also a
variety of seaweed available - half dried, roasted, clas-
sical, etc. It was very interesting to taste all the vari-
ous kinds of this healthy treat. One of my favorite side
dishes was Kimchi, which is a spicy pickled radish and
cabbage and Koreans have it with every meal. | got a
recipe from the friend | stayed with and | have made it
many times myself since | came back to Europe as it is
delicious and very healthy. Street food in Korea is cheap
as well as tasty and there are many vegetarian options,
so if you ever go there you have to try it out! Just keep
an eye on your protein intake.

In July 2012, | went to Italy for a month where | took a
part in a volunteer workcamp in a small village called
Bessude in the north-western part of Sardinia. The
workcamp was organized by a local non-profit orga-
nization and took only 2 weeks. | spent the rest of the
time with a friend | met at a camp and we travelled
and discovered some stunning places around the island.
It was really a unique and incredible experience.l con-
tacted the organization before | filled in the application
form to inform them about my situation and food re-
quirements. | was ensured that it wouldn't be a prob-
lem, so | applied. They told me that we would be doing
shopping ourselves every other day, so | could always ask
for whatever | needed. | knew that we would be making
a food menu and cook ourselves, therefore | would have

"I DID TRY THE PRODUCTS AT THE E.S. PKU CONFERENCE.
THEY TASTE MUCH BETTER ..."
HELL, NORwAY, OCTOBER 6, 2017
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full control over meal preparation. | was very pleas-
antly surprised when Elena (workcamp coordinator)
drove me to the nearest pharmacy to check if they
have some LP products. We found some pasta and
she bought it for me from the common budget. The
interest of the coordinators and the help they of-
fered, exceeded my expectations. At the end of the
workcamp, | was offered by Elena to come back the
next year and coordinate a camp with her. | happily
accepted. Therefore, | returned the year after in May
for a coordinator training, which lasted a week and
was held entirely in Italian. After that, | coordinat-
ed two workcamps, first one in Isili and the second
one in Cagliari. Both lasted two weeks, but their
focus differed. In Isili, we did environmental work
such as cleaning springs and organized environ-
mental educational activities with local children.
In Cagliari, it was a theatre workcamp where we
did a play written by an Italian director. The play
was about peace, we rehearsed with local dis-
abled people and in the end, we performed for the
neighborhood. This time | knew where to get the
LP food and | also brought some of it with me.

TIn the beginning of 2013, | was applying to uni-
versity in Denmark. | collected information and got
ready to move abroad again. This time, | knew how
important it is to do the research and get in touch
with the clinic as soon as possible. Therefore, | got
in contact with them 3 months before | moved to
Denmark. I received a lot of important information
and was also invited for a visit once | would arrive to
the country and register. Everything went smooth,
the personnel at the Kennedy Center was very help-
ful and friendly. Thanks to them, | got all the in-
formation | needed during my first visit. The start
of my new life in Denmark was much less chaotic
then it was in the UK. During those first months, |
spent many of my afternoons in shops, checking out
all the products and trying to figure out what | was
allowed to eat from the selection in regular stores.
It is four and a half years now since | moved to Den-
mark, | successfully finished my studies and | can
honestly say that | am happy with my diet. | plan on
staying for now as | am happy here.

Anothervery interesting experience was my 2-weeks
long bike trip with an outdoor travel agency to Al-
bania. | went in summer 2015 with my friend and
10 other people. We were camping outdoors mostly
and rarely visited cities. It was magical, but it took
a bit of preparation. There were two key facts | had
to consider. Firstly, in Albania, there is no newborn
screening, and nobody knows PKU even exists. Sec-
ondly, it is a poor, developing country, so | knew |
could not expect to buy any special or vegan prod-
ucts in shops. Fruits or vegetables at best. | needed
food that would stay fresh for the whole time | was
there, would fill me up and would survive the travel
as well as the heat (around 35 degrees). In the end, |
had to travel with two bags - one of them was filled
only with food and AA supplements. Luckily, we
travelled by bus so it was no problem. As | prepared
well, there was no problem either keeping up with
my diet while enjoying this incredible adventure.

Louise Healy and Marketa Rysava at ES.PKU Conference 2017
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| mentioned only my most interesting adventures, but
all experiences, even the ones | did not talk about
taught me important lessons. They helped me to de-
velope seven questions | now consider every time be-
fore 1 go abroad. Those include: duration, location
(countryside vs. cities/ staying in one place vs. moving
around), type of country | plan to visit, distance from
your home country, local cuisine or type of catering -
all inclusive vs. self-catering. | understand now that it
takes more preparation and planning for me to travel,
but it does not discourage me. | have become more re-
sponsible, creative, stronger and in particular, | learned
to learn to compromise.
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In conclusion, my message is to recommend everybody
to ask themselves a few simple questions: “"What is my
dream? Am | fulfilling it? If no, why is that? Yes, it might
be more complicated, but is it not worth it to live your
life to the fullest?” Just imagine if you were born before
the screening started in your country. You wouldn't lead
a normal life, you wouldn't be able to do anything. So
be grateful- you belong to those lucky ones that got
diagnosed at birth and you can live youtr life almost
just like other people do. Do not get scared and do what
makes you happy. Do not forget - life begins at the end
of your comfort zone.
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New treatment principle

for PKU

By Klaus Gregorius, M.Sc., Ph.D., (S0, MipSalus, Denmark
and Nicolas Krogh, M.Sc., CEO

© Nicolas Krogh, MSc, CEO

MipSalus is a small, Danish R&D company founded by
Mr.Nicolas Krogh and Dr.Klaus Gregorius, with focus
on PKU and other rare, metabolic diseases. MipSalus is
owned by a group of private investors and the founders.

Abstract

Presently, the vast majority of PKU patients have a strict
diet, eventually combined with KUVAN, as the only or
main treatment option. If strictly complied with, the
diet is generally an effective way of regulating the
blood phenylalanine level. However, not being able
to eat normal food is conceived as problematic by the
patients and many patients find it difficult to man-
age the blood phenylalanine by a diet alone (Brown &
Lichter-Konecki?).

A new medicinal product, Phelimin, for oral adminis-
tration is under development by MipSalus. The prod-
uct prevents uptake of phenylalanine from a normal
meal. The product is a suspension of polymer parti-
cles designed to specifically bind the dietary phenyl-
alanine molecules in the intestine, and thus prevents
the phenylalanine from a normal meal from entering
the blood. The particles are chemically inert and act in
the stomach and gut system only. Hence, the treatment
acts non-systemically.

The efficacy has been documented very convincingly in
a recognized PKU animal model. Blood phenylalanine
of PKU mice was stabilized at a low level when admin-
istrating Phelimin together with dietary proteins. The
effect was dose dependent so the treatment will fit any
individual eating pattern. The dose levels of both the
product and the dietary proteins in the animal studies
will be clinically relevant if translated to human scale.
Ultimately, the PKU patient should be able to eat nor-
mal meals - as recommended by the health authorities
- if followed by a suitable dose of Phelimin. The product
is still under development and clinical trials are expect-
ed to be initiated within 24 months.

Technology - Affinity Purified Molecular Imprinted
Polymers, MIPs

Molecular Imprinted Polymers have been known for
more than 4o years, but remained mainly an academic
discipline. The template (or target) molecule is embed-
ded in the polymer matrix during the polymerization
as single molecules, generating three-dimensional im-
prints in the polymer matrix. When the polymer is bro-
ken into smaller particles, the template molecules are
removed from the polymer by an extraction procedure
and thereby expose a potential phenylalanine binding

site in the cavity with the imprint (Figure 1).

MipSalus has developed a new technology for
selecting the MIPs particles with the high-
est affinity to the target molecule; here
phenylalanine. The technology is based
on affinity chromatography and the

© J.Rdhr

K2_delifirst_kaffeeklatsch_ztg_2018_v3.indd 12-13

purification process significantly improves binding
properties towards phenylalanine.

The purified MIPs can be characterized using classical,
biochemical methods such as radio ligand binding as-
says and excellent affinity and specificity towards the
target molecule can be demonstrated. This is important
as we need to minimize any possibility of it binding to
other dietary components so it won't compromise the
phenylalanine binding capacity and ultimately the ef-
ficiacy of the drug.

Tenphate Mokl
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only"”, blue curves) had a net loss of blood phenylal-
anine, as the small amount of protein these mice got
was not sufficient to satisfy their basic phenylalanine
needs. The treated mice (“Protein and Phelimin”, green
curves) had a net loss of blood phenylalanine over the
two days at the highest Phelimin dosages. At the lowest
dose of Phelimin, 13 mg/dose, the treatment was able
to stabilize the blood phenylalanine at a low level in
spite of intake of amounts of dietary proteins that in
the un-treated mice gave a significant accumulation of
blood phenylalanine (Figure 2).
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Figure 1. Synthesis of the MIP polymer and selection of the best phenylalanine binding particles.

Proof of Concept in PKU mice

Phelimin has been tested in PKU mice in a number of
studies, all showing that Phelimin is able to restrict
uptake of phenylalanine from various sources, both as
free phenylalanine or from complex, natural sources:
Whether free phenylalanine or from complex, natural
sources such as dietary proteins. In all cases, phenylala-
nine uptake was restricted at a level relevant to a future
medicinal treatment of PKU patients. In the latest study,
one group of PKU mice were fed three times a day for
two days with dietary proteins as the only phenylala-
nine source. A second group of PKU mice received the
same amount of dietary protein but were also treated
with Phelimin. A third group of mice, acting as control,
only got a very low amount of protein. Phelimin was
dosed at 3 levels, 13, 18, and 21 mg/dose to examine the
dose effect.

In all three experiments the untreated mice (“Pro-
tein”, red curves) accumulated phenylalanine in the
blood over the two days when fed with dietary proteins
while the mice receiving very little protein (“Vehicle

A medicinal product for PKU patients

If the mouse results are translated into human scale,
a 70 kg person eating normal meals, i.e. meals that
comply with the health authorities recommendation,
would need to drink approx. 50 ml of Phelimin suspen-
sion (containing approx. 10 g polymer) in conjunction
with the meal. That would restrict uptake of the dietary
phenylalanine sufficiently to prevent an increase of the
blood phenylalanine in spite of eating a normal meal.
Furthermore, since the effect of Phelimin is dose de-
pendent, the PKU patient could be able to adjust the
treatment to his or her personal eating pattern, so that
smaller meals, or snacks between meals should be fol-
lowed by a smaller dose of Phelimin and larger meals
logically by a larger dose. In other words, the Phelimin
treatment would allow a normal meal to be digested
just like a phenylalanine depleted one

Reference:
1. Mol Genet Metab Rep. (2015) 6: 8-12.
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Figure 2. Proof of Concept in PKU mice. The PKU mice represented by the red curves were fed with dietary proteins as the only phenylalanine source
while the mice represented by the green curves were fed with the same dietary proteins but were also treated with Phelimin. The mice represented

by the blue curves were fed with very low amount of proteins and acted as negative control.
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Patrick Pongs, pharmacist; Sabrina Petersohn (former Schuster),
Country Manager Cambrooke Germany and David Paolella, foun-
der Cambrooke at the Rexroth Restaurant, Hamburg in Sept. 2017

Cambrooke
arrives in
Germany

As a father of two adult PKU children, | am very
thankful for the tremendous support our family has
received from the PKU community. It remains our
personal mission to help as many PKU families as
possible who have been diagnosed with "Folling's
Diesease", now better known as PKU.

| have been visiting family in Germany since 1995
and have a fondness for the people and architec-
ture. Lynn and | have met many German PKU fami-
lies during our attendance at ESPKU during the past
10 years. Each time families and individuals asked
us when we would bring our products to Germa-
ny. After several years of planning and evaluating
the needs for what we do, | am happy to announce
that Cambrooke's first products are now available in
Germany -beginning January 2018.

Reflecting a bit on my experience as a PKU dad, | re-
alized early on that success in PKU treatment involves
a reliable team: Family, Medical Professionals, and
Product Manufacturers, each contribute a unique and
essential component to the PKU support team.

Family support is the cornerstone at every stage of
life. My wife Lynn and | have worked hard to teach
our children that their "special diet" was something
many children face and that this did not limit or de-
fine them. Their character and work ethic were more
important than the food they could digest. Seeing
them grow to be young adults, (Cameron 25, Brooke
20) | know having PKU made them more compassion-
ate and caring for others. Managing the PKU diet,
both the social implications and just plain hunger,
is not easy, but made more tolerable by a supportive
and caring family. Siblings, grandparents, and your
network of friends should all be enlisted to help at
an early age.

Medical Professionals have been a part of our fami-
lies' PKU journey from the beginning. We are grateful
to the dedication of the doctors and dieticians who
educated our family in Boston beginning in 1992.
They continue to play an important role supporting
both the physiology and overall well-being of our
adult children with PKU. We've come to know many
of the PKU medical pioneers in the US and Europe.
Without their research and willingness to explore
new treatments, our family story would surely have
had a different outcome.

Product Manufacturers are essential members of the
team —without these companies, product innovation
may not have progressed from the early formulations
of Drs. Horst Bickel and Louis Wolfe. The amino acid
protein substitute used by every person diagnosed
with PKU is now made by one of a few companies. We
are extremely grateful for Abbott Nutrition who made
the Phenex® product that sustained our children
during their infancy and early years of life. | have
a great deal of respect for the work of each manu-
facturer -our friendly competition makes each of us
better and is a benefit to PKU patients everywhere.

As Lynn and | learned more about this special PKU
diet, we realized that the low protein food and pro-

tein substitute ("formula") didn't need to taste like med-
icine or be loaded with sugar. The more we learned, the
more we realized that little research or innovation was
going into improving the diet for PKU. We asked questions
about long term health of bones, organs, and satiety not
being addressed by the products then available in Amer-
ica. So we changed careers, enlisted food scientists, and
built a company dedicated to helping families like ours.
In a previous article, | recalled how GMP became a new
protein source for PKU patients during the last decade. In
November of 2017, Cambrooke Therapeutics became part of
the Ajinomoto Group of Japan -the global leader in amino
acid and protein technologies for more than 100 years. A
stepping stone for the future.

From our experience as parents, Cambrooke's view of
the "diet" is more about approaching protein as a natu-
ral component of food, and less about "medicine" that is
taken three times per day. We strive to make the diet as
"normal" as possible for our children and customers alike.
Natural protein regulates satiety, and along with carbohy-
drates, stimulates an insulin response -essential for energy
conversion -but also an important factor in body fat reg-
ulation. Through our range of both low protein foods, and
Glytactin® protein substitutes for PKU, Cambrooke aims to
offer the most "natural" and least medicinal "foods" for
PKU. From my review of the literature, Cambrooke's Gly-

tactin® protein is the most thoroughly researched PKU for-
mula ever created. Following 8 years of success in the US,
we are honored to have the opportunity of sharing these
unique protein substitutes now with German PKU families.

Cambrooke always strives to learn what works best for
your lifestyle and taste preferences. We look forward be-
ing able to introduce you to the Cambrooke Germany team
-led by Sabrina Petersohn. Sabrina will be based in Hei-
delberg. Mr.Patrick Pong's "gesund leben Apotheke Alto-
na" serves as our registered pharmacy for Germany from
his base in Hamburg.

Everyone at Cambrooke will work hard to earn your trust
and ultimately become an important part of your support
team. This year and in the decades that follow. I look for-
ward to sharing in this journey together. Please feel free to
contact me directly with your ideas, questions, or a visit to
our Boston headquarters!
At Cambrooke, you are always welcome!
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Sincerely, David IPaoIeIIa
PKU Dad, founder Cambrooke Therapeutics, Inc.
david@cambrooke.com

BIOMARIN® HAT ES SICH ZUR AUFGABE
GEMACHT, BEHANDLUNGSLUCKEN ZU

SCHLIESSEN UND PATIENTEN, FAMILIEN
SOWIE ARZTEN ENTSPRECHENDE
THERAPIEN BEREITZUSTELLEN

Bei einer Vielzahl schwerwiegender Erkrankungen, wie
beispielsweise der Phenylketonurie, liegt der Fokus von

BioMarin aut der Forschung, inspiriert durch die Patienten und
die méglichen Auswirkungen einer Therapie aufihr Leben.

BioMarin entwickelt “First-in-class”- bzw. “Best-in-class”-
Therapeutika, die fiir kleine Patientenpopulationen von

grofler Bedeutung sein kénnen. So finden wissenschaftlich
nachgewiesene Ergebnisse genau dort Anwendung,
wo nachweislich Behandlungsliicken bestehen.
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An innovative
technology applied...

By Gaia Piraccini, M.Sc M.Tox, Head of Medical Affairs,
APR Applied Pharma Research S.A., Switzerland

© Gaia Piraccini

An innovative technology applied
to amino acids for phenylketonuria
is going to bring tangible benefits

For the first time, the application of a pharmaceutical
technology to develop an innovative medical food has
been finalized with the aim of conveying a real change
to PKU management. A recent global survey led by IDR
Medical showed that physicians and dieticians' concerns
about PKU management is strongly impacted by patients’
adherence to the recommended dietary regimen. In this
research, most patients reported that the palatibility of
medical foods available on the market, especially in terms
of taste and odor, still represents a significant barrier,
causing poor compliance or strongly impacting their life,
reducing their overall wellbeing.'

In this population, one of the most important goals is to
achieve a balance between a correct nutritional intake
and the metabolic management of phenylalanine (Phe).
Due to the PKU dietary regimen and the need to integrate
a Phe-free proteic source with amino acid supplements,
it is a challenge to maintain a balanced nutrition to avoid
the occurrence of deficiencies potentially unsafe for the
patients' health.3

These challenges drove the commitment of APR Applied
Pharma Research SA, the Swiss developer of this innova-
tive medical food, to provide a new solution that might
help to lower some of the hurdles of living with PKU. This
project has been prompted by the personal experience of
APR's CEQ, who has a son with PKU, with the desire to offer
a new product with acceptable organoleptic features and
concomitantly conferring health benefits. APR patented
the Physiomimic Technology, a technology applied to the
amino acids to allow their gradual release and to remark-
ably mask their naturally unpleasant odor and taste.

The Physiomimic Technology works by encapsulating the
amino acids into a very small granule covered with a
thin layer of ethyl cellulose, a food substance. The
fluids in the gut gradually disrupt the ethyl cellu-
lose coating layer and the amino acids gradually

move out (Figure 1).
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This technology aims to allow a prolonged release of
the amino acids so that their absorption in the gut is
physiological, resembling that of proteins taken with
food. food. Unlike intact dietary proteins, the currently
marketed medical foods contain free amino acids that,
bypassing the digestive phase, show absorption profiles
characterized by high plasma amino acid levels, fast
absorption peaks and quick concentration reductions.*
Those fast absorption kinetics may be associated with
larger fluctuations of plasma amino acid levels’, a less
efficient amino acid utilization, resulting in a less ef-
ficient anabolism®, as well as a higher waste of amino
acids, as revealed by increased nitrogen amounts ex-
creted in urine.”

Figure 1. Representation of the gradual release of the amino acids
thanks to the Physiomimic Technology

On the contrary, a physiological absorption of the amino
acids similar to that of dietary proteins, could be linked
with some health benefits. Prolonging the absorption of
free amino acids may help maintaining a positive nitrogen
balance and reducing catabolic episodes, with positive
consequences on growth in children and maintenance of
muscle mass in adults.® These benefits could be obtained
because the amino acids can be better utilized, sustaining
a more efficient anabolism and reducing amino acid
oxidation.® Also, better utilization of the amino acids could
theoretically have an influence on how Phe deriving from
the diet and the metabolism is controlled, especially if
related to the competitive transport across the blood brain
barrier of the large neutral amino acids (LNAAs), important
precursors of neurotransmitters. Moreover, treatment of
PKU with a prolonged-release amino acid mix may be ex-
pected to help maintain normal glycaemia and sensation
of satiety.?

The functional coating has also the great advantage of
confining the odor and the taste of the free amino acids,
offering a product that could support new experiences
such as tasting food with no compromises on the origi-
nal flavors. The masking effect can support a more rela-
xed use of the supplementation in social situations and
also adherence to the recommended dietary regimen.

This ambitious project requires a step-by-step valida-
tion of the assumptions in order to demonstrate the
expected benefits. Our first step was an in vitro exper-
iment to verify that the release of the amino acids from
the granule is different from that of the free amino acids.
Figure 2 shows how the free amino acids are completely

PONDERAL DISSOLUTION TEST
s ' . - . > . z = .
Bo 'rIIJ
/ __®
Ba 'III — ;F_FF__F
i .IJI ®
||l -"'"-'-'
i 40 }/ --"'
| ,/ @ MON-ENGINEERED FORMULATION
|,|' ¢ [without technelogy appllcation)
= f ) ENGINEERED FORMULATION
."/ {with paterted technology spplication)

‘ - L) L] 120 180 g
Tiena fmin)

500 mi HCL 0.1M, pH 1.2, paddio 50 rpm.
Dosa: 2g of Amino Acids

E.S.PKU CONFERENCE,

1-4 NOVEMBER 2018
VENICE, ITALY

ENGINEERED
FORMULATION

Amine Acid release
NOMN-ENGINEERED is very rapid with all No residual A&
FORMULATION [100%:) amino acids to be raloased

released in the system after 30 minutes, with no more
amino acids available for further release, while the engi-
neered amino acids with the Physiomimic Technology are
released more slowly and and gradually, suggestive of a
modified release kinetic.

Secondly, the engineered formulation has been admin-
istered in vivo to animal models in order to compare its
kinetic profile with that of the free amino acids (and ca-
sein, a reference protein known for its “slow" absorption
kinetics). At absorption peak, the engineered amino acid
mix is reduced and delayed while the overall quantity
of amino acids absorbed is similar to the free amino ac-
ids, indicating that the formulation is able to provide the
same amount of amino acids over time. Also, the kinet-
ics of the engineered formulation proved to be similar to
those of casein. The absorption profile of the engineered
mix is particularly interesting when considering important
subgroups of amino acids, such as essential amino acids,
LNAAs and branched-chain amino acids (BCAAs), whose
prolonged absorption could sustain the expected health
benefits of this new product.”

A currently on-going kinetic study in healthy volunteers
seeks to provide the definitive proof of concept of the
prolonged release in human beings. Clinical experiences
and studies aiming at verifying those health benefits
such as physiological absorption sustains in PKU pati-
ents will follow.

A lot of potential is expected on the palatability and food
experience side by reducing or avoiding the bad taste and
odor of the amino acids. This formulation can be mixed
with liquid/creamy foods without impacting on the natu-
ral taste of the food. From preliminary tests, the aftertaste
is also significantly diminished if not eliminated, some-
thing that patients might happily welcome. Also, there is
the expectation that the odor-masking feature might fa-
cilitate the adherence to the amino acid supplementation
especially in socially critical condition. Think of school age
patients who do not wish to arouse too much attention
around their disorder, but also to older patients looking for
a socially acceptable way to manage their condition.

The product, planned to be commercialized in Europe
(starting with Italy in 2018, followed by Germany and all
interested markets, including USA), will be available with
vitamins, minerals and other nutrients added specifically
to fulfill the PKU requirements and in a formulation con-
taining only the engineered amino acids. In conclusion,
thanks to the Physiomimic Technology, a new, innovative
and breakthrough option ffor patients with PKU will be
available. It bears the unique potential of contemporarily
supporting the provision of health benefits thanks to
the prolonged release of the amino acids and supporting
adherence to the recommended PKU dietary regimen in
light of a new palatable experience.

Amino Acid Amino Acid
release at 30 min release at 180 min
Amino Acid release Amino Acid releasa

starts slowly is gradual,
{~40% of AA raleased) || mimicking physiclogy
{-T5% of AA released)

frea in the system

Figure 2. Profile of amino acid release in a formulation prepared with
the Physiomimic Technology and the same amino acid mix in free form.
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Recent
insights into
PKU and the

Brain

By Shawn E. Christ, PhD,
Associate Professor, Director
of MU Brain Imaging Center,
Department of Psychologi-
cal Sciences, Missouri, USA

© Shawn Christ

The brain is a wonderfully complex and amazing
thing. It controls our ability to think, speak, feel,
move, as well as interpret what we see and hear.
From an anatomical perspective, the brain has two
major components: gray matter and white matter.
These tissue types can be distinguished from one
another in terms of their location within the brain,
the types of cells that compose them, and their
function. Gray matter is located on the surface of
the cerebral cortex (the “brain proper”) and the
cerebellum (the "little brain" located at the rear

base of cerebral cortex). Gray matter also comprises
deep brain structures such as the thalamus and basal
ganglia. White matter is located primarily beneath the
cortical gray matter. In terms of function, gray matter
can be conceptualized as the tissue where the proces-
sing of information occurs. White matter represents
long insulated nerve fibers, which are very important
in the transfer of information between gray matter
regions.

Previous research on PKU and the brain has focused
almost exclusively on the white matter connections of
the brain. Indeed, 'abnormalities’ of the white matter
represent the most evident and widely-reported neu-
rologic finding in individuals with early-treated PKU.
A recent literature review estimated the prevalence of
white matter abnormalities at more than 90% among
individuals with early-treated PKU. The most common
locus of such abnormalities is the posterior aspects of
the cerebral cortex. In more severe cases, the affected
area extends to include more anterior (front) cerebral
cortex as well as subcortical areas. The effect that such
abnormalities have on brain function and cognitive skills
continues to be debated; however, the leading theory is
that its biggest effect is on how quickly someone can
think and process information. The positive news is that

the extent and severity of these abnormalities appears
to be moderated by treatment/dietary adherence. Lo-
wer blood phenylalanine levels are associated with less
severe white matter abnormalities.

In contrast, much less is known regarding the impact
of early-treated PKU on gray matter structures in the
brain. Recent research in our laboratory has been ai-
med at closing this gap in our knowledge. Work in our
laboratory utilizes state-of-the-art magnetic resonan-
ce imaging (MRI) technology and advanced analysis
techniques to examine potential PKU-related effects
on gray matter brain structures. In our most recent
study, we compared cortical gray matter thickness in
a group of individuals with early-treated PKU and an
age-matched group of individuals without PKU. Ana-
lyses revealed decreased cortical thickness, particularly
in posterior brain regions, in the sample of individuals
with early-treated PKU. Of note, this is just an early step
in this research. Looking forward, it will be important
to confirm this finding in a much larger sample of in-
dividuals with PKU and to identify potential factors (for
example, increased phe levels) that contribute to the
gray matter effects. Additional research is also needed
to understand the potential cognitive and behavioral
impact of this difference.
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