Streszczenie

Rozpowszechnienie problemu otytosci i choréb metabolicznych zwigkszyto intensywnos¢ prac
majacych na celu zidentyfikowanie czynnikéw odpowiedzialnych za utrzymanie homeostazy
energetycznej organizmu. Korzystny wptyw wysitku fizycznego na zapobieganie otytosci jest
bezsporny. Wykazano takze inne niezalezne funkcje wysitku fizycznego — zapobieganie
cukrzycy typu 2, chorobom sercowo-naczyniowym, chorobom neurologicznym i
psychiatrycznym. Poszukiwania tgczace skurcz miesni szkieletowych z tak plejotropowym
dziataniem przyniost odkrycie czasteczek o wihasciwosciach cytokin zwanych miokinami.
Wsrod biatek regulatorowych wytwarzanych i wydzielanych z kurczacych si¢ mig$ni opisano
m.in. iryzyne (Ir). Zidentyfikowana w 2012 r. Ir budzi zainteresowanie z uwagi na swa
wiasciwo$¢ zwigkszania ilosci metabolicznie korzystnej, brunatnej tkanki thuszczowej, wydaje
si¢ by¢ wigc waznym czynnikiem w aspekcie zwalczania chorob zwigzanych z otytoscia.
Tkanka tluszczowa wraz z tkankg mig$niowa biorg udzial w utrzymaniu réwnowagi
energetycznej. Biata tkanka tluszczowa (WAT) spelnia rol¢ magazynujacg oraz wydziela
szereg adipokin. Innym rodzajem tkanki tluszczowej, ktdra w ostatnim czasie, ze wzgledu na
swoja funkcje stanowi przedmiot wielu prac jest brunatna tkanka tluszczowa (BAT).
Charakterystyczny dla BAT jest wykorzystanie procesu termogenezy bezdrzeniowej, dzigki
ktéremu energia przekierowana jest z fancucha oddechowego w kierunku wytwarzania ciepla.
Jednym z regulatoréw roznicowania i aktywnosci BAT jest iryzyna.

Celem podjetej pracy bylo zbadanie hormonalnej regulacji stgzenia Ir w stanach patologii,
wplywu zaburzen metabolicznych na regulacje jej wydzielania oraz mozliwos$ci zastosowania
Ir jako wskazZnika zaburzen metabolicznych.

W pracy pogladowej opublikowanej w czasopiSmie Postepy Higieny i Medycyny
Doswiadczalnej (Pukajto K. et al. Iryzyna — nowy mediator homeostazy energetycznej.
PHiMD, 2015) przedstawiono szczegdétowo budowe i funkcje nowoodkrytej miokiny — iryzyny.
Ir jest 112 - 123 aminokwasowym fragmentem domeny zewnatrzkomérkowej biatka FNDCS5
(FRCP2 i PeP) o masie czasteczkowej szacowanej na 12 kDa. W warunkach fizjologicznych Ir
uwalniana jest z FNDCS5 pod wplywem aktywnosci fizycznej i PGC-1a, odpowiada za proces
brazowienia WAT, a dokladniej na pojawienie si¢ komorek BAT miedzy adipocytami WAT.
Przedyskutowano niejednoznaczne dane na temat wptywu wysitku fizycznego na zwigkszenie
stezenia Ir w réznych grupach pacjentéw zwracajagc uwage na role modelu treningu oraz
wczesniejszego poziomu wytreniowania. W tym aspekcie powstaje pytanie o wytonienie tych

grup osob, ktorym aktywno$¢ fizyczna przyniesie korzy$¢ w zakresie parametréw



metabolicznych. Przedstawiono takze liczne doniesienia na temat roli Ir w redukcji masy ciata,
jej obecno$ci w otytosci 1 zaburzeniach metabolicznych. Z jednej strony wykazano negatywny
zwigzek Ir z BMI oraz mniejsze st¢zenie Ir u osob otylych i z cukrzyca typu 2, co moze
wskazywaé utrate przez te osoby mozliwosci zwigzanych z ,brgzowieniem” tkanki
tluszczowej. Z drugiej strony zwigkszone stezenie Ir u oséb otylych, z wigksza zawartoscig
tkanki thuszczowej i z zespotem metabolicznym moze sugerowac istnienie iryzynoopornosci.
Ponadto zarysowano inne mozliwe korzysci zwigzane z pozytywnym wptywem Ir na uktad
nerwowy.

Wplyw zaburzen metabolicznych, zwigzanych z jednym z czgstszych endokrynopatii —
zespotem policystycznych jajnikow (PCOS), na stezenie Ir zostal przedstawiony w pracy
opublikowanej w Gynecological Endocrinology (Pukajlo et al. Irisin plasma concentration in
PCOS and healthy subjects is related to body fat content and android fat distribution. Gynecol
Endocrinol, 2015). Badana grupa sktadata si¢ z 179 pacjentek z PCOS 1 grupy kontrolnej 122
zdrowych kobiet w wieku od 20 do 35 lat. Nie wykazano istotnej statystycznie réznicy w
stezeniu Ir u pacjentek z PCOS i w grupie kontrolne;.

Wytoniono 90 osobowa grup¢ spetniajace kryteria zespotu metabolicznego. Stwierdzono
pozytywny zwigzek miedzy stezeniem Ir a zespotem metabolicznym w catej badanej grupie
oraz w grupie kontrolnej. Opisano takze dodatni zwigzek migdzy st¢zeniem glukozy na czczo 1
Ir w calej badanej grupie oraz u kobiet z PCOS. W catej badanej grupie stezenie Ir w surowicy
krwi otytych kobiet (BMI > 29) réznito si¢ znaczaco w poréwnaniu do grupy osob z prawidlowsa
masg ciata (BMI < 25). Pacjentki z wysoka zawarto$cig tkanki tluszczowej (> 40%)
wykazywaty istotnie statystycznie wyzsze st¢zenie Ir w poréwnaniu do kobiet z niska
zawartos$cig tkanki thuszczowej (< 30%) w calej grupie, podobng zalezno$¢ odnotowano takze
w grupie kontrolnej.

Wyniki opublikowanych badan potwierdzaja hipotez¢ o ochronnym wplywie Ir w
otylosci, z drugiej strony mogg takze sugerowac istnienie zjawiska iryzynoopornos$ci. Stezenie
Ir w surowicy krwi ma zwigzek z zawartoscig tkanki tluszczowej co moze potwierdzad
przypuszczenia, ze uwalniana jest takze z WAT, w zwiazku z tym traktowana jest jako
adipomiokina. Ponadto, wyniki badan wskazuja, Ze pod wzgledem st¢zenia Ir w surowicy krwi
pacjentki z PCOS nie r6znig si¢ od populacji zdrowych kobiet.

W celu zbadania wptywu GH na regulacj¢ wydzielania Ir w aspekcie jej roli w procesach
metabolicznych przeprowadzono badania w 36-osobowej grupie dziewczat z zespotem Turnera
(TS- Turner syndrome) w wieku od 3.2 do 16.07 lat (Srednia wieku 8.2 lata) leczonych

rekombinowanym hormonem wzrostu w dawkach suprafizjologicznych (rhGH; 0.05
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mg/kg/dobe). U pacjentek leczonych thGH wystapit istotny statystycznie wzrost stezenia IGF-
1, stwierdzono takze wzrost st¢zenia Ir. Nie wykazano natomiast zalezno$ci migedzy st¢zeniem
Ir i IGF-1 przed ani w trakcie leczenia thGH. Terapia thGH miata wptyw na wyrost HOMA-
IR oraz stezeniem insuliny na czczo (FIC). Na koniec obserwacji wykazano ujemng korelacje
Ir z FIC, glukoza na czczo (FPG) oraz HOMA-IR. Stezenie LDL-cholesterolu ulegto obnizeniu,
zanotowano jednak wzrost stezenia. Zmniejszenie stg¢zenia catkowitego cholesterolu zblizato
si¢ do istotnosci statystycznej. Przeprowadzone badania ujawnily istotng poprawe funkcji
komorki f.

Wyniki powyzszych badan, ktéore opublikowano w czasopismie Hormone and
Metabolic Researches (Wikiera B., Zawadzka K. et al. Growth hormone treatment increases
plasma irisin concentration in patients with Turner syndrome. Horm Metab Res) wskazuja na
posredni wplyw leczenia hormonem wzrostu na zwigkszenie st¢zenia Ir. Mimo, ze terapia thGH
skutkuje zwigkszeniem insulinoopornosci ma pozytywny wptyw na regulacj¢ st¢zenia iryzyny,

przywraca warunki fizjologicznej regulacji gospodarki weglowodanowej i lipidowe;.



Summary

Due to the prevalence of obesity and metabolic diseases, the intensity of research aimed
at identifying the factors responsible for maintaining energy homeostasis of the organism has
significantly increased recently. The beneficial effect of physical activity to prevent obesity was
found to be indisputable. Research also revealed other independent health benefits of
exercising, such as the prevention of type 2 diabetes, cardiovascular diseases, or neurological
and psychiatric disorders. The study linking skeletal muscle contraction with its pleiotropic
effect brought the discovery of molecules exhibiting the properties of cytokines called
myokines. Numerous regulatory proteins produced and secreted from shrinking the muscles
have been described, including the angiopoietin-related protein 4 (ANGPTL4), fibroblast
growth factor 21 (FGF21), IL-6, IL-7, IL-15, myonectin, myostatin (MSTN), vascular
endothelial growth factor (VEGF), follistatin and many others. Irisin (Ir), identified in 2012, is
of particular interest due to its property of increasing the amount of metabolically favorable
brown adipose tissue, and as such is considered an important factor in the control of diseases
associated with obesity.

Adipose tissue and skeletal muscle are involved in maintaining the energy homeostasis.

White adipose tissue (WAT) acts as an energy storage and releases a variety of adipokines,
including leptin, adiponectin, resistin, visfatin, vaspin, omentin, tumor necrosis factor (TNF-
a), interleukin-6 (IL-6), and the peroxisome proliferation activator receptor y (PPAR-y).
Another type of fat tissue which, due of its function, has been the subject of numerous
publications recently, is the brown adipose tissue (BAT). A mechanism characteristic for BAT
is the nonshivering thermogenesis process, in which the energy is diverted from the respiratory
chain as heat.

One of the regulators of differentiation and activity of BAT is irisin.

The aim of the study was to examine the hormonal regulation of Ir concentration in
pathological states, the impact of metabolic disorders on the control of its secretion and the

possibility of using Ir as an indicator of metabolic disturbances.

In terms of preventing obesity and metabolic disorders, the discovery of beige adipose
tissue was deemed promising. It turned out that under certain environmental factors (such as
exposure to low temperatures) and Ir released from the muscle tissue, beige fat cells (brite,

brown-in-white) appear among the WAT cells. Beige fat cells are structurally similar to brown



adipocytes and perform similar functions. In the beige fat cells, the expression of the BAT
genes (UCP1, Cide, PGC1) can be observed, although they stem from a different cell

precursor.

In the review paper published in the Advances in Hygiene and Experimental Medicine
journal (Pukajto K. et al. Irisin - @ new mediator of energy homeostasis. PHMD, 2015), the
structure and function of irisin, the newly discovered myokine, was shown in detail. This is
the first work on the subject coming from a Polish scientific institution.

Irisin is the 112 - 123 amino acid fragment of the extracellular domain of the FNDC5
protein (FRCP2 and PEP) with an estimated molecular weight of 12 kDa. Under physiological
conditions, Ir is released from FNDCS5 as the result of physical activity with PGC-1a as the
coactivator of the process. It is responsible for the “browning” process of WAT, namely the
appearance of BAT cells between the WAT adipocytes.

Ambiguous data regarding the impact of physical activity on increasing the Ir
concentration in different groups of patients were discussed. The role of the training model
and previous activity level were taken into account. In this aspect, the question arises about
selecting such groups of people, for whom physical activity will benefit in the terms of
metabolic parameters.

Numerous reports on the role of Ir in weight reduction, its presence in obesity and
metabolic disorders were also presented. On the one hand, a negative relationship between Ir
and BMI and lower Ir concentration in obese patients and with type 2 diabetes were shown,
which may indicate the loss of beneficial effects associated with the "browning" of adipose
tissue in these individuals. On the other hand, increased concentrations of Ir in obese subjects
exhibiting a higher content of fat and the metabolic syndrome may suggest the emergence of
irisin-resistance. Furthermore, other possible benefits associated with a positive effect of Ir on

the nervous system were outlined.

The impact of metabolic disorders associated with one of the most common
endocrinopathies, the polycystic ovary syndrome (PCOS), on Ir concentration was presented
in a paper published in Gynecological Endocrinology (Pukajlo et al. Irisin plasma
concentration in PCOS and healthy subjects is related to body fat content and android fat
distribution. Gynecol Endocrinol, 2015). PCOS may incline towards the development of
metabolic syndrome and related diseases, such as coronary heart disease or type 2 diabetes.

The study group consisted of 179 patients with PCOS and a control group of 122 healthy
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women aged 20 through 35. Measurements of irisin were performed using an enzyme
immunoassay (Phoenix Pharmaceutical, USA). Fasting concentrations of glucose, insulin,
testosterone, estradiol, lipids and liver enzymes were measured. The content of fat tissue was
described by the means of densitometry. No statistically significant difference in Ir
concentration was observed between the PCOS patients and the control group (544 + 767 ng
/ml vs. 508 + 522 ng / ml).

90 patients who met the criteria of metabolic syndrome were selected. A positive
relationship was found between the Ir concentration and the presence of metabolic syndrome
in both, the whole group (p = 0.035) and in the control group (p = 0.049). A positive relationship
between Ir and fasting glucose levels in the whole group (p = 0.016) and in women with PCOS
(p = 0.027) was also described. In the whole group, Ir concentration in the serum of obese
women (BMI > 29) differed significantly compared with a group with a normal body weight
(BMI < 25; p = 0.0035). Patients with a high content of fat (> 40%) showed a significantly
higher concentration of Ir (1004 + 1003 ng/ml) in comparison with women with low fat content
(< 30%) (618 £ 782 ng/ml) in the whole group, similar relationship was noted in the control
group (1148 + 1068 ng/ml vs. 492 + 338 ng/ml).

Additionally, a group of 16 metabolically obese but normal weight (MONW) patients
was selected according to the criteria for the Polish population (android fat > 30.2%). 13 of the
MONW patients belonged to the group with PCOS, where Ir concentration was negatively
associated with abdominal fat. The concentration of Ir in MONW patients was lower in
comparison with non-MONW patients in the whole group and in the group of patients with
PCOS.

The results of published studies confirm the hypothesis of a protective impact of Ir in
the case of obesity, on the other hand it may also suggest the existence of an irisin-resistance
phenomenon. Ir concentration in the serum is associated with body fat, possibly supporting the
hypothesis that it is also released from WAT, and is therefore regarded as an adipomyokine. In
addition, the results indicate that in terms of Ir concentration, patients with PCOS do not differ

from the population of healthy women.

Growth hormone (GH) is a regulator of numerous physiological functions. To examine
the effect of GH on the regulation of Ir secretion in terms of its role in metabolic processes, a
research in the group of 36 girls with Turner syndrome (TS) was conducted. The patients age
ranged from 3.2 to 16.07 years (average age 8.2 years). They were treated with

supraphysiological doses of recombinant growth hormone (rhGH, 0.05 mg / kg / day).
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Anthropometric measurements and determination of concentrations of Ir, fasting plasma
glucose (FPG), fasting insulin (FIC), glycosylated hemoglobin (HbA1c), IGF-1, IGFBP-3 and
cholesterol were performed before and after the treatment. Insulin resistance (HOMA- IR),
cell function (HOMA-B) and insulin sensitivity (Matsuda index) were evaluated. The rhGH
therapy revealed a statistically significant increase in the concentrations of IGF-1 (average of
119.4 +62.46 to 413.37 + 204.38 ng/ml, p = 0.000). Increase in the concentration of Ir was also
observed (an average of 2.1 + 1.03 to 2.47 + 0.79 mg/ml, p = 0.035). No relationship was
observed between the concentration of Ir and IGF-1 before or during treatment with rhGH.
RhGH therapy had a positive impact on HOMA-IR (before 0.64 [0.45-1.30] vs. 0.92 [0.67-
2.36] after the treatment, p = 0.021) and FIC 2.49 [2.00-5.10] ulU/ml vs. 4.23 [2.43-9.66]
ulU/ml, p = 0.007). At the end of the observation, the Ir concentration correlated negatively
with FIC, FPG and HOMA-IR. LDL-cholesterol level was reduced (101.60 [29.47] vs. 86.39
[25.02], p = 0.011), although an increase in the concentration of triglycerides was observed
(60.89 [19.17] vs 83.34 [27.46], p = 0.002). The reduction in total cholesterol approached the
statistical significance (p = 0.051). The study revealed a significant improvement in 3 cell
function (HOMA- B before 45.00 [27.69-72.00] and 81.53 [51.43-132.00] during therapy, p =
0.045).

The results of this research, which were published in the Hormone and Metabolic
Researches journal (Wikiera B., Zawadzka K. et al. Growth hormone treatment increases
plasma irisin concentration in patients with Turner syndrome. Horm Metab Res, 2016) indicate
indirect effects of growth hormone treatment on increasing the Ir concentration. Although rhGH
therapy results in rise of the insulin resistance, it has a positive impact on the normalization of
the Ir concentration and restores the physiological conditions of the carbohydrate and lipid

metabolism regulation.

The studies indicated the important role of Ir in energy homeostasis and indicated the
need to continue the research in other aspects. Taking into account the enormous interest in the
issue of hormonal activity of muscles (251 articles in the PubMed search located under the

keyword “myokines”), continuation of work in this area of research is planned.



