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ANNOTATION

The number of patients with inflammatory bowel disease (IBD) is increasing worldwide, and
Latvia is no exception. IBD has become a prevalent disease in industrialised countries with an
increasing incidence over the past 50 years. Thiopurine monitoring is a promising strategy for
optimising IBD therapeutics. Despite the increasing adoption of thiopurine metabolism analysis in
clinical practice, evidence and overall approach to thiopurine monitoring in IBD management are not
available. Azathioprine is used widely for IBD treatment. However, adverse effects have been reported
in approximately 10% of IBD patients receiving thiopurines. Enzyme thiopurine methyltransferase
(TPMT) plays a significant role in the metabolism of thiopurines, and low TPMT activity is associated
with altered thiopurine metabolism, overproduction of cytotoxic metabolites, and myelosuppression. In
patients with IBD, TPMT genotyping can be performed prior to treatment to evaluate treatment risks;
however, this does not exclude that patients may or may not tolerate thiopurines.

The aim of this Doctoral Thesis was to investigate the interindividual variability of thiopurine
metabolism using immunological, molecular biology methods, and metabolic status in patients with
inflammatory bowel disease.

We analysed the TPMT genotype and phenotype in IBD patients in Latvia and identified
malnutrition parameters associated with more pronounced metabolic status changes in IBD patients as
an anticipatory indicator of disease activity.

Our results showed that the frequencies of common TPMT alleles in the Latvia IBD population
were similar to those of other European populations. The homozygous wild-type TPMT *1/*1
genotype was the most frequent genotype in UC and CD patients and TPMT *3A was the most
prevalent polymorphism.

We recommend that TPMT genotyping or phenotyping should be prioritised for higher-risk
patients to help predict thiopurine-induced adverse drug reactions and to determine personalised
therapeutic options. IBD patients with a high disease activity index were at a noticeably high risk of
malnutrition. Identification of reduction in muscle mass in CD patients can be used as an anticipatory
indicator of disease activity.

Keywords: inflammatory bowel disease, thiopurines, thiopurine S-

methyltransferase, genotyping, malnutrition.



ANOTACIJA

Pasaulé pieaug pacientu skaits ar iekaisigdm zarnu slimibam (IZS), un Latvija nav izne@mums.
IZS ir kluvusSas par izplatitam slimibam attistitajas valstis, un ped€jo 50 gadu laika saslimstiba ar tam
ir ievérojami palielingjusies. Tiopurinu monitorings ir daudzsolo$a stratégija, kas var optimizét 1ZS
terapiju. Kaut gan kliniskaja praksé arvien vairak tiek izmantota tiopurina metabolisma analize, ir
ierobezoti pieradijumi un trukst vispargjas pieejas tiopurina uzraudzibai IZS arstéSana.
Azatioprinatioprinu plasi izmanto IZS arstéSana, tomér nevélamas blakusparadibas ir registrétas
aptuveni 10% pacientu, kuriem IZS arstéSanai lietoja tiopurinus. Enzimam tiopurina metiltransferazei
(TPMT) ir nozimiga loma tiopurinu metabolisma, un zema TPMT aktivitate ir saistita ar izmainitu
tiopurina metabolismu, citotoksisko metabolitu parprodukciju un mielosupresiju. Pacientiem ar IZS
TPMT genotip&Sanu var veikt pirms arstéSanas, lai novertétu arst€Sanas riskus, tomér tas neizslédz
iesp&ju, ka pacienti var nepanest tiopurinus.

Promocijas darba meérkis bija pacientiem ar iekaisigam zarnu slimibam izpétit tiopurina
metabolisma individualas izmainas, izmantojot imunologiskas un molekularas biologijas metodes, un
izvertet pacientu vielmainas stavokli.

Taja analizéta TPMT genotipa un fenotipa noteikSana pacientiem ar 1ZS, ka art tiek identificeti
malnutricijas parametri, kas ir saistiti ar izteiktam vielmainas stavokla izmainam un ir slimibas
aktivitates indikatori.

Pétijuma rezultati paradija, ka izplatito TPMT al€lu biezums Latvijas populacija, kas sirgst ar
IZS, bija lidzigs citam Eiropas populacijam. Homozigotais savvalas tipa TPMT *1/*1 genotips bija
visizplatitakais genotips pacientiem ar c¢ilaino kolitu un Krona slimibu, un TPMT *3A bija
visizplatitakais polimorfisms.

Pacientiem ar augstaku IZS risku biitu ieteicams noteikt prioritati TPMT genotip&Sanai vai
fenotipéSanai, lai palidz€tu prognozet tiopurina izraisitas zalu blakusparadibas un noteiktu
personalizétas terapijas iesp&jas. Pacientiem ar 1ZS un augstu slimibas aktivitates indeksu bija
ievérojami palielinats malnutricijas risks, savukart pacientiem ar Krona slimibu tika konstatéta
muskulu masas samazinasSanas, ko var izmantot ka slimibas aktivitates paredzamo indikatoru.

Atslégvardi: ickaisigas zarnu slimibas, tiopurini, tiopurina S-metiltransferaze, genotip&sana,

malnutricija.
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ABBREVIATIONS

ADR — adverse drug reaction

AZA — azathioprine

BIA — bioelectrical impedance analysis

BMI — body mass index

CD - Crohn’s disease

CDAI — Crohn’s disease activity index

CPIC — Clinical Pharmacogenetics Implementation Consortium
DNA — deoxyribonucleic acid

ECCO — European Crohn’s and Colitis Organisation

ELISA — enzyme-linked immunosorbent assay

ESGAR — European Society Gastrointestinal and Abdominal Radiology
ESPEN — European Society for Clinical Nutrition and Metabolism
EQA — external quality assessment

FDA — Food and Drug Administration

FFM — fat-free mass

IBD — inflammatory bowel diseases

IVD — in vitro diagnostic

HPLC — high-performance liquid chromatography

HPRT — hypoxanthine phosphoribosyltransferase

MBF — metabolic body fat

meTIMP — methylthioinosine monophosphate

meMP — methyl-mercaptopurine

meTG — methyl-thioguanine

meTGNSs — methyl-thioguanine nucleotides

MMP — methylmercaptopurine

MP — mercaptopurine



MUST — Malnutrition Universal Screening Tool
NRS2002 — Nutritional Risk Screening Score 2002
PBF — percent body fat

PCR — polymerase chain reaction

gPCR — quantitative polymerase chain reaction
RFLP — restriction fragment length polymorphism
SLM - soft lean mass

SNP — single nucleotide polymorphism

SAG - subjective global assessment

TBW - total body water

TG — thioguanine

TGNs — thioguanine nucleotides

TNF — tumour necrosis factor

TPMT - thiopurine methyltransferase

UC — ulcerative colitis

XO — xanthine oxidase



INTRODUCTION

Topicality, novelty, and practical implications of the study

Thiopurine monitoring is a guideline for future medical treatment in autoimmune diseases. It
considers the interindividual variability of pharmacokinetics and thus enables personalised
pharmacotherapy. Individual thiopurine metabolism analysis affects treatment outcomes in patients
with inflammatory bowel diseases (IBD), such as ulcerative colitis (UC) and Crohn’s disease (CD),
as well as therapy efficiency and drug toxicity (Di Paolo and Luci, 2021). Thiopurine
methyltransferase (TPMT) is an essential enzyme for biotransformation and its determination is an
important part of therapy before administering thiopurines (Marinaki and Arenas-Hernandez, 2020).
Histological remission is the main aim that should be achieved in IBD patient treatment. However,
studies show that the histological remission of patients is still difficult to achieve, despite the use of
modern treatment protocols.

Thiopurine monitoring is a promising strategy that can optimise 1BD therapeutics. Despite the
increasing adoption of thiopurine metabolism analysis in clinical practice, there is limited data of
evidence and a lack of an overall approach to thiopurine monitoring in the management of IBD.
Thiopurine methyltransferase (TPMT) and inter-individual variability of TPMT genetic
polymorphisms influences drug metabolism and concentration of drug metabolites, 6-thioguanine (TG)
and 6-methylmercaptopurine (MMP), which have been variably associated with therapy efficiency and
thiopurine toxicity as induced life-threatening adverse effects (Dickson et al., 2021; Warner et al.,
2018). The study has significant scientific and practical applications. So far, neither TPMT expression,
nor TPMT activity, nor TPMT polymorphism in patients who initiate thiopurine therapy are identified
in Latvia. It is also a novelty in European countries. The need for individual thiopurine metabolism
analysis is very high, as patients with TPMT deficiency may be at increased risk of serious health
problems when using thiopurine medications.

Individual therapeutic drug monitoring by analysing the metabolism of the thiopurines may
significantly affect the treatment outcomes in patients with IBD, reducing the risk of side effects, drug
overdosing and associated maintenance costs in patients with TPMT deficiency. The hyperactivity of
the TPMT enzyme means that the therapeutic effect will not be achieved and high doses of thiopurines
can lead to hepatotoxicity (Feuerstein et al., 2017; Warner et al., 2018).

Testing the TPMT phenotype or genotype before initiating thiopurine therapy is the safest way
to determine the probability of developing harmful side effects with the use of this drug (Lim and
Chua, 2018). The developed methodology will be implemented in clinical practice.

The widespread involvement of gastrointestinal tract disorders raises particular attention to the

nutritional requirements of IBD patients. Several factors can affect nutritional status and promote the
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development of malnutrition, such as the duration and activity of the disease. Other components that
influence the development of malnutrition include increased energy requirements, reduced nutritional
uptake, reduced breakdown and absorption of nutrients, and malabsorption. Malnutrition is associated
with negative clinical outcomes and higher rates of IBD mortality. Malnourished patients are more
likely to undergo repeated admissions within 15-day periods and higher mortality rates in three years.
Patients are at increased risk of complications, which therefore increases the length of hospital stays
and treatment costs (Landi, 2019).

Aim of the study

The aim of the study was to investigate the interindividual variability of thiopurine metabolism
using immunological and molecular biology methods with metabolic status in patients with

inflammatory bowel disease.

Tasks of the study

1. To determine TPMT genotype in IBD patients using molecular biology methods (Study 1).

2. To perform individual therapeutic drug monitoring of thiopurine metabolism of the TPMT
phenotype using the enzyme-linked immunosorbent assay (ELISA) method (Study 2).

3. To identify malnutrition parameters associated with metabolic status in IBD patients (i.e. classified

as by low and high clinical activity) as an anticipatory indicator of disease activity (Study 3).

Hypothesis of the study

Thiopurine metabolism data will confirm the diversity of thiopurine phenotypes in the Latvia IBD

population, and IBD activity is affected by individual metabolic status.
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1. LITERATURE OVERVIEW

1.1. Inflammatory bowel disease

1.1.1. IBD definition and characteristics

IBD is characterised as a chronic, multifactorial, autoimmune disease. The most common types
of IBD are UC and CD, two idiopathic intestinal diseases that are differentiated by location and depth
of involvement of the bowel wall. UC is characterised by inflammation of the colonic mucosa,
whereas CD can affect any part of the gastrointestinal tract, but most frequently affects the terminal
ileum and colon, and results in transmural ulceration (Colombel et al., 2019). IBD is characterised by
cycles of remission and relapse, with complex interactions among genetics, environmental factors, and
the immune system (Ananthakrishnan, 2015). UC and CD can cause autoimmune disorders in other
organ systems. The European Crohn’s and Colitis Organisation (ECCO) - European Society
Gastrointestinal and Abdominal Radiology (ESGAR) Guidelines for diagnostic assessment in IBD
says that single reference standards for the diagnosis of CD or UC do not exist. The diagnosis of CD or
UC is based on combinations of clinical, biochemical, stool, endoscopic, cross-sectional imaging, and
histological investigations (Maaser, 2019).

1.1.2. IBD epidemiology

The number of patients with IBD is increasing worldwide, and Latvia is no exception. IBD has
become a prevalent disease in industrialised countries with the incidence rising significantly over the
past 50 years (Levine, 2020). The rate of IBD is much higher in North America and Europe than in
Asia or Africa. The North American incidence is from 2.2-19.2 cases per 100 000 person-years for UC
and 3.1-20.2 cases per 200 000 person-years for CD. Diagnosed cases of UC and CD in the United
States are 238 per 100 000 and 201 per 100 000 populations, respectively (Su et al., 2019). The highest
reported prevalence values were in Europe, accounting for 505 UC cases per 100 000 in Norway and
322 CD cases per 100 000 person-years in Germany (Ng et al., 2017). Although most IBD occurs in
individuals aged 15 to 30, up to 25% of patients will develop IBD during adolescence and the second
peak of 10-15% develop IBD after age 60. CD is slightly more common in females than males, despite

UC having similar rates in both genders (Su et al., 2019).
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1.1.3. IBD pathophysiology

The pathogenesis of both UC and CD is still not fully established. The hypothesis is that they
start from inappropriate activation of the mucosal immune system in response to the microbiome in a
genetically susceptible host (Spekhorst et al., 2014).

In healthy people, the lamina propria regularly contains a differing cluster of immune cells and
secreted cytokines. Cytokines incorporate anti-inflammatory mediators that down-regulate immune
responses, as well as pro-inflammatory mediators from both innate and adaptive immune cells that
restrain intemperate sections of intestinal microbiota and guard against pathogens. Noninflammatory
guards, such as phagocytosis by macrophages, likely help guard against microbes entering the lamina
propria and minimise tissue damage. A homeostatic adjustment is maintained between regulatory T
cells and effector T cells (Thl, Th2 and Th17). A comparison between healthy patients and patients
with intestinal inflammation is shown in Figure 1. In case of inflammation, a few occasions contribute
to the expanded bacterial introduction, including a disturbance of the mucus layer, dysregulation of
epithelial tight intersections, expanded intestinal permeability, and increased bacterial adherence to
epithelial cells. In IBD, innate cells produce expanded levels of tumour necrosis factor (TNF) alpha,
interleukin-1 beta, interleukin-6, interleukin-12, and interleukin-23. The development of the lamina
propria is checked with ongoing expanded numbers of CD4+ T cells, particularly pro-inflammatory T-
cell subgroups. Increased production of chemokines comes from the enlistment of extra leukocytes
during cycles of inflammation (Abraham and Cho, 2009). Fistulas, perianal disease, and colonic and
small bowel obstructions are common in CD patients. Cryptitis and crypt abscesses are observed in
both UC and CD, while crypt architecture is more distorted in the case of UC (Yeshi et al., 2020).

12
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Figure 1. Scheme of an immune system of intestinal inflammation in a healthy patient (A)

and a patient with an IBD (B). Adapted from (Abraham and Cho, 2009)

1.1.4. IBD classification, disease activity and staging

CD and UC show heterogeneity in many clinical features. They are differentiated by the
location and nature of inflammation (Figure 2). UC causes inflammation and ulceration of the inner
lining of the colon and rectum. Disease onset is between ages 30-40 years with no gender
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predominance (Yeshi et al., 2020). UC can be present in the rectum and involve the left-sided colon or
total/pancolitis. CD is more common in the terminal ileum part of the ileocecal region, but can also
involve segmental damage of the large intestine, forming strictures or fistulas. Smoking, antibiotic use,

and diet are potentially preventable risk factors for IBD (Forbes, 2016).

A) Ulcerative Colitis
Proctitis Left-sided colitis Extensive colitis

B) Crohn's Disease

lleoceacal Crohn's disease Crohn's colitis Fistulising Crohn's disease
! . - / ‘ ~ A '
\‘ 2 ! 8
"‘. | ‘i. .

|
Y
|

Figure 2. IBD different types. Adapted from (Yeshi et al.,2020).

In 2000, the Vienna classification was accepted, which was the first attempt to classify
different clinical phenotypes of CD (Gasche et al., 2000). The Vienna Classification was followed by
the Montreal classification in 2005 that describes the extent and behaviour of CD in more detail and
includes a classification for UC (Silverberg et al., 2005). The Montreal classification divides CD
according to the age of the patient, location, and behaviour (structuring, penetrating or non-structuring,
non-penetrating) into separate emphasising perianal disease modifiers. In contrast to CD, the
continuous character of damage to the mucosa in the intestine from UC makes classification simpler;
the classification of UC is limited to the severity and extent (Jakubczyk et al., 2020). Both UC and CD
Montreal classifications are described in Table 1.
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CD Classification UC Classification
S0: remission, no symptoms

Al:<17 years

Age at : . S1: mild symptoms
'g , A2: 1740 years Severity ymp
diagnosis 52: moderate symptoms
A3:>40 years
S3: severe symptoms
L1: terminal ileal
. L2: colon
Location, ) ) .
. L3: ileocolon E1: ulcerative proctitis
endoscopic or . o . : ; . \ s -
. L4: upper GI modifier: Extensity  E2:left-sided UC; distal colitis
macroscopic . . . . . -
Hmati proximal disease with distal E3: extensive UC, pancolitis
estimation
disease, suchas L1+ L4, L2 +
L4, L3 +L4)
B1: non-stricturing, non-
penetrating
Behavior over B2: stricturing
time B3: penetrating

P: perianal disease modifiers,
such as Blp, B2p, B3p

Table 1. The Montreal classifications for CD and UC. Adapted from (Jakubczyk et al.,
2020).

For the disease activity of UC, the Mayo score is most used. The Mayo score combines
endoscopic and clinical scales to assess the severity of UC. It is composed of four parts: rectal
bleeding, stool frequency, physician’s global assessment, and findings of flexible endoscopy
(proctosigmoidoscopy or colonoscopy). Each part is rated from 0 to 3, giving a total score from 0 to
12. Within the endoscopic component of the Mayo Score, a score of 0 is given for normal mucosa or
endoscopic remission UC; a score of 1 is given for mild disease with evidence of mild friability,
reduced vascular pattern, and mucosal erythema; a score of 2 is indicative of moderate disease with
friability, erosions, complete loss of vascular pattern, and significant erythema; and a score of 3
indicates ulceration and spontaneous bleeding (Paine, 2014). A score of 3 to 5 points in total indicates
mildly active disease, a score of 6 to 10 points indicates moderately active disease, and a score of 11 to
12 points indicates severely active disease. Two compressed forms, the partial Mayo score that
prohibits the endoscopy subscore and the non-invasive six-point score that comprises only the rectal

bleeding and stool frequency portions, have been created and approved (Lewis et al., 2008) (Table 2).
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Score Stool frequency

Normal number of stools for patient
1 1o 2 stools per day more than normal
3 to 4 stools more than normal

W -0

>35 stools more than normal
Rectal bleeding
0 No blood seen
| Streaks of blood with stool less than half the time
2 Obvious blood with stool most of time
3 Blood alone passes
Endoscopic finding
0 Normal or inactive disease
| Mild disease
2 Moderate disease
3 Severe discase
Physician‘s global assessment
0 Normal
| Mild discase
2 Moderate disecase
3

Severe disease

Table 2. Mayo scoring system for assessment of UC. Adapted from (Schroeder, 1987).

For determining CD activity, the CD activity index (CDAI) is most used. It is based on eight
clinical variables, three derived from a 1-week patient diary. Each independent variable is coded so
that 0 corresponds to good health and increasing positive values correspond to greater degrees of
sickness. A score of less than 150 corresponds to relative disease quiescence (remission); 150-219, a
mildly active disease; 220-450, a moderately active disease; and greater than 450, severe disease
(Best, 2006) (Table 3).

No. liquid or very soft stools(each day for 7days)

Abdominal pain, sum of 7 d rating x5
(0O=none,1=mild,2=moderate,3=severe)

General well being (1-4) X7
Exteraintestinal (1 per finding) %20
Arthritis/arthralgia

Mucocutaneous lesion

Iritis/uveitis

Anal disease (fissure, fistula,etc)

External fistula

Fever>36.8

Antidiarrheal use x30
Abdomial mass(none-0,equivocal-2,definite-5 %10
Hematocrit (males-47) (Females-42) X6
Bodyweight (1-body weight/standard weight) X100 x1

Total CDAI Score

Table 3. CD activity index. Adapted from (Best, 2006).
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1.2.  Thiopurine group medications

1.2.1. Molecular structure and metabolism

Azathioprine (AZA) is a derivative of 6-mercaptopurine (MP) or a derivative of the 6-MP
imidazole group and is a widely used thiopurine class drug for the treatment of both steroid-dependent
and steroid-resistant IBD (Benmassaoud et al., 2016; Liu et al., 2015). The metabolism of thiopurines
in humans has not been fully established, but it is known that four to five weeks is required before anti-
inflammatory effects are seen. Severe life-threatening bone marrow toxicity can result from an
overproduction of AZA metabolites such as thioguanine nucleotide (TGN) (Skrzypczak-Zielinksa,
2016; Armstrong, 2001). The metabolism of thiopurines is complex. AZA is metabolised by the liver
and rapidly converted to 6-MP in the presence of sulfhydryl compounds such as cysteine and
glutathione. Metabolism activates different enzymatic pathways producing active, inactive, and
potentially toxic metabolites. After being absorbed from the gastrointestinal tract, 88% of AZA is
converted to MP in red blood cells (Yarur et al., 2014). 6-MP is then converted to its metabolites by an
intracellular multienzymatic process by three enzymes, hypoxanthine phosphoribosyltransferase
(HPRT), TPMT, and xanthine oxidase (XO) (Carvalho, 2014; Lennard, 2014).

The metabolite 6-TG accounts for most of the therapeutic effects of AZA (Fangbin et al., 2016;
Yarur et al. 2014). At the same time, the accumulation of 6-TG causes AZA-related side effects: the
incorporation of 6-TG into deoxyribonucleic acid (DNA) induces delayed cytotoxicity and may lead to
apoptotic cell death by inhibiting intracellular signalling pathways (Lennard, 2014). TG and MP can be
converted by HPRT to TGNs metabolites and MP can be converted to methylthioinosine
monophosphate (meTIMP) by TPMT. However, thioguanine bypasses the conversion to this
metabolite. Thiopurines can be converted to inactive metabolites such as methyl-mercaptopurine
(meMP), methyl-thioguanine (meTG), and methyl-thioguanine nucleotides (meTGNs) by TPMT
(Hosni-Ahmed, 2011) (Figure 3). The enzyme TPMT plays an important role in determining the
number of cytotoxic 6-TGNS.
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Figure 3. Thiopurine drug metabolism pathway. Adapted from (Hosni-Ahmed A et al.,
2011).

1.2.2. Thiopurine side effects

Genetic polymorphisms in TPMT affect the activity of this enzyme and may lead to the toxicity
of thiopurine drugs, which can cause life-threatening side effects.

Adverse reactions occur in approximately 10% of patients with IBD treated with AZA and
approximately 10-20% of these patients discontinued treatment due to adverse reactions (Liu et al,
2015; Ardizzone et al., 2004). Most adverse reactions occur within the first three months of treatment
but may occur up to 3 years after treatment (Kim and Choe, 2013; Frei et al., 2013). Complications
were observed at 1 and 3 months in 26% and 93% of patients receiving the full dose of AZA
(Benmassaoud et al., 2016). The most common complications of AZA are gastrointestinal disorders,
hepatotoxicity, infections, and myelosuppression (Kim and Choe, 2013; Frei et al., 2013). However,
other complications include pancreatitis, malignancies, and allergic skin reactions. Patients receiving
the full dose of AZA are particularly at increased risk of developing lymphoma and skin malignancies.
Mercaptopurine is reported to be better tolerated by about 50% of patients intolerant to AZA (Frei et
al., 2013).
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Liu et al. (2015) conducted a meta-analysis of 11 studies and found that TPMT genetic
polymorphism was more associated with myelosuppression and AST disorders than with
hepatotoxicity. Myelosuppression is a dose-dependent side effect of thiopurines, occurring in
approximately 2-5% of European patients. It can develop at any time, but in 25% of cases, it occurs
after the first year (Frei et al., 2013). Early myelosuppression can be avoided by measuring TPMT
activity prior to thiopurine administration, but each patient will still require regular haematological
monitoring of the blood count (Liu et al. 2015).

Infectious complications during thiopurine therapy may occur even in the absence of dose-
dependent leukopenia, especially when thiopurine is used in combination with corticosteroids, which
may lead to dose-dependent lymphocyte depletion (Frei et al., 2013).

After a few years of treatment, hepatotoxicity may manifest as an early indicator of drug-
induced hepatitis as nodular regenerative hyperplasia or fibrosis (Frei et al., 2013). Thiopurine-induced
hepatotoxicity is more likely to be dose-dependent and in many patients, elevated transaminases
respond to dose reduction of thiopurines (Liu et al. 2015).

The most common specific adverse reactions are nausea and vomiting, which are present in up
to 15% of patients (Ribaldone et al, 2019; Tripathi and Feuerstein, 2019). Several experts have
recommended slowly increasing the dose when starting thiopurine therapy or taking it before sleeping.
Other common side effects include headache, fatigue, weakness, weight loss, stomatitis, alopecia,
arthralgia, muscle weakness, and rash, which can occur in more than 10% of patients. If these side
effects occur, it should be determined whether they disappear after dose reduction. In the case of
arthralgia and myalgia, transitioning from AZA to mercaptopurine should be considered (Frei et al.,
2013; Asadoy et al., 2017).

Pancreatitis is also a serious side effect and occurs in up to 4% of patients, especially in the
first weeks of treatment (Frei et al., 2013). A small and asymptomatic increase in serum amylase is
common and some experts recommend reducing the dose or stopping treatment if this occurs. If the
increase in amylase is associated with typical pain symptoms (toxic pancreatitis), thiopurines should be
discontinued. Switching to mercaptopurine after AZA-induced pancreatitis is not recommended as
these patients are less likely to tolerate it well (Frei et al., 2013; Ribaldone et al, 2019).

1.3.  Thiopurine S-methyltransferase

TPMT is a cytoplasmic enzyme encoded by the TPMT gene on the short arm of chromosome 6
(6p22.3) (Coelho et al., 2016; Asadoy et al., 2017). The TPMT enzyme catalyses the S-methylation
process in the body and metabolises cytostatic drugs in the inactive methylated form in patients taking
thiopurine drugs (Lennard, 2014). Despite the pharmacological role of TPMT in metabolism, the

metabolism of thiopurines in the body has not been fully studied (Gonzalez-Lama and Gisbert, 2016).
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Various clinical guidelines recommend that TPMT be determined prior to initiate thiopurine
therapy (Benmassauiud et al., 2016; Liu et al., 2015; Lennard, 2014; Liu et al., 2016). This can be
achieved by two methods: 1) evaluating TPMT enzyme activity in circulating red blood cells (RBCs)
showing the TPMT phenotype or 2) identifying the TPMT variant genotype associated with enzyme
deficiency using PCR (Roy et al., 2016; Goel et al., 2015). Thus, TPMT enzyme activity is determined
by biochemical methods and polymorphisms affecting TPMT activity are determined by molecular
biology methods.

1.3.1 TPMT genotype

From the literature, around 85-95% of people have two functioning TPMT alleles, it is a wild-
type genotype associated with normal TPMT enzyme activity. In total, about 40 TPMT gene
polymorphism variants associated with decreased TPMT activity have been described. TPMT*1 is a
functioning or normal activity allele (Asadov et al., 2017) (Figure 4).
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Figure 4. TPMT gene and common mutant alleles. Adapted from (Asadov et al., 2017).

There are three main models of TPMT enzyme activity: 1) homozygous patients with two non-
functional alleles and low enzyme activity; 2) heterozygous individuals with one non-functional and
one functional allele and moderate TPMT activity; and 3) homozygous wild-type individuals with two
functioning TPMT gene alleles and normal or high TPMT activity (Lennard, 2014; Dean, 2012;
Chouchana et al., 2014) (Figure 5).
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Figure 5. TPMT enzyme activity depending on TPMT genotype and TGN metabolite
levels. Adapted from (Relling et al., 2019).

TPMT polymorphisms differ between various ethnic groups. The most common alleles in
Europeans that reduce TPMT activity are TPMT * 2 (c.238G> C), TPMT * 3A (c.460G> A and
C.719A> G), TPMT * 3B (c.460G> A), and TPMT * 3C (c.719A> G).

TPMT enzyme activity is associated with single nucleotide polymorphisms (SNPs), TPMT * 2
is associated with rs1800462, TPMT * 3B with rs1800460, and TPMT * 3C with rs1142345. However,
TPMT * 3A is associated with both rs1800460 and rs1142345 (Lennard 2014; Asadoy et al., 2017).
These alleles are thought to account for 80-95% of the reduced TPMT enzyme activity. For this
reason, these four alleles are used in most genotyping tests (Asadoy et al., 2017; Dean, 2012).

The frequency of mutant alleles varies between ethnic groups, but in general, the most common
allele in most populations is TPMT * 3A, followed by TPMT * 3C (Carvalho et al., 2014; Fangbin et
al. 2016; Almoguera et al. 2014). There are reports that Europeans have one of the highest frequencies
of the TPMT * 3A genotype. In contrast, Asians and Africans have higher frequencies of the TPMT *
3C genotype (Asadov et al., 2017; Almoguera et al. 2014). TPMT * 3C is also almost the only mutant
allele observed in Asians. The less common allele TPMT * 2 is found mainly in ethnic groups in South
America and the Middle East, especially in Iran. The TPMT * 3B allele is rare. It is usually present in
tight linkage with the *3C SNP, resulting in a common allele, *3A (Dean, 2012; Wang et al., 2010).
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On average, 1 in 300 individuals lack TPMT activity and approximately 11% of people have a
heterozygous allelic variant, indicating lower enzyme activity. Low TPMT enzyme activity is
associated with abnormal metabolism of thiopurine drugs, overproduction of cytotoxic metabolites,
and the potential for myelosuppressive effects on hematopoietic cells and adverse reactions unrelated
to the pharmacological properties or dose of the substances. Bone marrow toxicity in patients with low
TPMT activity receiving thiopurine at doses of 1.5-2.5 mg/kg is associated with TPMT deficiency,
whereas patients with TPMT mutations in a heterozygous state are at increased risk of

myelosuppression (Dean, 2012; Broekman et al., 2017; Gonzalez-Lama and Gisbert, 2016).

1.3.2. TPMT phenotyping

High-performance liquid chromatography (HPLC) with mass spectrometry, which
measures TPMT activity in erythrocytes using the substrate 6-mercaptopurine (6-MP), is the most
common method for determining or phenotyping TPMT enzyme activity (Coenen et al., 2015). Recent
studies suggest that the HPLC method could also be used to measure TPMT activity in whole blood.
These methods are less time-consuming and are less likely to make a mistake than HPLC of
erythrocytes, as laborious erythrocyte washing steps required for erythrocyte isolation may be omitted.

Recent studies have optimised this method and they are widely used in research (Coenen et al., 2015).

1.3.3. TPMT genotyping versus phenotyping

TPMT genotyping is highly sensitive compared to determining enzyme activity (Almoguera et
al., 2014; Genneo et al., 2019). Studies have shown that the approximate sensitivity and specificity of
TPMT genotyping are 88.9% (81.6-97.5%) and 99.2% (98.4-99.9%), respectively, while the
approximate sensitivity and specificity of TPMT phenotyping are 91.3% (86.4-95.5%) and 92.6%
(86.5-96.6%) respectively (Genneo et al., 2019).

When interpreting the performance of the TPMT enzyme, it should be considered that this
diversity in enzyme activity depends on many factors, such as age, gender, ethnicity, erythrocyte mass
transfusion, leukaemia and drug therapy, and drug interactions (Asadoy et al., 2017; Chouchana et al.,
2014). In addition, reassessments may be required to determine TPMT activity, as treatment with AZA
may result in increased TPMT activity. Therefore, determination of TPMT enzyme activity is
recommended before the start of thiopurine therapy rather than during. Similarly, TPMT enzyme
activity may be affected by other drugs, for example, 5-aminosalicylate drugs can reversibly inhibit
TPMT activity (De Boer et al., 2007; Gilissen et al., 2005). TPMT enzyme activity may also depend

on external factors such as incubation temperature, substrate source, and concentration, whereas DNA
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is much more stable in genotyping. These factors should be considered before deciding on the method
of determining TPMT status.

Therefore, for many reasons, TPMT genotyping is considered to be the more accurate and
reliable method. In many studies, the overall agreement between TPMT genotype and phenotype is
90-95%. Although some studies have found that genotype matching was approximately 60—70% in
patients with low TPMT activity, the genotype-phenotype correspondence was higher in the
heterozygous group, at approximately 70-86% (Lennard, 2014; Assadoy et al., 2017).

1.4. Treatment of IBD and therapeutic drug monitoring

AZA and mercaptopurine have been used for several decades to treat IBD at standard doses of
1.5-2.5 and 0.75-1.5 mg/kg, respectively. Currently, by pre-determining TPMT activity, the dosage of
AZA and mercaptopurine can be adjusted individually for each patient. TPMT is required for
detoxification by S-methylation (Burchard et al., 2014). Thus, if the dose of a thiopurine is not
administered based on an individual’s level of TPMT activity, toxicity due to TPMT deficiency may
lead to discontinuation of treatment (Gisbert et al., 2006; Liu et al., 2016; Roy et al., 2016). In contrast,
higher than normal TPMT activity may lead to resistance to normal doses of AZA, and higher doses
may be required for effective treatment (Cuffari et al., 2004).

AZA and mercaptopurine are the most used immunosuppressive drugs in IBD patients. Recent
studies suggest that AZA can control active inflammation and prevent relapses in CD and UC, as well
as reduce steroid dependence and maintain remission in IBD (Carvalho et al., 2014).

Low TPMT activity is associated with altered thiopurine metabolism, overproduction of
cytotoxic metabolites, and myelosuppression. Prior to administration of thiopurines to patients with
IBD, TPMT should be genotyped or phenotyped to assess treatment risks and prevent adverse
reactions (Warner et al., 2018).

The Clinical Pharmacogenetics Implementation  Consortium  (CPIC)  published
recommendations for AZA dosing based on TPMT genotype (Relling et al., 2019). In patients with
two functionally active TPMT alleles, TPMT enzyme activity is normal or high in most cases. In these
patients, the CPIC recommends starting with the standard dose of AZA and adjusting the dose based
on specific conditions. In heterozygous patients, TPMT enzyme activity is moderate. These patients
are at increased risk of dose-dependent AZA-induced myelosuppression. Therefore, the CPIC
recommends that these patients initiate AZA therapy at 30—70% of the target dose and titrate the dose
based on tolerance. In homozygous patients with two non-functional TPMT alleles and low TPMT
enzyme activity, alternative treatments have been proposed (Benmassaoud et al., 2016; Dean, 2012).

Alternative treatment is biological treatment such as anti-TNF therapy. Interestingly, in a separate

23



study, TPMT testing to determine the dose of AZA in patients with moderate or low TPMT enzyme
activity reduced haematological adverse events by 89% (Feuerstein et al., 2017).

The Food and Drug Administration (FDA) guidelines issued in 2015 recommended the use of
TPMT genotyping or phenotyping prior to beginning AZA treatment to allow the identification of
patients at increased risk of toxicity who will require a reduced starting dose of AZA or alternative
therapies. However, the FDA emphasises that the determination of TPMT prior to thiopurine therapy
does not preclude patients from being monitored for blood counts during therapy (Dean, 2016; Warner
etal., 2018).

Although TPMT genotyping and phenotyping can be used to identify patients at increased risk
of bone marrow toxicity, monitoring of therapeutic agents is still recommended during treatment with
AZA (Yarur, 2014). Standard laboratory tests consist of a complete blood count, liver transaminases,
amylase, lipase, platelet count, and creatinine. Some authors recommend checking the blood count
every week during the first month of AZA treatment, followed twice a month during the second and
third months, and every month thereafter. Liver enzyme testing should be performed every 3 months
(Gennep et al., 2019). Other authors recommend blood tests every 2 weeks for the first months. If
signs of myelosuppression develop, AZA should be discontinued immediately (Warner et al., 2018).

As described in Section 1.2.1., the toxicity of thiopurines results from the metabolites 6-MMP
and 6-TGN. Dose escalation to achieve therapeutic levels of 6-TGN may result in high levels of 6-
MMP and an increased 6MMP / 6TGN ratio is associated with a poor therapeutic response and
increased prevalence of side effects. Close monitoring of the metabolite should be considered to avoid
toxicity or underdosing of thiopurines (Gonzalez-Lima and Gisbert, 2016).

The addition of allopurinol to thiopurine therapy is a possible method of improving thiopurine
therapy. This combination has been shown to improve therapeutic levels of 6TGN and to reduce serum
concentrations of the toxic metabolite 6MMP, although the mechanism by which this occurs is still
unclear. One theory is that allopurinol directly inhibits the XO enzyme and therefore contributes to the
increase in serum levels of the active 6TGN metabolites (Blaker et al., 2013). Another mechanism,
possibly the addition of allopurinol, inhibits TPMT by producing 6-thioxanthine. The last proposed
mechanism is that allopurinol may increase HPRT enzyme activity. This classic combination of
thiopurine and allopurinol usually involves a dose reduction of thiopurines of at least 50% and the
addition of 100 mg allopurinol, although recent studies suggest that lower and safer doses may also be
beneficial (Gonzalez-Lima and Gisbert, 2016).
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1.5. Malnutrition in IBD patients

Active IBD is correlated with the systemic response of the body’s immune system, activating a
hypermetabolic state and protein degradation (Argiles et al., 2015). These conditions lead to
malnutrition, which significantly increases the risk of impaired clinical outcomes, such as delayed
recovery and increased mortality (Landi et al., 2019; Friedman et al., 2018).

The widespread involvement of gastrointestinal tract disorders raises attention to the nutritional
requirements of IBD patients (Friedman et al., 2018). Several factors can affect nutritional status and
promote the development of malnutrition, such as the duration and activity of the disease. Other
components that influence the development of malnutrition include increased energy requirements,
reduced nutritional uptake, reduced breakdown and absorption of nutrients, and malabsorption
(Bischoff et al., 2020).

Malnutrition is associated with negative clinical outcomes and higher rates of IBD mortality
(Raslan et al., 2011). Malnourished patients are more likely to undergo repeated admissions within 15-
day periods and higher mortality rates in three years. Malnourished patients are also at increased risk
of complications, which increase the length of hospital stays and treatment costs (Lim et al, 2012).
Screening in Emergency Units has shown the prevalence of nutritional risk of 35.3% and 28.5%
according to the screening tools Nutritional Risk Screening Score 2002 (NRS2002) and Malnutrition
Universal Screening Tool (MUST), respectively. Hence, it is important to detect undernutrition as
early as possible (Raupp et al., 2018).

Several screening tools are recommended by the European Society of Clinical Nutrition and
Metabolism, including the NRS2002 and MUST for nutritional assessment in hospital settings
(Kondrup et al., 2003). MUST is a five-step screening tool to identify adults who are malnourished, at
risk of malnutrition or undernutrition. It includes questions about body mass index (BMI), weight loss

in the past 3—6 months, and nutritional intake for >5 days (Figure 6).
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Malnutrition Universal Screening Tool ( MUST) for adults
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Figure 6. Malnutrition Universal Screening Tool. Adapted from (Kondrup et al., 2003).

The aim of the NRS2002 system is to detect the presence of undernutrition and the risk of
developing undernutrition. NRS2002 contains the same nutritional components as MUST but also
grades the severity of disease as a reflection of the increased nutritional requirements. It includes four
questions for pre-screening for departments with few at-risk patients. If one of the answers is positive,
then the full screening should be completed. A total score of > 3 indicates that a patient is ‘at
nutritional risk’ (Figure 7).
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Nutritional Risk Screening (NRS 2002 )

Table 1 Initial screening

1 Is BMI =20.57

2 Has the patient lost weight within the last 3 months?

3 Has the patient had a reduced dietary intake in the last week?

4 Is the patient severely ill 7 (e.g. in intensive therapy)

Yes: If the answer is “Yes” to any question, the screening in Table 2 is performed.
No: If the answer is *No” to all questions, the patient is re-screened at weekly intervals. If the patient e.g. is scheduled for a major operation,
a preventive nutritional care plan is considered to avoid the associated risk status.

Table 2 Final screening

Impaired nutritional status Severity of disease (= increase in requirements)

Absent Normal nutritional status Absent Normal nutritional requirements

Score 0 Score 0

Mild Score 1 Wit loss = 5% in 3 mths or Food intake Mild Score 1 Hip fracture* Chronic patients, in
below 50-75% of normal requirement particular with acute complications:
in preceding week cirrhosis®*, COPD®. Chranie

hemodialvsis, diaberes, oncology

Moderate Score 2 Wi loss =3% in 2 mihs or BMI 18.5 Moderate Score 2 Major abdominal surgery® Siroke*
20.5 4+ impaired general condition or Severe prenmnonia, hematologic
Food intake 25-60% of normal mraligrane v

requirement in preceding week

Severe Seore 3 Wit loss =5% in | mth (=15% in 3 Severe Seore 3 Head injury* Bone marrow
mths) or BMI < 8.5 + impaired transplantation® fntensive care
general condition or Food intake 0-25% patients (APACHE = 10).

of normal requirement in preceding
week in preceding week.

Score: + Score: = Total score

Age if =70 years: add 1 to total score above = age-adjusted total score

Seore =3 the patient is nutritionally at-risk and a nutritional care plan is initiated
Seore = 3: weekly rescreeming of the patient. If the patient e.g. is scheduled for a major operation, a preventive nutritional care plan is considered to avoid the
associated risk status.

Figure 7. Nutritional Risk Screening. Adapted from (Kondrup et al., 2003).

As reported by a review of 83 studies, both screening tool performances were rated fair to well
for predicting clinical outcomes in adult patients (Van Bokhorst-de van der Schueren, 2014). The
identification of sensitive new metabolic markers for the early diagnosis of IBD-induced malnutrition
will be a future challenge for targeted IBD care.

CD leads to malnutrition in approximately 65-75% of patients (Scaldaferri, 2017) and specific
nutritional deficiencies, that may be caused by low dietary intake, changes in metabolism, increased
intestinal protein loss, and nutrient malabsorption (Jahnsen, 2003; Wedrychowicz, 2016). The
nutritional status of IBD patients is frequently altered, even when the disease is in remission, although
it is directly related to the severity of the disease (Casanova, 2017; Back, 2017).

Malnutrition is an objective disease activity parameter for patients with 1BD, particularly CD,
and is an indicator of systemic damage or inflammatory activity. Active disease is correlated with the
systemic response of the body’s immune system, activating a hypermetabolic state and protein
degradation, decreasing protein synthesis (Argiles, 2015). These conditions lead to malnutrition, which

significantly increases the risk of impaired clinical outcomes, such as delayed recovery or increased
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mortality (Landi, 2019). Inadequate body composition and malnutrition have been associated with
poor outcomes, such as a higher frequency of postoperative complications, longer hospital stays,
decreased quality of life, and higher health costs (Casanova, 2017). The severity of malnutrition
depends on the activity, duration and extent of the disease, and inflammatory response which drives
catabolism (Forbes, 2016).

To evaluate malnutrition, basic anthropometry techniques were used, such as BMI and
biochemical parameters; however, these are not accurate enough to estimate body composition. In a
high proportion of IBD patients, these values may be within normal ranges despite having altered body
composition, therefore bioelectrical impedance analysis (BIA) is used to calculate total body water
(TBW) and to estimate fat-free mass (FFM) (lean mass) and muscle and fat mass (Casanova, 2017).
BIA is easy, non-invasive, relatively inexpensive and can be performed in almost any patient because
it is portable (Kyle, 2004). It is recommended that screening should be performed within the first 24—
48 h after first contact and at regular intervals thereafter. For those identified as being at risk, a
nutritional screening nutritional assessment should be conducted (Cederholm, 2017).

Recent studies have shown that between 22% and 60% of patients with IBD have FFM
depletion. This is significant because FFM depletion is associated with negative outcomes including
major postoperative complications, small bowel resection, primary non-response to anti-TNF agents,
and osteopenia. Traditional nutritional measurements such as BMI correlate poorly with indices of
FFM in patients with CD, resulting in an increased risk for under-recognition and underestimation of
the extent of nutrition depletion when relying on these (Wood, 2020). Reduced muscle mass has been

included in the Global Consensus for Diagnosing Malnutrition in Adult Patients (Cedeholm, 2019).
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2. MATERIALS AND METHODS

2.1. Patient selection

This dissertation was a prospective, comparative group multicentre study including patients
from Pauls Stradins Clinical University Hospital (PSCUH) Gastroenterology, Hepatology and
Nutrition Therapy Center, in collaboration with the Latvian University, Latvian Biomedical Research
and Study Center. The study was planned to include 244 patients of both sexes with IBD (UC or CD).

Patient inclusion criteria were morphologically confirmed IBD (UC or CD) with active disease
or clinical remission, the patient can understand and answer questions, and the patient can sign the
informed consent form.

A total of 244 IBD patients identified from the Genome Database of the Latvian Population
were included in the study after obtaining informed consent and the completion of health and heredity
questionnaires. The study was performed in accordance with the Declaration of Helsinki and was
approved by the Central Medical Ethics committee of Latvia (protocol no. 22.03.07/A7, no. 3/18-02-
21).

For the first study, the TPMT genotype was detected for all 244 IBD patients. In the second
study, the TPMT phenotype was investigated for 20 patients. In the third study, 50 patients were

analysed for malnutrition risk factors and treatment with a control group of 50 patients.

2.2. Patient data and information acquisition

Patients’ data were anonymised by assigning individual patient codes. In the first and second
studies, the protocol included age, gender, weight, and height data from the patient's medical card; as
well as the duration of IBD, the history of the anamnesis, such as concomitant illness, surgical
operations, smoking and drug use, medication intolerance and allergies, endoscopic examinations
(colonoscopy), and interpretation of the biopsy result; blood laboratory and immunological analyses
(full blood count), C-reactive protein (CRP), serum amyloid A (SAA), alkaline phosphatase (SF),
alanine aminotransferase (ALAT), aspartate aminotransferase (ASAT), gamma glutamyltransferase
(GGT), total protein (OBV), albumin, lipase, alpha-amylase, ferritin, iron, creatinine, and faecal
examination for calprotectin.

The following data were collected for each patient based on responses to the health and
heredity questionnaires: demographics, gender, age, nationality, and the region of Latvia where the
patient was born (Vidzeme, Kurzeme, Latgale, or Zemgale). The questionnaires assessed the patient’s

medical history, lifestyle, and other important factors, such as smoking status, physical activity,
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possible risk factors of anamnesis, allergic reactions, medication intolerances, regular medications, and
comorbidities.

In the third study, fifty hospitalised patients were screened using both NRS2002 and MUST
scores (Kondrup, 2003). The European Society for Clinical Nutrition and Metabolism (ESPEN)
practical guideline: Clinical Nutrition in inflammatory bowel disease, 2019, emphasises that for adult
IBD patients, the risk of malnutrition can be assessed using validated screening tools, including both
NRS2002 and MUST. Both tools were developed to assess the nutritional status of patients and to
predict possible outcomes associated with nutritional status. MUST assessed three factors: BMI,
weight loss in the past 3—6 months, and severity of illness and NRS2002 included the same questions,
but additionally evaluated nutritional intake over the week prior to assessment and had an additional
point for elderly patients (i.e. aged >75 years). NRS2002 also stratified diseased patients according to
the severity of the disease (Bischoff et al., 2020; Kondrup, 2003). Patients were screened twice if their
scores for the first assessment indicated a nutritional risk. None of the patients had any autoimmune
diseases or surgical interventions in the anamnesis. IBD patients were divided into two groups: low
clinical activity indexes (CDAI <150 for CD and Mayo <4 for UC) and high clinical activity indexes
(CDAI >150 for CD and Mayo >4 for UC) and were further divided into smaller groups for UC and
CD separately (Figure 8).

Figure 8. Diagram of study flow.



2.3. Blood samples preparation

In this study, blood samples were taken by certified medical personnel in accordance with the
requirements for biological material collection and sterility. In this process, only a single system for
removing blood (needles, needle holders, vacuum cleaners, etc.) was used. All patients' blood samples
were collected at the Pauls Stradin$ Clinical University Hospital in the Gastroenterology, Hepatology
and Nutrition Center procedure room or in the Personal Medical Laboratory according to the same
methodology. From each IBD patient, we collected 20 mL of blood from the elbow vein to a
vacutainer-type, ethylenediaminetetraacetic acid-containing tube and 7 mL of blood to a clot-activator
tube. Serum, plasma, and white blood cells were separated within 2 days of blood collection and stored
in several aliquots with transport boxes. DNA was extracted using the phenol-chloroform extraction
method. The samples/aliquots of plasma, serum, white blood cells and DNA were stored and frozen at
—80°C to avoid repeated cycles of re-freezing and defrosting. All tubes with blood samples were

placed on a special stand, preventing them from tipping over during storage and transport.

2.4. TPMT genotype detection

TPMT genotypes were determined by quantitative real-time polymerase chain reaction (QPCR)
using TagMan Fluorescent Probes (TagMan Drug Metabolism Genotyping Assays) for detection of the
rs1800462, rs1800460, and rs1142345 SNPs. The three common non-functional TPMT alleles (TPMT
* 2, * 3B, and * 3C) were determined. The PCR reactions amplified probes binding to DNA copies at
sites of the TPMT gene that might contain polymorphisms and emitted fluorescent signals. All
polymorphisms were analysed using a StepOneTM Software version 2.3 Real-Time PCR System.
TPMT * 2, *3 A, * 3B, and * 3C allelic variants detected by qPCR were confirmed via the PCR-
restriction fragment length polymorphism technique and allele-specific PCR. The results of gPCR and
the alternative PCR assays were consistent. The DNA fragments were separated and analysed in 2.5%

agarose gel and visualised by staining with ethidium bromide.

2.5 TPMT phenotype detection

The samples were centrifuged 30 min after collection for 15 min at 1000 rpm at 4 °C. TPMT
expression was determined by enzyme-linked immunosorbent assay (ELISA) using the MyBioSource
reagent kit Human TPMT ELISA Kit (catalogue number MBS938845). The kit included: antibody
biotin (100-fold concentrate; 120 puL), biotin diluent (15 mL), avidin HRP or horseradish peroxidase

(100-fold concentrate; 120 pL), avidin HRP diluent (15 mL), standard solution, sample diluent (50
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mL), wash buffer (25-fold concentrate; 20 mL); TMB or tetramethylbenzidine substrate (10 mL);
suspension solution (10 mL); adhesive strips (4 pieces); 96-field plate. A TECAN Infinite 200 PRO

spectrometer was used to measure light absorption.

2.6. Bioelectrical impedance analysis method

BIA was performed for 48 patients on admission day. BIA was not carried out for two patients,
because they were bedridden due to severe exacerbation of their underlying illness. The GENIUS 2002
(Jawon Medical, Korea) was used to assess BIA, and measurements were performed at least 3 h after
eating to reduce small errors in impedance determination (Kyle, 2004). The instrument required the
patient to be in the standing position and used eight touch electrodes with frequency ranges of 5, 50,
and 250 kHz to take measurements. Electrical currents can penetrate tissues in various frequencies
based on their different electrical features and the hydration or nutritional status of the patient;
multifrequency BIA increases the accuracy of measurements (Kyle, 2004). The whole body was
measured by subdividing it into various segments. Furthermore, weight (kg), BMI, FFM (kg), soft lean
mass (SLM) (kg), metabolic body fat (MBF) (kg), total body water (TBW) (kg), percent body fat
(PBF) (%), basal metabolic rate (kcal), total energy expenditure (kcal), and visceral fat (%) were

assessed.

2.7. Control group

For the third study, 58 individuals from the general population were enrolled as the control
group. BIA was performed if the patient met the inclusion criteria: age > 18 years old and age-matched
to the patient group, with no food intake > 3 h prior to testing, and with no nutritional risks identified
using both screening tools (NRS2002 and MUST). These criteria ensured that the control group did not
harbour any active disease that would interfere with the study results. After exclusion, the control
group comprised 48 individuals; the selection ensured appropriate age- and sex-matched (i.e. with

equal male to female ratio) controls for the study group.

2.8. Statistical analysis

For the statistical analysis, we used SPSS version 23.0 (IMDB Statistical Package for the Social

Sciences 23.0). Statistical significance was set at p-values < 0.05. Data are indicated as median
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(interquartile range (IQR) 25-75™ percentile) or mean + SD for normally distributed data sets. The
independent sample Kruskal-Wallis test was used to identify statistically significant differences
between groups of independent variables for non-parametric datasets while one-way ANOVA was
used for data with normal distribution. After non-paired analysis, the Mann—Whitney U test was
performed to evaluate variance between pair-matched groups. For related samples, the Wilcoxon test
was used to compare two series of scores in the same group.

Continuous variables were presented as the median and interquartile range (Q1—Q3) and were
compared using the Mann—-Whitney test. The categorical variables were expressed as the frequency
and percentage and were compared using Pearson’s chi-squared test with Fisher’s exact test or
Cramer’s V effect size as appropriate. Odds ratios (ORs) were presented with 95% confidence
intervals (CI).
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3. RESULTS

3.1. TPMT genotyping (First study)

3.1.1. Study participants
Our study population comprised 244 adult IBD patients, with an almost equal gender ratio

(51% women and 49% men). The mean age of the participants was 43 = 16 years. Among these
patients, 78%, with a median age of 41 years (Q1—Q3 = 29.8—54.3), had UC, and 22%, with a median
age of 43 years (Q1-Q3 = 30.8-55.0), had CD (p = 0.57) (Figure 9). Women comprised 47% and 63%
of the UC and CD groups, respectively (Table 4).

Table 4. Characteristics of the study group.

Diagnosis ucC N 190
% 77.9%
CD N 54
% 22.1%
Sex Female N 124
%  50.8%
Male N 120
%  49.2%
Age Median 41
Min 17
Max 82
Age group Age <50 N 187
%  76.6%
Age >50 N o7
% 23%
Brothers/Sisters N 178
% 73%
Twin
brothers/Twin
sisters N 4
%  0.02%
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Figure 9. IBD median age.

3.1.2. TPMT genotyping

TPMT alleles were identified in all 244 patients, with 93.9% carrying a wild-type homozygous
TPMT *1/*1 genotype and 6.1% were heterozygous and harboured polymorphisms (4.9% of whom
had UC) (Table 5). However, we found that TPMT polymorphisms were not consistently associated
with IBD (OR: 1.15, 95% CI: 0.31-4.28, p = 0.99). The most frequent polymorphisms (5.3%) were
TPMT *1/*3A genotype with TPMT *3B and TPMT *3C alleles (Table 5). Only two patients had
TPMT *1/*3C and TPMT *1/*2 genotypes independently. No patients carried the TPMT *3B

polymorphism and no patient was found to be homozygous for any mutation (Figure 10).
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Table 5. Distribution of major TPMT alleles.

Frequency of alleles (%) Patients, N
TPMT *1/*1 93.9 229
TPMT *1/*3A 5.3 13
TPMT *1/*3C 0.4 1
TPMT *1/*2 04 1
Total heterozygous genotypes 6.1 15

Patients (n)

7

Ulcerative colitis Crohn's
disease

TPMT genatype

W TPMT polymorfisms
TPMT 1% *

Figure 10. TPMT genotype in IBD groups.
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3.1.3. Association of TPMT polymorphisms with different clinical factors

We examined whether different clinical factors were associated with TPMT polymorphisms
(Table 6). We observed no significant association between gender and TPMT polymorphisms (p =
0.21). Most patients with TPMT polymorphisms were Caucasian and were born in Latvia, outside the
capital Riga. A moderate association was found for patients born in the Vidzeme region (Cramer’s V =
0.2). Fisher’s exact test showed a nominal statistical association between TPMT polymorphisms and
possible risk factors of anamnesis (working with chemicals, dust, aerosols, and lacquers, and working

in chemical factories) (p = 0.04).

Table 6. Patients’ diagnosis and region of residence in different TPMT allele subgroups.

TPMT genotype
Heterozygous Wild-type
N % of total N % of total  p value
IBD group ucC 12 49% 178 73.0%
CD 3 1.2% 51 20.9% 0.99
Region of Latvia Kurzeme 2 0.9% 32 15.2%
Vidzeme 5 2.4% 130 61.6%
Latgale 1 05% 23 10.9%
Zemgale 4 19% 14 6.6% 0.02
City Riga 5 24% 81 38.4%
Outside of Riga 7 3.3% 118 55.9% 0.99
Other countries Russia 1 3.0% 13 39.4%
Belarus 1 3.0% 7 21.2%
Ukraine 0 0.0% 4 12.1%
Estonia 1 3.0% 0 0.0%
Lithuanian 0 0.0% 2 6.1%
Other 0 0.0% 4 12.1% 0.05
Azathioprine Receive 0 0.0% 22 9.0%
Do not receive 15 6.1% 207 84.8% 0.38

Among all included patients, 80% regularly took IBD medication and 18% had experienced
allergic reactions to antibiotics, analgesics, and other drugs. Although no statistical association was

found between TPMT polymorphisms and drug allergy (p = 0.78), 0.8% of patients with positive
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TPMT polymorphisms (TPMT *1/*3A genotype) had previously used AZA and had experienced
adverse drug reactions, such as myelosuppression and gastrointestinal intolerance.

Myelosuppression was characterised as decreased white blood cells (neutropenia <1,500
neutrophils/uL of blood) and gastrointestinal intolerance was characterised as vomiting, nausea and
stomach cramps. Furthermore, we found that 15% of all the patients were smokers with a median
smoking duration of 14 years (Q1-Q3 = 10.0-30.0) and 28% of the patients were previous smokers
with a median smoking duration of 10 years (Q1-Q3 = 4.0-20.0). However, Fisher’s exact test did not
reveal any statistical associations between TPMT polymorphisms and smoking status (OR: 1.19, 95%
Cl: 1.12-1.26, p = 0.14).

3.2. Method of detection of thiopurine methyltransferase polymorphisms

(Latvia patent registry Nr. 15508 B, 2021)

3.2.1. Optimising the method of TPMT genotype detection

As described in Section 1.3. before the literature data, the TPMT gene has many
polymorphisms that affect thiopurine metabolism. Our polymorphism detection method considered
three well-described mutations of the highest incidence compared to other TPMT mutations that also
impact thiopurine drug therapy. Discussions about the economic benefits of conducting a TPMT
genotype test on every patient that starts thiopurine drug treatment is still ongoing. TPMT genotype
testing recently became available in Latvia; however, it remains expensive and is not covered by health
authorities. We aimed to develop a low-cost and reliable TPMT testing method by combining
commercially available reagents from different manufacturers. We developed a q°PCR method and
provided instructions for reaction mix preparation and the optimised qPCR cycling program.

The typical gPCR mixture includes purified patient DNA, reaction buffer containing Mg2+
ions, a polymerase that performs copying of the target gene, primers that anneal to the target gene, and
a probe that anneals within an amplified DNA region and emits fluorescent light that serves as a signal
for DNA amplification. The target gene is a gene of interest that in some cases contains
mutation/deletion/polymorphism, but in most cases does not contain alterations and is called a wild-
type gene.

For studies of novel mutations, there are computer programmes available that help scientists
design unique primers and probes that can be synthesised and ordered from manufacturers. Normally,

several sets of these oligonucleotides are ordered and used in reactions where timing and temperature
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vary. The concentration of components is adjusted experimentally, and different reaction buffers can
be used to optimise the reaction. The gPCR was considered as optimised when:

1. A strong fluorescent signal was emitted for positive samples.

2. Very little signal was detected for negative samples, indicating the clear difference between
the test results of samples containing variation and wild-type genes.

3. Testing costs were reduced.

4. The protocol was handy and easy work to minimise the possibility of errors.

We bought commercially available PCR reagents for the detection of TPMT polymorphisms.
American company Applied Biosystems (now part of Thermo Fisher Scientific) holds a solid
reputation in quality research and offer millions of SNP assays, including assays for the detection of
TPMT polymorphisms. The assays from this company met our needs in several ways:

1. TagMan SNP Genotyping Assays have a unified gPCR set-up protocol that allows running
PCR reactions simultaneously to detect different TPMT polymorphisms,

2. TagMan assays contain probes and primers in one mixture. There are only three reaction
components for PCR: purified genomic DNA (1-20 ng), assay solution, and TagMan Genotyping
Master Mix (or another compatible master mix),

3. Reasonable price and number of reagents to test the hundreds of patients in our study.

TagMan assays are marked for research purposes only; however, they are used in clinical
settings. The price is much lower for reagents marked for research purposes compared to in vitro
diagnostic (IVD) reagents, but it does not necessarily mean that they perform worse. The use of 1IVD
reagents in clinical laboratory settings requires strict adherence to manufacturers’ instructions starting
from sample collection, recommended DNA isolation kits and equipment, and the use of a particular
PCR analyser. Moreover, the manufacturers of 1VD reagents restrict their liability by stating that
results might be false positive or false negative. We chose to optimise the reaction protocol and verify

the method ourselves.

3.2.2. Characterisation of probes and primers used in our protocol

TagMan™ SNP Genotyping Assays employ TaqMan 5’ nuclease chemistry for amplifying and
detecting specific SNP alleles, multi-nucleotide polymorphisms, and insertion/deletions.

We used three TagMan SNP Genotyping Assays (Table 7). TPMT *3A is 3B with 3C in one
patient. All three SNP are in chromosome 6. All TagMan Assays have a FAM or VIC reporter dye at
the 5’ end of each probe and a nonfluorescent quencher at the 3’ end of each probe. The reporter 1

(allelel) dye was always VIC and the reporter 2 (allele2) dye was always FAM.
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Table 7. Information from TagMan Assays Safety Data Sheet (SDS).

SNP

Mutation type

Probe

TPMT *2
(G238C)

rs1800462

Mis-sense

C_12091552_30

Context
Sequence
and the
targeted
SNP in
square

brackets

CCAACTACACTGTGTCCCCGGTCTG[C/G]JAAACCTGCATAAAATCATACATTTA

TPMT
*3B
(G460A)

rs1800460

Mis-sense

C_30634116_20

Context
Sequence
and the
targeted
SNP in
square

brackets

TCACCTGGATTGATGGCAACTAATGIT/C]ITCCTCTATCCCAAATCATGTCAAAT

TPMT
*3C
(A719G)

rs1142345

Intergenic/unknown

C-19567_20

Context
Sequence
and
targeted
SNP in
square

brackets

TCTCATTTACTTTTCTGTAAGTAGA[C/T]IATAACTTTTCAAAAAGACAGTCAAT
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Cycling conditions and reaction setup for TagMan Assays are described in Table 8. The
genotyping experiments were performed according to the recommendations of Applied Biosystems
described in manual TagMan® SNP Genotyping Assays (Revision A.0) (TagMan® SNP Genotyping
Assays User Guide - Pub. no. MAN0009593 - Rev. A.0).

Table 8. Recommended thermal cycling settings we used in our study.

Step Temperature Duration Cycles
(°C)
Polymerase 95 10 min HOLD
activation
Denaturation 95 15s 40
Annealing/Extension 60 1 min

Table 9. Recommended preparation of reaction mix we used in our study at the beginning.

Component Volume for 96-
well plate

(uL)

2x TagMan 12.5

Master Mix**

20x Assay 1.25

DNA in nuclease- 11.25

free water*

Total volume per 25

well

* Recommended amount of DNA is 1-20 ng per reaction. We added up to 100 ng DNA in the
reaction mix without compromising allelic discrimination results.

**We used 2x TagMan Universal PCR Master Mix

To reduce testing costs, we started with sets of experiments with lower reaction volumes than
specified by the manufacturers and lower concentrations of TagMan 20x Assays (probes and primers)
compared to the recommended values. Specifically:

1. Reaction mix volume was reduced to approximately 10 pL of total reaction volume.

2. 20x Assay were diluted 1:10 with nuclease-free water.

3. TagMan Master Mix was substituted with Solis BioDyne HotFirePol Master Mix.
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Each modification was introduced step-by-step by testing the same samples in different
experiments or by parallel sample testing in reactions of varied volumes and probe concentrations on
one reaction plate.

While cost-reduction was a goal, we ensured that the orientation of VIC® -dye and/or FAM™ -
dye clusters in allelic discrimination plots remained distinct to distinguish wild-type alleles from
polymorphisms (Figure 11).

Allelic Discrimination Plot

Homozygote cluster

40

Heterozygote cluster

“\om%\‘m‘

O : No-template controls (NTC)

Homozygote cluster

oo (R} P 3.0 40 50 0.0 o B0

Figure 11. Typical allelic discrimination plot. Ideally, the points in each cluster are
grouped closely together and each cluster is located well away from the other clusters. (Adapted
from TagMan® SNP Genotyping Assays User Guide - Pub. no. MAN0009593 - Rev. A.0)

Allelic discrimination experiments were performed on an Applied Biosystems StepOnePlus

instrument. gPCR reactions were set up in 0.1-mL tubes (consumables) designed for 96-well heating

plate thermal cyclers.
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3.2.3. The patented method of TPMT testing

The optimised TPMT method was finalised with patent Nr. 15508 B1 (Method of detection of
thiopurine methyltransferase polymorphisms) issued by the Patent Office of the Republic of Latvia on
February 20, 2021.

The patent describes the preparation of two reaction mixes and gPCR cycling conditions for testing
TPMT *2, *3B, and *3C polymorphisms (Tables 10 and 11). Patented cycling conditions are described
in Table 12.

Table 10. First patented reaction mixes.

Component Volume
Master Mix (2x)* SuL
TagMan Assay 0.125 uL
H20 4 uL
DNA 1 uL (3-100 ng)
Total 10.125 uL

*2x TagMan Universal PCR Master Mix

Table 11. Second patented reaction mixes.

Component Volume

Master Mix (5x)* | 2 uL

TagMan Assay 0.125 uL

H,0 7 uL
DNA 1 L (3-100 ng)
Total 10.125 pL

* Solis BioDyne 5x HOT FIREPol® Probe Universal gPCR Mix

Table 12. Patented cycling conditions specified for both reaction mixes

Step Temperature Duration
(°O)
Polymerase activation 95 10 min
Denaturation 92 155
- - 40 cycles
Annealing/Extension 60 60 s
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3.2.3.1. Extraction and purification of DNA

The IBD patient samples (244 samples) used in our study were obtained from the Genome
Database of Latvian population (LGDB), a national biobank of Latvian Biomedical Research and
Study Centre. LGDB uses the phenol-chloroform DNA extraction method to isolate genomic DNA
from blood.

Most blood samples came from Pauls Stradin$ Clinical University Hospital. DNA from the
samples were extracted using Automated nucleic acid extraction system Maxwell 16 (Promega) that
purifies samples using paramagnetic particles. Paramagnetic beads provide a mobile solid phase that
optimises capture, washing and eluting the target material.

DNA was isolated using Maxwell® 16 Blood DNA Purification Kit (Promega) for whole blood
or buffy coat samples. We isolated DNA from 400 uL of blood samples collected in EDTA. Fresh
blood samples were stored at 4 °C and processed within 7 days of the collection according to the
Maxwell(R) 16 DNA Purification Kits Technical Manual. The automated system was user-friendly
and isolated DNA in about 50 min. The concentration of DNA was determined using a Colibri

spectrophotometer.

3.2.3.2. Evaluation of the TPMT testing qPCR method

Evaluation is a generic term used to describe the measurement of the performance capabilities
of a system/test method. This is a process that compares different systems/test methods designed to
perform the same or similar functions. There are no strict common standards to evaluate testing
methods, and laboratories differ in ways of ensuring that their testing method is robust and precise.
Normally, this is based on a comparison of test results with other methods, reference samples, clinical
data, or results from other laboratories. Our laboratory participated in external quality assessment
(EQA) and compared all gPCR positive testing results and several wild-type samples to alternative
PCR methods.

3.2.3.3. External Quality Assessment

Verification under conditions may be demonstrated by participation in a performance testing
program, provided that the tested material is representative of the method (C6795744
(demarcheis017025.com))

In 2018, our laboratory participated in EQA of the reference laboratory Instand in Germany.
The EQA was designed to verify the capacity of the laboratory to detect TPMT *2, TPMT *3B, and
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TPMT *3C polymorphisms in clinical settings. We ordered three samples (Set 06 from group 775) and
correctly identified two wild-type samples and one sample carrying 3B and 3C polymorphisms.

3.2.4. Comparison with alternative PCR methods

We checked and approved the TPMT *2, *3A, *3B, *3C polymorphisms found with allele-
specific PCR and restriction fragment length polymorphism (RFLP) methods with minor
modifications. The modifications were applicable to the polymerase type, polymerase buffers, and
restriction enzyme (restrictases) buffers used in our study.

An allele-specific PCR was employed to analyse the TPMT *2 polymorphism, and a PCR-
RFLP method for the detection of TPMT *3B and *3C variations.

Nineteen patient samples previously tested with the qPCR method were checked with allele-
specific PCR and RFLP methods. One sample had TPMT *2 and one had TPMT *3B polymorphism,
13 samples were positive for TPMT *3A and four were wild-type samples. There was full agreement
between the qPCR and PCR/RFLP results.

PCR samples were incubated in TProfessional Gradient thermocycler (Biometra) and PCR

products were visualised in 1.5% agarose gel in TBE buffer.

3.2.4.1. Detection of TPMT *2

Several sets of experiments were performed to optimise the cycling temperature and MgCl»
concentration in the reaction mix (Table 13 and 14). Primers were ordered from Metabion
International AG and the primer sequences are described in a previous report (Ameyaw et al., 1999).
Table 13. PCR cycles.

Cycle step | Temperature | Time Cycles Recommended
Our settings settings by Solis
BioDyne
Initial 95 °C 13 1 12-15 min
activation min
Denaturation 95°C 15s 15-30s
Annealing see below 40s 31 30-60 s; 50-68 °C;
26-35 cycles
Elongation 72 °C 30s 1-4 min
Final elongati 72 °C 5 min 1 5-10 min
on
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Table 14. Adjusting the annealing temperature and MgClzconcentration in a 20-pL reaction mix.
Annealing t° Volume of MgCl: (10 mM)
52
535
571 1.2l 1.6 pL 2 ul
61.0
64.8
67.6

o O B W N -

The highest yield of amplified DNA can be achieved by 0.8 mM MgCl. concentration
(1.6 uL MgCl: in 20-pL reaction mix) at an annealing temperature range of 52-61 °C (Figure 12).

MgCI2 (10mM) 1,211 uz 20 ul reakciju

Figure 12. TPMT *2 PCR products detected in agarose gel electrophoresis. The presence of
TPMT *2 polymorphism resulted in the amplification of 254-bp fragments that are visible in the
agarose gel under UV light. PCR conditions such as temperature and MgCl2 concentration affect
the amount of PCR product and intensity of fluorescence emitted by the DNA dye (ethidium
bromide).
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Two forward primers, P2W (5'-GTA TGA TTT TAT GCA GGT TTG-3’) and P2M (5'-GTA
TGA TTT TAT GCA GGT TTC-3'), were used with one reverse primer P2C (5'-TAA ATA GGA
ACC ATC GGA CAC-3’) in wild-type-specific and mutant-specific reactions, respectively. The PCR
products (254 bp) were analysed on a 1.5% agarose gel. Among six patient samples, one positive for
TPMT *2 and five negative in gPCR were retested by the allele-specific PCR method. Each patient’s
DNA was tested using two PCR reaction mixes that differed in forward primers, P2W or P2M. The
patient previously tested positive has both wild-type and mutation-specific reaction products,

indicating TPMT *2 polymorphism in one allele, the rest are wild-type samples.

3.2.4.2. Detection of TPMT *3B and TPMT *3C

Allele-specific PCR and RFLP were performed using a series of steps briefly outlined below:

1. DNA extraction from blood and PCR to amplify the DNA fragment containing the variation of
interest to the level required for RFLP analysis.

2. Digestion of PCR fragments with specific restriction endonucleases (restrictases). Restrictases
cleave PCR products specifically in the site of point mutation. For example, if point mutation is
present in the sample, then the restrictase cleaves the DNA product into two fragments of a
particular length. These fragments can be seen as two separate lines in gel electrophoresis. In
contrast, wild-type DNA will not be cleaved and will be visualised as a single line.
Heterozygous samples contain one allele with polymorphism and one wild-type allele,
therefore two cleaved fragments and one full-length fragment will be visible in gel
electrophoresis. The scenario described can work oppositely, particularly with TPMT *3 when
the wild-type PCR product is cleaved in two fragments, but SNP destroys the cleavage site,
resulting in an uncleaned PCR product.

3. Digested and/or uncleaned DNS is transferred to agarose gel to separate the digestion products

from each other.

The PCR for the detection of TPMT *3B was performed using forward primer 5'-AGG CAG
CTA GGG AAA AAG AAA GGT G-3' identical to nucleotides 756—780 of intron 6 and reverse
primer 5-CAA GCC TTA TAG CCT TAC ACC CAG G-3' reverse complement of nucleotides 1425—
1449 of intron 7. The cycling settings and reaction mix composition were adapted to the

recommendations of the manufacturer of the polymerase used in our study (Tables 15 and 16).
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Table 15. Reaction mix.

Component Volume

Master Mix 2 uL
(5x)*

TagMan Assay | 0.125 puL

H20 7L

DNA 1 uL (3-100
ng)

Total 10.125 pL

* Solis BioDyne 5x HOT FIREPol® Probe Universal gPCR Mix

Table 16. Cycling conditions

Step Temperature (°C) Duration
Polymerase activation 95 10 min
Denaturation 92 15s
- - 40 cycles
Annealing/Extension 60 60 s

This was followed by digestion of a 694-bp PCR product with restriction enzyme HpyF10VI

(Mwol) (Thermo Scientific) for 1 h at 60 °C. Digested products were separated on a 1.5% agarose
gel. Mwol digestion of wild-type DNA vyielded fragments of 443 and 251 bp. The TPMT *3B SNP

destroys the restriction site and Mwol digestion yielded an uncleaned fragment of 694 bp (Figure 13).

5 6 7 8

9 10 11 12 13 14 15 16 17 18 19

100 GA GA GG GA GA GA GA GA GA GA GA GG GA GA GA GG GG GG GG

*3A*3A N *3A*3A *3A*3C *3A *3A*3A*3A *2 *3A*3A*3A N N N N

Figure 13. TPMT *3B detection in the PCR-RFLP-based assay followed by agarose gel
electrophoresis. Lane L, 100-bp DNA ladder; lanes 1-19, patient samples. Long, uncleaned PCR

48



product of 694 bp is characteristic of the mutant gene (lanes 1, 2, 4-11 and 13—15); two cleavage
products of 443 and 251 bp are produced by restrictase in the wild-type gene. Three bands of
694, 443 and 251 bp indicate that one allele is mutant and another is wild-type in mutant samples
1, 2, 5-11 and 13-15. Samples 3, 12 and 16-19 are wild-type, sample 12 contains TPMT *2
mutation that is irrelevant to TPMT *3B, and sample 4 shows a weaker fluorescent band.

For the TPMT *3C mutation (A719G mutation), the PCR assay was performed using 0.27 uM
each of primers P719Fb (5'-GAG ACA GAG TTT CAC CAT CTT GG-3'), identical to nucleotides
401-423 in intron 9, and P719R (5'-CAG GCT TTA GCA TAA TTT TCA ATT CCT C-3'), the
reverse complement of nucleotides 746773 in exon 10 and buffer I (Invitrogen).

The PCR product was digested with restriction enzyme Xmil (Accl) (Thermo Scientific)
overnight at 37 °C and then separated on a 1.5% agarose gel. The TPMT *3C variation introduced
an Accl restriction site in the amplified fragment (373 bp), yielding fragments of 283 and 90 bp. Wild-
type alleles were identified by uncleaned 373-bp fragments (Figure 14).

L 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19

100 AG AG AA AG AG AG AG AG AG AG AG AA AG AG AG AA AA AA AA

*3A *3A N *3A *3A *3A *3C *3A*3A *3A*3A *2 *3A*3A*3A N N N N

Figure 14. TPMT *3C detection by PCR-RFLP. Lane L represents 100-bp DNA ladder, lanes 1-
19 represent patient samples that were previously tested positive for TPMT polymorphisms by
the gPCR method (*3A, *3C or *2 in the box under the figure) and five negative samples (N). All
samples have uncleaned 373-bp fragments characteristic for one or two wild-type alleles.
Cleaved fragments of 283 bp and 90 bp in lanes 1, 2, 3-11 and 13-15 indicate TPMT *3C
polymorphism in one allele. Therefore, all TPMT *3C mutants are heterozygous.
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3.3. TPMT phenotyping (Second study)

All 20 respondents included in the study had histological diagnosis of IBD (UC in 70%, n = 14;
CD in 30%, n = 6).

All patients had moderate to severe disease activity according to Mayo score in UC patients
and CDAI in CD patients. 50% of respondents (n = 10) were diagnosed with IBD more than 10 years
ago (Figure 15). UC was diagnosed in eight men and six women; CD was more diagnosed in five

women and only one man.

m 1-2 years ago = 3-5 years ago = 5-9 years ago = > 10 years ago

Figure 15. The distribution of respondents first diagnosed with IBD.

Summarising information on the usage of medications, 45% of respondents (n = 9) used an oral
form of mesalazine and 40% (n = 8) used a combination of mesalazine in oral and suppository forms.
75% of respondents (n = 15) had never used AZA, 15% (n = 3) used it but stopped taking it due to side
effects, and 10% (n = 2) were using AZA during the study (Figure 16).
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= Receive = Did not receive = Received before, but discontinued

Figure 16. Division of respondents by azathioprine use.

Patients who discontinued due to adverse reactions reported side effects such as gastrointestinal
symptoms and leukopenia. Patient’s TPMT expression ranged from 1.4-50 U/mL. All respondents
were divided by TPMT enzyme activity: 10% (n = 2) of patients had low (<5.5 U/mL) TPMT activity,
5% (n = 1) of patient had intermediate (5.6-15.5 U/mL) activity, 70% (n = 14) of patients normal
(15.6-44.0 U/mL) and 15% (n = 3) of patients high (>44.0 U/mL) TPMT activity (Figure 17).

10 11 12 13 14 15 16 17 18 19 20
IBD patients

35

TPMT expression, U/m
PR, NNW AP0
ounounnouno ounno
.
N

w

>~ 0

(0a]

o I

Figure 17. TPMT enzyme activity in IBD patients.
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3.4. IBD malnutrition (Third study)

3.4.1. Patient study group

Among the 48 IBD patients included in the analysis, 52% (n = 25) had UC patients and 48% (n
= 23) had CD. Disease activity was measured by the Mayo score for UC patients, with a median score
of 4 (IQR: 1.0-6.25) and CDAI was used for CD patients, with a median result of 128 (IQR: 56.0-
207.0). Of the I1BD patients, 48% (n = 23) had low activity (CDAI score of <150 for CD or Mayo <4
for UC) and 52% (n = 25) had high activity (CDAI >150 for CD or Mayo >4 for UC). For IBD
patients, the median age was 36.5 (IQR: 28.5-51.5). The median age for the control group was 32.0
years (IQR: 26.0-41.8), and although there was a noticeable age gap compared to the patient group,
pair-matched analysis using the Kruskal-Wallis test did not show any statistically significant
difference between these two groups (p = 0.198). Characteristics of the study group are summarised in

Table 17.

Table 17. Description of the study group.

Patients (n = 48) Percent
_ ) ucC 25 52%

Diagnosis

CD 23 48%

Asymptomatic 21 44%
Clinical Mild 15 31%
activity Moderate 11 23%

Severe to Fulminant 1 2%

Female 19 40%
Sex

Male 29 60%

Yes 8 17%
Smoker

No 40 83%

No 23 48%
Alcohol Once a week 6 13%
consumption Once a month 13 27%

Less than once a month 6 13%
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Table 18 shows the assessment of general laboratory variables. Patients had several
micronutrient deficits, but no statistical relationship with the screening tools was identified.
Nonetheless, patients who appeared to be in clinical remission and with no signs of undernutrition

could still harbour micronutrient deficits.

Table 18. Comparison of laboratory tests results of low and high IBD activity groups.

Low activity group High activity group
Patients Patients
Parameter Percent % Percent %
(n=23) (n=25)

CRP (>5 mg/L) 4 17.4 19 76
Albumin (<35 g/L) 6 26.1 5 20
RBC (Male <4.5 x 10%/L;

9 39.1 14 56
Female <4.2 x 10%/L)
HTC (<40%) 14 60.9 15 60
HGB (M <130 g/L; F <120

13 56.5 10 40
g/L)
WBC count (>10 x 10%%/L) 4 17.4 5 20
Platelet count (>400 x

5 21.7 5 20
10%/L)
Creatinine

8 34.8 7 28
(<62 pumol/L)
Creatinine

1 4.3 1 4
(>115 pmol/L)
Glucose (>6 mmol/L) 1 4.3 2 8
Ferritin (<22 ng/mL) 8 34.8 7 28

CRP, C-reactive protein; RBC, red blood cells; M, male; F, female; HTC, haematocrit; HGB,

haemoglobin; WBC, white blood cells
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3.4.2. Nutritional screening

Of the patients screened by NRS2002, 31% (n = 15) were revealed to be at high nutritional
risk, 25% (n = 12) were at medium risk, and 44% (n = 21) were at low risk. The MUST scores were
nearly inversely proportional for the high- and medium-risk groups: 40% (n = 19) of patients had a
high-risk score of malnutrition, while 19% (n = 9) had a medium-risk score (Table 19).

Table 19. Comparison of risk groups according to the NRS2002 and MUST scores

Risk group NRS2002 MUST
High-risk 31% (n =15) 40% (n =19)
Medium-risk 25% (n =12) 19% (n=9)
Low-risk 44% (n = 21) 42% (n = 20)

Despite these differences in the high- and medium-risk groups, we observed a strong positive
correlation between both screening tools NRS2002 and MUST (Spearman’s correlation coefficient,
rho = 0.85; p <0.001) (Figure 18).

MUST
O RLr N Wb OO N

0 1 2 3 4 5 6 7
NRS2002

Figure 18. Spearman’s correlation of MUST and NRS2002.

Previous studies have reported that disease activity significantly affects the nutritional status of
patients; an increase in the activity index increases the risk of malnutrition. We observed a moderate
positive correlation between the NRS2002 results and the disease activity index (Spearman’s
correlation coefficient, rho = 0.577; p <0.001), but only a weak positive correlation between MUST
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scores and the disease activity index (Spearman’s correlation coefficient, rho = 0.429; p <0.001)
(Table 20).

Table 20. Spearman’s correlation of activity index: NRS2002 vs MUST.

NRS2002 MUST

Activity index rho 0.577 0.429
p-value <0.001 <0.001

NRS2002 rho 0.830
p-value <0.001

We further evaluated whether there were significant differences between the risk of
undernutrition and disease activity. A pair-matched analysis revealed a significant difference among
patients in clinical remission and patients with moderate (NRS2002 p = 0.001; MUST p = 0.026,
Kruskal-Wallis test) or severe disease activity (NRS2002 p = 0.023; MUST p = 0.038, Kruskal-Wallis
test). In Figure 19, extreme values are shown, which indicate that patients were in clinical remission,
but were still at risk of undernutrition. This reveals the importance of regular screening even if the
patient’s disease activity is not high. Differences in scores might be due to gradual weight loss as

MUST evaluates weight changes over a 3—6-month period.
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Figure 19. Screening tool results according to disease activity. Kruskal-Wallis test results are

displayed in a box chart.
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Patients at risk for malnutrition were evaluated twice using both screening tools (NRS2002 and
MUST) to estimate the reduction in undernutrition risk, after receiving clinical feeding. Statistical
analysis showed a reduction in malnutrition screening scores under clinical feeding (related sample
Wilcoxon test, p = 0.020). However, we should consider that patients also received treatment to reduce
their disease activity, which would reduce the points scored using the screening tools.

Clinical nutrition was administered to 18 patients; 17 patients were prescribed enteral oral
feeding and one patient received central venous feeding. Additionally, four oral feedings patients
received parenteral peripheral feeding.

The NRS2002 was used to screen 17 patients in the high-risk group; 88% (n = 15) received
clinical feeding and 12% (n = 2) did not. A slightly lower percentage of patients (86% (n = 18))
received feeding of the 21 patients who were in the high-risk group based on the MUST score.

Additional information on the nutritional status of the groups is presented in Table 21.

Table 21. Additional nutrition

Nutritional Contains one unit Patients received

supplement

Nutridrink 2.4 kcal/mL, 125 mL (bottle); - 57% (n = 8) 4 bottles/day
Fat: 11.6 g - 28% (n =4) 3 bottles/day
OGH: 37.1g - 14.2% (n = 2) 2 bottles/day
Protein: 12 g

Cubitan 1.25 kcal/mL, 200 mL - (n=1) 3 bottles/day
(bottle) - (n=2) 2 bottles/day
Fat: 7.0 g
OGH: 29 ¢
Protein: 17.6 g

Protifar 8 kcal, 1 spoon - 50% (n=9) 3 spoons/ day
Fat1.6 g
OGH, <16¢g

Kabiven 1448 mL, 1000 kcal, - 222% (n=4)
Amino acids: 456 mL,
Dextrose 788 mL 13%
Lipids 204 mL
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3.4.3. Bioelectrical impedance analysis

Figure 20 reveals that most patients had normal BMI values, although imbalanced body
compositions with changes in percent body fat (PBF) and SLM were observed in a large proportion of
patients. This indicates that even if patients have BMI within normal values, there is still a high chance
that they have imbalances in body composition. Therefore, it is important that the lean mass and PBF

of patients are evaluated.

80%
70% 67%
60%

50%

39% 41%

40% 33% .
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30% 28% 28% 505
20%
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Procent body fat Soft lean mass Body mass index

m Normal Under m Over

Figure 20. Differences in BIA among the patient group

Figure 21 demonstrates the changes in muscle mass from normal values. Most CD patients
presented a reduction in muscle mass, which is in contrast with the greater part of UC patients that
retained their normal muscle mass or presented an increase in muscle mass. While CD patients with
high, low, and medium disease activity, presented decreases in muscle mass, patients were more prone
to reduction in muscle mass when disease activity is high. Only a few individuals of the control group

(8%; n = 4) had muscle mass under the normal values.

57



46% 46%
43% 42%

38%
35%

19% 19%

8%

Under Qver Normal

mCD  UC mControl

Figure 21. Differences in muscle mass among patients in the sample.

To assess the relationship between screening tools and BIA, a correlation analysis was used. In
Table 22 the correlation of BIA values and the results assessed by MUST and NRS2002 are shown. A
weak negative correlation between BIA results (including patient weight, BMI, and % visceral fat) and
MUST score was found. The NRS2002 Screening tool did not show any significant relationship with
BIA analysis (p >0.50).

Table 22. Comparison of BIA values and malnutrition screening scores (NRS2002, MUST).

BIA Weight SLM BMI Visceral fat

Scale rho p rho p rho p rho p

NRS2002 | -0.133 | >0.050 |-0.083 | >0.050 | -0.184 | >0.050 | -0.198 >0.050

MUST -0.305 | 0.003 -0.224 | 0.019 -0.329 | <0.001 | -0.351 <0.001

Spearman’s correlation coefficient was used for the analysis

BIA, bioelectrical impedance analysis; BMI, body mass index; SLM, soft lean mass

Data obtained by BIA was compared to the control group. Statistically significant differences
were observed in BMI, %visceral fat, body fat (kg), and hip-waist ratio. Other values also showed
differences, but these were not statistically significant.

Analysis of body composition demonstrated considerably lower BMI values (p = 0.014) and %
visceral fat mass (p = 0.003) in CD patients than in the control. Patients with UC did not show any
statistically significant reduction of values compared to the control group. In contrast, patients with UC

showed higher FM in kg (p = 0.046) and increased waist-hip ratio (p = 0.011).
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Table 23. Comparison of parameters between the study groups and the control group

ucC CD Control p-value
One-way ANOVA
Mean + SD
) 0.232
Weight 75.8+15.1 68.7 + 14.8 735+13.9
0.355
PBF (%) 24.1+99 21.3+75 21.8+9.9

Muscle mass

o 0.143
deviation from 158+4.4 06t3.1 29146
normal

Fat deviation 0.122

48+9.2 1.3+6.8 1.8+5.0

from normal

Kruskal-Wallis test
Median (IQR)

Muscle mass 53.2 (44.0-60.8) | 49.6 (41.1-57.3) | 55.8 (42.9-61.4) 0.425
Proteins 41.7 (34.4-47.2) | 38.7 (32.2-44.4) | 12.5(9.6-13.8) <0.001
Minerals 4.30 (3.8-5.0) 3.8 (3.4-4.7) 4.3 (3.6-4.7) 0.212

38.7 (32.20-
TBW 41.7 (34.4-47.2) 43.1 (33.4-47.4) 0.454
44.35)
_ 1469.5 (1240.8— | 1503.0 (1196.00— | 1518.5 (1266.5-
Basal metabolism 0.407
1643.0) 1607.0) 1711.8)
Weight deviation
8.1 (-1.1-19.7) 4.1 (-8.4-6.3) 4.2 (-1.2-12.2) 0.102
from normal
Mann-Witney U test, pair-matched analysis
Median (IQR)
WHR 0.9 (0.8-0.9) 0.8 (0.7-0.8) 0.011
TBF (kg) 17.8 (12.3-25.9) 14.5 (11.2-18.6) 0.046
BMI 23.4 (19.2-23.3) | 21.1(21.5-25.8) 0.041
Visceral fat % -4.0 (-12.1-5.6) 7.9 (-0.9-18.2) 0.014
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High and low disease activity showed significant differences across nutritional screening scales

(Table 24). Patients with a high activity index had a noticeably increased risk for malnutrition, taking

into consideration not only disease activity but also increased weight loss and loss of appetite.

Table 24. Comparison of high- and low-disease activity groups

Score High activity Low activity P value
NRS2002 0.30 (2.00-4.00) 0.00 (0.00-2.00) 0.007
MUST 2.00 (1.00-3.00) 0.00 (0.00-1.00) <0.001
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DISCUSSION

The frequency of IBD is increasing and the diagnosis and treatment of IBD patients is a
problem in Latvia and worldwide. Early diagnosis and personalised treatment are vital for IBD patients
to improve their quality of life, reduce the risks of disability and oncology, and reduce the risk of
treatment complications. In Latvia, the rapid spread of IBD is a concern for health care professionals
and the public, as this diagnosis is increasingly common for younger patients of working age. In our
study, almost half of the IBD patients were over 40 years of age. This means that in the future, the
country will have an ageing population of IBD patients with complicated comorbidities and an
increased risk of thiopurine side effects.

To assess the toxicity of thiopurine drugs and to select the optimal dose, TPMT enzyme activity
should be assessed by identifying the most common polymorphisms affecting TPMT activity in all
patients receiving thiopurine therapy. Past studies have recommended that the TPMT status of patients
should be determined prior to the commencement of thiopurine therapy (Benmassaoud et al., 2016; Liu
et al., 2015; Lennard, 2014; Liu et al., 2016; Coelho et al., 2016). This can be achieved by one of two
methods: 1) by determining the TPMT phenotype by estimating TPMT enzyme activity in the
circulating red blood cells, or 2) through genotyping of known TPMT variants associated with enzyme
deficiency using PCR (Liu et al., 2016; Coelho et al., 2016; Goel et al., 2016). The activity of the
TPMT enzyme is mainly related to rs1800462, rs1800460, and rs1142345 SNPs, which are inherited
co-dominantly (Lennard, 2014; Asadov et al., 2017). In terms of AZA toxicity, large inter-individual
differences are observed due to the genetic heterogeneity of the TPMT gene, which has more than 40
reported allelic variants (Coelho et al., 2016; Dean, 2012). Nevertheless, three main patterns of TPMT
enzyme activity can generally be distinguished: 1) homozygous patients with two mutant non-
functional TPMT gene alleles and low TPMT activity, 2) heterozygous individuals with one functional
and one non-functional allele and intermediate TPMT activity, and 3) homozygous wild-type (normal)
individuals with two functional alleles and normal or high TPMT activity (Lennard, 2014; Asadov et
al., 2017; Dean, 2012; Chouchana et al., 2014).

Approximately 40 TPMT gene polymorphism variants associated with decreased TPMT
activity have been described in the literature. However, only the four most common alleles, TPMT * 2,
TPMT * 3A, TPMT * 3B and TPMT * 3C, are used for most genotyping tests (Asadov et al., 2017;
Dean, 2012). Although known TPMT alleles tend to vary among different ethnic groups, four specific
non-functional alleles have been identified as being more prevalent across ethnic groups, namely,
TPMT * 2, TPMT * 3A, TPMT * 3B, and TPMT * 3C. It is believed that these alleles account for
between 80% and 95% of observed decreases in TPMT enzyme activity. Accordingly, these four
alleles tend to be routinely targeted in most of the genotyping assays (Skrzypczak-Zielinska, 2016;

Asadov et al., 2017; Dean, 2012). In general, the most frequently encountered allele in all populations
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is TPMT * 3A, followed by TPMT * 3C (Carvalho et al., 2014; Fangbin et al., 2016; Lennard, 2014),
which is consistent with the findings of the present study. To our knowledge, this study is the first to
identify TPMT gene polymorphisms in adult IBD patients in Latvia.

The most common TPMT genotype in Caucasian populations is the homozygous, wild-type
TPMT gene. Several studies have shown that 85-95% of patients have a wild-type genotype (93.9% in
this study). In most populations, approximately 10% of individuals are heterozygotes and a further
0.3% carry homozygous variants of the non-functional TPMT alleles (Asadov et al., 2017; Dean, 2012;
Broekman et al.,, 2017; Gonzalez-Lama and Gisbert, 2016). In the present study, none of the
participating patients was identified as being homozygous for any mutation. TPMT genotyping has
been demonstrated to show high sensitivity (Almoguera et al., 2014; Gonzalez-Lama and Gisbert,
2016), with reported sensitivities and specificities of 88.9% (81.6-97.5%) and 99.2% (98.4-99.9%),
respectively. Comparatively, the approximate sensitivity and specificity of TPMT phenotyping are
91.3% (86.4-95.5%) and 92.6% (86.5-96.6%), respectively (Goel et al., 2016).

In our study, 9% of IBD patients were undergoing thiopurine therapy at the time of their
inclusion. This percentage does not include patients who had used thiopurines previously but had since
stopped. Indeed, most patients included in the study had not yet started thiopurine treatment.

In 2015, the US FDA issued guidelines for TPMT testing prior to thiopurine therapy due to the
increased risk of toxicity and high treatment costs. TPMT analysis can be performed by determining
TPMT enzyme activity or by genotyping and allows doctors to identify an optimised starting dose of
thiopurines, as well as alternative therapies in case of thiopurine toxicity. One major advantage of
TPMT genotyping is that polymorphisms can be detected both before and during thiopurine therapy.
While TPMT enzyme activity can be affected by many external factors, such as previous
haemotransfusions, other drug therapies, and drug interactions, genotyping is not affected by these
factors as DNA is much more stable. The disadvantage of TPMT genotyping is that this method cannot
identify patients with elevated TPMT enzyme activity. According to the literature, increased TPMT
enzyme activity, which can be determined by liquid chromatography, may increase the risk of
developing hepatotoxicity (Ribaldone et al., 2019; Coenen et al., 2015).

With regard to the cost-effectiveness of genotype-led treatment, recent data published by
Sluiter et al. (2019) showed that genotype-guided thiopurine treatment in IBD patients reduced the risk
of adverse drug reaction (ADR) among patients carrying a TPMT variant, without increasing overall
healthcare costs and impacting the quality of life compared to standard treatment.

The Clinical Pharmacogenetics Implementation  Consortium  (CPIC)  published
recommendations for AZA dosing based on TPMT genotyping results on AZA use, stressing the need
to consider a dose reduction of AZA or other classes of drug treatment in patients with low or
insufficient TPMT activity (Sluiter et al., 2019).
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In patients with two functionally active TPMT alleles, the activity of the TPMT enzyme is in
most cases normal or high. For these patients, the CPIC recommends initiating AZA therapy at a
normal dosage and thereafter adjusting the dose based on disease-specific guidelines. In heterozygous
patients, TPMT enzyme activity is moderate, and these patients are at an increased risk of AZA-
induced myelosuppression, depending on the dose. Accordingly, the CPIC recommends that for
heterozygous patients, AZA treatment should be initiated at 30—70% of the target dose and to titrate
the dose based on tolerance. For homozygous patients with two non-functional TPMT alleles and
consequently low TPMT enzyme activity, the use of alternative treatment is suggested (Frei et al.,
2013; Dean, 2012) Interestingly, in this regard, a previous study that sought to determine a safe dosage
of AZA in patients with intermediate or low TPMT enzyme activity, found that TPMT genotyping
could facilitate a reduction in adverse haematological effects of up to 89% (Freuerstein et al., 2017).

Given that TMPT can vary quite extensively depending on age, sex, ethnicity, red blood cell
lifespan, red blood cell transfusion, leukaemia, and treatment-related factors, these factors should be
considered when interpreting TPMT activity analysis (Asadov et al., 2017; Chouchana et al., 2014). In
addition, assessments of TPMT activity may require repeated estimations, as treatment with AZA can
induce an increase in TPMT activity. Similarly, other medications, such as 5-aminosalicylates, can
reversibly inhibit TPMT activity (De Boer et al., 2007; Glissen et al., 2005). Therefore, TPMT
genotyping is considered a more precise and reliable method (Frei et al., 2013). Typically, the overall
concordance between TPMT genotypes and phenotypes is 90-95%, although some studies have
reported genotype—phenotype concordance values of approximately 60-70% in patients with low
TPMT activity, whereas those for heterozygous patients are approximately 70-86% (Lennard, 2014;
Asadov et al., 2017).

However, even though the identification of TPMT genotypes and/or phenotypes can contribute
to identifying patients with a higher risk of developing bone marrow toxicity, additional therapeutic
drug monitoring is advised for patients receiving AZA therapy (Yarur et al., 2014). Some authors
recommend monitoring complete blood counts (CBC) and (platelet counts) PC using routine
laboratory tests at weekly intervals during the first month of AZA treatment, followed by twice-
monthly monitoring during the second and third months, and monthly checks thereafter. Furthermore,
liver function tests should be performed at 3-month intervals (Goel et al, 2015). If, however, signs of
myelosuppression develop, AZA therapy should be immediately discontinued.

A recent publication by Ribaldone et al. (2019) titled ‘Correlation between Thiopurine S-
Methyltransferase Genotype and Adverse Events in Inflammatory Bowel Disease Patients’ Medicina
(Kaunas), described a meta-analysis investigating the associations between TPMT polymorphisms and
AZA-induced adverse events in patients with autoimmune diseases. The results showed that TPMT
polymorphisms were significantly associated with AZA-induced adverse effects, bone marrow

toxicity, and gastric intolerance. However, the subgroup analysis according to ethnicity showed a
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significant association between TPMT polymorphisms and AZA-induced bone marrow toxicity in
Asian populations, but not in Caucasian populations. The authors concluded that TPMT
polymorphisms can explain a variable proportion, but not all, of AZA-related adverse events, and a
normal TPMT genotype cannot exclude the development of side effects (Ribaldone et al., 2019). Thus,
TPMT genotyping before starting AZA therapy cannot completely replace the current practice of
periodic monitoring of white blood cell count. However, this is a challenge that requires additional
future research, particularly as some severe toxicities leading to life-threatening conditions remain
unexplained.

It is important to note that the randomised controlled trial conducted by Coenen et al. (2015)
showed that pretreatment TPMT genotyping is relevant for both heterozygous and homozygous
carriers of genetic variants in TPMT (Coenen et al., 2015). The results of the trial showed no overall
effect of pretreatment TPMT screening followed by personalised dosing on hematologic ADRs.
However, in combination with other literature, this study showed that pretreatment TPMT screening
followed by personalised dosing reduced the risk of leukopenia in patients carrying a genetic variant in
TPMT and recommended that pharmacogenetic TPMT testing should be used as standard care to
individualise the thiopurine treatment of IBD patients (Coenen et al., 2015) Thiopurines remain very
effective in inducing and maintaining long term remission in up to 70% of patients with IBD, and it is
important to remember that patients with allelic variants should not be denied the therapeutic option of
AZA, as they may tolerate this drug (Ribaldone et al., 2019).

In our study, 98% of patients with TPMT polymorphisms were European. The frequency of
mutant alleles varies in different ethnic groups is known, but in general, the most common allele
globally is TPMT * 3A, followed by TPMT * 3C (Almoguera et al., 2014; Carvalho et al., 2014;
Fangbin et al., 2016). In our study, we obtained similar data, with the most common allele in IBD
patients being TPMT * 3A, followed by TPMT * 3C and TPMT * 2 with equal frequency. There is
evidence in the literature that the TPMT * 3B allele is present in up to 1% of people, but this allele was
not observed in our study.

The most common TPMT genotype is the homozygous wild-type TPMT gene, which is
associated with normal TPMT enzyme activity. Several studies have shown that around 85-95% of
people have two functioning alleles. This agrees with the prevalence in our study of 93.9%. Patients
with this genotype can start taking thiopurines at standard doses, but can still experience thiopurine
side effects due to other factors. Therefore, if thiopurines are used, blood tests, and possibly
metabolites of thiopurines, should be monitored (Asadov et al., 2017; Dean, 2012),

Approximately 10% of people are heterozygous for the TPMT genotype (6.1% of patients in
our study), and theoretically, have reduced TPMT enzyme activity and are at increased risk of side
effects from treatment with thiopurines (Almoguera et al., 2014). In our study, no patients had a

homozygous variant for any of the mutations tested, whereas the literature estimates that 0.3% of the
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population have a homozygous variant of non-functional TPMT alleles (Asadov et al., 2017; Dean,
2012; Broekman et al., 2017; Gonzalez-Lama and Gisbert, 2016).

According to the literature, approximately 10-20% of IBD patients who receive AZA therapy
discontinue treatment either because they develop adverse reactions or the treatment is ineffective (Liu
et al., 2015; Ardizzone et al., 2004). The most common complications of AZA are AST disorders,
hepatotoxicity, infections, and myelosuppression (Kim and Choe, 2013; Benmassaoud et al., 2016;
Frei et al., 2013). However, the meta-analysis of Liu et al. (2015) concluded that the genetic
polymorphism of TPMT is more associated with myelosuppression and KTT disorders. In our study,
of the 6.1% (n = 15) of patients with TPMT polymorphisms, two of them had a history of AZA
adverse events such as myelosuppression.

Almost half 43% (n = 105) of the patients in our study were smokers in their lifetime and 15%
(n = 37) were current smokers, with a mean smoking duration of 14 years. The effects of smoking on
the pathogenesis and recurrence of IBD are well known, but the effects of smoking on the metabolism
of thiopurine drugs have been less studied. A retrospective study by Domenech et al. (2011) found that
while active smoking did not affect the efficacy of thiopurines, active smokers were more likely to
experience thiopurine side effects. Shi et al. (2015) found that active smoking and reduced TPMT
enzyme activity were associated with higher levels of 6-TGN metabolites (Shi et al., 2015). This
suggests that the interaction between smoking and thiopurine metabolism is still unclear and should be
considered in patients prescribed thiopurine therapy.

From analysing the IBD patients in our study, we obtained a statistically reliable result that IBD
patients remain more physically inactive after diagnosis than before the onset of the disease. Similar
results have been found in previous studies. Gatt et al. (2019) found that patients were significantly
less physically active after the diagnosis of IBD, and this was more common in CD patients (Gatt et
al., 2019). A personalised approach and better control of disease activity would be needed to help
address patients' lower physical activity and loss of quality of life.

No previous studies have been performed in Latvia to determine the frequency of TPMT gene
polymorphisms in the population, as well as among IBD patients specifically. This study is the first in
Latvia to identify TPMT gene polymorphisms in adults diagnosed with IBD. In the future, TPMT
status should be determined in clinical practice in IBD patients who need to start thiopurines treatment
to avoid serious and life-threatening complications, as well as to predict the effectiveness of treatment.

Malnutrition can be subdivided into several subtypes, depending on the causative factor. Due to
the many possible causes, there is a wide definition of malnutrition and undernutrition, making it
complicated to determine a diagnosis (Cederholm et al., 2017). As it is important to establish an
accurate nutritional status for patients, numerous nutritional screening tools have been developed;
however, none is considered the gold standard for nutritional assessment (Ghishan and Kiela, 2017).
Both screening tools used in this study (NRS2002 and MUST) are recommended by EPSEN guidelines

65



(Kondrup, 2002). There was strong agreement between both tools in terms of evaluating the nutritional
status of the patients. This is similar to the findings of Raupp et al. (2018). Nutritional assessment was
performed 48 h after admission to the hospital using NRS2002 and MUST. Both results were
compared to a subjective global assessment (SGA) and presented a good agreement in nutritional
status evaluation (Raupp et al., 2018). However, NRS2002 is more specific due to scaling disease
activity, while MUST establishes patients with severe disease by defining them as ‘high nutritional
risk’; therefore, it may overestimate nutritional risk. Another possible reason for higher scores
obtained by MUST s that this scale evaluates patients over a longer period. Thus, if weight loss is
gradual, for example, the patient showed a weight loss of over 5% over the previous 3 months, no
points will be given by NRS2002. Indeed, in our study, two patients lost weight over a longer period
and received points by the MUST scale but not NRS2002.

A previous study by Valentini et al. (2008) evaluated the nutritional status of IBD patients.
They found that patients in remission who seemed well-nourished by screening tools tended to have
reduced body cell mass, reduced handgrip strength, and micronutrient deficits. Their results indicated
that nutritional deficit occurs in the same ratio for UC and CD patients, in contrast to our data which
showed that CD patients were slightly more affected (Valentini et al., 2008). Several studies agree with
the present findings that CD patients are at a higher nutritional risk than UC patients, even among
those in clinical remission (Ghishan and Kiela, 2017; Jahnsen, 2003; Ananthakrishnan et al., 2012).
This might be explained by the involvement of the small bowel, which leads to impaired absorptive
function and loss of nutrients due to fistulas (Rocha et al., 2008). Chronic inflammatory processes and
lack of physical activity stimulate muscle deterioration, leading to sarcopenia (Cederholm, 2017). In
our study, patients had several micronutrient deficits, but no statistical relationship with screening
tools was found. Patients who appear to be in clinical remission and without signs of undernutrition
may still have micronutrient deficits.

Patients with UC showed better body composition parameters than CD patients. Sarcopenia in
UC patients is more dependent on disease activity, where the change in muscle mass correlates with an
increase in the Mayo score. Patients in remission show better body composition values, as did UC
patients after colectomy (Zhang et al., 2017).

Most patients had a BMI within normal values, however, in many cases, a disproportion of
body composition was observed. The latter highlights the need for a closer investigation of the
patient’s nutritional status, rather than relying solely on BMI. It has been reported that BMI correlates
with the FMI, therefore BMI is better at predicting body fat mass than muscle mass (Bryant et al.,
2013).

Not all patients screened to be at nutritional risk received clinical feeding. This was determined
at the physician’s discretion, as some patients who were able to eat nutritionally rich food and whose

disease activity was controlled adequately with medical therapy were not deemed to require additional
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feeding. Patients who received nutritional support without being in a high-risk group were previously
identified as ‘nutritionally at risk’; thus, they continued to receive nutritional support as a part of
treatment. Nutritional management should be defined depending on the patient’s nutritional status, and
considering the requirements of energy and nutrients, appropriate route of administration to adequately
set goals, and duration of treatment to achieve them (Cederholm, 2017).

The BIA showed a statistically significant correlation with the MUST scale and more
significant changes in body composition were observed in CD patients. Among patients with normal
BMIs, imbalances in body composition can be observed, stressing the importance of broader body

composition analysis.
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CONCLUSIONS

1. Our results showed that the frequencies of common TPMT alleles in the Latvia IBD population
were different (similar to other European populations). In this study, the homozygous wild-type
TPMT *1/*1 genotype was the most frequent genotype in UC and CD patients and TPMT * 3A
was the most prevalent polymorphism. Further, TPMT * 3B polymorphism and homozygous
variant TPMT genotypes were absent in our study population.

2. A majority of patients had normal TPMT phenotype, as few of patients had low TPMT activity
(10%) and 15% of patients were identified as hyperactive metabolizers. This pilot study is a first
published in Baltic states that introduced the enzyme-linked immunosorbent assay method for
assessment of TPMT enzyme activity in blood.

3. IBD patients with a high disease activity index were at a noticeably increased risk of malnutrition,
considering not only IBD activity but also weight loss and loss of appetite. Most CD patients
showed a reduction in muscle mass in both groups with low and high disease activity, which was

not found in UC patients.
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PRACTICAL RECOMMENDATIONS

1. We recommend that TPMT genotyping or phenotyping should be prioritised for higher-risk
patients to help predict thiopurine-induced adverse drug reactions and to determine personalised
therapeutic options. Additional genotyping of patients experiencing adverse effects due to
thiopurine treatment will be required to identify potential gene/allele—dose effects.

2. Identification of reduction in muscle mass (soft lean muscle mass) in CD patients can be

considered as an anticipatory indicator of disease activity.
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Abstract

Background: Thiopurine methyltransferase [TPMT] plays a significant role in the metabolism
of thiopurines, and, for patients with inflammatory bowel disease [IBD), it is useful to perform
TPMT genotyping prior to azathioprine [AZA] treatment. In this study, we determined TPMT
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AFA is Initially metabolized in the liver ©ia a non-
enzymatic pathway to 6-MP. Subsequently,
6-MP is converted to its metabolites vig an intra-
cellular multi-enzymatic process involving thres
enzymes: hypoxanthine phosphoribosyl trans-
ferase (HPRT), thiopurine S-methyltransferase
(TPMT), and xanthine oxidase (X{). The pro-
cess whereby thiopurine S-methyltransferase is
metabolized in the human body has vet to be fully
established, and severe life-threatening bone mar-
row toxicity can result from the excess production
of a drug-derived thioguanine nucleotide
(TGM).**'" In terms of the therapeutic effect of
AFA, it appears that 6- thioguanine {(6-T()
mediates the majority of this drug’s effects,®10.11
and accumulation of 6-TG can lead to AZA-
associated adverse effects; for example, the incor-
poration of 6-T'G into DNA can initiate delaved
cytotoxicity and induce apoptotic cell death by
inhibiting intracellular signalling pathways.'®
TPMT is required for the detoxification of 6-TG
through S-methylation.!? Thus, if the thiopurine
dosage 15 not administered based on an individu-
al's TPMT activity level, toxicity due to TPMT
deficiency can result in treatment interrup-
tion.'*-17 In contrast, a higher than the normal
TPMT activity may render patients refractory to
conventional dosages of AZA 1S

Thus, TPMT plays a significant role in the
metabolism of thiopurines, with low TPMT
activity being associated with altered thiopurine
metabolism, overproduction of cytotoxic metabo-
lites, and myvelosuppression. In patients with
IBD, TPMT genotyping can be performed prior
to treatment to evaluate the treatment risks; how-
ever, this does not exclude that patients may or
may not tolerate thiopurines. Current guidelines
for thiopurine treatment mandate regular hema-
tologic monitoring to detect leukopenia. In this
study, we sought to identify TPMT gene poly-
morphisms in a cohort of IBD patients in Latvia.

Patients and methods

A total of 244 IBD patients identified from the
Genome Database of the Latvian Population were
included in the study after obtaining informed
consent and the completion of health and heredity
questionnaires, as described previously.!'™ The
study was performed in accordance with the
Declaration of Helsinki and was approved by the
Central Medical Ethics committee of Latvia {pro-
tocol no. 22.03.07/A7, no. 3/18-02-21).

From each IBD patient, we collected 20ml of
blood in an ethylenediaminetetraacetic acid
(EDTA)-containing tube and 7ml of blood in a
clot-activator tube. Serum, plasma, and white
blood cells were separated within 2 days of blood
collection. DINA was extracted using the phenol-
chloroform  extraction method. Aliquots of
plasma, serum, white blood cells, and DNA were
stored at —80°C, avoiding cycles of re-freezing
and thawing cycles.

TPMT genotypes were determined by real-time
polvmerase chain reaction (gPCR) using Taghan
Fluorescent Probes (TagMan Drug Metabolism
Genotyping Assays) for detection of the
r=1800462, rsiB00460, and rs1142345 single-
nucleotide polymorphisms (SNPs). The three
commaon non-functional TPM T alleles ( TPM T2,
*IR, and *3C) were determined. The PCR reac-
tions amplified probes binding to DMNA copiles
at sites of the TPMT pene that might contain
polvmorphisms and emitted fluorescent signals.
All polymorphisms were analyzed using a
StepOneTM Software version 2.3 Real-Time
PCR System. TPMT™*2, *3.4, *3B, and *3C allelic
variants detected by qPCR were confirmed by
performing PCR-restriction fragment length pol-
yvmorphism (RFLP) analysis and allele-specific
PCR. The results of QqPCR and the alternative
PCR assays were found to be entirely consistent.
The DMNA frapments were separated and analysed
in 2.5% agarose gels and visualized by staining
with ethidium bromide.

The following data were collected for each patient
on the basis of responses to the health and hered-
ity questionnaires: demographics, gender, age,
nationality, and the region of Latvia where the
patient was born (Vidzeme, Kurzeme, Latgale, or
Zemgale). The gquestionnaires assessed the
patient’s medical history, lifestyle, and other
important factors, such as smoking status, physi-
cal activity, possible risk factors of anamnesis,
allergic reactions, medication intolerances, regu-
lar medications, and comorbidities.

Study participants

Our study population comprised 244 adult IBD
patients, with an almost equal gender ratio (31%
women and 49% men). The mean age of the
participants was 43+ 16years. Among these
patients, 78%, with a median ape of 41 vears
(Q1-03=29.58-54.3), had ulcerative colits,
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and 22%, with a median age of 43vyears
(Q1—03=30.8-535.0), had Crohn's disease
(p=10.57). Women comprised 47% and 63% of
the ulcerative colitis and Crohn's disease proups,
respectively (Table 1).

Statistical analysis

Continuous varables are presented as the median
and interquartile range (Q1-0Q3) and were com-
pared using the Mann—Whitney test. The categor-
ical variables are expressed as the frequency and
percentage and were compared using Pearson’s
chi-squared test with Fisher's exact test or
Cramer's 'V effect size as appropriate. Odds ratios
(ORs) are presented with 95% confidence inter-
vals (CI}. All statistical analyvses were performed
using SPSS Statistics version 23.0. A pvalue
of =2 0.03 was considered statistically significant.

Results

TPMT genotyping

TPMT alleles were identified in all 244 patients,
among whom we found that 93.9% were carrying a
wild-ype homozygous TPMT™1/*! penotype and
6.1% were heterozygous and harbored polymor-
phisms (4.9% of whom had ulcerative colitis)
(Table 2). However, we found that TPMT poly-
morphisms were not consistently associated with
IBD (OR: 1.15, 95% CL 0.31-4.28, p=0.99). The
most  frequent polymorphisms (3.3%) were
TPMT*1/*34 genotype with TPMT™3E and
TPMT*3C alleles. Only two patients had
TPMT*1/™*3C and TPMT™1/*Z penotypes indepen-
dently. We were unable to detect any patients carry-
ing the TPMT™*IE polvmorphism and no patient
was found to be homozygous for any mutation.

Association of TPMT polymarphisms with

different clinical factors

We examined whether different clinical factors
were  associated with TPMT polymorphisms
(Table 3). We accordingly observed no signifi-
cant association between gender and TPWT poly-
morphisms {#=0.21}. The majority of the patients
with TPMT polymorphisms were Caucasians and
were born in Latvia outside the capital Riga. A
maoderate association was found for patients born
in the Vidzeme region {Cramer’s V=0.2). Fisher's
exact test showed a nominal statistical association
between TPMT polymorphisms and the possible

Table 1. Characteristics of the study group.

Dizgnaosis Ulcerative n 190
colitis
. T7.9%
Crohn's n a4
dizeass
. 221%
Sex Female n 124
S 50.8%
Male n 120
S £9.2%
Age Median 41
Min 17
Max 82
Age group Age <50 n 187
. T5.6%
bge=50 o 07
s 23%
Brothers(sisters n 178
. 7%
Twin brothers/twin n &
sisters
E 0.08%

Table 2. Distribution of major TPMT allzles.

Frequency, Patients,n
% of alleles

TRMT =171 939 229

TRMT =134 53 13

TRMT *1/~3C 0.4 1

TPMT *1/~2 0.4 1

Total heterozygous 6.1 15

genotypes

TPMT, thiopurine methyltransferase.

risk factors of anamnesis (working with chemi-
cals, dust, aerosols, and lacquers, and working in
chemical factories) (p=0.04).
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Table 3. Patients diagnosis and region of residence in different TEMT allele subgroups.

TPMT genotype
Heterozygous Wild type
n % of total n %% of total D valug
IBED group Ulcerative colitis 12 £.9% 178 73.0%
Crohn’s disease 3 1.2% a1 20.9% 0.%9
Region of Latvia Kurzeme Z 0.9% 3z 15.2%
Vidzeme 5 248% 130 &1.6%
Latgale 1 0.5% 23 10.9%
Zemgale 4 1.9% 14 £.4% 0.02
City Riga 5 248% 81 38.4%
Outside of Riga () 3% 118 55.9% 0.99
Other countries Russia 1 0% 13 39.4%
Belarus 1 3.0% 7 1. 7%
Ukraine i 0.0% 4 12.1%
Estonia 1 3.0% 0 0.0%
Lithuanian i 0.0% Z £.1%
Other ] 0.0% 4 12.1% 0.05
ATA Receive 0 0.0% i 7.0%
Do not receive 15 8.1% 207 84 8% 0.28

ATT, azathioprine; IBO, inflammatory bowel disease; TPMT, thiopurine methyltransferase.

Among all the included patients, 80% repularly
took IBD medications and 18% had allergic reac-
tions to antibiotics, analgesics, and other drugs.
Although nmo statistical association was found
between TPMT polyvmorphisms and drug allergy
(p=0.78), 0.8% of all patients with positive
TPMT polymorphisms had previously used AZA
and had experienced adverse drug reactions
({ADRs), such as myelosuppression and gastroin-
testinal intolerance. These patients had a
TPMT*i/*34 genotype. Myvelosuppression was
objectively characterized as decreased white
blood cells (neutropenia) and gastrointestinal
imtolerance was characterized as vomiting, nausea
and stomach cramps. Furthermore, we found
that 15% of all the patients were smokers, with a
median smoking duration of 14years
(Q1-0Q3=10.0-30.07, whereas 28% of the
patients were previous smokers, with a median
smokingduration of 10 years (Q1—-0Q3=4.0-20.07.

However, Fisher’s exact test did not reveal any
statistical associations between TPMT polymor-
phisms and smoking status (OR: 1.19, 95% CI:
1.12-1.26, p=0.14).

Discussion

Different studies recommend that the TPMT sta-
tus of patients should be determined prior to the
commencement of thiopurine therapy.!-10.14.18
This can be achieved by one of two methods,
namely, by determining the TPMT phenotype by
estimating TPMT enzyme activity in the circulat-
ing red blood cells (RBC), or through penotyping
of known TPMT variants associated with enzyme
deficiency using PCR.14.13.181% The activity of the
TPMT enzyme is related mainly to rs1800462,
rs1800460, and rs1142345 SNPs, which are
inherited co-dominantly.'* In terms of AFA
toxicity, large inter-individual differences are
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observed due to the genetic heterogeneity of the
TPMT gene, which has more than 40 reported
allelic variants. '8! Nevertheless, three main pat-
terns of TPMT enzyme activity can generally be
distinguished: (a) homozygous patients with two
mutant non-functional TPMT gene alleles and
low TPMT activity, (b} heterozypous individuals
with one functional and one non-functional allele
and intermediate TPMT activity, and {c)
homozygous wild-type (normal) individuals with
two functional alleles and normal or high TPMT
a,:r_i-m_-}-_m.zuqzz

Although known TPMT alleles tend to vary
among different ethnic groups, four specific non-
functional alleles have been identified as being
maore prevalent, namely, TPMT*Z, TPMT*34,
TPMT™*3E, and TPMT*IC. It is believed that
these alleles account for between 30% and 93%
of observed decreases in TPMT enzyme activity.
Accordingly, these four alleles tend to be rou-
tinely targeted in most of the genotyping
assays. 32021 In peneral, the most frequently
encountered allele in all populations is TPM T34,
followed by TPMT*3C,%51%23 which is consistent
with the findings of the present study.

The most common TPMT genotype in Caucasian
populations is homozygous for the wild-type
TPMT gene. Several studies have shown that 85—
3% of patients have a wild-type genotype
(93.9% in thiz study). In most populations,
approximately 10% of individuals are heterozy-
gotes and a further 0.3% carry homozygous vari-
ants of the non-functional TPMT alle
les, 14.20.21,24.23 T the present study, none of the
participating patients were identified as being
homozygous for any mutation. TPMT genotyp-
ing has been demonstrated to show high sensitiv-
ity,'%2*20  with reported sensitivities and
specificities of 88.9% (B1.6-97.53%) and 99.2%
(98.4-00 0%, respectively. Comparatively, the
approximate sensitivity and specificity of TPMT
phenotyping are 91.3% (86.4-95.5%) and 92.6%
(86.3-06.6%), respectivaly.'?

Owr study data indicated that 9% of IBI» patients
werg underpoing thiopurine therapy at the time
they were included in the study. This percentage
does not include patients who have used thiopu-
rines before and stopped, or those who did not
use thiopurines at the start of the study. Indeed,
maost of the patients included in the study had not
yet started thiopurine treatment.

With regard to the cost-effectiveness of genotype-
led treatment, very recent data published by
Sluiter ¢t al. showed that genotype-guided thio-
purine treatment in IBD patients reduces the risk
of ADR among patients carrying a TPMT vari-
ant, without increasing overall healthcare costs
and resulting in a quality of life comparable with
that of standard treatment.**

The Clinical Pharmacogenetics Implementation
Consortium {CPIC) has published recommenda-
tions for AZA dosing based on TPM T genotype. In
patients with two functionally active TPMT alleles,
the activity of the TPMT enzyme is in most cases
nommal or high. For these patients, the CPIC rec-
ommends the initiation of AZA therapy at normal
dosage and thereafter adjusting the dose based
on disease-specific puidelines. In heterozygous
patients, TPMT enzyme activity is intermediate,
and these patients are at an increased rsk of AZA-
induced myelosuppression depending on the dose.
The CPIC accordingly recommends that, for het-
erozZypous patients, AZA treatment should be initi-
ated at 30-70% of the target dose and to titrate the
dose based on tolerance. For homozygous patients
with two non-functional TPMT alleles and conse-
quently low TPMT enzyme activity, an alternative
treatment is suggested.!®2! Interestingly, in this
regard, a previous study that sought to determine a
safe dosape of AZA in patients with intermediate
or low TPMT enzyme activity, found that TPMT
cenotyping could facilitate a reduction in adverse
haematological effects by as much as 809% .

Given that TMPT can vary guite extensively,
depending on age, sex, ethnicity, red blood cell
lifespan, red blood cell transfusion, leukemia, and
treatment-related factors, these various factors
should ideally be taken into consideration when
interpreting the results of TPMT activity analy-
geg.*"* In addition, assessments of TPMT activ-
ity may require repeated estimations, as treatment
with AZA itself can induce an increase in TPMT
activity. Similarly, other medications, such as
J-aminosalicylates, can reversibly inhibit TPMT
activity.2?2? Therefore, TPMT penotyping is con-
sidered to be a more precise and reliable method.®
Typically, the overall concordance between
TPMT genotype and phenotype is between 30%
and %3%, although some studies have reported
genotype-phenotype concordance values of
approximately &0-70% iIn patients with low
TPMT activity, whereas those for heterozypous
patients are approximately 70-86%. 1220
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However, even though the identification of TPMWT
genotype and’or phenotype can make a valuable
contribution towards identifying patients with a
higher risk of developing bone marrow toxicity,
additional therapeutic drug monitoring is advised
for those patients on AZA therapy.!! Routine lab-
oratory tests consist of complete blood counts
(CBCs), liver chemistries, platelet counts (PC),
and creatinine clearance. Some authors recom-
mend monitoring CBC and PC at weekly intervals
during the first month of AZA treatment, followed
by twice monthly monitoring during the second
and third months, and monthly checks thereafter.
Furthermore, liver function tests should be per-
formed at 3-monthly intervals. '? If, however, signs
of myelosuppression develop, AZA therapy should
be immediately discontinued.

A recent publication by Ribaldone ¢f al. describes
a meta-analysis investigating the associations
between TPMT polymorphisms and AZA-
induced adverse events in patients with autoim-
mune diseases.? The results showed that TPMWT
polymorphisms were sipnificantly associated with
AFA-induced overall adverse effects, bone mar-
row toxicity, and gastric intolerance. However,
the subgroup analysis according to ethmicity
showed a significant association between TPWT
polymorphisms and AZA-induced bone marrow
toxicity in Asian populations, but not in Caucasian
populations. The authors concluded that TRPWT
polymorphisms can explain a variable proportion
but not all episodes of AZA-related adverse
events, and, furthermore, a normal TPMT geno-
type cannot exclude the development of side
effects.® Thus, TPMT genotyping before starting
AFA therapy cannot replace the current practice
of periodic monitoring of white blood cell count.
However, this is a challenge that requires addi-
tional future research, particularly as some severe
toxicities leading to life-threatening conditions
remain unexplained.

It is important to note that the randomized con-
trolled trial, TOPIC, conducted by Coenen ef al.
showed that pretreatment TPMT genotyping is
also relevant for patients who are heterozygous
for a variant in TPMT, not only for homozygous
carriers of a genetic variant in TPMT.* The
results of the TOPIC trial showed no overall
effect of pretreatment TPMT screening followed
by personalized dosing on hematologic ADRs.
However, in combination with other literature,
the TOPIC study shows that pretreatment TPMWT

screening followed by personalized dosing reduces
the risk of leukopenia in patients carrving a
genetic variant in TPMT and indicates that phar-
macogenetic TPMT testing should be used as
standard care to individualize thiopurine treat-
ment of IBID patients.** Thiopurines still remain
very effective in inducing and maintaining long-
term remission in up to 70% of patients with
IBDD, and it is important to remember that patients
with allelic variants should not be denied the
therapeutic option of AZA, as they may tolerate
this drug. 3!

Conclusion

In conclusion, our results indicate that the fre-
quency of common TPMT alleles is similar to
those of other European populations. In this
study we werified the homozypous wild-type
TPMT*1/*! penotype as the most frequently
encounterad genotype in ulcerative colitis and
Crohn’s disease patients’® groups, and that
TPMT*34 is the most prevalent polymorphism in
the study population. Further, we noted the
absence of both the TPMT*3E polvmorphism
and homozygous variant TPMT genotypes in this
population. To our knowledge, this is the first
study to identify TPMT pene polvmorphisms in
adult IBID patients in Latvia. We recommend that
TPMT genotyping should be prioritized in spe-
cialized IBD centres and risk group patients for
the prediction of thiopurine-induced adverse
drug reactions among IBD patients, and that this
genotyvping should be applied with respect to per-
sonalized therapy. In the future, additional geno-
typing of patients experiencing adverse effects
due to thiopurine treatment will be required to
identify potential pene/allele—dose effects.
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1. Abstract

The mumber of patents with nflammatory bowsl disease (IBDY) is increazing in the
wordwide Thioporine S-methvitransferaze (TPAT) plays a sipnificant role in the metabolism
of thiopurine dmps. Low TPAT activity in body is associated with patholopical thiopurine
drug metabolisms, overproduction of cytotomic metabolites and myelosuppression.

The aim of this smdy and review was to make a comparative TPALT enzyme activity analysis
uzingy TPMT enzyme expreszion determination method in IED patients who are already
taking azathioprine drog therapy, with patients who have not vet begun this therapy: The long-
term aim iz to decrease overall expenses using azathioprine, that could be done if patients
wonld be tested for TERIT expreszion level before smrting therapy with azathioprine, thersby
excluding this therapy for patients with kisher rizk of adverse side effects, reducing medical
expenses reating these side effects.

20 IBD patients (353%% female, n=11; 43% male n=%) data was obtained and analysed. 70 %
of patients (n=14) was diapnosed with uleerative colitis (UC), 20 (n=6) with Crohn's dizease
(CD¥. 73% (p=15) of patients had not previously received azathioprne (Imwuran 30 m).
13%% (p=3) had received azathioprne therapy, bat stopped wsing it because of nepative side
effects like dyspepsia, acute pancreatitis, symptom exacerbation. 107% (n=2) was sl receiving:
azathioprine therapy. Activity of TFMT was low (<5.5 U/mlL) in 10% of patents (n=2),
average (3.6-15.3 U/mL) in 3% (=1}, normal(13.6-44.0 U/mL) in 70% (2=14) and high
(=440 U/mL) in 13% (n=3)

The results of this study and review suggests that the TFMT enzyme activity should be
determined before administering azathioprine drug therapy for patients diagnosed with
mflammatory bowel disease to prevent adverse reactions and evalnating weatment fsks.

2. Eey Words: Inflammatory bowel disease;Azathioprine Myelsstremin Thiopunne
S-moethrd transferace
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3. Introducton

The sprezd of IED patients in the wordd tends to increase. The
treatment of these patients is an important healtheare problem
nowadays, and it has been shown that effective personalized
treatment recduces the sk of disabiity, complicaions and
side effects. Analysing and evaluating dmy metbolism plays a
crucial role in predicting the effectiveness of pharmacotherapy
and in preventing adverse meactions [1]. The Thicpurine drogs
(azathioprine, mercaptoparine and thiopoanine) are mamly osed
in a treatment of amoimnmne diseases [Z]. TPMT is one of
the enzymes essental for the metabolism of thiopurines. Low
TFMT enzyme activity i associaed with abnormal metabolism
of thiopoone dmyg substances, overproduction of cytotoxic
membolites, and reason of myelosuppresion [34]. TPMT
enzyme actvity is repulated by genetic polymeorphizsm It has
been found that about 0,3%% of indrriduals are bomozypous for
TFMT motation, while 11% have a heterozypous allsle vadant
indicating low enzyme activity [1]. Therefiore, the Eritish Mational
Formunlary strongly recommends that the TPAMT enzyme shoukd
be identified prior to sarting thiopurine therapy [3].

4. Matenials and Methods

Al patient’s blood tests were collected in the 5-7 ml. vacutamer
tobes. The samples were centrifuged for 30 minntes after collection
for 15 mimmtes at 1000 rpm at 4 *C. Samples were stored frozen
at -80" C, avokling re-freezing. After collectng blood samples,
a survey was completed. It incndes patient of IBD diapnosiz —
ulcerative eclitis (TUC) or Cronh’s disease (CDY), demopgraphic data
on age, gender; as well as the duration of the disease, the history
of the disease, the nse of medication, intolerance and allerges,
routine blood labommtory tests to assess what could affect TEMT
expression. TPMT expression was determined by the ELISA
uzing the AfyEiofare reagent kit Human TFMT ELISA Eit
(catalogue mumber MBS 33345,

5. Results

All 20 pespondents melnded in the sudy had histologieal
diagnosis of IBD (UC in T0%, n=14; CD in 3%, n=06) Patients
had moderate to severs disease activity according Mavo soore
in UC patients and Crohe’s Disease Activity Index (CDAT) in
Crohn's disease patients 502 of respondents (n=10) were
diagnosed with particular IED for more than 10 vears ago. UC
was diapnosed in B men and & women; CD was more diapnosed
in 5 women and only 1 men

Summmarizing informaton on the nsage of medications, 45% of
respondents (n=0) nsed per aral form of mesalazine; $0% (n=8)
1 combination of mesalazine per oral and suppositories. 73%: of

2019, 1(4: 14

respondents (n=13) have never used azathioprine befors, 15%
(8=3) have used it, bat have stopped aking due to side effects,
while 109 (n=2) used azmthioprine durng the study Patients
who discontimmed doe to adrerse reactions reported side effects
such as gastrointestinal symptoms and acute panereatitis. Patient’s
TFMT expression ranged from 1.4 to 50 U/ml. Al respondents
were divided into TFMT enzyme activity: 10%% (n=I) patients
had low (<55 U/mL) TPMT activity, 5% (n=1) patient had
intermediate (3.6-15.5 U/ml) activity, 70% (n=14) patients
normal (15.6-44.0 U/mlL) and 15% (p=23) patients high (=440
U/ml) TPMT activity

6. Discussion

IED contiomes to spread mpidly, it is a giobal health care and
society problem. Patients with [BD should have early diagnostics
methods and personalised teatment from the eady steps of
dizease Az well Is Important thempeatic drug mronitorng dmg
treatment, as it can decrease fsks of complications and side
effects and improve quality of life. All respondents in our study
had anm age mnge from 22 to 79 years, with an averape age of
42 years. Both Northern Europe and USA, Canada have the
highest prevalence of IED compared to other countries. In these
countres, the disease is most commonly diagnosed in patients
aged 13 to 35 and the average age is 31 years [3]. In contrast, in
otier countries (both in Europe and Asia), the disease is most
commonly diagnosed betwesn the ages of 13 and 45 and the
highest prevalence is found in young people arcund 20 years of
age, but cnly 10-13%% of all patents are aped 60 or over [4].

According to the respondent’s data on the wsage of azathioprine,
most of 73% of patients have not used it, so it would be usefil
to find our the TPMT expression of each individual This would
make it possible to find out if the chosen thempy with one of the
thiopurines will be effective and there will not be side effects. In
countries such as the United States and the United Fingdom, the
level of thiz enzyme is already established poor to mitiaton of
therpy [2, 7).

Cne of the most commonly used methods is the enzymatic assay,
or phenotyping, of TFMT enzyme to measure the activity of
the enzyme i the blood [B]. The results of the TPAT enzyme
actvity test may be influenced by sevenl factors. Ome of them
is a recent blood tansfusion that can produce faElse resulis
Medications wsed before may also reduce the level of this enzyme
in the blood, for example if the patient has taken sulfasalazine,
mesalazine, thiazide, allopurinol, salicylic acid 48 hours before
the test This is why this test is recommended to be repeared
during azathioprine treatment [¥].

Crtagicar: 7alizko T, Therapewss: Dirog Mossmeng of Thiopunine Theapy = Fatients wir® [efie=mamey Bowel Discase
Japanrss Jramal of Gasmenieriogy s Hepamloge 300% 1(£):1-4. 2
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The second approach to determining the amount of TFRIT
in a subject iz genotyping, which determines polymorphizms
in DMA The TFMT penotypes are nsudlly determined uzing
the polymerase chain maction (PCR) method Contiouing oo
research in the furare, it would be interesting to carry out TERLT
pEnotyping in patents with reduced TFALT enzyme activity.

Unlike phenciyping, the penotype test is not affected by external
factors responsible for TPMT coding and does not need to be
repeated during thermpy. The sensitivity of the genotype test
depends on the pumber of polymorphisns required to be detected
[10]. Several mutation varants asyociated with thiopurine tozcity
have been identified The most commeonly found non-finetional
alleles are TPMT * 14 TPMT * 3C and TPMT * 2 [4]. It has
been showm that a patient carrying any of these TFMT alleles
can accunwlate large amounts of &-TGN in the body, which may
exacerbate the side effiects [8].

Most patients with TBD have normal TFMT activity with two
functional alleles, bowever, all patients receiving azathioprine
therapy should be monitored and identified for TPMT
enzyme zctivity [11]. Followng the Clinieal Pharmacopenetics
Implernentation Consortinm (CPIC) for penotype and thiopurine
dosing ~ 1 in 178 to 1 in 3,736 patents has a homozygous
genoitype with two pon-fonctional TPMT alleles, which means
that these patients have low |/ insdequate TPAT enzyme activity
and have severe nsk of myelosuppression during thempy ~
3-14% of the populations are heterozypous, with moderate mzk
of tomicity at J0-60% of therapy, therefore, cantion and lower
doses of medication are needed durng therapy. In fom, 56-87%
are wild-type with two fanetional TPMT alleles and hish levels of
enzyme actvicy [12].

According the inereased risk of toxicity and high treatment eosts,
Pood and Dirug Adnunistration recommends TPMT genotyping
or phenotyping prior to itiation of thiopurine therapy This
allowrs patients to identify an effective starting dose of thiopurine
and, if necessary, to choose other altermative medications [3,15].
CPIC has published recommendations for TPMT genotyping
results based on the nsape of azathioprine, underdining the nesd
to consider medication substitution or a reduction in the dosage
of azathioprine in patients with low or inadequate TPMT activity
214

Determination of TFMT enzyme activity in ITBD patients woukd
be pecessary poor to thiopurne therapy in ccder to prevent
adverse reactions and to evanate the bsk of thenpy

2019, 145 14
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Actrerty

Backgrownd 4 afree Malmutrition s an objective disease activity parameter for patients with inflame-
matcry bowel d sease (IED), particulady Crohn's Disease (CD), and b5 an indicator of lesion expansion or
inflammatery acthvity. Active disease i cormelated with the systemic response of the body's immune
system, activating a hypermet abolic state and protein degradation (Argiles [M, 2015). These conditions
lead to malmetrition, which dgnificantly increases the d<k of impaired clinical outoomes, siuch as delged
recovery or increased mortality (Landi F 2008 Our aim was to jdentify malmstridon parameters. asso-
clated with more promnoen ced me tabelic stanes changes in [BED patients (ie. classified as by low and high
climical activity) as an indjcator of disease activing

Methads: This prospective pilot study inclided hospitalised patients aged 18 years, with anestablished
diagnosts of IBD, with no medical history of surgical interventions 1BD patients were divided into those
wiith bow clinical activity indexes (CD activity indesx |CDAT] <150 for C0 and Mayo <4 for wloerative colitis
| amed s with hdgh climi cal activity indexes | COAI = 150 for CD and Mayo =4 for UC)L Patients were
msessed twice wsing the Nutritional sk Soore (NES2002) and Malntrition Universal Screeming Tool
(MILIST) and 48 body bieelectrical inpedance analysis (BLA) messurements were taken A control group
conssting of heathy age- and sex-matched individeals was wed for comparison

Resulrs: Fifty hispitalised patients (median age, 365 IQR: 285515 years) were enrclled, of which 44%
(= 21)were female and 56% (n = 27) were male. Of these, 48% (n = 23) patients were diagnosed with
(D and 52% (n = 25) with LT The median CDAI was 128 (IQR = 6.0-207.0) amd Mayy S000e wis -d
(IR — LI-B.0). The study group comprised 48% (n — 23) patients with low IED activity and 52% (n — 25)
of patients with high IBD activity. According to the NES2002, 31% (= 15) patients were nutrtonally at
risk and in need of metritional support and an additional 24% (n = 12) had low-risk requinng obseration,
wil thout necessity for additional mutritoenal care. Acconding to the MUST soore, 40% (n = 19) of patients
had & high-risk of malmstrit on requiring a netritonal care plan and 19% (n = 9) were of kew-risk. Overall,
3% (n — 17) of patients received enteral oral feeding and 10 (n — 4) required additional parenteral
feading. The group with low BD activity showed a considerably lower score on both screening tools
(NRS2002 p = 007, MUST p < 0D ) Comparing BIA results between IBD patients and the control
group, the median BM was lower for the CD (2110 [IQR = 192—233)) than for the contral group (23.4
[IQR =21.5—258])(p = 000 4) In addition, visceral fat masswas kwer in OO (4,00 |IQR = ~121 o 5.6))
than in the conirel group (785 |IQR = ~08-182)) (p = AL In termns of deviation frem standard
waight, 39% (n = 8) of CD patients showed reduced Thaody fat, while this was olserved in only 19%
(m = 5) of UC patients. Reduced muscle mass was observed in 48% (n = 11) of CD patients and in 19%
(= 4) of UC patients, while only 13% (n = &) of all IBD patients had reduced BEML

Concliesions: 1BD patients with high disease sctivity indices had a noticeably increased risk for malmu-
trition (acoonding to NES2002 scores), taking inte consideration not only 1BD activity, but alse increased
weight los and loss of appetite. Most CD patients in both the low and high disease activity groups had

* Corresponding authar. Pauls Strading Cinical Unfvers ity Hospital, Pilsanu Strest 13, Riga, IV-1002, Latwia, Fa: <371 6095 387
E=mail add rees: palina zatizlonds tradinil v (P Zalizlo)
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reduction in muscle mass, which was not evaluated in UC patients. ldentification of the reduction in soft
lean muscle mass in CD patients can be uwsed a5 an anticipatory indicator of disease activity
& 2000 Eumpean Society for Clinbcal Nutrition and Metabolism Published by Esevier Lvd. All rights

reserved.

Abbreviations M male
MEF metabolic body fat
BlA bioelectrical impedance analysis MUST Malmutrition Universal Soreening Tool
BMI body mass index MR52002 Mutritonal Risk Score
[un] Crohn's Disease PBF percent body fat
MDAl Crohn's Disease activity index RBC red blood cells
®P C-reactive protein SGA subjective global assessment
F fermale SLM soft lean mass
FFM fat-free mass TBW total body water
HGB haemoglobin uc ulcerative colitis
HTC haematoerit WEBC white blood cells
BD inflammatory bowel disease WHR waist-to-hip droumference ratios
IR interquartile range
1. Introduoct on 2. Materials and methods

Active infammatory bowel disease (IBD) is correlated with the
systemic response of the body's immune system, activating a hyper-
metabolic state and protein degradation |1). These conditions lead to
mal nutrition, which significantly increases the risk ofimpaired dinical
outcomes, such as delayed recovery or increased mortality [2,3 ).

Currently 1BD' has become a global disease, with ineasing
incidence worldwide |4 ). The widespread imeolvement of gastro-
intestinal tract disorders raises particular attention to nutridonal
requirements of 1BD' patients | 3]. Several factors can affect nutri-
tiomal status and promaote the development of malnutrition, such as
the duration and activity of disease. Other components that influ-
ence development of malnutrition indude increased enpergy re-
quirements, reduced nuiriional uptake, reduced break down and
absorption of nutrients, and malabsorption |5].

Malnutrition is assodated with negative clinical outcomes and
higher rates of IBD maortality |6]. Malnourished patients are mare
likely to undergo repeated admissions within 15-day periods and
higher mortality rates in three-years’ time. Patients are atinoreased
risk of complications, which therefore increases length of hospital
stays and treatment costs | 7] Screening in Emergency Units has
shown a prevalence of nutritional risk of 35.3% and 2B 5% accomding
to the screening tools Mutribonal Risk Screening Score 2002
(MR52002) and Malnutrition Universal Soeening Tool (MUST),
respectively. Hence, this raises importance of detecting undemu-
trition as early as possible | 8]

Several screening tools are recommended by the European 5o-
dety of Clinical Mutrition and Metabolism, induding the NRS2002
the MUST for nutridonal assessment in hospital setings |9]. As
reported by review of 83 studies both screening tool performances
were rated fair to well for predicting clinical outcomes in adult
patients | 10]. The identifiation of new metabolic markers, sensi-
tive forearly diagnosis of IBD-induced malnutrition, will be a future
challenge of targeted IBD care.

Our aim of this study was to identify malnutrition parameters
associated with more pronounced metabolic status changes in IBD
patients (i.e. classified as by low and high dinical activity] as an
antidpatory indicator of disease activity.

21. Pabnents

The ESPEN practical guideline: Clinical Mutriion ininflammatory
bowel disease, 2019 emphasizes that for adult 1BD patients, the risk
of malnutrition may be assessed using validated screening tools,
induding both NRS2002 and MUST [5]. Ffty hospitalised patients
were screened using both the NRS2002 and MUST scores [9]. Both
tools were develo ped to assess the nutritional status of patients and
to predict possible outcomes associated with nutritional status. The
MUST assesses three factors, such as the body mass index (BMI), and
weight loss in the past 3—6 months and the severity of illness. The
MR52002 indudes the same guestions but addidonally evalates
nuiridonal intake over the week prior to assessment and adds an
additional point for elderly patients (iLe. aged =75 years). NRS2002
also stratifies diseased patients according to severity of disease|59].
Patients were screened twice if their scores indicated a nutritional
risk on the first assessment. Mone of the patents had any autoim-
mune diseases or surgical interventions in the anamnesis. BD pa-
tientswere divided into two groups with low clinical activity indexes
(DAl <150 for CD and Mayo <4 for UC) and high dinical activity
indexes (A1 =150 for (D and Mayo =4 for UC), and were further
divided into smaller gmups of UC and (D separately (Fiz. 1). The
study was performed in accord ance with the Dedamtion of Helsinki
and was approved by the Medical Ethics committee.

22 Bioelecmical impedance analysis

Bipeledtrical impedance analysis (BIA) was performed for 48
patients at admission day. BIA was not carried out for two patients,
because both were bedridden due to severe exacerbation of ther
underlying illness. The GENILE 2002 (Jawon Medicol Korea) was
used to assess BlIA, and measurements were performed at least 3 h
after eating, as this may reduce small errors in impedance deter-
mination | 11]. The instrument requires patient to be inthe standing
paosition and eight touch electrodes with frequency mnge 5, 50,
250 kHz are used to take measurements. Electrical current pene-
trates tissues in wvarious frequencies based on their different
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IBD patients

{n=50)

Low disease

activity (n=23)

LC patients CD patients
(n=12} {n=11)

High disease
activity (nm27)
/
s
LUC patients CD patiemts
(n=18) {n=11)

Fig 1. Diagram of study flow 80, inflammatary bowe disease; UC, ulcerative colitis, Crohn'’s disease.

electrical features and depending on hydration or nutritional sta-
tus; multifrequency BlA ineases the accuracy of measurements
|12]. The whaole body was measured, by subdividing it into various
segments. Furthermore, weight (kg), BMI, fat-free mass (FPRV) ( kg),
soft lean mass {SLM) (kg L. metabaolic body fat (MBF)( kg), total body
water (TEW) (kg), basal metabolic rate ( kcal), total energy expen-
diture ( kcal), visceral fat (%) were assessed.

23. Control group

We enrolled 58 individuals from the general population as the
control group. BlA was performed if person met theindusion criteria:
age > 18 years 0ld and age-matched to the patient group, with no food
intake =3 h prior to testing, and with no nutritional risks identified
usgng both screening tools (MRS2002 and MUST |, which assured that
the control group did not harbour any active disease that would
interfere with the study results. The contmol group comprised 48 in-
dividuals; the selection ensured appropriate age- and sex-matched
(i.e. with equal male tofemale mto) controls for the study group.

24 Stotistical analysis

For the statistical analysis, we used SPS5 version 22 (IMDE Sto-
osboel Pedoape for the Sociel Scences 22 ), Statistically significance
was set at pvalues <0.05. Data are indicated as median (inter-
quartile range |IQR] 25th-75th percentile} or mean + 5D for nor-
mally distributed data sets The independent sample
Kruskal—Wallis test was used to identify significant statistical dif-
ferences between groups of independent variables, for non-
parametric datasets, and the one-way AMOVA was used for data
with nomnal distribution After a non-paired analysis was camied
out, the Mann-Whitney U test was perfformed to evaluate variance
between pair-matched groups. For related samples, the Wilcoxon
test was used to compare two series of scores in the same group.

3. Results
31 Descripove stabistics

Among the 48 IBD patents induded inthe analysis, 52% (n = 25)
were UC patients and 48% (n = 23) wemr CD patients. Disease

activity was measured by the Mayo score for UC patients with a
median score of 4 (IQR: 1.0—625) and COAl was used for CD pa-
tients with median result of 128 (1QR: 56.0—-207.0). Of the BD pa-
tients, those with a low activity COAl score of <150 for (D or
Mayo-=4 for UC were 48% (n = 23), and high activity COAl = 150 for
CD or Mayo=4 for UC comprised 52% (n = 25) of patients. For 1BD
patients, the median age of the patient BD group was 1 year
younger at 35.5 years (1QR: 27.5—49.8) of those as sessed by BIA. The
median age for the control group was 32,0 years (1QR: 26.0—41.8),
although there was anoticeable age gap compared to patient group,
the pair-matched analysis using the Kruskal-Wallis test, did not
show any statistcally significant difference between these two
gmups (p = 0198 ). Characteristics of the study group are shown in
Table 1.

Table 2 shows the assessment of general laboratory variables,
Patients had several micronutrient deficits, but no statistical rela-
tionship with the sreening tools was identified. Monetheless, pa-
tients who appeared to be in clinical remission and with no signs of
undernutrition could still harboured micronutrient deficts.

32 Nurridonal screening

Of the patients screened, 31% (n = 15) revealed to be in a high-
risk gmoup, 25% (n = 12) had medium-risk, but 44% (n= 21} had low
nutridonal risk according to the NRS2002. The MUST score revealed
nearly inversely proportional values in the high- and medium-risk
gmup: 40% (n = 19) of patents had a high-risk score, while 19%
{n= 9} had a medium-risk of malnutriton (Table 3}

Despite these differences in high- and medium-risk groups, we
observed a strong positive cormelation between both soeening
tools MRS2002 and MUST (Spearman's correlation ooeffident,
rho = 0.85; p <« 0001 ) (Fg. 2}

Previous studies have reported that disease activity significantly
affects nutritional status of patents. An inease in the adtivity
index, increases the risk of malnutrition. We observed a moderate
pasitive correlaton between NR52002 results and disease activity
index (Spearman’s comelation coeffident, rho = 0L577; p < 0001},
but a weakly positive correlation was observed using MUST scores
(Spearman’s correlation coeffident, rho = 0.429; p « 0L001)
(Table 4} We further evaluated whether there weme significant
differences between the risk of undernutrition and disease activity.
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Tahle 1
Desaription of the study group.
Patients (n = 50) Percent
[Hagnosis TS 25 525
a0 23 4851
Qinical activity Asymptamatic E3 45
Mild 15 Iz
Mod erate 11 3y
Severe to Fulminant 1 - 3
Sex Female 149 403
Mal= 29 GlE
Smoker Yiux ] 1742
] 40 43%
Alcohol consumption ] 23 4851
ne a week G 13%
One= a manth 13 ng
Lews than anee 2 maonth [ 13%
{1, Trohn's Disease; U ulcerative cobitis.
Table 2
Comparison of bboraiory tests results of the low and high [BD activity group.
Farameeter Lowr activity group High activity group
Patients {n = 23) Percent % Patients {n = 25) Percent 3
RP (=5 mgT) 4 174 19 761
Almmiin (<35 ) [ 21 5 0%
REC (Malewcd 5 = 107); Femalecd 2 = 10°1) E |1 14 S6%
HIC{ 4R 14 A 15 it
HEB M 130 gll; P < 120 /1) 13 565 10 403
WEC coumtt (=10 = 10721y 4 174 5 0%
Platelet count (»400 = 1070) 5 nr 5 0%
Creatinine (262 pmalil) ] 348 7 F-}-
Creatinine (=11 5 pmalT) 1 43 1 4%
Ghimse {6 mmmmal 1) 1 43 2 oL
Femitin <2 ngfml) -] 348 7 ZRE
(RF, C-reactive protein; RBC red blood cells; M, male; F, female; HIC, haematocrit; HGH, haemog]obin; ‘WEC white blood cells.
Table 3 disease activity (NRS2002 p = 0OL023; MUST p = 0QU03E,
Comparisan of risk groups acarding to the NES2002 and MUET samre Kruskal-Wallis test). In Fig. 3, extreme values are shown, which
Risk group MRS MLET indicate that patients were in dinical remission, but were still at
Highv risk NTm—15 A (1 - 19) risk of undernutrition. This reveals the importance of regular
Mk urm-rik 25 n =127 195 (n =97 seening, even though disease activity might not be high. Differ-
Lowerisk 444 (n = 21) A (n = 20 ences in scores might bedue to gradual weight loss, since the MUST
evaluates weight changes over a 3-6-month period.
Patients at risk formalnutritionwere evaluated twice using both
soeening tools (MRS2002 and MUST) to estimate reduction in
7 undernutriion risk, after receiving clinical feeding. Statistical
1 L] analysis showed a redudction in score measured by the soeening
5 * tools (related sample Wilooxon test, p = 0.020). We should take in
consideration that patients also received treatment that reduced
g’l 4 * disease activity therefore also reducing points scored using the
=3 * L STeening tools.
2 » P Clinical nutrition was administered to 18 patients; enteral oml
feeding was prescribed to 17 of these patients. Additionally, four
le . o patients received parenteral peripheral feeding and one patient
0 & - - was switched to central venous feeding.
0 1 3 3 4 5 & 7 The MRS2002 was used to screen 17 patients in the high-risk
gmup; 88% (n = 15) received dinical feeding and 12% (n= 2) did
MR52002 nat. A slightly lower percentage, 86% (n = 18] of patients received

Fig 2 Spearman’s correlation of MUST amd MESROE:. MREEO00Z, Mhertona] Bk
Smre A2 ; MUET, Malmerition Universal Soeening Tool

A pair-matched analysis revealed a significant difference, among
patients in dinical remission and patents with average scores
(MRS2002 p = 0.001; MUET p =0.026, Kruskal-Wallis test) or high

15986

feeding of the 21 patients whowerein high-risk group based on the
MUST score. Additional information on nutritional status of the
gmups is presented in Table 5

33 Bioelecmicol impedance analysis

Figure 4 reveals normal BMI values were present for most pa-
tients, although an imbalanced body composition with changes in
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Table 4
Spearman s cormelation of activity index: NRSX(2 vs MLUET.
NRENN02 MILET
Activity index rha 0577 44
pvale (L =L
NREN2 rho e
p-vahe ALK
8,00+
£ o] &
= 400 e
S &
o L
ol
-1 o) T T T
Remission Mild Moderate Severe
501
5007
- T
- |
< 30
- I 1

050 1

Mild

Remission Moderate Severe

Fig 1 Sreening tool results sorording to disease achivity Knskal-Wallis test re-
sults d isplayed in boxchart NREXOOZ, Mutritional Risk Sore 2002; MUET, Malmu tritian
Universal Soreening Tool

percent body fat (PBF) and SLM was observed in a large proportion
of patents. This indicated that even though patients have BMI
within normal values, there is a high chance of having imhbalance in
body composition. Therefore, the evaluation of lean mass and PBF is
impaortant.

Figure 5 demonstrates the changes in musde mass from
normal values. Most CD patients presented a reduction in muscle
mass notonly in those patients with high disease activity, but also

Table s
Additional nutrition.

Dlinic! My frition ESPEN $0 (2020 ) 193200

674
e A1%
% .
In% 3% aaw
Exd FIL
i
9%
10%
o

Proogil body Tat Sof lean mass Bl i &3 i

EHomal Undzr W Over

Fig 4 Differences in BIA among patient groops. HA, boslecincd mpadaoe
analyss

in patients with moderate and low disease, which contrasted with
the greater part of UC patients that had normal or inceased
muscle mass. CD patients are more prone to reduction in musde
mass when disease actvity is high. Only few individuals of the
control group (8% |n = 4]) had musde mass under the nomal
values.

To assess the relationship between screening tools and BIA, a
correlation analysis was used In Table 6 the correlation of BIA
values and the results assessed by MUST and NRS2002 is shown. A
weak negative comespondence between BlA results (induding
patient weight, BMI, and %visceral fat) and the MUST score was
found. The MRS2002 Screening tool did not show any significant
relationship with BIA analysis (p = 0.50) (see Table 7]}

Data obtained by BlA was compared to those of the populaton
control group. Statistically important differences were ohserved in
BMI, Evisceral fat, body fat (kg), and hip-waist ratio. Other values
also seemed to vary, but analysis did not show statistically signifi-
cant differences.

Analysis of body composiion demonstmated considerably lower
BMI values (p = 0.014) and Zvisceral fat mass (p = 0,003) in D
patients than in controls. Patents with UC did not show any sta-
tistically significant medudtion of values when compared to the
control group. In contrast, patents with UC showed higher PM in kg
(p= 0046) and inreased waist-hip ratio (p = 0011).

High and low disease activity showed significant differences
across nutritional scoreening scales (Table B). Patients having a high
activity index have a noticeably increased risk for malnutridon,
taking into considemtion not only disease activity, but also
inreased weight loss and loss of appetite.

Nutritional supplement

Contins ane unit

Patients neoe ved

Nutridrink
Fat:116 g
OGH: 371 g
Protein: 125

Cubitan
Fat: 70 g
OGH: 29g

Protein: 1765
8 lral, 1 spoon

Protifr
Fat 16 g
OCGH «<145g

Kahiven

2.4 kcalfml, 125 mi (hottle)

125 kealfml, 200 mi {bottle)

1448 mil 1000 kcal,

=574 (n= 8) 4 bottles/day

- ZR% (n= 4) 3 bottlesday

= 1428 (n = 2} 2 bottles iday
=(m =1} 3 bottles day

«(n = 2) 2 bottles day
=504 {n = 9) 3 spoons/day

=2 X(n=4)

Amiina acids: 456 mil,
Dexrose 788 mil 132

Lipids 204 mil
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Thinderal Mubrition ECPEN 80 (A0 ) 18932500
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Fig. 5 Differences in musde mass in ameng patients in the sample UG ukerathe mlits, Oohn's dissase.

Table &
Comparison of BIA vahes and malnuintion screening smones {WES2 002, MLUSTL
Zale HA
Weight M BMI Visceral Bt
tha P tha P rha P rha P
HEEN02 -0133 050 (M3 LD —L184 =50 -01498 EN TR
MILET -L305 Q003 -4 aing -03x L1 -035 L0
Snenrman’s aorrelation aeffid ent was ussd for the analysic
HIA, bioelsorial impedance analysis; Bl body mass index; SLM, soft lean mas=s.
Table 7
Cnmparison of parameters between the study groups and the contral group.
uC o Gomtral pevalue
One-wary ANOVA
M= + 5D
Weight 58 +151 647 +148 75 +139 [iE )
PBF (%) 241 x49 213 715 218 +99 355
Mhmde mass deviation from nommal 158 ¢ 44 OhEx 11 294 46 143
Fat deviation from normal 48+ 92 13+ 68 184+ 50 1z
K kal-Wallis test
Msdian [IR]
Mausde mass 532 [440-608] 4496 [41.1-573] 558 [429-61.4) 425
Proteins 41.7 [344-472] 347 prz-444) 125 [a6—1214] = (L0
Minerak 430 [38-50] 38[314-47] 433647 nz
W 417 344-472] 347 Bra0-4435] 4371 [334-47. 4] (1454
Baal mestabali sm 13695 [12408-16430] 15030 [1196.00-1607.0] 15145 [12665—1711.8] L
‘Weight deviation from normal A1 [-1.1-14.7] 4.1 [-84-43] 42[-12-122] iz
Mamn-\Witney L test, padr-mabched amal ysis
Median [KR]
WHR 09[0s-04] Q8 [0F-04] LT
TBF (kg) 178 1 213-259] 145 [112-18.6] (L036
Bl 234 haz2-13) 211 [21.5-25.4) P
Visceral fat 1 410 [=12.1=56] 19[-09-182] win4

LIC, ubcerative colitis; (0L, Crohn's Disease; PP, percent body ft; THW, total body water ; WHE, waist-to=hip droimderence ratios; THE. total body fat; BML body mass index

4 Disoussion

Malnutrition can be subdivided into several subtypes, depend-
ing on the causative factor, either disease or a lack of necessary
nutrition. Due to many possible causes, there is a wide definition of

malnutridion and undernutrition

Table &

Comparison of high and low di seame sctivity groups.
Srare High activity Low sctivity Pvaluz
NRS2002 030 L0O0—400] 00 0002100 a7
MILST 200 1.00-300] L0 0001100 L0

making it complicated to
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determine a diagnosis [13] Since it is important to establish an
accurate nutritional status for patients, numemus nutridonal
screening tools have been developed; however, none is considered
the gold standard for nuitritional assessment | 14]. Both screening
tools NRS2002 and MLUST use in this study are recommended by
EPSEN guidelines |9] Our data indicated strong agreement be-
tween both scales on evaluation of the nutritional status of the
patient. Similar agreement was reported by Raupp et al |E].
Mutritional assessment was performed 48 h after admission to
hospital using the NRS2002 and MUST. Both results were compared
to a subjective global assessment (5GA) and they presented a good
agreement in nutriional status evaluaton [ ] However, it has been
pointed out that NRS2002 is more specific, due to scaling of disease
activity, while MUST establishes patients with severe disease by
defining them as “high nutritional risk®™; therefore, it may over-
estimate nutritional risk. Another possible reason for higher scores
obtained by MUST, is that this scale evaluates patients over a longer
period Thus, if weight loss is gmdual, and for example the patient
showed a weight loss of over less than 5% over the previous 3
manths, no points are given by the NES2002. In our study, there
were two extremne values where patients lost weight over a longer
period, hence receiving points by the MUST scale, but not by the
NRS2002.

A previous study by Valentini et al. evaluated the nutritional
status in |[BD patents |15] Their results showed that patients in
remission who seemed well-nourished by screening tools, tended
to have reduced body cell mass, reduced hand grip strength, and
micronutrient defidt. These results indicated that nufritional
deficit ooours in same ratio for UC and CD patients, in contmast to
our data which showed that CD patents were slightly more
affected [15]. Several studies are in agreement with the present
findings, whereby CD patients are in higher nutritional risk thanUC
patients, even in clinical remission |1416,17]. This might be
explained by the involvement of the small bowel, which leads to
impaired absorptive function and loss of nutrdents due to fistulas
|18 | Chronic infammatory processes and lack of physical activity
stimulate musde deterioration, leading to sarcopenia | 113]. In our
study, patients had several micronutrient deficits, but no statistical
relationship with screening tools was found Patients who appear
to be in dinical remission and without signs ofundernutrition may
still hawve micronutrient deficit.

Fatients with UC show better body composition parameters
than (O patients. Sarcopenia in UC patients is more dependent on
disease activity, where change in musde mass correlates with an
increase in the Mayo score. Patients in remission show better body
compasition wvales, additionally for UC patients after colectomy
values have been shown improwe | 19].

Maost patients had a BMl within normal values, while in many
cases a disproportion of body compositon was observed The later
raises the need for a doser investigation of the patient’s nutridonal
status than merely assessment of the BML it has been reported that
BMI has a better correlation with the Fat Mass Index, therefore BMI
is better at predicting body fat mass than musde mass |20]

Mat all patients soreened to be at nutridonal risk received clin-
ical feeding. This was determined at the physician's disoretion,
since some of patents were able to eat nutridonally rich food and
disease activity was controlled adequately with medical thempy,
thus they were not given additional feeding. Patients who received
nutritional support without being in high-risk group, were previ-
ously identified as “nutritionally at risk™; thus, they continued to
receive nutritional support as a part of treatment Mutridonal
management should be defined depending on the patient’s nutri-
tHonal status, and considering necessary requirements of energy
and nutrients, appropriate route of administ@tion to adequately
set goals and duration of treatment to achieve them | 13].

hiniersl Nutrition ESPEN 40 (20230 ) 193200

The BlA showed a statistical cormespondence with the MUST
scale. More significant changes in body composition were observed
in CD patients. Among diseased patients with normal BMIs, an
imbalance in body compositon can be observed, stressing the
importance of broader body compaosition analysis.

In conclusion IBD patients with a high disease actvity index had
a noticeably inreased rsk for malmutrtion (according to the
MRS2002 scale), considering not only IBD actvity, but also
inreased weight loss and loss of appetite. Most (D patents
showed a reduction in muscle mass in both groups with low and
high disease activity, which was not evaluated in UC patients.
Identification of the reduction in muscle mass (soft [ean muscle
mas) in CD patients can be used as an antidpatory indicator of the
disease activity.
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Communicated by Dainis Krievigs

Malnutrition is a common complication of Crohn’s disease (CD) patients and it is correlated with
alterations of the body composition and disease activity. Our prospective pilot study included hos-
pitaksed CD patients, age =18 years. Patienls were assessed using the Nutritional Risk Score
(NRS2002), the Malnutrition Universal Screening Tool (MUST), and body bioelectrical impedance
analysis. Twenty-three hospitalised patients (median age 36.5, interquartile range (IQR):
28.5-51.5 years) were enrolled; the median CD activity index was 128 (IQR = 6.0-207.0). The
study group comprised 48% (n = 11) patients with low CD activity and 52% (n = 12) with high dis-
ease activity. According to NRS2002 and MUST, 70% (n = 16) CD patients had malnutrition risk
and were in need of nutritional support. The median BMI was lower for the CD group
(21.10 [IQR = 19.2-23.3]) than for the control group (23.4 [IQR = 21.5-25.8]) (p = 0.014). In terms
of deviation from standard weight, 39% (n = 9) of CD patients showed reduced % body fat. Re-
duced muscle mass was observed in 48% (n = 11) of CD patients. CD patients with high disease
activity had a noticeably increased risk of malnutrition. Identification of the reduction in soft lean
muscle mass in CD patients can be used as an anticipatory indicator of disease activity.

Key words: inflammatory bowe! disease, Crohn's disease activily index, malnutrition, screening

tools.

INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory bowel dis-
ease {IBD) with periods of activity and remission (Ferre ez
al., 2018). In industrialised countries, IBD has become a
global discase and the incidence of CD has risen signifi-
cantly over the past half century (Levine e7 al., 2020). The
highest reported prevalence values were in Europe — 322
cases per 100 000 (Ng, 2017). Smoking. use of antibiotics,
and diet are potentially preventable risk factors for IBD
(Forbes er al., 2017). CD commonly can lead 10 malnutri-
tion, estimated in 65-75% of patients with CD (Scaldaferri
et al., 2017). and specific nutritional deficiencies, which
may be caused by low dietary intake, changes in metabo-
lism. increased intestinal protein loss, and nutrient malab-
sorption (Jahnsen er al_, 2003; Wedrychowicz er al, 2016).
The nutritional status of IBD patients is frequently altered,

20

even when the disease is in remission. although it is directly
related to the severity of the disease (Back er al.. 2017;
Casanova et al., 2017).

Malnutrition is an objective disease activity parameter for
patients with IBD, particularly CD. and is an indicator of
systemic damage or inflammatory activity. Active disease is
correlated with the systemic response of the body's immune
system, activating a hypermetabolic state and protein degra-
dation, decreasing protein synthesis (Argiles er al., 2015).
These conditions lead to malnutrition, which significamly
increases the risk of impaired clinical outcomes. such as de-
layed recovery or increased mortality (Landi er al.. 2019).
Inadequate body composition and malnutrition have been
associated with poor outcomes, such as a higher frequency
of postoperative complications, longer hospital stays, de-
creased quality of life and higher health costs (Casanova et

Proc. Latvan Acwd Soi, Secton 8, Vol 76 (2022), No. L
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al., 2007). The severity of malnutrition depends on the ac-
tivity, duration and extent of the disease, and inflammatory
response, which drives catabolism (Forbes er al, 2017).

To evaluate malnutrition, basic anthropometry technigues
were used, such as body mass index (BMI) and biochermical
parameters, but they are not accurate enough o estimate
body composition. In a high propomion of IBD patients,
these values may be within normal ranges, while they still
have an aliered body composition. Therefore, bioelectrical
impedance analysis (BIA) is wsed 1o calculate total body
water (TBW), and to estimate fat-free mass (FFM) [lean
meass], muscle and fat mass (Casanova er al, 2007). BIA is
easy, non-invasive, relatively inexpensive and can be per-
formed in almost any subject because it is ponable (Kyle, e
al., 200d). Screening for malnuirition, using screening tools
like the Murritional Risk Screening Score 2002 (NRS2002)
and Malnuirition Universal Screening Tool (MUST), which
are recommended by the European Society of Clinical Nu-
trition and Metaholism, is imporant to identify subjects at
nutritional risk (Kondrop er al., 2003). Referring to recom-
mendations, screening should be performed within the first
2448 h after first contact and thereafter at regular intervals.
For those identified as being at risk by nutritional screening,
nutritional assessment should be provided (Caderholm e
al., 2017).

Recent studies have shown that between 22% and 60% of
patients with IBD have FFM depletion. This is significant
becanse FFM depletion has been associated with negative
outcomes, including major postoperative complications pre-
dicting a small bowel resection, primary non-response (o
antitumor necrosis factor (TNF) agents, and osteopenia.
Traditional nuiritional measurements, like BMI, correlate
poorly with indices of FFM in patients with CD, resulting in
a risk for under recognition and underestimation of the ex-
tent of nutrition depletion when relying only on weight-
based indicators of numritional status (Wood, 2020). Re-
duced muscle mass has been included in the Global Consen-
sus for Diagnosing Malnutrition in Adult Patients (Cede-
holm er al., 2009).

The aim of this study was to analyse body muscle mass
metabolic data in association with Crohn's disease, identify-
ing patients with low and high disease clinical activity.

MATERIALS AND METHODS

This prospective pilot study included twenty-three hospital-
ised patients aged 718 years, with an established diagnosis
of CD and no medical history of surgical interventions. CD
patients were divided into those with low and high clinical
activity indexes, according to the CD activity imdex
(CDATL): low clinical activity index (CDAL < 150) and high
clinical sctivity index (CDAT = 150)

Patients were assessed twice using the Nutritiomal Risk
Score (NRS2002) and Malnwirition Universal Screening

Proc. Latvien dcod. Sct, Secion B Vol Té (D022), Na L.

Tool (MUST), recommended by the European Society of
Clinical Mutrition and Metabolism. The MUST has been
found to have excellent inter-rater reliability, concurrent va-
lidity with other tools, and predictive validity {length of
hospital stay and montality). Iis purpose is o identify indi-
viduals at risk of developing malnutrition based on nuirition
status {BMI and weight loss) and disease-related dysfunc-
tion. NRS2002 contains the nutritional components of
MUST, and in addition, a grading of severity of disease as a
reflection of increased nutritional requirements; its purpose
is 1o identify patients at risk of malnotrition within 48 hours
after hospital admission and to determine those who would
benefit from early nutrition therapy {Kondrup er af., 2003;
Rabito ef al, 2017)

Body bioelectrical impedance analysis (BLA) measurensents
were performed using impedance equipment at least three
hours after eating, as this may reduce small errors in imped-
ance determination (Kyle e al, 2004). The whole body was
measured, by subdividing it into various segments. Further-
more, weight (kg), BMI, far-free mass (FFM) (kg), soft lean
mass (SLM) (kg), metabolic body far (MBF) kg), total
body water (TBW) (kg). basal metabolic rate (kealy, total
energy expenditure (keal), visceral fat (%), and per cent
body fat (PBF) were assessed.

A control group consisting of twenty-three healthy age- and
sex-matched individuals was used for comparison. BLA was
performed if the person met the inclusion criteria: age 718
years old and age-matched to the patient group, with no
food intake 73 hours prior 1o testing, and with o nutritional
risks identified wsing both screening tools (NRS2002 and
MUST). which assured that the control group did not har-
bour any active disease that would interfere with the study
resulis.

Statistical analysis was performed using SPSS version 22
(IMDEB Statistical Package for the Social Sciences 22). Sta-
tistically significance was set at p-values < 0,05, The study
was performed in accordance with the Declaration of Hel-
sinki and was approved by the Medical Ethics Commitiee.

RESULTS

Twenty-three hospitalised patients (median age 36.5, inter-
quartile range (IQR): 28.5-51.5 years) were enrolled, 39%
in =% were fermale and 61% (n = 14) male. The median
CDAI was 128 (IQR = 6.0-207.0). The smudy group com-
prised 48% {n = 11) patients with low CD activity and 52%
in = 12} of patients with high disease activity (Fig. 1)

According o NRS2N2 and MUST, 70% (n = 16) CD pa-
tients were nuiritionally at risk and in need of noiritional
support.  From twelve patients with high disease activity,
02% (n = 11} had a risk of malnutrition, and from eleven
patients with low disease activity, only 45% (n = 5) has a
risk of malnuirition (p = 0.027). Clinical nutrition was &d-
ministered to 11 patients; enteral oral feeding was pre-
scribed to nine of these patients. Additionally, two patients
received parenteral peripheral feeding.

2
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Table |, Companizon of parameiers beiwesn Crohn’s disesse paticnts and the control group

Parumesers l L0 paients | Conirol group pvalus
Waight (kgi 4.7 _14.8 7% _139 0232
PRF (%} 11374 MNE 99 344
Plusc e msss deviation from nonmasl e _3.1 29 44 143
Fat devintion from somsal 1.3_68 15 30 i N i
Muscle mass 4% [41.1-37.3) 355 [42.9-00.4) 424
Proteins 3T ([522-44.4) 125 |S6-13.8] < 0001
Minerals 1A (5447 43 [3.6-4.7] [ el
TEW 3.7 [52.20-44.35) 431 [33.4-47.4) 434
Baszl mashalism L0CAN | 11910 1 6070 15155 1266 5-1711.8) U 4iKY
Weight deviation from normal 4.1 [-8.4-6.3] 421212 102
BNl A 19.2-213) 200 [21.5-24.4) TEY
Wisceral fm % =i [=12.1-4.6] T9|-09-18.2) 003

BMI, body mass imdex: COL Crobn's Disesse: PRFP, percent body fa; TAW, ioml body water

Diata obtained by BIA was compared between the study
group 1o those of the population control group (Table 1)
Statistically important differences were observed in BMI, %
visceral fat and proteins. Other values also seemed to vary,
but analysis did not show statistically significant differ-
ences. The albumin level was determined forl7 patients. of
whom 24% (n = 4) had a reduced albumin level (3 gidl) at
the moment of admission.

Comparing BLA results between CD patients and the control
group, the median BMI was significantly lower for the CD
(201,00 [IQR = 19.2-23 3]) than for the control group (23.4
[IQR = 21.5-25.8]) (p = 0.014). In addition, visceral fat
meass was significantly lower in the CD (.00 [IQR =-12.1
o 5.6]) than in the control group (7.85 [IQR = —09-18.2])
(= 00003). An imbalanced body composition with changes
in PBF and 5LM was observed in a large proportion of pa-
tients. In terms of deviation from standard weight, 39% (n =
9} of CD patients showed reduced PBF. This indicated that
even though patients had BMI within normal valwes, thene
wis a high chance of having imbalance in body composi-
tion. Reduced muscle mass was observed in 485% (n = 11)
of CD patients. CD patients were more prong o reduction in
muscle mass when disease activity is high. Only a few indi-
viduals of the control group had moscle mass under the wor-
meal walves.

]

DISCUSSION

In our sudy, according to NRS2002 and MUST, 7066 CD
patients were nutritionally at risk and in need of nuiritional
support. In a previous sudy (Straton er al, 2004) using
MUST, the prevalence of malnutriion risk ranged from
19-60% in inpatienis and 30% in outpatients. Our resulis
were higher, which can be explained by higher disease ac-
tivity and probably with various nuiritional and metabolic
disturbances. Our data indicated strong agreement berween
both scales on evaluation of the nutritional status of the pa-
tient. Similar agreement has also been reported (Stratton
et al. 200d), where MUST had excellent agreement
(k 0-775-0-893) with MEREC, NRS and SGA wols).

Those identified o be at risk of malnutrtion by using mal-
nutrition screening tools, should be followed by nuiritional
assesament, which will give the basis for the diagnosis, as
well as for further action including nutritional treatment.
Assessment of the nuiritional staus integrates information
on body weight, body height, body mass index tkg.l‘mi}.
body composition and bischemical indices (Cederholm er
al., 2017).

Malnutrition is defined as a subacute or chronic state in
which a combination of negative energy balance and vary-
ing degrees of inflammatory activity has led to changed
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body composition, diminished function, and adverse out-
comes (Cederholm er al, 2017). Malnutrition adversely af-
fects physical and psychological function and impairs a pa-
tients recovery from disease and injury, thereby increasing
morbidity and mortality. Despite being a common problem,
malnutrition is frequently wnrecognised and untreated in
mmany health care settings, including nursing and other care
homes, general practice, and hospital outpatients and inpa-
tients (Stratton er al., 2004).

It has been reported that ileal involvement in CD patienis
plays a relevant role in reducing nutrient absorption (Bales-
trieri et af., 2020). Nutritional deficiencies are self-evidenly
meore likely in patients with CD affecting the small bowel
than in those with isolated colonic disease (Forbes er al,
207).

The severity of malnutrition is dependent on the activity,
duration, and extent of the disease and, in particular, on the
magnitude of the inflammatory systemic response mediated
by pro-inflammatory cytokines such as mmour necrosis fac-
tor {TNFj-a and interleukins-1 and -6, which can increase
catabolism and lead o anorexia (Balestrieri er al_, 20200, In
our study it was confirmed that the patients with higher dis-
ease activity has a higher risk of malnuirition. From twelve
patiends with high disease sctivity, 925% (n = 11) had a risk
of malnutrition, and from eleven patients with low disease
activity, only 45% (n = 5) had a risk of malnutrition. This
difference was statistically significant (p = (U02T).

Detection of reduced body muscle mass has ermerged as a
crucial wariable in nutritional assessment. A progressive and
general loss of bean muscle mass associated with decreased
muscle strength or physical performance has significant im-
pact on quality of life and causes physical disability (Bales-
trieri er all, 20200, A systematic review (Byan e al., 2019)
reported that up to G056 IBD patients have decreased muscle
mass when compared with healthy subjects and a higher
percentage were patients with CD and these patients werne
meore likely o be male (Ryan e al., 2009). In our study, re-
duced muscle mass was observed in 48% of CD patients
and 39% were men. Low lean mass is likely a surrogate
mmarker of ill-health and inadequately controlled disease ac-
tivity, and may be associated with fatigue and reduced qual-
ity of life in patients with IBD. Some siudies have shown
that BMI does not correlate well with lean mass in patients
with IBD, even amongst those in clinical remission. In-
crease of BMI may be related 1o gain in fat mass, funther
masking the underlying lean mass deficit. BMI was shown
to better correlate with far mass than with lean mass. In fact,
a normal BMI was falsely reassuring in 72% of patienis
who were demonstrated 1o have low lean mass (Bryant e
al., 2015).

According to the World Health Organisation standardised
criteria, patients were considered o be well-ngu.rjshsd when
their BMI was berween 18.5 and 245 kgfm™, unda":l:lziglu
or rmalnourished when their BMI was = 15\‘._1 kagfm™, and
overweight when their BMI was 2 25 kg/m”™. According our
resulis, BMI was decreased only in three patients. There-
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fore, the evaluation of BLA parameters is important. Ewvi-
dence shows that reduced muscle mass can also be relabed
to an unchanged or even elevaisd BMI (Balestrier er al_,
2020). Therefore, it is important 1o assess those who are not
visibly malnourished.

In systematic review (Ryan e al, 2019), it was reported
that the serum albumin concentration was significantly
lower in patients with CD compared with controls (2.6 gidl
ve 3.0 gidl: p = 0,002). In another review (Zhang er al,
2017) the estimated mean albumin concentration for pa-
tients at high risk of malnuirition (detected by NRS-2002)
was 342 (95% CI: 3.19, 3.64). This indicates that using al-
burmin with a cut-off of 3.5 g/dl would fail to identify a pro-
portion of the patients diagnosed to be at high risk of mal-
nutrition wsing NRES-2002, not 0 mention those at low
ralnutrition risk. In our smudy. from seventeen patients for
whom the albumin level was determined, only four patienis
had a reduced alburin level (< 3.5 gfdl). Therefore, the sig-
nificance of serum albumin as an indicator of noiritional
status is controversial, becanse the serum albumin level is
affected by intravenous fluids and dehydration (Takaoka e
al., 2018).

Monitoring of anthropometry provides insight into which
patients develop relative deficits in lean mass and therefore
would benefit from nutritional supplementation. The protein
requirement is increased in active disease, and intake should
be increased, but in remission the protein requirements ane
generally not elevated and provision should be similar 1o
that recommended in the general population. In general, no
specific diet needs o be followed during remission phases
{Forbes er al., 2017)

MNutrition or nutrients can be provided orally, via enteral
whe-feeding or as parenteral nuirition 0 prevent or treat
malnutrition in an individualised way (Cederholm er al,
2017). The nutritional care plan is based on the results of
the assessment. This plan should be developed by a
rouliif inerdisciplinary team together with the patient. In our
study, nine patients received enteral and two patients par-
enteral feeding. that was individoalised for each patient
based on nurritional assessment resulis.

COMNCLUSION

CD patients with high disease activity had a noticeably in-
creased risk of malnutrition. 48% of CD patients in both the
low and high disease activity groups had a reduction in
muscle mass. Identification of the reduction in soft lean
muscle mass in CD patients can be used as an indicator of
disease activity.
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KERMENA MUSKULL MASAS METABOLO RADITAIL ANALIZE SAISTIBA AR KRONA SLIMIBAS AKTIVITATI

Kroma slimiba ir hroniska ickaisiga zarmu slimiba ar slimibas akigvitites un remisijas periodiem. [ekaisigas mamo shimibas ir kjuveias par
globil problEmu. Krona shmibas coplatiha sevérojami piesugusi pédéje gadu lagki. Malnutricija ir biedi sastopama kemplikicija Krona
slimibas pacientiem. Ta korele ar slimibos akbvitil un izmaindm kermepa kompoziciji. Pirmaigas kermenga kompozicija ir ssistitas ar
hieFikdm pécoperacijas komplikicijim. ilgiky hospilaliziciju, samazinily deives kvalifili un sugstakim veselibas apriipes izmaksim. 5i
petfjuma meérkis bija analizet kermena kulu masas vielmaipas raditaju sostibo ar Krona slmabo un zemo vai asgsio slimibas aktivitab.
Petjumd iekl]auti 23 bospitalizéti Erona slimibas pacienti vecuma 718 gadi. Paceenti tika moveniéti divas reizes, izmaniojot malnutricijas
skrininga skabes Nutritiomnm! Rigk Scowe (WRS 20020 un Meleutriion Dniversal Screemimg Tool (MUST), ki ar tika veikta kermepa
bicelekiriskis impedances analize. Pétijumd novérots, ka pacientem ar apgstu slimibas akbivitsti bija jevérojami augstks malnutricijas
risks. Lielai dalai (48% ) Krona slimibas pacientu gan ar zemua, gan augstu slimibas aktivitit bija semacringta muskuju mas. Muskoju mases
sumazinijuma noteikizng Krona slimibas pacientiem var pielieiol k3 slimibas aktivitites raditije. Pétijumd konstabéts, ka ne tikad
pacientiem ar samarindiu kermepa masas indekso (KM, bet ad pacientiem ar normilo val pasugstindtn KMI ir sugsts kermena
kompazicijas izmamua risks.
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(57 ) Kopsavilkums:

Izqudrojums attiecas uz panémieniem un vieldm tiopurina metiltransferdzes polimarfismu (TPMT)
noteikanai. PapE@miens TPMT polimorfismu noteikfanai ietver £3dus secigus solus: (i) biclodiska
parauga, kas satur pacienta DNS, nodroSindZana; (ii) pirm3 maisijuma, kas satur DNS mérka sekvences
pavairoSanai un TPMT géna polimorfisma rs1800462 (TPMT*2) noteikSanai pieldgotus praimerus un divas
hidralizes zondes, nodrogindsana; (iii) otrd maisTjuma, kas satur DNS mé&rka sekvences pavairofanai un
TPMT gé&na polimorfisma rs1800460 (TPMT*3B) noteikSanai pieligotus praimerus un divas hidrolizes
zondes, nodrodindsana; (iv) tresd maisijuma, kas satur DNS mérka sekvences pavairoSanai un TPMT géna
polimorfisma rs1142345 (TPMT*3C) noteikianai pieldgotus praimerus un divas hidrolizes zondes,
nodrosindsana; (v) polimerizes kédes reakcijas (PKR) premiksa nodroSindSana; (vi) no biolodiskd
parauga izdalitds DNS un premiksa pievienoSana pirmajam, otrajam un treSajam maisijumam
kvantitativis PKR veikSanai un mérka nukleinskibes amplifikdcijai; (vii) fluorescences mé&risana un TPMT
géna polimorfismu noteikiana, salidzinot amplifikdcijas rezultdtus ar iepriekd zindmajiem
parauglielumiem.
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IZGUDROJUMA APRAKSTS

Tehnikas joma
[001] lzgudrojums attiecas uz panémieniem un vielim tiopufina metiltransferizes polimorfismu

noteikianai.

leprieki8jais tehnikas Tmenis

[002] Tiopurina metiltransferfize (TPMT) ir enzims, kas organismi katalizé S-metilicijas procesu
un nodrodina citostatisku medikamentu metabolizé%anos neakiivd metilétd forma pacientiem, kas
lieto tiopurinu grupas Arstnieciskos ITdzeklus. Meskatoties uz farmakologisko TPMT nozimi
metabolisma, tas funkcija organisma [Tdz galam nav izpétita.

Pastdv vairiki TPMT gengtiski polimorfismi, kas ietekm@ 5 enzima aktivititi un var biit par
iemeslhy tiopurinu grupas medikamentu toksicititei, kura var izraisit cilvEka dzivibai bistamas

blakus reakcijas (piem&ram, mielosupresiju).

[003] Lai izvErtétu tiopurinu grupas medikamentu toksicititi un izvElEtos optimilu medikamentu
devu, ir janoveére TPMT enzima aktivitite, nosakot izplatfitikos TPMT aktivititi ietekmEjofos
polimorfismus visiem pacientiem, kuriem paredzEta terapija ar tiopurinu grupas medikamentiem

{ pleméram, azatioprinu un merkaptopurinu).

[004] Ir zin@ms panémiens TPMT aktivitites analizei in vifro, pielietojot wrothione un/vai

Jukathione koncentricijas noteik3anu cilveka organisma biologiskos Skidrumos (WO20135007666).

[005] Ir zindms panmiens TPMT aktivitites noteikSanai eritrocTtos (WOO03020961) pacientiem
pirms azatiopurina terapijas uzsikianas. PapBmiens ietver pacienta TPMT samroda eritrocitu
parauga inkubdciju, pievienojot pitimam substritam metilgrupas donoru. Inkubdcija notiek
apstiklos, kuros TPMT enzims kataliz reakcijas produktu. MetabolTtus ekstragé ar etilacetitu,

izmantojot Skidrumu hromatogrifijas metodi, nosaka to koncentriciju.

[006] Ir zindms pangmiens TPMT aktivitites noteikfanai, kas ietver sekojofus solus: (i) asins

parauga pievienofana TPMT metildonoram (S-adenczilmetioninam) un references vielai
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{izotopiski marktam TPMT — metilétam TPMT) substritam reakeijas maisTjuma veidoSanai; (ii)
iegilit maisTjumu izdalifana ar organisku SkTdindtdju ekstrahBtas frakeijas veidoSanai, kas satur
references vielu un ieglto metiléto TPMT metabolTtu; (iii) references vielas un metilZta TPMT
metabolita koncentriiciju ekstrahZtajd frakeijd nosaka, izmantojot Skidrurmu hromatogrifiju
tandZma ar masspektrometriju (UST452689).

[007] Jau zindmajiem pan@mieniem ir virkne wrikumu - rezultitus var ietekmét daudzi argji faktori.
Ja pacients sapem medikamentus, kas inhib2 TPMT enzima altivititi, vai pacientam ir ieprieks
veiktas hemotransfiizijas, vai pacients jau lieto kidu no tiopurfnu grupas medikamentiem, tad ar $o

zindmo pangmienu nevar ieglt ticamu rezultdm.

[008] Ir zindms papEmiens TPMT genotipa noteikfanai ar kvantitafivis polimerizes kBdes
reakeijas (PKR) metodi, izmantojot fluorescentds hidrolizes zondes (Marzena Skrzypezak-
Zielinska et.al. 4 Simple Method for TPMT and ITPA Genotyping Using Multiplex HRMA for
Patients Treated with Thiopurine Drugs. - Molecular Diagnosis & Therapy 2016; 2005): 493-499).
Zondes saistds ar kvantitativis PKR pavairotajim DNS kopijam TPMT géna vietds, kas var saturt
polimorfismus. Polimerizei satkelot zondes. tiek emit®ts fluorescents signfils, kas tilik tiek
kvantitafivi izm@ts un, attiecTgi, salidzinot ar references datiem, tiek izdarTti secinf@jumi par
tiopurina metiltransferizes polimorfismu. Aprakstid panémiena galvenais trilkums ir 13 salidzinogi

lielais reaktivu patéring | padizmaksa).

lzgudrojuma izklasts

[009] [zgudrojuma méerkis ir piedivat alternafivu, izmaksu un pat@réti laika zind efekdivu tiopurina
metiltransferizes polimorfismu noteikSanas pap@mienu. lzvirzitais mérkis tiek sasniegts ar
pleddvate papZmienu, kas ietver 38dus solus: (i) biologisku paraugu, kas satur pacienta DNS,
nodrofindSana; (i) pirmd maisTjuma nodrodinddana, kas satur praimerus un divas hidrolizes zondes,
kuras attiecigi ir pieligotas DNS méerka sekvences pavairofanal un TPMT géna polimorfisma
rsl 800462 (TPMT*2 ) noteikianai; (iii) otrd maisTjuma nodrodindSana, kas satur praimerus un divas
hidrolizes zondes, kuras attiecigi ir pieligotas DINS mérka sekvences pavairoSanai un TPMT géna
polimorfisma rs1 800460 (TPMT*3B) noteikSanai: (iv) tre$d maisTiuma nodrodinidana, kas satur

praimerus un divas hidrolizes zondes, kuras attiecigi ir pieligotas DNS mérka sekvences
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pavairoanai un TPMT géna polimorfisma rs1142345 (TPMT*3C) noteikSanai: (v) PKR premiksa
nodrodindsana; (vi) no biologiskd parauga izdalitas DNS un premiksa pievienofana pirmajam,
otrajam un tredajam maisfjumam kvantitativai polimerizes k&des reakeiju (PER) veikSanai un
mérka nukleinskibes PKR amplifikBcijai: (vii) fluorescences mérfSana un TPMT géna
polimorfismu  noteikfana, salidzinot amplifikicijas  rezultitus  ar  ieprickf  zinfmajiem

parauglielumiem.

[010] References laboratorijd veiktis DNS un kvantitativis PKR pozitivo paraugu pirbaude ar
alternativim molekuldrds biologijas metod@m (restrikeijas fragmentu garuma polimorfisma analizi
un alBlspecifisko PKR) pierdda augstu izgudrotiju aprakstitis kvantitafivis PKR metodes
precizititi. Salidzinot ar tuvikajiem analogiem, pledivitais izgudrojums nodrofina Steiku un

izmaksu zind efektivu tiopurina metiliransferizes polimorfismu noteik3am.

[011] Piedavitais panEmiens ir izmantots vairik nekd 250 pacientu DINS paraugu in vitro testBiand
ar Applied Biosystems StepOnePlus analizatoru LU Medicinas fakultdtes Personalizétds medicinas
laboratorija. Salidzinot ar wvike analogu, izgudrojums paredz zemiku hidrolizes zondes
koncentriciju reakecijas maisTjumd, maziku reakeijas tilpumu un ecitu reagentu daudzumu.
Piedavatajd panpfmiend ir lespEjams izmantot dafidu raZotfju Master Miv, kas neietekm@
galarezultitn. Kombingjot daZidu raZotiju standarta reagentus, var iegit ekonomiski izdevigiku
rezultitn. Ar piedivito panEmienu tiek pandkts Striks rezulties Ts3ki PKR laika.

[(012] Saskand ar izgudrojumu TPMT géna polimorfismu noteik3anai tiek piedavars izmantot divus
PKR reakcijas maisTjumu sastivus. Pirmais maisfjuma sastivs satur PKR premiksu (2x), savubdn
otra maisTjuma sastdvi ir salldzinodi 18taks PKR premikss (5x); abu maisTjumu sastivi ir optimizeti
tris TPMT géna polimorfismu noteikSanai: rs1800462 (TPMT#*2), rs1800460 (TPMT*3B),
rs1 142345 (TPMT*3C). PEfjumos ir pierddits, ka mingtis géna polimorfisma variicijas biitiski
samazina TPMT aktivitati, daZos gadijumos pilniba inaktivé enzimu un korelg ar tiopurina grupas

medikamentu toksicitati, kas var izraisit cilvEka dzivibai bistamas blakus reakeijas.

[013] TPMT genotipa noteikfanu veic ar kvantitativo polimerfizes kBdes reakcijas (PKR) metodi,

izmantojot fluorescentds hidrolizes zondes. Zondes saistis ar PKR reakeij pavairotajim DNS
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kopijim TPMT géna vietds, kas var satur@t polimorfismus. Polimerizei safkelot zondes, tiek
emitéts fluorescents signdls. Stobrinus ar PKR reakcijas maisTjumiem ievieto reild laika PKR
iekdrtd un veic kvantitative PKR analizi. Kvantitafivis polimerizes k2des reakeijas metodes

pamatd ir DNS amplifikicija, ko veic termostabila polimerize.

[014] Saskand ar piedivito izgudrojumu DNS pavairofanu veic 40 DNS sintézes ciklos. Reakeijas
eksponenciilajd fazeé ar katru nikamo ciklu DNS daudzums pieaug divas reizes. Katru sintézes
ciklu veido tis reakeijas posmi: DNS denaturicija, praimeru hibridizicija (piesaisfiZands) un DNS

sintéze.

[015] Pirmajd posmd notiek sikotngjd denaturicija jeb DNS komplementiro kE2u atdali3ana un
polimerfzes aktivéiana. 95 °C temperatlri nofrdis OdenraZa saites starp slipekla bizEm un

izveidojas divas vienpavediena DNS kBdes.

[016] Mikamajd posmi notiek praimeru piesaistifanis pie vienpavediena DNS. Praimeri satur
aptuveni 20 — 30 bdzu pirus (vienpavediena DNS frapmentus), turklit katrs no praimeriem
plesaistis savai DNS vienpavediena molekulai t&, lai katrs no savas puses ietvertu pavairojamo
DNS fragmentu. Praimeru sekvence ir specifiski piemérota tam, lai piesaistitos noteiktd DNS
rajond. PiesaisfiZands temperatiira parasti ir 30-63 *C. Kvantitativd PKR arf zondes piesaistis pie

amplificgjamam DNS sekvencim.

[017] Trefajd posmd polimerize sik vienpavediena DNS k&dém komplementiri pievienot
nukleotfidus, pagarinot praimerus atbilstodd fragmenta virziend. SintezBtais DNS fragments ir

matrice nikamajiem sintgzes cikliem.

[018] Saskand ar izgudrojumu, divos reakeijas maisTjumos tiek izmantotas hidrolizes zondes -
oligonukleotidi, kuru molekulas 5° gald ir kovalenti piesaistita fluoriscgjoSa viela, bet molekulas
otrajd — 3" gald, - fluorescences dzEsjs (quencher) — molekula-akceptors, uz kuru tiek pirnesta
rezonanses energijas no tuvumi esodd fluorofora. Kvantitafivajd PKR reakeijd zonde piesaistis pie
amplificgjami DNS fragmenta un tiek safkelta (hidrolizEta), polimerizei virzoties pa matrices DNS

un sastopot celd zondi.
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19] Zondei hidrolizgjoties, fluorofors atikelas no energijas akceptora, t8d€] fluorescence strauji
pieaug. PKR produkta sintdzes gaitd proporcionili pieang nesaistiu fluorescgjosSu molekulu skaits

un ir vErojams kopEjais FI pieaugums, ko fikse PKR iekirtas sensors.

lzgudrojuma Tstenodanas piemeri
[020] Saskand ar vElamo izgudrojuma izpausmi, maisTjumu komponenti pirmajam PKR reakeijas

maisTjurnam tiek izveEletas $5dos daudzumos:

qPKR premikss  (2x) Sl

zonde un praimeri 0,125 pl

H:O 4l

DNS I pl (3100 ng)
Kopd 10,125 pl.

[021] Pirma PKR maisTjuma sastavi ir komerciili pieejams PKR premikss jeb Masrer Mix (5 pl),
kas satur visus vajadzigos komponentus kvantitative PKR reakeiju veikSanai (pieméram, TagMan
). Buferfkiduma (2x) sastivs ar hidrolizes zond&m ir optimiz&ts viena nukleotida polimorfismu
noteikianai. Ta sastiva ietilpst DNS polimerdze, dNTP, pasivis references krfisa un cit optimizét
paligkomponenti (MgCla, NaM;, glicerins). Reakcijas maisijumi ir komercidli pieejams ard
hidrolizes zonZu un praimeru maisfjums (0,125 pl), kord ietilpst praimeru paris mérksekvences
pavairofanai (katrs praimeris 18 pM koncentricija) un divas hidrolfzes zondes, no kurim viena
saistis ar polimorfismu nesaturofu mérksekvenci, bet otra — ar DNS, kas satur vienu no trim
nosakimajiem polimorfismiem. Maisfjumd zondes ir 4 pM koncentricijd, to 5° gald ir reportieris
~ fluorofors FAM vai WIC, bet 3"gald fluorescences rezonanses energijas akceptors jeb dzgsg)s

TAMBRA. MaisTjuma sastivi ir arf idens bez nukleizém un DNS matricas.

[022] MaisTjumu komponenti otrajam PER reakcijas maisTjumam tiek izvel8tas Sidos daudzumos:
qPKR premikss (5x) 2l

zonde un praimeri 0,125 pl

H:0 Tul

DNS I pl (3100 ng)
Kopd 10,125 pl.
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[023] Otrd maisTjuma sastava ir komerciili pieejams PKR premikss jeb Masrer Mix (2 pl), kas satur
visus vajadzigos komponentus kvantitatfive PKR reakeiju veik3anai ar DNS hidrolizes zond&m
{piem@ram. SolisByodine ®). Tas ir piem&rotas darbam gan ar parastim, gan ar AT vai GC
baghtim mérksekvencim. Buferikidums (5x) samr DNS polimerazi, dNTP/AUTP (bez UNG), 15
mh MgClz un ROX pasivo references krisu.

[024] Otrajd PKR maisTjuma tiek izmantots komerciili pieejams hidrolizes zondu un praimeru
maisTjums (0,125 pl), kurd ietilpst praimeru piris mérksekvences pavairofanai (katrs praimeris 18
puM koncentricija) un divas hidrolizes zondes, no kurim viena saistis ar polimorfismu nesamroSu
mérksekvenci, bet otra — pie DNS, kas satur vienu no trim nosakimajiem polimorfismiem.
MaisTjumi zondes ir 4 pM koncentricijd, to 5° gald ir reportieris - fluorofors FAM vai VIC,
bet3zald - fluorescences rezonanses energijas akceptors jeb dzgsgjs TAMRA. MaisTjuma sastivi
ir ari lidens bez nuklefizém un DNS matricas.

[025] Saskand ar izgudrojumu, polimerizes kides reakcijas veikSanai tiek izvEl2ti 55di reZimi:

Programmas solis Temperatiira Laiks
SakomEjd denamrdcija un polimerizes 95 °C 10 min
aktivEiana
DNS denaturicija 92°C 158

40 cikli
Praimeru hibridizicija un DNS sintéze 60 °C 6l s
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PRETENZIJIAS

1. Panémiens tiopurina metiltransferizes (TPMT) polimorfismu noteikZanai, kas ietver 5adus
secigus solus:

(1) biologisku paraugu, kas samr pacienta DN S, nodrodindSanu;

(i) pirmi maisTjuma nodrofindanu, kas satur praimerus un divas hidrolizes zondes, kurf attiecigi
ir pieligotas DNS mérka sekvences pavairoianai un TPMT géna polimorfisma rsl 800462
(TPMT*2) noteikSanai;

(1) otrd maisTjuma nodrodinfSanu, kas satur praimerus un divas hidrolizes zondes, kurd attiecigi ir
pieldgotas DNS mérka sekvences pavairofanai un TPMT géna polimorfisma rs1800460
{TPMT*3B) noteiksanai;

{iv) tre3d maisTjuma nodrofindSanu, kas satur praimerus un divas hidrolizes zondes, kurS attiecigi
ir pieligotas DNS mérka sekvences pavairofanai un TPMT géna polimorfisma rsl 142345
{TPMT*3C) noteiksanai;

{v) polimerizes kEdes reakcijas premiksa nodrofiniSanu:

{vi) no biologiskd parauga izdalita DNS un premiksa pievienofanu pirmajam, otrajam un trefajam
maisTjumam kvantitativai polimerizes kBdes reakeiju (PKR) veikSanai un merka nukleinskibes
PER amplifikicijai;

(vii) fluorescences mérfanu un TPMT géna polimorfisma noteikZanu, salidzinot amplifikicijas

rezultitus ar ieprickd zinmajiem parauglielumiem.

2. PanBmiens saskand ar 1.pretenziju, turkldt pirmd maisfjuma komponenti tiek izveleti $5dos
davdzumos: PKR premikss (2x) - 5 pl, hidrolizes zonde un praimeri — 0,125 pl, H2O - 4pl; turklat
pacienta DNS, kas izdalfta no biologiskd parauga, tiek 1zveu 35d3 daudzuma: 1 pl (3-100 ng).

3. PapBmiens saskand ar 1. vai 2. pretenziju, turk]st otrd maisfjuma komponenti tiek izvElgti $3dos

davdzumos: PKR premikss (5x) - 2 ul, hidrolizes zonde un praimeri — 0,1235pl, HxO — 7 pl; turklat
pacienta DNS, kas izdallts no biologiskd parauga, tiek izvElEta 25d3 daudzum: 1 pl (3-100 ng).
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4. Panémiens saskand ar jebkuru no iepriekimingtajim pretenzijam, turklar kvantitativis

polimerizes kEdes reakcijas veikSanai tiek izvElet $5di reFTmi:

Programmas solis Temperatiira

Laiks

Sikotngjd denaturicija un polimerizes aktivéiana | 95 °C

10 miniites

DNS denaturdcija 02=C

15 sekundes

Praimeru hibridiz3cija un DNS sintéze 6 = C

60 sekundes

40 cikli
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Central medicine ethical permission

Centrala medicinas étikas komiteja

Brivibas iela 72. Riga. LV-1011  Tilr. 67876182 e Fakss 67876071 e E-pasts: vmia vm.gov.lv
Riga

21.02.2018. Nr.3/18-02-21
Latvijas Universitates Medicinas fakultatei

Atzinums par pétijumu

"Unificéta terapeitiska =afu uzraudzibas modela izveide pacientiem
ar iekaisigam zarnu slimibam, pielietojot imunologiskas.
molekularas biologijas un morfologijas metodes”

Centrila medicinas &tikas komiteja 2018.gada 18 janvari ir
izskatijusi Latvijas Universitates Medicinas fakultates iesniegto pétijumu
"Unificéta terapeitiska =alu uzraudzibas modela izveide pacientiem ar
iekaisigam zarmu slimibam. pielietojot inumologiskas, molekularas
biologijas un morfologijas metodes".

Pamatojoties uz Centrilas medicinas &tikas komitejas 2018.gada
18janvara sédes protokola Nr.2018-1 punktu Nr.3 un iesniegtajiem
labojumiem, tiek izsniegts atzinums, ka Latvijas Universitates Medicinas
fakultdtes iesniegtais pétijums "Unificéta terapeitiska zalu uzraudzibas
modela izveide pacientiem ar iekaisigam zarmu slimibam, pielietojot
imunologiskas, molekularas biologijas wn morfologijas metodes” nav
pretrund ar bio@tikas normam.

Centralas medicinas étikas

komitejas loceklis E.Strautind

Strautind, 67876190
Edgars, Strautins@vm.gov.Iv

121



Genome research council permission

Genoma izpétes padome

Ritsupltes icla 1 k-1, Riga. LV-1067 o Talr. 67473083 « E-pasts: genoma.padome@biomed.lu.lv
Riga

15.03.2019. Nr.A-5/19-03-15

Latvijas Universitates,
Medicinas fakultates,
Doktorantei Polinai Zalizko,

Atzinums par pétijumu: "Unificéta terapeitiska zaju wzraudzibas modela izveide
pacientiem ar iekaisigam zarnu slimibam, pielietojor imunologiskas, molekulards
biologijas un morfologiskas metodes

Genoma izpétes padome izskatija Latvijas Universitites, Medicinas
Fakultates doktorantes Polinas Zalizko iesniegumu par p&tTjumu "Unificéta
terapeitiska zalu uzraudzibas modela izveide pacientiem ar iekaisigam
zarnu slimibam, pielietojot imunologiskas, molekularas biologijas un
morfologiskas merodes".

Pamatojoties uz Genoma izpétes padomes locek|u balsojumu. tiek
izsniegts atzinums, ka Genoma izpétes padome atbalsta Latvijas
Universitates, Medicinas Fakultites doktorantes Polinas Zalizko pétijuma
"Unificéta terapeitiska zafu wzraudzibas modeja izveide pacientiem ar
iekaisigam zarnu slimibam, pielietojor imunologiskas, molekularas
biologifas un morfologiskas metodes" TstenoSanu,

Genoma izpétes padomes "
Priek3s€d@tdja vietniece : L Z.Daneberga

Rovite, 67473083
vita.rovite’@ biomed.u.lv
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Pauls Stradin$ Clinical University Hospital Ethical permission

Paula Stradina kliniskas universitites slimnicas
Attistibas biedribas
KLINISKAS IZPETES ETIKAS KOMITEJA

Darbojas saskana ar SHK LKP un vietéjam normativajam prasibam
ATZINUMS Nr. 210617 - 7L

1. Protokola nosaukums: Jauna terapeitiskas zilu uzraudzibas modela izveide pacientiem
ar iekaisigim zarnu slimibim.

2. Pétijuma protokola numurs: n/a

3. Atbildigais pétnicks un pétijuma centra adrese:
Dr. Aldis Pukitis — Paula Stradina Kliniska universitates slimnica, Gastroenterologijas,
hepatologijas un uztura terapijas centrs, Pilsonu iela 13, Riga, LV-1002, Latvija.

4. lzskatitie un apstiprinitie dokumenti:

4.1. Pétnieku CV

4.2, Pétijuma pieteikums ar protokolu

4.3, Pétijuma informdcijas lapa latvie$u un krievu valodas
4.4. Pacienta piekridanas lapa latvieSu un krievu valodas.

5. Etikas komitejas atzinums — pozitivs

6. Etikas komitejas locekli, kuri piedalijis balsoSana:

lize Aizsilniece - gimenes arsts Juris Pokrotnieks — gastroenterologs
Dainis Krievins — asinsvadu kirurgs  Inga Vigante — filologs

Biruta Kupéa ~ psihiatrs Péteris Ersts — jurists

Santa Purvipa — farmakologs Daina Biseniece — kKimike

7. Etikas komitejas datums: 2017. gada 21. janijs.

{
Etikas komitejas priekSsédétajs /"‘ ( e Péteris Stradind
/ 7

Paula Stradipa klinisk&s universitdtes slimnicas Attistibas biedriba
Pilsonu 13, Riga, LV- 1002, Tel. +371 26380035 fakss +371 67069946; E — pasts: etikas-komiteja@stradini.lv
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