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WHAT IS CITRIN? .

There are about 20,000 unique genes in our body that lead to the creation of various proteins. These
proteins are essential for the functioning of our body.

Of these genes, SLC25A13 is a gene responsible for creating a protein called 'citrin'. Citrin is present
within some cells inside our body and its job is to help in the breakdown of food such as
carbohydrates to produce energy and to maintain normal metabolism. Broadly speaking, metabolism is
the biological process by which the body breaks down food to produce energy, utilize nutrients for
growth and repair, and remove harmful bodily waste.

Under normal conditions inside our cells, citrin transports an amino acid called glutamate from one
location (cytosol) to another (mitochondria), and in a reverse exchange, it grabs another amino acid
called aspartate from the mitochondria and sends it to the cytosol. This process is essential to
maintaining normal metabolism and health.

WHAT IS CITRIN DEFICIENCY?

In citrin deficiency, the SLC25A13 gene is mutated and as a result, either no citrin protein is produced,
or incomplete/dysfunctional citrin is made that does not function normally. This impedes the
movement of glutamate and aspartate between the cytosol and mitochondria and energy generation
from food sources such as carbohydrates and overall metabolic functions are impacted.

Citrin deficiency is an inherited genetic condition that is autosomal recessive, meaning that the
condition will only manifest if a child receives two copies of a mutated SLC25A13 gene (e.g, 1 mutant
copy each from both parents). Individuals who inherit only 1 copy of the mutant gene do not manifest
the condition but are known as 'carriers' and have a higher chance to pass the condition to their
offspring if their partner also carries another defective copy of the gene. Citrin deficiency is considered
a metabolic condition and a secondary urea cycle disorder. Urea cycle disorders affect your body's
ability to remove harmful ammonia from the blood in the form of urea which is gotten rid of in urine.

Although a cure does not currently exist, with proper diet management and frequent monitoring,
patients can lead a relatively normal life.



CLINICAL PRESENTATIONS OF CITRIN DEFICIENCY

A hallmark symptom of citrin deficiency that many patients exhibit is a peculiar food preference that is

rich in proteins and fats while being low in carbohydrates. Citrin deficiency patients often avoid

consuming too many carbohydrates and tend to dislike sweet-tasting foods. Excessive consumption of
carbohydrates or sugar-rich foods often makes citrin deficiency patients feel unwell.
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While the clinical presentations of citrin deficiency are often diverse amongst patients, the condition

can be categorized into distinct phenotypes based on the age of patients, as summarized in Table 1.

Importantly, it should be noted that not all patients experience all the disease subtypes and exhibit all
the symptoms listed, and only a small percentage of patients develop FTTDCD or CTLN2.

TABLE 1. CLINICAL PRESENTATIONS OF CITRIN DEFICIENCY

PATIENT AGE

Newborn (0-1
years)

Childhood (1-
11 years)

Adolescence /
Adulthood (11+
years)

DISEASE SUBTYPE

Neonatal Intrahepatic
Cholestasis caused by
Citrin Deficiency
(NICCD)

Adaptation period

Failure to Thrive and
Dyslipidaemia caused
by Citrin Deficiency
(FTTDCD)*

Citrullinemia type Il
(CTLN2) *

PRIMARY SYMPTOMS

Persistent jaundice, failure to thrive,
hepatomegaly, cholestasis, diffuse
fatty liver, and parenchymal cell
infiltration. Symptoms typically
resolve after the first year of age
Strong preference for protein/fat-
rich foods, aversion to carbohydrate-
rich foods and sugars

Strong preference for protein/fat-
rich foods, aversion to carbohydrate-
rich foods and sugars, fatigue,
hypoglycaemia, gastrointestinal
disorders, and growth impairment
Strong preference for protein/fat-
rich foods, aversion to carbohydrate-
rich foods and sugars,
hyperammonaemia, citrullinemia,
acute encephalopathy, and conscious
disturbances. Alcohol, excess
carbohydrates, surgery, or serious
infections may be potential triggers

OTHER POSSIBLE SYMPTOMS

Abnormal bleeding, vitamin K
deficiency,
hypoproteinaemia,
galactosemia

Hypoglycaemia, fatigue,
occasional stomach
discomfort

Pancreatitis, hyperlipidaemia,
hepatoma, fatty liver

Pancreatitis, hyperlipidaemia,
hepatoma, fatty liver, low
body mass index (BMI)



I:E:I TREATMENT

Below are the general treatmentoptions  for  patients

with citrin deficiency. Please _always consult your attending_ doctor

regarding_treatmentas the condition and its severity may be very

different for each patient.

Diet Management

Maintain a low carbohydrate, high protein, high-fat diet:
e Try to utilise a variety of sources of fat and avoid relying on animal fat by actively opting for more
healthy options such as vegetable-derived fat like olive oil.
e For patients of any age, it is very important to eat frequently by eating breakfast, lunch, dinner, and
snacks in between.

MCT Supplements

MCT (medium-chain triglycerides)is different from usual fat as it directly providesenergy to the liver.
This is importantforcitrindeficiency patients as theyhave an energy deficiency in the liver. As MCT is
not commonly found in foods, citrin deficiency patients are recommended to take MCT oil as a
supplement. MCT-enriched formula / MCT-supplemented breast milk (please consult your doctor for
dosage)is recommended for NICCD patients.
Post-NICCD:

e |t s best to take MCT oil with your meals, in divided portions throughout the day

e One recommended dose for MCT after the age of one is 1g/kg/day. If patients are unable to

tolerate this dose due to stomach discomfort, they may lower the dose accordingly

Some suggested methods of consuming MCT oil are as follows:

e Blend it in your smoothie or drink

e Mix itinyour salad or add it to boiled vegetables

e Add it to your soup and stir it well e

e Having it as a dip with bread X P L)



PREVENTION

Based on the current citrin deficiency research, maintaining a high protein and

fat, low carbohydrate diet, with frequent meals and MCT supplementation may

prevent the onset and/or worsening of symptoms associated with FTTDCD or

CTLN2.
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High carbohydrate diet

While a low protein/high carbohydrate diet may be recommended for other classical
urea cycle enzyme deficiencies to prevent hyperammonemia, this can be harmful to
individuals with citrin deficiency.

Infusion of sugars, such as glycerol, fructose, and glucose

The use of glycerol or high fructose-containing infusions should be avoided in citrin
deficiency patients as they have been noted to worsen symptoms and may even be fatal.
Infusions with high glucose solutions have also been reported to further deteriorate
patient symptoms. However, mannitol infusions appear to be well-tolerated and safe for
citrin deficiency patients.

Alcohol
Alcohol consumption, even in small quantities, can trigger the onset of CTLN2 and
should be strictly avoided by patients.

Medications

Early reports have shown that acetaminophen (or paracetamol) and rabeprazole may
trigger CTLN2. However, since these initial reports, there have not been further cases
documented, which suggests that the effects of these drugs may be limited. Care should
be taken and symptoms monitored closely if these drugs need to be prescribed.



SUPPORT

Citrin Foundation is a patient-driven, not-for-profit organization set up to support
patients and their families and to conduct research to better understand the condition
and develop new therapies. The ultimate goal of the foundation is finding a cure for
citrin deficiency, and the founders have committed USD30m for the next decade
towards achieving this.

W Patient website with useful tips, patient
Atg stories and age-specific resources
@9’ Global social media community
; Recipes and diet management tips
o Information sessions and webinars
@Q?@ Peer support community

https://patient.citrinfoundation.org

If there is any support that you feel you need which we do not
provide please email our patient engagement manager:
patients@citrinfoundation.org



OPPORTUNITIES TO GET
INVOLVED

By joining our global patient community, you will have the
opportunity to take on a number of roles and get involved in
different projects.

Join the community

e Sign up as a member of the Foundation via our website.
e Follow us on social media.

Participate in research

Take part in our global 'omics' study. For more information, feel free to get
In touch with us via email or social media. We will keep our members
informed of new research opportunities as they arise.

Tell your story

Submit your story to be featured on our website and social media channels.

Stay in touch
@citrinfoundation Q @citrinfdn 0 Citrin Foundation

e patients@citrinfoundation.org

Citrin Foundation






