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1. Wykaz skrotow

BMI —ang. body mass index — wskaznik masy ciata

CA — ang. calendar age — wiek kalendarzowy

GH — ang. growth hormone — hormon wzrostu

GHD — ang. growth hormone deficiency — niedob6r hormonu wzrostu

HA — ang. height age — wiek wzrostowy

IGF-1 — ang. insulin-like growth factor 1 — insulinopodobny czynnik wzrostowy 1
IGFBP-3 — ang. insulin-like growth factor binding protein-3 — biatko wigzace IGF,
typu 3

IGF-1/IGFBP-3 m.r. —ang. molar ratio — stosunek molowy IGF-1/IGFBP-3

ISS — ang. idiopatic short stature — idiopatyczny niedobor wzrostu

pGHD - ang. partial growth hormone deficiency — czesciowy niedobor hormonu
wzrostu

SGHD - ang. severe growth hormone deficiency — ci¢zki niedobdr hormonu wzrostu
SDS —ang. standard deviation score — wskaznik odchylenia standardowego
SIRT1-sirtuina 1

SNP — somatotropinowa niedoczynnos¢ przysadki



2. Streszczenie w jezyku polskim

Przedmiotem niniejszej rozprawy doktorskiej jest cykl publikacji dotyczacych
analizy stezen sirtuiny 1 (SIRT1) w surowicy dzieci zdrowych oraz dzieci z niedoborem

wzrostu o rdznej etiologii.
Artykul 1

Pierwszg publikacjag w cyklu byt przeglad literatury dotyczacy udziatu SIRT1 w
transdukcji sygnatu hormonu wzrostu (GH)/insulinopodobnego czynnika wzrostu 1
(IGF-1) oraz jej wptywu na proces wzrastania. Powszechnie wiadomo, ze regulacja
wzrastania u dzieci zalezy przede wszystkim od syntezy GH oraz IGF-1 — ktéry jest
glownym, obwodowym mediatorem dzialania GH. W ostatnich latach wykazano, ze
SIRT1 hamuje wewnatrzkomorkowy przekaz sygnatlu GH dla syntezy IGF-1 poprzez
blokade¢ szlaku sygnatowego JAK/STAT. Dowiedziono réwniez, ze¢ SIRTL1 uczestniczy
w podwzgdérzowej sygnalizacji zwigzanej z aktywacja receptora dla GH (GHR).
Przedstawiono rowniez dowody wskazujace, ze SIRT1 wplywa na chondrogeneze
plytki wzrostowej oraz wzrost kosci na dlugos¢. Wydaje si¢, ze te dzialania SIRTI
mogg mie¢ potencjalny wptyw na proces wzrastania u dzieci, jednak jak dotad prac

oryginalnych na ten temat jest niewiele.

W artykule oméwiono rowniez udzial SIRT1 w innych procesach zachodzacych
wewnatrzkomorkowo, uwzgledniajgc przede wszystkim jej znaczenie w regulacji
metabolizmu, cyklu komorkowego, apoptozy, naprawie DNA czy odpowiedzi na stres

oksydacyjny.
Artykul 2

Drugi artykut byt pracg oryginalna, ktora miata na celu ocene¢ st¢zenia SIRT1 w
surowicy na czczo u zdrowych dzieci oraz analiz¢ wptywu wieku, plci, dojrzewania,
masy ciala, wzrostu oraz diety na jej stezenie. Do badania zostalo wlaczonych 47
zdrowych dzieci w wieku 4-14 lat z prawidlowa masg ciata i wzrostem, nie chorujgcych
przewlekle oraz niebedacych w trakcie ostrej infekcji. Stezenie SIRT1 w surowicy na
czczo oceniano za pomocy testu immunoenzymatycznego (ELISA). Wyniki wykazaly,
ze stezenie SIRT1 w surowicy zdrowych dzieci nie réznilo si¢ w zaleznos$ci od pici,
wieku, wzrostu, masy ciata czy okresu dojrzewania. Natomiast okazalo sie, ze czestsze

spozycie owocOw, warzyw i produktow mlecznych bylo zwigzane z wyzszym



stezeniem SIRT1 w surowicy. Co wigcej, dzieci, ktore czesciej spozywaly owoce i
warzywa byly szczuplejsze 1 mialy nizsze st¢zenia IGF-1. Ocena stezenia SIRT1 w
surowicy w kontekscie zdrowia dzieci moze by¢ pomocna w rozumieniu procesow

wzrastania i dojrzewania, ale takze zaburzen metabolicznych czy zaburzen odzywiania.
Artykul 3

Trzecia publikacja noszaca tytut ,,Zwigzek miedzy stezeniem SIRT1 w surowicy a
stgzeniem GH/IGF-1 u dzieci z niedoborem hormonu wzrostu (GHD) oraz
niskorostoscig idiopatyczng (ISS)” byta rowniez praca oryginalng. Celem tego badania
bylo poréwnanie stezen SIRT1 w surowicy dzieci z niedoborem GH (GHD) w
stosunku do dzieci z idiopatycznym niedoborem wzrostu (ISS, bez niedoboru GH)
oraz okreslenie mozliwego wptywu zmian st¢zen SIRT1 w surowicy na wydzielanie
GH i IGF-1. Grupa badana obejmowata 100 dzieci z niedoborem wzrostu: 38 z GHD i
62 z ISS (maksymalne wydzielanie GH w dwoch testach stymulacji <10 i >10 ng/ml,
odpowiednio). Stezenie SIRT1 nie rdznilo si¢ istotnie migdzy grupami GHD 1 ISS
($rednia=SD: 0,89 ng/ml+0,45 dla ISS oraz 1,24 ng/ml+0,86 dla GHD), ale w obu tych
grupach bylo istotnie wyzsze niz w grupie dzieci zdrowych, prezentowanych w pracy nr
2 (0,29+£0,21 ng/ml, p<0.0001,). Stwierdzono istotne ujemne korelacje miedzy
stezeniem SIRT1 a: SDS wzrostu, st¢zeniem IGF-1 oraz wartoscig IGF-1/IGFBP-3
molar ratio. Na tej podstawie wyciagniety zostat wniosek, iz zmiany stezenia SIRT1
mogg stanowi¢ jeden z mechanizméw, poprzez ktory wydzielanie IGF-1 jest

zmniejszone u dzieci z niskim wzrostem.

3. Streszczenie w jezyku angielskim

The subject of this dissertation is a series of publications focusing on analysis of
sirtuin 1 (SIRT1) concentrations in the serum of healthy children and children with
short stature of various etiologies as well as the involvement of SIRTL1 in growth

hormone (GH) signal transduction.
Articule 1

The first publication was a review entitled “Involvement of sirtuin 1 in the growth
hormone/insulin-like growth factor 1 signal transduction and its impact on growth
processes in children”. It is known that the regulation of growth processes depends on

the synthesis of growth hormone (GH) and insulin-like growth factor 1 (IGF-1). IGF-1,



which is mainly secreted in liver in response to GH, is the major peripheral mediator of
GH action. Sirtuin 1 (SIRT1) inhibits GH intracellular signaling for the IGF-1 synthesis
via the janus kinase (JAK)/signal transducer and activator of transcription proteins
(STATSs) pathway. In addition, SIRT1 acts as a hypothalamic mediator of the GHR
signaling. SIRTL1 is also suggested to impact the growth plate chondrogenesis and
longitudinal bone growth as it has a positive effect on the epiphyseal growth plate.
Besides, SIRT1 is involved in various cellular processes, including energy metabolism,
cell cycle regulation, apoptosis, DNA repair and oxidative stress response. This review
focused on the influence of SIRT1 on GH signal transduction and the implications that

may arise for growth processes in children.

Article 2

The second, original article concerned SIRT1 serum concentration in healthy
children. This study aimed to evaluate fasting serum SIRT1 levels in healthy children,
and to analyse the influence of age, sex, puberty, body weight, height, and diet on its
concentration. 47 healthy children aged 4-14 with normal weight and height and no
chronic disease were included into the study. Fasting serum SIRT1 concentrations were
estimated by Enzyme Linked Immunosorbent Assay (ELISA). Results showed that
serum SIRT1 concentrations in healthy children did not differ with respect to sex, age,
height, weight and puberty. Whereas, it appeared that a higher frequency of fruits,
vegetables and dairy products consumption was associated with an increase in serum
SIRT1 levels. Studying SIRT1 in the context of children’s health may have implications
for a broader understanding of growth processes, pubertal development, metabolic

disorders and nutrition.

Article 3

The third, also original, article was entitled “Relationship between serum sirtuin 1
and growth hormone/insulin-like growth factor 1 concentrations in children with growth
hormone deficiency and idiopathic short stature”. The aim of this study was to compare
SIRT1 concentrations in children with GH deficiency (GHD) and idiopathic short
stature (ISS, non-GH deficient), in order to determine the possible impact of changes in
serum SIRT1 concentrations on the GH and IGF-1 secretion . The study group included
100 children with short stature: 38 with GHD and 62 with ISS (maxGH in two



stimulation tests <10 and >10 ng/ml, respectively). For each child, the concentrations of
SIRT1, IGF-1 and insulin-like growth factor-binding protein 3 (IGFBP-3) were
determined and the IGF-1/IGFBP-3 molar ratio was calculated. There were no
differences in SIRT1 levels between children with GHD and ISS (mean + SD: 0.89 +
0.45 ng/ml for ISS; 1.24 + 0.86 ng/ml for GHD), but in both those groups SIRT1
concentration were significantly higher than in healthy children (0.29 = 0.21 ng/ml,
p<0.0001, Article 2). A significant negative correlation was found between SIRT1
concentration and: height SDS, concentration of IGF-1 and IGF-1/IGFBP-3 molar ratio,
but not between concentration of SIRT1 and maxGH. Elevated SIRT1 levels may serve
as one of the mechanisms through which the secretion of IGF-1 is reduced in children

with short stature; however, further research is required to confirm this issue.



4. Wykaz publikacji

W sktad cyklu publikacji bedacego podstawa niniejszej rozprawy doktorskiej
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tacznej punktacji MNiSW - 340 punktow.
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Abstract: The regulation of growth processes in children depends on the synthesis of growth hor-
mone (GH) and insulin-like growth factor 1 (IGF-1). Insulin-like growth factor 1, which is mainly
secreted in the liver in response to GH, is the main peripheral mediator of GH action. Newly dis-
covered factors regulating GH secretion and its effects are being studied recently. One of them
is sirtuin 1 (SIRT1). This NAD*-dependent deacetylase, by modulating the JAK2/STAT pathway,
is involved in the transduction of the GH signal in hepatocytes, leading to the synthesis of IGF-1.
In addition, it participates in the regulation of the synthesis of GHRH in the hypothalamus and
GH in the somatotropic cells. SIRT1 is suggested to be involved in growth plate chondrogenesis
and longitudinal bone growth as it has a positive effect on the epiphyseal growth plate. SIRT1 is
also implicated in various cellular processes, including metabolism, cell cycle regulation, apoptosis,
oxidative stress response, and DNA repair. Thus, its expression varies depending on the different
metabolic states. During malnutrition, SIRT1 blocks GH signal transduction in hepatocytes to reduce
the IGF-1 secretion and prevent hypoglycemia (i.e., it causes transient GH resistance). In this review,
we focused on the influence of SIRT1 on GH signal transduction and the implications that may arise
for growth processes in children.

Keywords: sirtuin 1; JAK2-STAT pathway; growth hormone; IGF-1; short stature children

1. Introduction

The regulation of growth processes in children depends on the synthesis, secretion,
and action of growth hormone (GH) and insulin-like growth factor 1 (IGF-1). Insulin-like
growth factor 1 IGF-1, which is mainly secreted in the liver in response to GH, is the main
peripheral mediator of GH action. It is well known that GH is synthesized, stored, and
secreted by somatotropic cells of the anterior pituitary gland. It is secreted in a circadian
rhythm under the influence of the hypothalamic hormones: the stimulating effect of a
GH-releasing hormone (GHRH, somatoliberin) and the inhibitory effect of a GH-inhibiting
hormone (GHIH, somatostatin). GHRH and GHIH secretion is modulated by various
hormones and factors [1,2]. One of them is ghrelin, which acts both indirectly, via the
hypothalamus, where it modulates the release of the above mentioned hormones, and
directly, via somatotrophs, where it stimulates GH secretion [3]. In addition, ghrelin also
affects the orexigenic centre in the hypothalamus, stimulating food intake [4]. Somatoliberin,
somatostatin, ghrelin, and their respective cascades of action, are important agents in the
network of factors regulating GH secretion [5]. GH affects numerous cells, tissues, and
organs, but its main mediator promoting longitudinal growth is IGF-1, synthesized mainly
in the liver [6].
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Recently, newly defined factors have been emerging that may contribute to the reg-
ulation of GH secretion and its effects, one of them being sirtuin 1 (SIRT1) [7,8]. This
NAD+-dependent deacetylase, by modulating the Janus kinase 2 (JAK2)/Signal Transduc-
ers and Activators of Transcription (STAT) pathway, is involved in the transduction of the
GH signal in hepatocytes, leading to the synthesis of IGF-1, but also in the regulation of
GHRH synthesis in hypothalamic neurons with GH receptor activity [9,10]. It has been
suggested that SIRT1 is involved in growth plate chondrogenesis and longitudinal bone
growth [11]. Itis also engaged in various cellular processes, including metabolism, cell
cycle regulation, apoptosis, oxidative stress response, DNA repair, inflammation processes,
as well as the regulation of hunger and satiety [12,13]. Thus, its expression changes ac-
cording to different metabolic states to help maintain homeostasis. In this review, we
have attempted to present the current knowledge concerning the involvement of SIRT1
in GH/IGF-1 signal transduction and to discuss its possible impact on growth processes
in children.

2. GH Intracellular Signal Transduction—GHR-JAK2-STAT Pathway

The binding of GH to its cell surface receptor (GH receptor—GHR) leads to the
activation of several intracellular signalling pathways. With respect to the growth processes
of children, the main pathway is the JAK2/STAT5B pathway in the liver because it is
responsible for IGF-1 synthesis [9].

The GHR is a member of the class 1 haematopoietic cytokine receptor family. Although

this receptor is found on the cells of many tissues, the liver is the richest in it [10]. It is a
cell surface glycoprotein receptor, and consists of a large extracellular domain containing
the GH binding site, an intracellular domain and a single transmembrane domain (TD).
The GH molecule binds on the cell surface to the binding site of one GH receptor and then
to the other one. As a result, a complex is formed containing two GHRs (GHR dimer)
in combination with one GH molecule. The dimerization of the GHR s critical for GHR
signalling and GH action, because it results in a conformational change in GHR and—
subsequently—the repositioning of the proximal part of the intracellular domain—the
proline-rich region (Box1) associated with JAK2. This starts a JAK2-mediated tyrosine
phosphorylation cascade involving JAK2 itself, the GHR and STATs [10]. The main STATs
are 1, 3, and 5; the most important—for further consideration—are STAT3 and STAT5.
After their phosphorylation, STATSs translocate from the cytoplasm to the nucleus and bind
to the promoter region of DNA which results in the promotion the transcription of IGF-1.

Also, the IGF-2, IGF-binding protein 3 (IGFBP-3) and acid labile subunit (ALS) genes
are promoted in the same mechanism [14]. This pathway is therefore responsible for the
activation of the IGF-1 gene and the synthesis of IGF-1, and also ensures the subsequent
stability of IGF-1 in the serum, as it is involved in the production of the elements used to
form the IGF-1-ALS-IGFBP-3 tertiary complex. It has been proven that SIRT1 is one of the
modulators of the activity of the JAK2/STAT pathway [15].

The activation of JAK-STAT signalling occurs within minutes after GH stimulation,
but is transient due to the tight regulation of the signalling termination by the suppressors
of cytokine signalling (SOCS), protein tyrosine phosphatases (PTPs), protein inhibitors of
activated states (PIAS), and GHR internalisation [10].

GH also activates other pathways, including the mitogen-activated protein kinase
(MAPK), extracellular signal-regulated kinase (ERK) 1 and 2, as well as the insulin-receptor
substrates (IRS) 1 and 2 and phosphatidyl inositol-3 kinase (PI3K) pathways. They clearly
contribute to the metabolic effects of GH; however, their role in the growth of bones remains
unclear [16-18]. Considering the cardinal importance of the GH-IGF-1 axis in linear human
growth, the defects or modifications at various points of this axis may result in an impaired
growth rate, leading to short stature [19,20].
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3. IGF-1—The Main Mediator of GH Activity

It is well known that GH in peripheral tissues acts through IGF-1 [6]. IGF-1 is re-
sponsible for stimulating the growth of all cell types and causes significant metabolic
effects [21,22]. As was mentioned above, IGF-1 is produced mainly in hepatocytes, but
other cell types are also able to synthesise and secrete IGF-1 [6]. Besides GH, a number of
other factors influence the synthesis of IGF-1, such as nutrients and nutritional status, some
components of the immune system, as well as other hormones. IGF-1 inhibits hypothala-
mic GHRH release and directly inhibits GH production in pituitary somatotrophs by the
negative feedback mechanism [6,22,23].

The IGF-1 bioavailability and stability in circulation depend on binding to specific
proteins, IGFBP-3 in particular. IGFBPs both extend the half-life of IGFs and modulate
IGFs’ availability and activity [24,25]. IGF-1/IGFBP-3 then binds ALS and thus forms a
large (150 kDa) ternary complex, which is a reservoir of IGF-1 [6]. The IGF-1 and IGF-2 are
liberated from this complex by pappalysin 2 (PAPPA2), which enables them to pass through
the capillary epithelium and enter the interstitium. As it was mentioned above, IGF-2,
IGFBP-3, and ALS synthesis and secretion are also dependent on the JAK2/STAT pathway
and its modulator—SIRT1. In the target tissues, IGF-1 binds to two receptors: IGF-1R
and IGF-2R, which exhibit intrinsic enzymatic activity. The growth-promoting effects of
IGF-1 are mediated by IGF-1R, which is structurally homologous to the insulin receptor
and can bind both IGF-1 and insulin, but has a greater affinity for IGF-1. In turn, IGF-1
can also bind to and activate the insulin receptor [5]. Thus, the effect of IGF-1 on glucose
metabolism is similar to insulin (insulin-like effect) and—in contrast to GH—promotes
hypoglycaemia. GH increases glucose production in the liver by enhancing glycogenolysis
and gluconeogenesis [26,27], and in a state of energy deficiency, GH is an important signal
for mobilizing body fat and glycogen in order to maintain normal blood glucose levels. This
explains why a mechanism of GH resistance with respect to IGF-1 secretion can be triggered
to maintain normal glucose levels and prevent hypoglycemia. There are many conditions in
which IGF-1 secretion is reduced, even though GH secretion is normal or even elevated: e.g.,
liver disease, kidney dysfunction, sepsis, cancer, systemic autoimmune disease, conditions
after severe surgical trauma, and other massive activations of the immune system (due to
interleukin 1 and 6 activity) [28]. It has been proven that in patients with untreated celiac
disease or other (even oligosymptomatic) gastrointestinal tract diseases, the concentration
of IGF-1 is reduced, despite a normal GH secretion, confirmed in stimulating tests [29]. By
the same mechanism, low IGF-1 levels with GH resistance are observed in malnourished
children or children and adolescents with anorexia nervosa [30]. In all those cases, where
these conditions are prolonged, the children’s growth rate slows down and improves after
this unfavourable phenomenon disappears [29].

It seems that SIRT1, which regulates the JAK2/STAT pathway, may be involved
in peripheral GH resistance and be responsible for the reduced IGF-1 concentration in
some conditions (e.g., malnutrition) that require increased glucose production to prevent
hypoglycaemia. In such cases, the rate of growth may be temporarily impaired.

4. SIRT1—The Key Player in Metabolism

Sirtuins (silent information regulator 2 proteins) constitute a family of highly con-
served NAD*-dependent deacetylases. They use NAD™* as an essential cofactor to remove
acetyl groups from various proteins and alter their function. Seven types of sirtuins, SIRT
1-7, have been detected in mammals [7]. Sirtuins play key roles in responding to nutritional
and environmental perturbations and are important in regulating a broad variety of cellular
processes, e.g., metabolism, mitochondria homeostasis, autophagy, DNA repair, apoptosis,
oxidative stress, and senescence [12,13,31]. Among the mammalian sirtuins, SIRT1 is the
most extensively researched one. SIRT1 is the closest homolog to yeast Sir2p. It has been
detected in multiple organs and tissues, including the liver, pancreas, brain, heart, muscle,
and adipose tissue [32]. Although SIRT1 is mainly located in the nucleus, in certain cell
types (e.g., pancreatic B cells) it can be localized in the cytoplasm [33]. SIRT1 interacts
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with and regulates a number of histone and non-histone protein substrates. Similar to
other sirtuins, it is involved in cell cycle regulation, apoptosis, autophagy, oxidative stress
response, DNA repair, and inflammation [32,34-40], as well as in the regulation of cellular
senescence and aging [12,13,31,39] (Figure 1). Moreover, SIRT1 also modulates important
cellular processes in the cardiovascular system [41]. SIRT1 acts in endothelial and smooth
muscle cells to protect the vasculature [42-44].

Aging and life extension
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DNA
Cell cycle regulation repair

\
5/

Oxidative stress response
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Figure 1. SIRT1 involvement in biological processes.

The amount of SIRT1 depends on the availability and type of nutrients [45], because
this nutrient-responsive protein is involved in responding to metabolic imbalances that are
triggered by fasting, caloric restriction, and malnutrition. In a fasting state, caloric restric-
tion, or malnutrition, it intensifies catabolic processes and inhibits anabolic processes to
maintain homeostasis [32] (Figure 2). In the liver, SIRT1 promotes fatty acids’ oxidation via
the activation of the peroxisome proliferator-activated receptor alpha (PPARa)/peroxisome
proliferator-activated receptor-gamma coactivator (PGC)-1a signalling pathway [46], as
well as inhibits fatty acids’ synthesis by attenuating the transcriptional activity of sterol
regulatory element-binding protein (SREBP)-1c [47,48]. In skeletal muscles, SIRT1 corre-
spondingly increases fatty acids’ oxidation via PGC-1a deacetylation [49,50]. In white
adipose tissue, SIRT1 enhances lipolysis and fat mobilization from adipocytes, as well
as reduces adipogenesis by inhibiting PPARY [49,51]. SIRT1 drives white fat browning
to disperse stored energy as heat [52]. Regarding glucose metabolism, SIRT1 stimulates
gluconeogenesis in the liver by inhibiting STAT3, while activating PGC-1a and Forkhead
box protein 1 (FOXO1), as well as inhibits glycolysis by deacetylating PGC-1a and by
repressing the glycolytic enzyme PGAM-1 [53-56]. In pancreatic B-cells, SIRT1 enhances
insulin release in response to glucose [33]. SIRT1 also regulates the production and se-
cretion of insulin-sensitizing factors, such as adiponectin and fibroblast growth factor 21
(FGF21) through the regulation of FOXO1 and PPARYy [57]. Additionally, SIRT1 improves
the insulin sensitivity of adipose tissue, skeletal muscle, and the liver [58]. What is particu-
larly interesting is that SIRT1 inhibits GHR intracellular signal transduction for IGF-1 gene
expression to reduce IGF-1 synthesis and—in this way—maintains glucose levels [15,59].
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Figure 2. Summary of the effect of SIRT1 on various metabolic processes during caloric restriction.
The red arrows indicates a reduction and the green arrows indicates an intensification of the processes
in question.

5. Regulation of SIRT1 Activity

The classic activation of sirtuins is caused by an increase in the NAD+/NADH ra-
tio. Thus, as mentioned, SIRT1 activation occurs under caloric restriction and starvation
to enhance its catabolic effects. Also, physical activity increases the expression levels of
SIRT1 [60]. However, there are other factors that regulate SIRT1 activity. A known SIRT1
activator is resveratrol—a polyphenol which can be found in red wine and some dietary
products [61-63]. Quercetin, one of the major flavonoids which is widely expressed in
fruits (grapes and peaches) and vegetables (onions and garlic) regulates cellular senescence
and multiple aging-related cellular processes via SIRT1 [64]. The synthetic SIRT1-activating
compounds (STACSs), i.e., SRT1720, SRT2183, and SRT1460, have also been reported to acti-
vate SIRT1 in rodents and improve lipid profiles, glucose tolerance, and health span [12,65].
In turn, nicotinamide, a form of vitamin B3, was first introduced as a sirtuin inhibitor [66].
Several specific inhibitors of SIRT1 action have also been described, including sirtinol,
cabol, tenovin-1 and tenovin-6, salermide, EX527, and others [67,68].

It seems that activation of SIRT1 by genetic or pharmacological methods can bring
many metabolic benefits [69]. Sirtuin triggers are being considered for the treatment
of obesity, and their beneficial effect could result from the intensification of catabolic
processes [70-72].

Furthermore, it is important to mention the post-transcriptional factors that are in-
volved in SIRT1 mRNA regulation. This post-transcriptional regulation is mediated by
microRNAs (miRNAs) and RNA-binding proteins (RBPs) [42]. MicroRNAs are short non-
coding RNAs that modulate target gene expression and, as a result, impact important
processes including proliferation, apoptosis, and senescence. Various miRNAs have been
proven to regulate SIRT1 expression and activity [42]. For example, miR-34a induces en-
dothelial senescence and apoptosis through the inhibition of SIRT1 [73]. Whereas, RBPs
are proteins that bind to RNA to form a ribonucleoprotein complex and play an important
role in the post-transcriptional control of RNAs. Hu antigen R (HuUR), one of the RBPs,
promotes SIRT1 expression by directly binding to SIRT1 mRNA, as well as through indirect
pathways via microRNA [74]. HuR and TIAL/TIALL1 are involved in the regulation of
alternative splicing of SIRT1 pre-mRNA [75]. Moreover, adenosine deaminase, acting
on RNA 1 (ADARL1), a RNA editing enzyme, regulates SIRT1 expression by affecting its
RNA stability through HuR. Whereas, ADARL1 suppression promotes senescence via the
downregulation of SIRT1 mRNA by a decrease in HuR binding [76].

To sum up, the epigenetic regulation of SIRT1 may have impact on various pathways,
concerning metabolic diseases, cardiovascular diseases, cancer, and senescence.
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6. SIRT1 as a Negative Regulator of JAK2/STAT5 Pathway in the Liver and Its Impact
on Growth

In a condition of caloric restriction, a number of adaptive processes to survive and
provide energy for vital organs are activated. Most studies have shown that caloric re-
striction improves glucose metabolism, increases mitochondrial activity, and even extends
life span [77]. In terms of growing, fasting induces GH resistance in the liver, leading to a
decrease in the serum IGF-1 levels as one of the adaptive mechanisms for malnutrition [78].
Under fasting conditions, elevated GH levels are important to prevent hypoglycaemia and
mobilize free fatty acids from adipose tissue, while reduced IGF-1 impairs growth and
preserves energy for vital life processes [79]. It has been described that in poorly nourished
children with short stature, despite increased ghrelin synthesis, low IGF-1 concentrations
are observed [80].

As it has been explained above in detail, the GH intracellular signal transduction
from the GH receptor leads through the JAK2/STATS5p pathway and results in IGF-1
synthesis. The GH signal transduction via the JAK2/STATS5p pathway may be impaired
at different stages and due to various reasons. Besides the mutations that may occur in
the GHR, JAK2, or STAT5 genes and result in a severe primary IGF-1 deficiency and short
stature [81-83], there are some malfunctions of the GHR-JAK2-STAT pathway which may
be caused by many modulators, some of which may be linked to eating habits or result from
the action of other modifiable factors, one of them being SIRT1 [5]. Yamamoto et al. [15]
proved SIRT1’s role in that adaptation, concluding that SIRT1 regulates GH-induced IGF-1
production in the liver, thereby reducing the serum concentration of IGF-1. Also, SIRT1
negatively regulates GH-induced IGF-1 mRNA production, which was confirmed in a
human hepatocellular carcinoma cell line (HepG2) and rat primary hepatocytes, with
the use of SIRTL1 inhibitors (sirtinol and nicotinamide) and stimulators (resveratrol and
NAD) [15].

In the fed condition, the Src Homology 2 (SH2) domain of STAT5 recognizes and binds
to tyr-phosphorylated GHR, causing JAK2 to phosphorylate and activate STAT5. In the
fasting condition, activated SIRT1 interacts with STAT5 by deacetylating the lys residues
adjacent to the SH2 domain of STAT5. As a result, the activation of STATS5 is inhibited
by the impaired ability to bind tyr-phosphorylated GHR. In turn, fasting-induced GH
resistance, as well as tyr-phosphorylation of STATS5 are restored by treatment with a SIRT1
inhibitor—nicotinamide [15].

SIRT1 also exerts an inhibitory effect on STAT3 activity [53]. It was demonstrated that
treating the immobilized mouse hepatocytes of a SV40 cell line with nicotinamide increased
the level of acetylation and phosphorylation of STAT3, and its activity was independent of
JAK2 [53]. The levels of STAT3 acetylation and phosphorylation are constitutively higher
in the SIRT1 knockout mice embryonic fibroblasts (MEFs) than in the wild-type ones.
The cell culture treatment with a SIRT1 inhibitor (EX527) increases, while SIRT1 activator
(resveratrol) decreases, STAT3 acetylation and phosphorylation only in wild-type MEFs,
but not in SIRT1 knockout mice MEFs. Thus, deacetylation of STAT3 also depends on
SIRT1 [53].

Summing up, it has been found that under fasting conditions, SIRT1 can inhibit GH
signalling by interacting with STAT3 and/or STATS5, and in this way negatively regulates
GH-induced IGF-1 production. SIRT1-dependent negative regulation of GH-induced IGF-1
production seems to be an adaptive mechanism under fasting conditions and malnutrition.
However, the role of SIRT1 in the regulation of the GH-IGF-1 axis occurs not only at the
level of the liver, but also in the central nervous system.

7. SIRT1 in the Hypothalamic—Pituitary Axis

In addition to the metabolic functions of SIRT1 discussed above and its involvement
in GH-induced IGF-1 synthesis in hepatocytes, SIRT1 also plays an important role in the
regulatory mechanisms in the hypothalamus and in the hypothalamic—pituitary axis [8].
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SIRT1 mRNA is widely expressed throughout the central nervous system. It shows
nuclear localization in the neurons of the hypothalamus, hippocampus, and extranuclear
localization in the neurons of the dorsal regions of cerebral cortex. In the hypothalamus,
SIRT1 is expressed in the arcuate (ARC), ventromedial (VMH), dorsomedial (DMH), lateral
(LH), and paraventricular (PVN) nuclei, brain regions that all play critical roles in the
central regulation of the adaptive responses to food availability, energy expenditure, ther-
moregulation, as well as the synthesis of GHRH and GHIH. SIRT1 is also expressed in the
suprachiasmatic nucleus (SCN), a region important for the central regulation of circadian
rhythms [84,85].

For over a dozen years, intensive research has been conducted (mainly on an animal
model) on the role of SIRT1 in the regulation of the hunger and satiety centres, as well as
on the impact of its deficiency and excess in this region on behaviour regarding food intake
and physical activity, as well as on energy expenditure. As a result of these studies, SIRT1
appears to mediate several processes controlled by the hypothalamus. Caloric restriction
and fasting have been found to increase SIRT1 expression and activity, not only in hepatocytes
but also in the hypothalamus [84—87]. It has already been proven that SIRT1’s effects on
the energy balance are mediated through melanocortin signalling. The hypothalamic part
of the central melanocortin system is located in the ARC and engaged in the regulation
of food intake, energy expenditure, and metabolism [88]. SIRT1 regulates the expression
of both agouti-related protein (AgRP) and proopiomelanocortin (POMC) neurons, which
produce neuropeptides that are responsible for appetite stimulation (the oryxogenic effect) and
food intake reduction (anorexigenic effect), respectively [86,87,89-91]. During fasting, SIRT1
induces food intake (orexigenic effect via AgRP activity). The inhibition of hypothalamic
SIRT1 activity resulted in decreased AgRP and increased POMC expressions [86,90]. In the
feeding state, SIRT1 decreased the expression of the orexigenic neuropeptide agouti-related
peptide and reduced food intake [87].

The overexpression of SIRT1 in POMC neurons was associated with increased sym-
pathetic activity in adipose tissue, leading to increased energy expenditure and a lean
phenotype [89]. Surprisingly, the overexpression of SIRT1 in AgRP neurons also sup-
pressed food intake [85,89].

SIRT1 also plays an important role in the neurobehavioral adaptation to energy lim-
itation and in maintaining homeostasis. The overexpression of brain-specific SIRT1 in
transgenic mice resulted in the increased activation of neurons in the DMH and LH, main-
tenance of a higher body temperature range, and increased physical activity in response
to various dietary restrictive conditions [92]. In contrast, SIRT1-deficient mice exhibited
defects in neurobehavioral adaptation to diet-restricting conditions [85].

It seems that hypothalamic SIRT1 acts as a modulator of GH signalling. SIRT1 brain-
specific knockout mice were dwarfed and had reduced somatotropic signalling—both GH
and IGF-1 were decreased [93]. Although the central SIRT1/p53 pathway mediates the
orexigenic action of ghrelin, blocking this pathway does not modify ghrelin-induced GH
secretion [94]. The injection of a SIRT1 inhibitor blunted the effect of ghrelin on food intake,
whereas it did not change ghrelin-induced increase in plasma GH levels [94]. This data
suggest that at the central level, SIRT1 may play arole in the regulation of GH signalling in
other mechanisms.

Growth hormone modulates the neuroendocrine responses to food deprivation via
AgRP neurons [95]. AgRP-specific GHR ablation mitigates the fasting-induced activation
of AgRP/NPY neurons and neuroendocrine energy-saving adaptations to caloric restric-
tion [95]. SIRT1 expression is present in the AgRP neurons that express GHR [96]. In the
fasted state, SIRT1 expression increases in AgRP neurons, whereas, in animals with GHR
deletion in AgRP neurons, this response is attenuated. Thus, SIRT1 appears to act as a
hypothalamic mediator of the GHR signaling in the adaptive responses to fasting [96].

SIRT1 also mediates the effects of the supraphysiological GH levels. SIRT1 levels were
elevated not only in caloric-restricted mice but also in mice overexpressing GH. However,
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in GH receptor knockout (GHRKO) mice, despite low IGF-1, the SIRT1 protein levels were
not increased [97].
On the other hand, SIRT1 has been shown to inhibit the transcription factor cAMP
response element-binding protein (CREB) and negatively regulate pituitary GH synthesis [98].
In conclusion, the presented data indicate that the region-specific expression of SIRT1
plays a significant role in the regulation of appetite, energy expenditure, general metabolism,
and growth. SIRT1 has been found to modulate the hypothalamus—pituitary axis.

8. SIRT1in IUGR and in Short Stature Children

The negative relation between SIRT1 and IGF-1 in the context of growth was observed
in intrauterine growth restriction (IUGR) cases. Chriett et al. [99] examined the impact
of IUGR on hormones and gene expression in pig skeletal muscle. The gene expression
trajectories of the sirtuins and metabolic genes were altered in IUGR and correlated to IGF-1
dysregulation. Higher SIRT1 gene expression and lower IGF-1 levels were observed in the
pig IUGR group [99]. The catch-up growth model in children born small for gestational age
(SGA) has been discussed by Griffin [59]. If the fetus is malnourished during pregnancy, the
secretion of ghrelin increases, which stimulates the hunger centre, as well as the secretion
of GH. This should increase the IGF-1 pool. However, at the same time, caloric restriction
induces the synthesis of SIRT1 and FGF21, which block GH signal transduction in the liver
by obstructing the JAK/STAT pathway, thus limiting IGF-1 production. Thus, despite a
high level of GH, intrauterine growth retardation is observed. Postpartum, as nutrients
become available, the SIRT1 and FGF21 levels decline, the liver sensitivity to GH returns
to normal, and IGF-1 production resumes. This thesis is confirmed by the fact that in
prepubertal children with SGA who have undergone the catch-up phenomenon (with
currently normal height), the concentrations of both ghrelin and IGF-1 are significantly
higher than in children with SGA without the catch-up phenomenon (with permanent
short stature) [100].

So far, there have been few studies on the SIRT1 levels in short stature children.
Interestingly, in the study performed by Kaplan et al. [101] on short stature children, both
the SIRT1 and IGF-1 serum levels were decreased in the untreated with GH short stature
children compared to the GH treatment children. However, it is not clear whether among
the children with short stature there were children with GHD or ISS, and the BMI SDS was
lower in the study groups.

It should also be taken into account that the serum levels of SIRT1 may not reflect its
activity in different tissues and organs. One of these tissues is the epiphyseal growth plate,
because the effect of SIRT1 on the expression and production of IGF-1 in chondrocytes will
be important for the longitudinal growth of children.

9. SIRT1 Activity in Chondrocytes

Chondrocytes in the growth plate are influenced by various regulatory factors and
hormones that together determine the rate of proliferation and maturation until late pu-
berty when the growth plate fuses [102]. Among many others (i.e., estrogens, androgens,
or PTHrP), both the GH receptors and the IGF-1 receptors are expressed on human growth
plate chondrocytes [86]. The data suggest that SIRT1 may have a positive impact on the
growth plate in chondrocytes. Gabay et al. [103] established that SIRT1 enzymatic activity
is needed for cartilage homeostasis—they demonstrated that mice with defective SIRT1
also had defective cartilage, with elevated rates of cartilage degradation with age [103].
Shtaif et al. investigated the role of SIRT1 in modulating the response of the epiphyseal
growth plate to nutritional manipulation [11]. In collagen type Il-specific SIRT1 knockout
mice the epiphyseal growth plate was less organized and catch-up growth was less effi-
cient [11]. SIRT1 appears to be important in the proper regulation of chondrogenesis. In
the study presented by Jin et al., SIRT1 ablation inhibited growth plate chondrogenesis
and contributed to growth retardation through the hyperactivation of mammalian target of
rapamycin complex 1 (mTORC1) signaling [104]. Whereas, the findings reported by Kang

17



Int. J. Mol. Sci. 2023, 24, 15406 9o0f14

et al. indicate that SIRT1 deacetylates protein kinase-like endoplasmic reticulum kinase
(PERK) and attenuates the PERK-Eukaryotic Initiation Factor 2 (elF-2)-C/EBP-homologous
protein (CHOP) pathway in chondrocytes and thus promotes growth plate chondroge-
nesis and longitudinal bone growth [105]. Authors confirmed that SIRT1 expression in
growth plate facilitates chondrocyte proliferation and hypertrophy as well as prevents
apoptosis [104,105]. Conversely, it was found that DNA damage-inducible transcript 3
(DDIT3)/CHOP interfere with SIRT1 to stimulate autophagy [106] as well as SIRT1 directly
triggers autophagy in chondrocytes [107]. Moreover, in the condition of endoplasmic
reticulum stress, DDIT3/CHOP upregulated SIRT1 and thereby had an inhibitory effect on
chondrocyte differentiation and matrix synthesis.

Interestingly, studies have demonstrated the direct link between epiphyseal growth
plate micro RNA and SIRT1. Cheng et al. [108] showed that SIRT1 exerts a protective effect
on growth plate chondrocytes under dexamethasone stimulation. MiR-211-5p downregu-
lated SIRT1 in growth plate chondrocytes treated with dexamethasone. The inhibition of
miR-211-5p led to an elevation in SIRT1 expression, subsequently restoring the function
of chondrocytes [108]. Whereas, Pando et al. proved that nutrition restriction decreased
miR-140 levels leading to the elevation of SIRT1 [109]. Authors have concluded that SIRT1
upregulation may inactivate hypoxia inducible factor 1a (HIF-1a), which is necessary for
chondrocyte survival [109-111].

Overall, the data suggest that SIRT1 is involved in growth plate chondrogenesis
and longitudinal bone growth as well as chondrocyte homeostasis; however, the exact
mechanisms responsible for this process remain to be clarified.

10. Conclusions

In conclusion, SIRT1 is an important factor in the regulation of various biological
processes, with particular emphasis on maintaining homeostasis. This review indicates
that SIRT1 may modulate growth processes in children, acting differently depending on
the cell type and conditions in a tissue- and context-specific manner (Table 1).

Table 1. SIRT1 actions with respect to growth and food supply.

Condition AgRP Neurons POMC Neurons GHR Neurons Hepatocytes
Stabilized SIRT1 SIRT1 activity in
. expression = POMC neurons 1s SIRT1 is needed for GH Preserved GH
Feeding decreased AgRP required for normal thesi " ianalli
activity — decreased energy expenditure Synthesis or secretion signatling
food intake adaptations

Caloric restriction

High SIRT1 expression
— increased AgRP
activity

— increased food
intake

Decreased POMC
activity — reduced
energy expenditure

High SIRT1 expression
— stimulation to
increase GH synthesis
(for hyperglycaemic
and other metabolic
effects)

High SIRT1 expression
— inhibition of GH
signal transduction to
decrease IGF-1
synthesis (to reduce
hypoglycaemic and
growth effects)

Knock-out/inhibition
of SIRT1

Decreased AgRP
activity

— decreased food
intake

Increased POMC
activity

— reduced food intake,
increased energy
expenditure

Impaired GH signalling
— decreased GH and
IGF-1

Enhanced GH-induced
increase in serum IGF-1

Overexpression of
SIRT1

Food intake
suppression

Increased energy
expenditure

Increased GH
synthesis?

Suppressed
GH-induced IGF-1
production

It seems that SIRT1 modifies the GH/IGF-1 axis by affecting the transmission of
signals in the hypothalamic neurons releasing GHRH, AgRP, and POMC, as well as by
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modulating ghrelin action. It promotes the secretion of GH from the pituitary, but during
caloric restriction, it inhibits the peripheral action of GH by decreasing the expression
and secretion of IGF-1. The purpose of this modulation is to maintain a balance between
stimulating and inhibiting growth processes, preserving the energy necessary for important
metabolic processes in maintaining homeostasis.

Thus, it appears that in children with malnutrition, the level of SIRT1 is increased to
inhibit peripheral IGF-1 production and maintain homeostasis. This, in turn, slows down
the growth rate of children and inhibits the maturation and ossification of their epiphyseal
cartilages. This mechanism allows for a potential improvement in the final height if the
current unfavourable conditions are improved. Considering that SIRT1 activity can be
modulated by various factors, it should be noted that sirtuin triggers and inhibitors may be
utilized in the future to develop new treatments for children with growth disorders.

11. Methodology

We conducted a search of the literature from reputable databases, including PubMed
and Google Scholar. Articles published up to December 2022 were taken into consideration,
with later updates in September 2023. The search was limited to English-language articles.
Combinations of the following MeSH terms were searched: growth, children, growth
hormone, GH, sirtuin 1, SIRT1, sirtuins, insulin-growth like factor 1, IGF-1, STATS5, hypotha-
lamus, hepatocytes, liver, chondrocytes, caloric restriction, fasting, and malnutrition. The
initial search was followed by the removal of duplicate articles. The whole paper was read
only if the abstract indicated relevant content. We incorporated peer-reviewed articles that
directly addressed our research topic. In addition, a reference search was performed to find
other important manuscripts. Finally, 111 articles were included in this review. Findings
were summarized and discussed in the subsequent sections of this review.
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Introduction: Sirtuin 1 (SIRT1) is known to be involved in sensing cellular energy
levels and regulating energy metabolism. This study aimed to evaluate fasting
serum SIRT1 levels in healthy children, and to analyse the influence of age, sex,
puberty, body weight, height, and diet on its concentration.

Methods: 47 healthy children aged 4-14 with weight and height within normal
range and no chronic disease were included into the study. Fasting serum SIRT1
concentrations were estimated by Enzyme Linked Immunosorbent Assay (ELISA).

Results: Results showed that serum SIRT1 concentrations in healthy children did
not differ with respect to sex, age, height, weight and puberty. Whereas, it
appeared that a higher frequency of fruits, vegetables and dairy products
consumption was associated with an increase in serum SIRT1 levels.

Discussion: Studying SIRT1 in the context of children’'s health may have
implications for a broader understanding of growth processes, pubertal
development, metabolic disorders and nutrition.

KEYWORDS

sirtuin 1, growth, puberty, IGF-1, diet, healthy children

1 Introduction

The sirtuins are a family of nicotinamide adenine dinucleotide (NAD+)-dependent
deacylases that regulate many cellular processes (1). Among the seven currently known
types of sirtuins, sirtuin 1 (SIRT1) is involved in the cellular signal transduction and
metabolism, DNA repair, inflammation as well as regulation of cellular senescence and
aging (2—11). Despite numerous experimental studies on the importance of SIRT1 in the
human body, there is very limited data on the level of blood concentration of this protein in
humans. It should be noted that SIRT1 is directly engaged in intracellular GH signal
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transmission for IGF-1 secretion via modulation of JAK2/STAT
pathway, also in the regulation of GH release in the central nervous
system, as well as growth-plate chondrogenesis and longitudinal
bone growth (12-15). Thus, it can be assumed that the
concentration of SIRT1 should vary in dependence on age and
growth rate in children.

On the other hand, it is known that changes in SIRT1
concentration affects the function of the hunger and satiety
center, and the use of sirtuin activators promotes weight loss in
obese individuals (16). Whereas in a fasting state, caloric restriction
or malnutrition, SIRT1 intensifies catabolic processes and inhibits
anabolic processes to maintain homeostasis (17-19). SIRT1 is also
involved in regulating puberty (20). Moreover, there are some
natural substances contained in daily consumed foods that act as
sirtuin triggers (21—24). Thus, its concentration also probably varies
depending on the body mass, stage of puberty, as well as diet.

The aim of this study was to evaluate fasting serum SIRT1
concentration in healthy children, and to analyse the influence of
age, sex, body height, body mass and stage of puberty, as well as
dietary habits and type and amount of nutrients intake.

2 Materials and methods
2.1 Study group

From among the children admitted to the Polish Mother
Memorial Hospital - Research Institute in Lodz, Poland, the study
group included those children who did not have any known healthy
problems and who did meet the inclusion criteria and did not meet
the exclusion criteria.

Inclusion criteria:

aged: 4-16 years, height and weight in the reference range (3rd-
97th percentile for age and sex based on local percentile charts),
completing a nutritional questionnaire, written consent of the legal
representative to participate in the study.

Exclusion criteria:

chronic health problems which may influence the results (e.g.
chronic diseases of the gastrointestinal tract, respiratory system,
circulatory system, endocrine system, anorexia nervosa,
undernutrition, obesity, short stature, excessive height, genetic
disorders and syndromes), acute illness, no written consent of the
legal representative to participate in the study.

Finally, 47 children were enrolled into the study group.

2.2 Auxological assessment

In each child: a detailed medical history was collected and a
physical examination was performed. Height and weight
measurements were taken in the morning on the day of hospital
admission by the clinicians involved in this study (AF or RS).
Children’s height was measured with an accuracy of 1 mm using a
Harpenden stadiometer. Children were measured without shoes,
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with their heads in the Frankfort plane and their feet together. The
measurement was performed three times and the average value was
taken. Body weight was measured using an electronic scale, with an
accuracy of 100 grams. During the measurement, the child was in
underwear. Based on results of body height and weight, the
standard deviation scores (SDS) in relation to the reference values
for age and sex were calculated: for height - height standard
deviation score (height SDS) and for body mass - weight SDS.
Also, the body mass index (BMI) was calculated and expressed as
BMI SDS with respect to the reference values for age and sex for
Polish population (25, 26). The puberty stage was assessed
according to Tanner scale (27).

2.3 Laboratory methods

The blood samples were taken in fasting state in the morning, to
measure the routinely determined basic biochemical parameters as
well as the concentrations of IGF-1 and IGFBP-3. An additional
blood sample (2.4 ml) was taken in fasting state in the morning, for
the determination of SIRT1 serum concentration. After collection,
the blood was centrifuged to obtain serum. The serum with no signs
of haemolysis was then frozen and stored at the appropriate
temperature (see below), as required by the test manufacturer,
until SIRT1 analysis.

All measurements were performed at the Centre for Medical
Laboratory Diagnostics and Screening of the Polish Mother’s
Memorial Hospital — Research Institute in Lodz, Poland.

SIRT1 concentration was determined by double-binding
immunoenzymatic assay (ELISA) using 2 Human NAD-
dependent deacetylase Sirtuin-1 (SIRT1/SIR2L1) ELISA Kits
(Cusabio, Houston, TX, USA), according to the manufacturer’s
instructions (User Manual; catalogue number: CSB-E15058h). The
concentration of each sample was measured in duplicate. The
sensitivity of the assay is 0.03 ng/ml, while the manufacturer’s
guaranteed detection range of the assay is 0.15 ng/ml - 10 ng/ml,
with an intra-assay coefficient of variation of less than 8% and an
inter-assay coefficient of variation of less than 10%.

IGF-1 and IGFBP-3 concentrations were assessed using
Immulite, DPC assays. For IGF-1, the WHO NIBSC 1st IRR 87/
518 standard was used, with an analytical sensitivity of 20 ng/mL, a
calibration ranges up to 1600 ng/mL, an intra-assay coefficient of
variation: 3.1-4.3% and inter-assay coefficient of variation CV: 5,8-
8,4%. The assay to assess IGFBP-3 was calibrated to the WHO
NIBSC Reagent 93/560 standard, with an analytical sensitivity of
0.02 mg/mL, a calibration ranges up to 426 mg/mL, an intra-assay
coefficient of variation of 3.5-5.6%, and an inter-assay coefficient of
variation of 7.5-9.9%. IGF-1 concentration was expressed in terms
of standard deviation for sex and age (IGF-1 SDS), according to
reference data (28). The molar ratio of IGF-1/IGFBP-3 was
calculated assuming a molecular weight for IGF-1 of 7.5kDa and
for IGFBP-3 of 42.0 kDa. The molar ratio of IGF-1 to IGFBP-3 is
considered an indicator of the bioavailability of IGF-1 (29).
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2.4 Assessment of children’s dietary habits
and type and frequency of nutrients intake

The assessment of the children’s dietary habits was carried out
through dietary survey with parent, wherein the frequency of their
offspring’s consumption of particular food categories over the preceding
month was examined. The survey was administered by a physician-
researcher. The survey was developed based on the CoCu Questionnaire
validated on a population of german children (30). After obtaining
permission from the authors to use the questionnaire, it was translated
bilaterally, and then both versions were checked for compatibility. The
survey consisted of two parts. The first part contained 14 questions
about the composition of the diet and the second part of the
questionnaire contained questions about eating habits and food
culture. The parent was asked to rate how many servings of various
foods the child consumes per day (fruits or vegetables, unsweetened
dairy products, sweetened dairy products, sweetened beverages, whole
wheat bread, white bread) or per week (meat, fish, french fries, potatoes,
rice or pasta, ready meals, pastries, sweet or salty snacks). Reference
portions were described in the text or illustrated with photos. The
selection of food items was largely based on the Food Frequency
Questionnaire FFQ and the healthy eating pyramid (31, 32). The
second part of the survey included questions about eating habits (i.e.
whether they follow any specific diet, number of meals they have per
day). The questionnaire was included in the Supplementary Materials.

2.5 Statistical analysis

Statistical analysis of the collected data was performed using
STATISTICA ver. 13.3 software (Statsoft, Poland). The Shapiro-
Wilk test was used to assess normality of distribution, and the
Levene’s test was used to assess equality of variance. Comparative
analysis was performed using non-parametric tests for independent
variables. Non-parametric The Kruskal-Wallis test by ranks and
Mann-Whitney U test were used for intergroup comparisons of
quantitative continuous variables. Intergroup comparisons of
nominal/qualitative variables were performed using the Chi-
square test. In addition, a correlation analysis of the variables was
performed (Pearson’s correlation coefficient). Continuous variables
were presented median and interquartile ranges (median (Q1-Q3))
and range, categorical variables by N (%)). Statistically significant
differences were taken as p-values below 0.05.

2.6 Ethics approval
Approval was obtained from the Bioethics Committee at the

Polish Mother’s Memorial Hospital — Research Institute in Lodz
(Opinion No. 47/2020).

2.7 Informed consent statement

The legal representatives of all patients gave their informed written
consent to participate in the study prior to their inclusion in the study.
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3 Results

3.1 Study group characteristics

There were 47 healthy children included in the study. Mean age
of children 10.35 + 2.6 years, 57,5% were male. Study group
characteristics is presented in Table 1.

3.2 The analysis of serum SIRT1
concentration in healthy children in
dependence on age, sex and stage
of puberty

Serum SIRT1 concentration in healthy children ranged from
0.04 to 0.96 ng/ml. The mean SIRT1 concentration in healthy
children was 0.29 + 0.21 ng/ml (mean = SD), while the median
value (Q1-Q3) was 0.26 (0.14-0.38) ng/ml. The normality of the
distribution of SIRT1 concentration was assessed - no normal
distribution was found (Shapiro - Wilk test, p=0.0002, Figure 1).

There was no significant correlation between SIRT1 concentration
and age of children (r=0.16), SIRT1 concentration and weight
of children (r=0.11), SIRT1 concentration and weight SDS values
(r=-0.05), SIRT1 concentration and height of children (r=0.13), as well
as SIRT1 concentration and height SDS values (r=-0.01), SIRT1
concentration and their BMI (r=0.05), SIRT1 concentration and
BMI SDS values (r=-0.04). We also did not find correlations
between SIRT1 and IGF-1 concentrations (r=0.11), SIRT1
concentration and IGF-1 SDS value (r=0.08), SIRT1 and IGFBP-3
concentrations (r=0.12), as well as between SIRT1 concentration and
IGF-1/IGFBP-3 molar ratio (r=0.06). The mentioned results are
presented in Figure 2 and Supplementary Figure 1.

We also compared the SIRT1 concentration in individual
subgroups of children, differentiated by gender (girls vs boys), age
(younger than 10 years vs older or equal to 10 years old), stage of
puberty (prepubertal vs pubertal), body weight and height (BMI
SDS/hSDS greater or equal to 0 vs less than 0) and IGF1
concentration (IGF-1 SDS above or equal to 0 vs below 0). There
were no statistical differences between SIRT 1 levels in the analysed
subgroups (Table 2).

3.3 Dependence of SIRT1 concentration on
the frequency of consumption of particular
types of food

Based on the declared daily fruits and vegatables intake
estimated in the overview survey described in Materials and
methods, we found that children who consumed at least 4-5
portions of fruits or vegetables per day had significantly higher
levels of SIRT1 than children who consumed less (0-3 portions per
day) [0.41 (0.23 — 0.6) ng/ml vs 0.2 (0.1 — 0.34) ng/ml, p=0.02,
Figure 3]. A tendency towards higher SIRT1 concentration was also
found in the group of children eating at least 2-3 or more servings of
fruits and vegetables, compared to those eating 0 or a maximum of 1
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TABLE 1 Study group characteristics.

: Mean = SD
Variable . Range
Median (Q1 — Q3) 9
age [years] 10.4+26 42-144
10.6(8.37 —12.78) 42-144
M 10.8+27 53-139
F 97+24
sex M; N (%) 27 (57.5%)
F: N (%) 20 (42.5%)
Tanner stage 1; N (M, F) 24(15,9)
22: N (M, F) 23(12,11)
height SDS 0.52 + 1.02 -1.07-29
0.48 (-0.4—1.1)
weight SDS 048+ 13 -2.08-35
0.26 (-0.4— 1.4)
BMI SDS 018+ 13 -2.25-28
-0.05(-0.8-1.1)
IGF-1 [ng/ml] 270.5+ 183.4 36.6—679.4
203.9 (119.5 — 404.2)
IGF-1SDS -0.39+1.14 -3.66—141
-0.16(-1.33—0.47)
IGFBP-3 [ng/ml] 4316.6 + 1434.9 1542 — 6336
4721 (2905 — 5438)
IGFVIGFBP-3 mur. 0.32+0.16 0.11-0.7

0.24(0.19-0.43)

M, male; F, female; SDS, standard deviation score; BMI, body mass index; IGF-1, insulin like

growth factor 1; IGFBP-3, IGF-binding protein 3; m.r., molar ratio.

serving per day [0.29 (0.18 — 0.44) ng/ml vs 0.17 (0.14 — 0.3) ng/

ml, p=0.068].

Moreover, SIRT1 concentration increased with declared
frequency of fruits and vegetables consumption (Figure 4).

Although no correlation was observed between SIRT1 and IGF-1
levels in the whole analysed group, after dividing children into groups

10.3389/fendo.2024.1356612

according to the amount of vegetables and fruits consumed, we found
that children eating more fruits and vegetables (at least 2-3 servings
per day), despite higher levels of SIRT1, had also significantly lower
IGF-1 concentration ([149.6 (87.4 — 349.8) ng/ml vs 379 (156.2 —
502.3) ng/ml, p=0.01, Figure 5], and IGF-1 SDS values [-0.69 (-1.59 —
0.2) vs 0.37 (-0.4 — 0.68), p=0.006, Figure 5], as well as decreased IGF-
1/IGFBP-3 molar ratio [0.22 (0.18 — 0.38) vs 0.4 (0.22 — 0.5), p=0.02].
Furthermore, those children were found to have lower BMI [16.64 (15
—18.67) vs 18.24 (16.22 — 21.2), p=0.056, Figure 5] and BMI SDS
[-0.39 (-0.92 — 0.31) vs 0.3 (-0.34 — 1.6), p=0.088, Figure 5].
Nevertheless, they did not differ with respect to height, gender and age.
SIRT1 concentration was also slightly but significantly higher in
the group of children consuming unsweetened dairy products more
frequently; that is, with consumption at least 2-3 times a day
compared to consumption of 0-1 once a day [0.34 (0.2 — 0.54)
ng/ml vs 0.18 (0.14 —0.29) ng/ml, p=0.018, Figure 6]. There were no
significant differences in height, weight and IGF-1 concentration
with respect to the frequency of the consumption of dairy products.
No differences in SIRT1 levels were detected with respect to the
consumption frequency of bread, rice, pasta, fish, meat, sweets and
sugary drinks, nor in relation to a specific diet or a number of daily
meals. Data on those individual food groups that were compared in
the survey are included in the Supplementary Materials.

4 Discussion

SIRT1 is a protein that is primarily localized intracellularly (in a
nucleus of liver, muscle, and white adipose tissue and in a cytoplasm
of pancreatic and endothelial cells) (3, 5). It has been detected in the
human adult serum (33) and its concentration appears to be altered
in various disease states. SIRT1 serum reduction was shown in
Alzheimer’s disease and mild cognitive impairment (33), obesity
(34) and lung diseases (35), suggesting that serum SIRT1 may be a
potential biomarker for various aging-associated diseases. On the

FIGURE 1

No. of observations

0,0

0.2

Distribution of sirtuin 1 concentration in a group of healthy children. SIRT1, sirtuin 1.

0,4
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FIGURE 2
Correlations between SIRT1 concentration and individual analysed parameters (A) age, (B) height SDS, (C) BMI SDS, (D) weight SDS, standard
deviation score; BMI, body mass index.

other hand, increased serum SIRT1 levels were noticed in acute  conducted in the adult population, the levels of SIRT1 observed
ischemic stroke (36), asthma (37) systemic lupus erythematosus in children within our study exhibited slightly lower concentration
(38) and frailty (39). To quantify SIRT1 levels in serum samples (35, 37, 40-43). There was one earlier study (44) focusing on SIRT1
enzyme-linked immunosorbent assays (ELISA) technique was used  levels in children in the context of growth. In this study SIRT1 levels
most frequently. were notably higher than the values reported in our observation.
To our knowledge, this study represents the first attempt to ~ However, the authors of the cited report presented a small sample
assess the serum concentration of SIRT1 in children and to explore  size with only male children and did not refer to other potential
the potential influencing factors. When compared to studies factors that may influence SIRT1 concentration in a population of

TABLE 2 SIRT1 concentration in healthy patients with respect to various parameters.

female 21 0.24(0.15-0.38) 09
Sex
male 26 0.26 (0.14-0.37)
<10 21 0.28(0.17-0.37) 0.84
Age [years]
210 26 0.23(0.14-0.46)
=1 24 0.29(0.14-0.38) 0.52
Puberty [Tanner stage]
2 23 0.21(0.14-0.37)
<0 24 0.26 (0.16—0.38) 0.55
BMI SDS
>0 23 0.20(0.10-0.38)
<0 15 0.20(0.14-0.31) 09
height SDS
>0 32 0.27(0.1-0.41)
<0 26 0.28(0.14-0.37) 0.43
IGF-1SDS
>0 21 0.26 (0.14—0.44)

BMI, body mass index; SDS, standard deviation score; IGF-1, Insulin-like growth factor 1.
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healthy children (44). Nevertheless, the observed differences in
serum concentration could be attributed to variations in the assay
sources or the laboratory techniques (35, 37, 40-43).

It was proven that, SIRT1 play an important role in detection of
cellular energy levels and regulation of energy metabolism and
increase in response to fasting, caloric restriction and malnutrition
(3). Several reports have shown that serum SIRT1 levels correlated
negatively with BMI and were elevated in patients with anorexia
nervosa (1, 45). It is well known that caloric restriction contributes
to a state of growth hormone resistance and is associated with a
decrease in serum IGF-1 levels, which is a main mediator of growth
hormone (GH) action in peripheral tissues. SIRT1 is known to
influence the process of intracellular GH signal transduction for
IGF-1 synthesis (46). In situations of fasting or nutrient deficiencies,
SIRT1 has been found to decrease the release of IGF-1 from the liver
through the STAT5 pathway and enhance resistance to GH by

promoting the release of GH from the pituitary gland (13, 47, 48).
Furthermore, the presence of SIRT1 in the hypothalamus,
particularly in neurons expressing the growth hormone receptor
(GHR), and in chondrocytes, suggests potential relevance to the
context of growth regulation (12, 14, 15, 49). It has been also
suggested that SIRT1 regulate Kkisspeptin expression in the
hypothalamus, affecting the timing of puberty onset (20).
Therefore, it seemed to us that SIRT1 levels might vary
depending on child height, or pubertal stage. However, we did
not observe any significant differences in serum SIRT1 levels in
relation to, age, height and IGF-1 levels as well as pubertal
development. Although it has been found that SIRT1 levels
decrease with age (50), in our paediatric cohort with a limited age
range these differences may not be apparent.

As our results did not reflect associations between SIRT1 serum
levels and height, weight or puberty, the intracellular function of
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0,9
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FIGURE 4
Serum SIRT1 concentration according to the declared frequency of fruits and vegetables intake in healthy children and a number of children in
each group.
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SIRT1 may be defined by factors other than blood concentration.
However, taking into account data from the literature, further
investigation regarding SIRT1 involvement in growth disorders as
well as weight and pubertal disturbances is warranted.

As SIRT1 is engaged in responding to metabolic imbalances, the
amount of SIRT1 depends on the availability and type of nutrients
(51). We assessed that SIRT1 serum levels were higher in children
that consume more fruits and vegetables (at least 2-3 portions per
day). Interestingly, those children were thinner and had lower IGF-1
serum levels, whereas their height was not affected the reduced IGF-1
serum levels may be related to sirtuins (46), but too many factors
affect IGF-1 values to draw conclusions on this topic. Our outcomes
are consistent with studies showing that sirtuin 1 may be activated by
certain polyphenols, a class of naturally-occurring phytochemicals,
which are compounds of some dietary products - fruits and
vegetables in particular. The best known SIRT1 activator,
resveratrol can be found in grapes, blueberries and grape products
such as red wine (21, 23, 51-53). Piceatannol is a metabolite of
resveratrol detected in grapes, passion fruit and white tea (23, 24).
Quercetin, flavonoid polyphenol is present in fruits (peaches),
vegetables (onions, garlic) and nuts (22, 54). Other dietary
polyphenols that activates SIRT1 is fisetin, which can be found in
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]
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g
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FIGURE 6

Serum SIRT1 concentration in terms of dairy products consumption.
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apples, kiwi, dactyls, strawberries and blueberries among others (22,
53, 55). Some data suggest that besides polyphenols, dairy
components may also serve as SIRT1 activators. Regarding our
results, children with high consumption of dairy products had
significantly increased SIRT1 serum concentration.
Correspondingly, in vitro study in muscle and adipose cells indicate
that systemic effects of high dairy feeding resulted in increased SIRT1
gene expression and activity in those cells (56). In addition, leucine,
which is present in dairy food was proven to increase SIRT1
expression (57). Despite studies indicate that both natural and
synthetic sirtuin activating compounds increase SIRT1 activity in
vivo, the precise mechanism by which they activate SIRT1 remains
unclear (58, 59). According to data from the literature resveratrol and
others sirtuin 1 activators have demonstrated promising outcomes in
a wide range of age-related diseases including obesity, diabetes,
inflammation, cardiovascular disease, among others (60-64).
Huang et al. summarized the current experience regarding
resveratrol treatment in people with obesity, finding a significant
improvement in metabolic complications and body weight reduction
(65). A favourable effect of resveratrol has also been shown in certain
diseases in children, such as ADHD or muscular dystrophies (66, 67).
Sirtfood is a novel food concept, according to which compounds
from diet can affect sirtuins (53). Sirtfoods are said to induce a
calorie restriction state and reduce nutrient consumption without
causing malnutrition (68). The vast majority of data show that foods
containing sirtuins (Sirtfoods) may produce pleiotropic, beneficial
effects on health, alleviating metabolic disorders (53). Formulating a
dietary regimen that integrates sirtuin-activating components
derived from both the Asian and Mediterranean diets presents a
potentially efficacious strategy in the prevention of chronic diseases.
This approach holds promise for fostering health and supporting
healthy aging (69). However, low bioavailability and rapid
metabolism of polyphenols are issues that need to be scientifically
addressed (70, 71). Further research is needed to evaluate dietary

impact on sirtuin 1 and Sirtfoods-associated clinical implications.
Despite our study is limited by a small sample size, it is

important to highlight that it represents the first investigation
focusing on assessing SIRT1 serum levels in children which may
offer valuable insights into the role of SIRT1 in pediatric physiology
and its potential relevance to various aspects of child health. The
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preliminary findings presented here may serve as a basis for further
research in this area and contribute to our understanding of SIRT1
implications in childhood development and disease, with an
emphasis on growth and nutrition. Future studies with larger
sample sizes and a wider age range are warranted to validate and
expand upon the findings of this pioneering investigation.

5 Conclusions/highlights

1. Serum sirtuin 1 concentrations in healthy children did not
differ with respect to sex, age, pubertal development,
axiological parameters and IGF-1 levels.

2. Higher frequency of fruits, vegetables and dairy products
consumption appeared to increase serum sirtuin 1 levels.
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Abstract: Sirtuin 1 (SIRT1) inhibits growth hormone (GH) intracellular signaling for the insulin-like
growth factor 1 (IGF-1) synthesis via the janus kinase (JAK)/signal transducer and activator of
transcription proteins (STATSs) pathway. The aim of this study was to compare SIRT1 concentrations
in children with GH deficiency (GHD) and so-called idiopathic short stature (ISS, non-GH deficient),
in order to determine the possible impact of changes in serum SIRT1 concentrations on the GH-
IGF-1 axis. The study group included 100 short-stature children: 38 with GHD and 62 with ISS
(maxGH in two stimulation tests <10 and =10 ng/mL, respectively). The control group consisted of
47 healthy, normal-height children. For each child, the concentrations of SIRT1, IGF-1 and insulin-like
growth factor-binding protein 3 (IGFBP-3) were determined and the IGF-1/IGFBP-3 molar ratio was
calculated. The level of SIRT1 was significantly higher in both groups of short children than in the
controls (p < 0.0001), but there were no differences between GHD and ISS (mean + SD: 0.89 + 0.45
for ISS; 1.24 + 0, 86 for GHD; and 0.29 + 0.21 for controls). A significant negative correlation was
found between SIRT1 and height standard deviation score (SDS), IGF-1 and IGF-1/IGFBP-3, but not
between SIRT1 and maxGH. Elevated SIRT1 levels may serve as one of the mechanisms through
which the secretion of IGF-1 is reduced in children with short stature; however, further research is
required to confirm this issue.

Keywords: growth hormone; growth hormone deficiency; non-GH-deficient children; short stature;
JAK/STATS pathway; insulin-like growth factor 1; IGF-1/IGFBP-3 molar ratio; sirtuin 1

1. Introduction

The regulation of growth processes in children is dependent on the actions of both the
growth hormone (GH) and growth insulin-like growth factor 1 (IGF-1), wherein IGF-1 is
the main mediator of GH activity for promoting longitudinal growth [1]. The activation
of the Janus kinase 2 (JAK2)/Signal Transducers and Activators of Transcription (STATS)
pathway is responsible for the synthesis of IGF-1 in hepatocytes in response to GH binding
to its cell surface receptor [2]. Also, the IGF-binding protein 3 (IGFBP-3) gene is promoted
through the same pathway [3]. The molar ratio of IGF-1 to IGFBP-3 is considered to be the
indicator that best reflects GH activity in children [4,5].
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Recently, it has been proven that sirtuin 1 (SIRT1), which is a NAD+-dependent
deacetylase, is one of the modulators of JAK2/STATSs pathway activity in hepatocytes [6].
SIRT1 is also involved in the cell cycle, apoptosis, response to oxidative stress, DNA repair,
inflammatory processes and metabolism, as well as in the regulation of hunger and sati-
ety [7-10]. Changes in SIRT1 expression depend on various factors and are intended to help
maintain homeostasis. Generally, SIRT1 downregulates IGF-1 mRNA synthesis induced by
GH [6]. Although SIRT1 acts primarily intracellularly, the serum SIRT1 concentration can
also be determined. In our earlier study, we assessed the SIRT1 concentration in healthy
children and analyzed the relationship between its concentration and gender, age and stage
of puberty; we did not find correspondence between any of them [11]. Therefore, the assess-
ment of the SIRT1 concentration in short-stature children seems interesting, as changes in its
concentration may play an important role in growth disorders in children—being the cause
or effect of certain abnormalities or adaptation mechanism. So far, reports on this issue are
scarce [6]. Thus, the aim of the present study was to assess the serum SIRT1 concentrations
in children with GH deficiency (GHD) (characterized by low GH concentration and low
IGF-1 concentration) and in those with non-GH-deficient short stature (idiopathic short
stature, 1SS) (characterized by normal GH and low/normal IGF-1 concentration) in order
to find a possible relationship between SIRT1 and GH levels (the latter assessed during
stimulation tests), as well as between SIRT1 levels and IGF-1 and the IGF-1/IGFBP-3 molar
ratio, depending on the diagnosis.

2. Materials and Methods

For this study, we enrolled 110 consecutive children with short stature who were ad-
mitted to the Department of Endocrinology and Metabolic Diseases of the Polish Mother’s
Memorial Hospital—Research Institute (PMMH-RI) in Lodz, from January 2021 to April
2023, and whose parents consented to their participation in this study.

The inclusion criteria included the following: age, =2.0 and <17.0 years; patient’s
height, less than —2.0 SDS with respect to age and sex; no identifiable organic or genetic
causes of short stature; born at term (=37 weeks of pregnancy) and with normal body
length and weight (appropriate for gestational age, AGA); and the written consent of the
legal representative to participate in this study. The height and weight of each child were
measured using a Harpenden stadiometer and body eight scale, followed by the calculation
of the BMI. The standard deviation score (SDS) for height, body weight and BMI were
calculated according to the reference values for Polish children and adolescents [12,13].
As it was an analysis of children with short stature, in order to objectify the BMI SDS
results, the height age (HA) of the children was calculated (as the age corresponding to
the 50th percentile for a given child’s height), and the BMI SDS for the HA value was
determined. From a clinical examination, the stage of pubertal development was assessed
according to the Tanner scale [14]. The patients’ histories were taken, including their
gestational age, birth weight and length, chronic diseases and other endocrine diseases,
as well as parental height and family history. For the children with visible dysmorphic
features, a karyotype assessment was performed. Children with other possible causes
of short stature (e.g., celiac diseases (n = 1), hypothyroidism (n = 3), born small for ges-
tational age (n = 6) and Turner syndrome (n = 1)) were excluded from this study (all
together 11 children). Parental height data (measured at a visit or reported) were also
collected and each patient’s target height (TH) was calculated, using the following formula:
(mother’s height + father’s height)/2 + 6.5 cm for boys and (mother’s height + father’s
height)/2 — 6.5 cm for girls. Next, the TH SDS value was also calculated using the same
national reference values. Among the children with ISS, based on these data and the
formula provided by Ranke et al., a group of patients with familial short stature (FSS) was
distinguished—when height SDS > TH SDS - 1.28—and a group of non-FSS—when height
SDS < TH SDS - 1.28 [15]. The patients with GHD underwent a pituitary MRI, which
excluded organic causes of pituitary dysfunction and allowed for the diagnosis of id-
iopathic somatotropic hypopituitarism. The bone age (BA) was estimated according to
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Greulich—Pyle (G&P) evaluation standards, based on radiographs of the wrist and hand of
the non-dominant hand.
During the hospital stay, two GH stimulation tests were conducted. The first test was
performed after oral clonidine administration (at a dose of 0.15 mg/m? of body surface
area, with GH serum level measurements at the 0, 30th, 60th, 90th and 120th minute of the
test). The second one was performed after an intramuscular glucagon injection (at a dose
of 30 nug/kg of body mass, limited to a maximum of 1 mg), with the measurement of GH
serum levels at the 0, 90th, 120th, 150th and 180th minute). For each child, before the first
stimulation test, blood samples for SIRT1, IGF-1 and IGFBP-3 measurements were taken
after nocturnal fasting, at 6:00 in the morning, approximately 10—12 h after the last meal.

The control group, presented in our previous study [11], consisted of 47 healthy

children, matched by age and gender to the study group, with normal height and weight,
hospitalized at PMMH-RI for follow-up examinations, but no abnormalities were found in
them. For this group, the height, weight and puberty stage according to the Tanner scale,
as well as the SIRT1, IGF-1 and IGFBP-3 concentrations were assessed.

All the analyses were conducted at the Centre for Medical Laboratory Diagnostics and
Screening of the PMMH-RI. The methodology for the IGF-1, IGFBP-3 and GH determina-
tions in the samples was described in great detail by our team in a previously published
article [16]. The blood samples, in a volume of 2.6 mL for the SIRT1 evaluation, were
drawn into S-monovette Serum Gel Cat tubes (SARSTEDT AG & Co. KG, Nimbrecht,
Germany), and then the tubes were left at room temperature for 2 h to enable the samples
to clot. Once the time had elapsed, the samples were centrifuged for 15 min at 1000x g,
following the manufacturer’s recommendations for the kit that was used to examine the
SIRT1 levels. The serum samples were visually assessed for hemolysis, and were then
removed immediately and aliquoted into labeled Eppendorf 1.5 mL tubes. The samples
were stored at —80 °C until the date of the assay. The SIRT1 concentration was deter-
mined by the double-binding ELISA method. For this purpose, 2 Human NAD-dependent
deacetylase Sirtuin-1 (SIRT1/SIR2L1) ELISA Kits (Cusabio, Houston, TX, USA) were used.
The steps were followed according to the manufacturer’s instructions (User Manual; cat-
alogue number: CSB-E15058h). For the procedure, the initial step was the preparation
of the samples and standards, and then applying them to the plate. The provided plate
was pre-coated with SIRT1/SIR2L1-specific monoclonal antibodies. The preparatory step
was followed by an incubation period of two hours at 37 °C. Upon the completion of this
time, the wells were thoroughly and carefully drained of the fluid contents and without
a washing procedure, biotin-conjugated antibodies were added. This was followed by
another incubation period of an hour under the same conditions. As per the manufacturer’s
instructions, three washing steps in total were applied, and blotting with a clean absorbent
surface was also implemented. For the next step, streptavidin—horseradish peroxidase
conjugate (HRP-avidin) was used and distributed into the wells and allowed to set for
another incubation period of one hour at 37 °C. After that incubation ended, five wash
steps in total were conducted. Following that action was the addition of chromogenic
substrate 3,3',5,5-tetramethylbenzidine (TMB) and the incubation of the plate in the same
temperature conditions for 20 min. The reaction was stopped with sulfuric acid, provided
as a Stop Solution by the manufacturer. The last step was to read the absorbance using
an ELISA plate reader (Bio-Rad iMark; Hercules, CA, USA) at 450 nm. The manufacturer
ensures in the attached IFU that the sensitivity of the assay is 0.039 ng/mL, while the
guaranteed detection range of the assay is 0.156 ng/mL-10 ng/mL, with an intra-assay
coefficient of variation of less than 8%, and an inter-assay coefficient of variation of less
than 10%.

The collected data underwent statistical analysis using STATISTICA ver. 13.3 soft-
ware (Statsoft, Cracow, Poland). The normality of the distribution was assessed using the
Shapiro—Wilk test, and the equality of variance was evaluated using Levene’s test. Non-
parametric tests were used for intergroup comparisons of the quantitative continuous
variables: the Kruskal-Wallis rank ANOVA and Mann-Whitney U test. Intergroup com-
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parisons of the nominal/qualitative variables were performed using the chi-square test.
A correlation analysis of the variables studied (Pearson correlation coefficient) was also
conducted. The continuous variables were displayed as the mean and standard deviation
(mean = SD), and the categorical variables by N (%). Statistically significant differences
were defined as p-values less than 0.05. Approval was obtained from the Bioethics Com-
mittee at the Polish Mother’s Memorial Hospital—Research Institute in Lodz (Opinion No.
47/2020).

3. Results
3.1. Study Group Characteristics

Finally, one hundred (100) children with short stature were enrolled in this study.
GHD was diagnosed when the maximum GH secretion in both stimulation tests was found
to be below 10 ng/mL, while ISS was diagnosed when the maximal GH secretion in at least
one stimulation test was higher than or equal to 10 ng/mL. With respect to the results of
the GH stimulation tests, the patients were divided as follow: 38 children were diagnosed
with GHD and 62 children with ISS. The control group consisted of 47 healthy individuals
with normal height. In the whole group, 86 (58.5%) children were boys, 61 (41.5%) were
girls and their mean age was 10.45 + 2.72 years. There were no statistically significant
differences between the individual groups regarding sex or age. The characteristics of the
study groups with respect to the diagnosis are presented in Table 1.

Table 1. Study groups characteristics with respect to diagnosis (numerical variables are given as
means + SD and min; max range).

, , Controls,
Variable ISS, n = 62 GHD, n =38 1SS vs. GHD ontrois p<
p< n=47

age [years] 10.4 + 2.75 10.75+ 2.88 0.4754 10.35+ 26 0.6780
5.02;15.98 3.01;15.26 4.21;14.35

sex, female 28 (45.16%) 13 (34.21%) 0.2798 20 (42.5%) 0.5500

N (%) male 34 (54.84%) 25 (65.7%) 27 (57.5%)

height [cm] 127.93 + 14.17 130.97 + 15.39 0.2233 146.46 + 17.89  0.0001 *
94; 150.1 89; 154.4 105; 181

height SDS -2.62+0.51 -2.40+0.3 0.1586 0.52 +1.02 0.0001 *
-4.85; -2 -3.77; -2 -1.07; 291

body mass [kg] 26.56 + 7.86 31.17 £10.54 0.0285 * 39.40 £14.25 0.0001 *
12.2;44.6 12.5;54.2 16;78

body -1.99 + 0.62 -1.40 +1.05 0.0050 * 0.48 +1.26 0.0001 *

mass [SDS] -3.41; -0.60 -3.05; -1.77 -2.08; 3.5

BMI [kg/m?] 15.82+2.13 17.61+322 0.0060 * 1769273 0.0004 *
12.53; 22.87 12.93; 25.89 13.83; 24.07

BMI SDS for -0.87 £1.08 -0.01+1.61 0.0066 * 0.18+1.27 0.0001 *

CA -2.60; 2.27 -2.69; 2.46 -2.25; 2.83

height age, 7.77+2.35 8.33+245 0.2062 X X

HA [years] 2.79;12.81 2.96;11.82

BMI SDS for -0.34+1.36 0.69 + 1.83 0.0057 * X X

HA -2.70; 4.60 -1.98; 5.03

* p < 0.05 is bolded. 1SS—idiopathic short stature; GHD—growth hormone deficiency; CA—calendar age;
SDS—standard deviation score; BMI—body mass index; HA—height age.

3.2. Results of Serum Tests

Since the division of the short-stature patients was based on the results of the GH
peak in the stimulation tests, the statistical analysis obviously showed a significant dif-
ference (p < 0.0001) between the GH peak secretion in the GHD (GH peak < 10 ng/mL)
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and ISS (GH peak = 10 ng/mL) groups (no stimulation tests were performed on the con-
trols). In both (GHD and ISS) groups, the IGF-1 concentrations [(137.17 ng/mL = 59.49)
vs. (155.48 ng/mL * 86.92) vs. (270.56 ng/mL + 183.39), p < 0.0001)], and the IGF-1 SDS
[(-1.67 £ 0.98) vs. (—1.28 = 0.84) vs. (-0.39 = 1.14), p < 0.0001)] were significantly re-
duced compared to the controls, and the IGF-1 SDS was significantly lower in the GHD
than in the ISS group (p < 0.0386). Similarly, the IGFBP-3 levels [(3481 ng/mL = 979) and
(3482 ng/mL £ 979) vs. (4317 ng/mL + 1435), p <0.0017)] and the IGF-1/IGFBP-3 molar
ratio [(0.22 ng/mL + 0.06) and (0.23 ng/mL £ 0.09) vs. (0.32 ng/mL + 0.16), p < 0.0088)]
were found to be significantly lower in both groups of short children than in the control
group, while they did not differ between the individual groups of short children (GHD and
ISS), despite the completely different GH secretion and—therefore—final diagnosis. The
results of the serum tests performed on the short-stature children and control group are
presented in Table 2.

Table 2. The results of the serum tests performed on the study groups (GHD and ISS) and on the
control group (numerical variables are presented as the means + SD and min; max range).

Variable ISS, n =62 GHD, n =38 1SS vs. GHD, Control Group, p<
p< n=47

Max GH after 13.98 + 4.42 6.05 + 2.64 0.0001 * X X

clonidine [ng/mL] 3.30;26.12 0.90;9.83

Max GH after 9.94 +5.48 491 +2.66 0.0001 * X X

glucagon [ng/mL] 1.88;27.25 0.28;9.85

IGF-1 [ng/mL] 155.48 + 86.92 137.17 + 59.49 0.6443 270.56 + 183.39 0.0001*
40.00; 510.90 19.10; 303.90 36.60; 679.40

IGF-1 SDS -1.28+0.84 -1.67 £0.98 0.0386 * -0.39+1.14 0.0001 *
-2.92; 0.83 -3.69; 0.29 -3.67; 141

IGFBP-3 3482 + 979 3481 £ 979 0.7493 4317 £ 1435 0.0017 *

[ng/mL] 2100; 5521 1458; 5703 1542; 6336

IGF-1/IGFBP-3 0.23 +0.09 0.22 +£0.06 0.5820 0.32+0.16 0.0088 *

molar ratio 0.08;0.51 0.06;0.42 0.11;0.71

SIRT1 [ng/mL] 0.89+£0.45 1.24 + 0.86 0.090 0.29+0.21 0.0001 *
0.15;2.14 0.16;3.33 0.04;0.96

* p < 0.05 is bolded. GH—growth hormone; 1SS—idiopathic short stature; GHD—growth hormone deficiency;
CA—calendar age; IGF-1—insulin-like growth factor 1; SDS—standard deviation score; IGFBP-3—IGF-binding
protein 3; m.r.—molar ratio; SIRT1—sirtuin 1, x—test was not performed.

The SIRTL1 concentration was significantly higher in both groups of short-stature children
(GHD and ISS) than in the control group [(1.24 ng/mL + 0.86) and (0.89 ng/mL + 0.45) vs.
(0.29 ng/mL £ 0.21), p < 0.0001)], but similarly to the IGF-1 and IGFBP-3 concentrations
and the IGF-1/IGFBP-3 molar ratio value, it did not differ between the two groups of short
children (GHD and ISS). The SIRT1 concentrations are displayed in Figure 1 to illustrate
the wide range of results with respect to the mean in the GHD group.

3.3. Correlations of SIRT1 with Height, Body Mass and IGF-1

In the whole analyzed group (short stature and control group), a significant negative
correlation was found between SIRT1 and each of the listed parameters: height (r = —0.29,
p < 0.0008), height SDS (r = -0.43, p < 0.0001), IGF-1 (r =-0.21, p < 0.0097), and IGF-
1/IGFBP-3 molar ratio (r = —0.18, p < 0.0325). Notably, when we took a SIRT1 concentration
of 1.5 ng/mL as the cut-off point, all the children whose SIRT1 concentration exceeded this
value had a height SDS below <-2.0 and IGF-1 lower than 200 ng/mL (Figure 2).
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SIRT1 levels in ISS, GHD and control group
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Figure 1. Comparison of SIRT1 concentrations in short children with ISS (GH secretion = 10 ng/mL)
and GHD (GH secretion < 10 ng/mL) and in the control group.

Correlation of SIRT1 and height SDS

r=-0.43, p<0.0001

3
° o - 700
é g o °0
o)
1 7 (%%

800

Correlation of SIRT1 and IGF-1
£ =-0.21,p<0.0009

=
&
a S
2 =
= 1 &
& -2 ®- 5000 © 0 © ° g
00 ® O S
3 °o oo 8%00 I
-4 @ o, 4
=B ° o
g -100
-05 0.0 05 10 15 20 25 30 35 05 00

SIRT1 concentration [ng/ml]

Correlation of SIRT1 and body mass SDS
r=-0.45,p<0.0001

0.5 1.0 15 20

SIRT concentration [ng/ml]

25 3.0 35

| 0
3l ° o ©°
I
2t °
o
OQ
8 5 00 o °
@ | o &€
2 | @ o
g 0“ X o0&
> z 0 o °
9
3 -1 Pd
5 3 o %o
oe¢
o 6’ 09, o 2 o
-2t O o o
°8 P 05g °-2 .
| %
’3‘ oo o oo
4L
-0.5 0.0 05 1.0 15 2.0 25 30 35

SIRTI concentration [ng/ml]

Figure 2. Correlations between sirtuin 1 and height SDS, IGF-1 and IGF-1/IGFBP-3 molar ratio in

whole analyzed group of children.
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BMI SDS for CA

Moreover, serum SIRT1 correlated negatively with body mass (r = —0.29, p < 0.0005),
body mass SDS (r = -0.42, p < 0.0001), as well as BMI (r = —0.24, p < 0.0060) and BMI SDS
(r=-0.26, p < 0.0019), as shown in Figure 3.
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Figure 3. Correlations between serum SIRT1 concentration and body mass SDS, as well as serum
SIRT1 and BMI SDS in analyzed group of short-stature children.

As SIRT1 does not have a normal distribution, log-transformed SIRT1 values were
also calculated, revealing significant correlations between the LogSIRT1 and the following
parameters: height (r = —0.35, p < 0.0001), height SDS (r = -0.57, p < 0.0001), IGF-1
(r=-0.27, p < 0.0009), IGF-1/IGFBP-3 molar ratio (r = —0.26, p < 0.0025), body mass
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(r=-0.36, p<0.0001), body mass SDS (r = -0.59, p <0.0001), as well as BMI (r = =0.25,
p <0.0027) and BMI SDS (r = —-0.28, p < 0.0007).

3.4. Sirtuin 1 Levels with Respect to the Severity of GHD

In the whole group of short-stature children, no correlations between SIRT1 and the
serum GH peak in any of the stimulation tests were observed. However, after dividing
them into subgroups, SIRT1 was positively correlated with the max GH secretion in the
stimulation tests only in GHD group (r = 0.37, p < 0.05). Moreover, in the GHD group, the
BMI SDS was correlated negatively with the max GH secretion (r = —0.43, p < 0.05). So,
thinner children with GHD had higher GH secretion and higher sirtuin 1 levels.

Subsequently, the short-stature children were divided into three subgroups with
respect to their maximal GH secretion in both stimulation tests: severe GHD (sGHD), when
maxGH was <7 ng/mL (n = 16); partial GHD (pGHD), when maxGH was in the range of
7-10 ng/mL (n = 22); and ISS, when GH max was =10 ng/mL (n = 62). There were only
four children with very low GH secretion (<3 ng/mL), so they were classified as sGHD.
The auxological parameters and serum test results of the above-subdivided groups are
presented in Tables 3 and 4.

Table 3. Comparison of auxological parameters in ISS, pGHD and sGHD groups (numerical variables
are presented as mean + SD and min; max range).

Variable ISS, n=62 pGHD, n =22 sGHD, n=16 p<

age [years] 10.4+2.75 10.34+2.84 11.32+2.92 0.6780
5.02;15.98 5.35;13.85 3.01;15.26

sex, female 28 (45.16%) 9 (40.91%) 12 (75%) 0.5500

N (%) male 34 (54.84%) 13 (59.09%) 5 (25%)

height [cm] 127.93 + 14.17 128.59 + 15.05 134.25 + 15.73 0.2134
94;150.1 101.20; 148.50 89; 154.40

height SDS -2.62 +0.64 -2.46 + 0.56 -2.32+0.48 0.3321
-4.85; -2 -3.77; -2 -2.61; -2.09

BMI [kg/m?] 1582+ 213ab  1636+225ac  19.33+360bc  0.0011*
12.53;22.87 12.93;21.48 13.89; 25,89

BMI SDS -0.87+1.08a -0.59+1.09b 079+ 1.09 ab 0.0020 *

for CA -2.60; 2.27 -2.17; 1.52 2.17;1.52

height age, 7.77+2.35 7.97 £2.44 8.83 +2.45 0.2288

HA [years] 2.83;12.81 3.75;115 2.16;12

BMI SDS -0.34+1.36a -0.01+ 1.26 1.65 + 2.08 a 0.0018 *

for HA —2.70; 4.60 -1.98; 2.53 -1.87; 5.03

* The values in the columns marked with the same bold letters (a, b, ¢) differ significantly; p < 0.05. GH—growth
hormone; 1SS—idiopathic short stature; pGHD-—partial growth hormone deficiency; sGHD—severe growth
hormone deficiency; CA—calendar age; SDS—standard deviation score; BMI—body mass index; HA—height age.

The SIRT1 levels were significantly higher in the patients with pGHD than in the
patients with ISS [(1.51 ng/mL % 0.98) vs. (0.89 ng/mL + 0.45), p < 0.0391, Figure 4].
Children with sGHD formed a very small group (n = 16), but it became visible that the
SIRT1 levels were the lowest in them (0.87 ng/mL + 0.49), and did not differ from the
SIRT1 levels observed in the ISS group. In turn, the ISS and pGHD groups were similar
in terms of their BMI SDS (-0.87 + 1.08 and —0.59 + 1.09) and IGF-1 SDS (-1.28 + 0.84
and —1.44 £ 0.89), and differed significantly from the sGHD group (BMI SDS 0.79 + 1.09,
p <0.0020; IGF-1 SDS -1.99 + 1.04, p <0.0395) in this respect.

We also compared the children with ISS according to a diagnosis of familial short
stature (FSS) or non-FSS, but we found no correspondence with SIRT1 levels.
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Table 4. Sirtuin 1 levels in short-stature subjects in groups with respect to maximal growth hormone
secretion in stimulation tests.

Variable ISS, n =62 pGHD, n = 22 SGHD, n = 16 p<

GH peak 15.23 + 4.28 a,b 8.52 +0.98 ac 43+219bc 0.0001 *

[ng/mL] 10;27.25 7.09;9.85 0.90;6.9

IGF-1 155.48 + 86.92 137.72 + 56.35 136.43 + 65.45 0.8942

[ng/mL] 40.00; 510.90 55.40; 287.20 19.10; 303.90

IGF-1 SDS -1.28+0.84a -1.44 + 0.89 -1.99+1.04a 0.0395 *
-2.92; 0.83 3.63;0.29 -2.61; -1.40

IGFBP-3 3482 + 979 3501 + 935 3454 + 1069 0.9379

[ng/mL] 2100; 5521 2180; 5703 1458; 5628

IGF-1/IGFBP-3  0.23+0.09 0.22 +0.07 0.21 +0.06 0.8570
0.08;0.51 0.11;0.42 0.06; 0.30

SIRT1 [ng/mL] 0.89 + 0.45 a 151+0.98a 0.87 +0.49 0.0391 *

* The values in the columns marked with the same bold letters (a, b, ¢) differ significantly; p < 0.05. GH—growth
hormone; 1SS—idiopathic short stature; pGHD—partial growth hormone deficiency; sGHD—severe growth
hormone deficiency; CA—calendar age; SDS—standard deviation score; BMI—body mass index; HA—height age.

SIRT1 levels with respect to maximal GH secretion in the stimulation tests

O Mean
[] Mean = SE 1
T Mean + SD

p<0.05

sGHD pGHD ISS
Figure 4. Comparison of SIRT1 levels in ISS (GH secretion = 10 ng/mL), pGHD (GH secretion = 7
and <10 ng/mL) and sGHD (GH secretion < 7 ng/mL) groups.

4. Discussion

Based on the results of our research, we found that the concentration of SIRT1 in serum
was significantly higher in both groups of short-stature children (ISS and GHD) than in the
control group. Thus, it seems that SIRT1 may play a role in growth disorders in children.
However, the mechanisms involved in these relationships are not clear.

As is known, short stature and a slow growth rate in children depend primarily on a
low concentration or availability of IGF-1. A reduced concentration of IGF-1 may result
from a GH deficiency, since the GH is the most important stimulator of its secretion [17].
However, many other causes of insufficient IGF-1 secretion are also known. These include
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chronic diseases (e.g., of the respiratory or circulatory system), liver dysfunction, malab-
sorption, malnutrition and other endocrine diseases, such as hypothyroidism [18]. In our
research, at the initial stage, we eliminated cases of children suffering from chronic diseases,
complaining of gastrointestinal problems, and children with untreated hypothyroidism. A
history was taken of the patients, which did not point to undernutrition as a clinically evi-
dent cause of short stature. However, we did not exclude patients with low BMI from this
study (as this was the majority of them). Therefore, it was difficult to determine whether
the children who were poor eaters and whose caloric balance was negative, for example,
in relation to proteins, were not qualified for the study group. Nevertheless, in the group

of children we analyzed, the causes of IGF-1 decrease with normal GH levels remained
uncertain. We believe that at least some of them may be related to excessive SIRT1 levels.

Our study shows significant inverse relationships between the SIRT1 concentration
and the IGF-1 levels, the IGF-1/IGFBP-3 molar ratio and the degree of growth deficiency.
It appears that in certain adverse conditions, increased SIRT1 levels may serve as a factor
leading to the inhibition of IGF-1 secretion to conserve energy and maintain homeostasis.
It should be emphasized that SIRTL1 is involved in reacting to metabolic imbalances caused
by caloric restriction and malnutrition [11,19]. We found that SIRT1 levels were related to a
child’s nutritional status. Within our investigation, SIRT1 levels were negatively correlated
with the weight SDS and BMI SDS. Correspondingly, SIRT1 gene expressions were also
upregulated in response to calorie restriction and weight loss, as well as negatively correlated
with BMI [20]. It is known that GH has a hyperglycemic effect by releasing glucose reserves
from stores, whereas IGF-1 has a hypoglycemic effect similar to insulin [21-23]. Therefore,
in cases of malnutrition conditions, an increased secretion of GH from the pituitary and
decreased secretion of IGF-1 from the liver at the same time (as, for example, in anorexia
nervosa) is beneficial for the body (to maintain glucose levels) [24]. It seems that an
increasing concentration of SIRT1 contributes to this, as SIRT1 has been found to negatively
regulate GH-induced IGF-1 production by modulating JAK2/STATSs pathway activity in
hepatocytes [6,25]. Whether such a prolonged status could cause growth impairment (in
response to an insufficient IGF-1 concentration, with normal or even high GH levels) is a
subject for further research. Similarly, an inverse association between SIRT1 and IGF-1 has
also been observed in cases of intrauterine growth restriction (IUGR). Chriet et al. [20] found
that the trajectories of gene expression for sirtuins and metabolic genes were perturbed in
pigs with IUGR, showing a correspondence with IGF-1 dysregulation. There was a notable
increase in SIRT1 gene expression accompanied by decreased levels of IGF-1.

On the other hand, the reason why SIRT1 levels were higher in the children with GHD
(both pGHD and sGHD) than in the control group is not fully understood. Our results also
reveal that SIRT1 was positively correlated with the maximum GH secretion in the stimulation
tests only in the GHD group. This might be explained in the following way. In children with
GHD and a normal BMI, there is no limitation to providing exogenous nutrients (food), but
because of the primarily low secretion of GH, there is an impairment in the catabolic actions
of GH—providing glucose and free fatty acids from tissues into the bloodstream. Such a
constellation is supposed to trigger signals similar to the caloric restriction state (activating
ghrelin) and—in this way—activate SIRT1 in some tissues, e.g., the hypothalamus. Thus, we
speculate that in the case of patients with GHD, SIRT1 may increase in response to decreased
GH (as an attempt to promote GH secretion in a positive feedback mechanism). Actually,
SIRT1 is supposed to influence GH signal transduction at various levels [26]. SIRT1 is widely
expressed in the hypothalamus (in particular in the arcuate nucleus) [27]. Moreover, SIRT1
activity in the brain is probably involved in the regulation of the somatotropic axis in response
to energy supply [28]. It has been proven that in the arcuate nucleus (ARC), the majority of the
GH receptor-expressing neurons also express SIRT1, and respond to fasting by upregulating
SIRT1 expression [28,29]. Itis also worth mentioning ghrelin, which specifically triggers a
central SIRT1/p53 pathway—essential for its orexigenic action [30].

Although the statistical analysis did not show a significant difference between the
SIRTL1 concentration in the GHD and ISS groups (p < 0.09), it is worth emphasizing that

43



Biomedicines 2024, 12, 1433

11 of 13

among the children in the GHD group, there were cases of very high SIRT1 concentrations
(up to 3.33 ng/mL), and the dispersion around the mean was large, which indicates the
heterogeneity of this group. The division of patients into sSGHD (GH secretion < 7 ng/mL)
and pGHD (GH secretion 7-10 ng/mL) also sheds some light on this issue. Children with
pGHD presented with similar features to the ISS group—they were similarly thin and had
comparably decreased levels of IGF-1 (despite different GH secretion), and significantly
differed from the patients with severe GHD in those respects.

This leads to the question of whether patients with pGHD overlap or form the same
group as patients with ISS. It is often mentioned in medical reports that children with
pGHD may constitute a group that does not require rhGH treatment and does not differ
significantly from children with ISS [31,32]. In fact, distinguishing between GHD and
ISS raises difficulties, as there is a continuum between normal GH secretion and GH
deficiency [33]. To diagnose GHD, the maximum secretion of GH in stimulation tests
has been arbitrarily assumed to be less than 10 ng/mL (or less than 7 depending on the
recommendations) [34]. Patients with higher GH secretion are diagnosed with ISS. Such an
arbitrary division is questionable, especially given the poor reproducibility and reliability
of the stimulation tests. Although at present there are no better tools for diagnosing GHD
than the stimulation tests, this topic should be the subject of further research and discussion.
Nevertheless, the levels of SIRT1 differed significantly between these two groups (pGHD
and ISS). At present, it is difficult to determine the reason for this observation; one can only
speculate that the higher levels of SIRT1 in pPGHD may primarily result from decreased GH
secretion—and that differences in GH secretion levels do matter.

It should also be noted that although SIRT1 is an intracellular enzyme, it is also found
in the serum and its extracellular pool appears to play a role in the human body [11].
However, the receptors for SIRT1 have not been described, and how SIRT1 is transported in
the blood has not been determined yet. To date, only one study has assessed SIRT1 serum
levels in terms of growth. It did not reveal higher SIRT1 levels in the short-stature boys
than in the controls, but the GH secretion status in those children was not reported, and
one group had been already treated with rhGH [35]. We believe that the results of our
study will contribute to the knowledge on this topic—as we have shown that the serum
concentration of SIRT1 may reflect its intracellular biological function [6].

Increased SIRT1 levels in children with short stature may lead to favorable metabolic
effects on the human body [36,37]. Moreover, in numerous studies, SIRT1 activation has
been shown to regulate pathways with beneficial effects on aging and metabolic disorders,
inflammatory processes, DNA damage and oxidative stress [38—42]. Our analysis, which is
one of the first attempts to assess serum SIRT1 concentrations in children, displays a link
between short stature, GH and SIRT1. The involvement of SIRT1 in the regulatory mecha-
nisms concerning growth, metabolism and lifespan provides an interesting perspective for
further research.

5. Conclusions

In conclusion, in short-stature children, regardless of GH secretion, SIRT1 serum
concentrations were increased. Considering the significant negative correlations between
SIRT1 concentration and the levels of IGF-1, the IGF-1/IGFBP-3 molar ratio and the severity
of the growth deficiency, elevated SIRT1 levels may serve as one of the mechanisms through
which the secretion of IGF-1 is reduced in children with short stature; however, further
research is required to confirm this issue.
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5. Komentarz autora
5.1. Wstep

Niski wzrost dziecka jest jedna z najczestszych przyczyn zglaszania si¢ dzieci do
endokrynologa. W procesie diagnostycznym nalezy uwzgledni¢ szeroki wachlarz
mozliwych chorob zaréwno ogdélnosystemowych, jak i bezposrednio zwigzanych z
procesem wzrastania. Naleza do nich choroby przewlekte (np. uktadu oddechowego Iub
krazenia), dysfunkcja watroby, zaburzenia wchtaniania, niedozywienie oraz choroby
endokrynologiczne, takie jak niedoczynno$¢ tarczycy czy zespdt/choroba Cushinga. U
czgsci pacjentow stwierdza si¢ niedobdr hormonu wzrostu (GHD), nazywany tez
somatotropinowg niedoczynnoscig przysadki (SNP) [1]. W tych przypadkach obnizone
stezenie GH powoduje niedostateczng stymulacje receptora dla GH w komorkach
hepatocytow i — w rezultacie — zbyt niskie wydzielanie IGF-1. Nalezy przy tym
podkresli¢, ze proces wzrastania jest W duzej mierze uwarunkowany wiasnie dziataniem
IGF-1. Znane s3 jeszcze inne przyczyny niedoboru IGF-1, nie zwigzane bezposrednio z
niedoborem GH, np. oporno$¢ czy niewrazliwo$¢ na GH lub wtérny niedobdér IGF-1
towarzyszacy chorobom watroby, celiakii czy niedoczynno$ci tarczycy. Natomiast w
znaczgcej grupie diagnozowanych dzieci nie udaje si¢ znalez¢ przyczyny niskorostosci,
nawet jesli stezenie IGF-1 jest obnizone. U tych pacjentow stwierdza si¢ tak zwany
idiopatyczny niedobdr wzrostu (ISS). Niestety, wickszos¢ z tych dzieci nie osiagga

przewidywanego prawidtowego wzrostu ostatecznego.

Ostatnio odkryto, ze sirtuina 1 (SIRT1) jest zaangazowana w transdukcje sygnatu
GH w hepatocytach, gdzie hamuje syntez¢ IGF-1 poprzez modulacje szlaku
JAK2/STAT [2]. Co wigcej SIRT1 uczestniczy w podwzgoérzowej sygnalizacji
zwigzanej z dziataniem GH na swoj receptor w OUN. Sugeruje si¢ rowniez, ze SIRT1
wplywa na chondrogeneze ptytki wzrostowej [3]. Poza tym SIRT1 jest zaangazowana W
wiele procesoOw komorkowych, zwigzanych z regulacja metabolizmu, cyklu
komorkowego, odpowiedzi na stres oksydacyjny, naprawa DNA, czy regulacja gtodu i
sytosci [4]. Tlos¢ SIRT1 zalezy od dostepnosci i rodzaju skladnikéw odzywczych,
poniewaz bierze ona udzial w odpowiedzi na zaburzenia rownowagi metabolicznej,
ktore sa3 wywotlywane przez ograniczenie kalorii i niedozywienie. Nalezy jednak
podkresli¢, ze SIRT1 jest enzymem wewnatrzkomorkowym, niewiele wiadomo o tym w

jaki sposob stezenie wewnatrzkomorkowe tego biatka przektada sie na jego stezenie w
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surowicy, nie sg rowniez znane receptory dla SIRT1. Natomiast coraz wigcej jest
danych dotyczacych substancji bedacych wyzwalaczami sirtuin, ktére obejmuja m.in.
produkty codziennego spozycia. Wobec tego ocena stezenia SIRT1 u dzieci wydaje si¢
by¢ interesujaca, ze szczegdlnym uwzglednieniem dzieci z niskim wzrostem. Lepsze
poznanie mechanizmow bioracych udziat w regulacji procesu wzrastania pozwoli na

wdrozenie nowych opcji terapeutycznych dla niskorostych pacjentow.

5.2. Cele pracy

1. Przeglad literatury dotyczacej SIRT1 z uwzglednieniem jej udziatu w transdukcji

sygnatu wzrostowego oraz potencjalnym wptywie na proces wzrastania u dzieci.

2. Analiza wptywu wybranych parametrow (wiek, pte¢, stadium dojrzewania

plciowego, wzrost, masa ciata) na stezenie SIRT1 u zdrowych dzieci.

3. Préba oceny zaleznosci stezenia SIRT1 w surowicy od sposobu odzywiania dzieci

zdrowych.

4. Porownanie stezenia SIRT1 w surowicy krwi u dzieci zdrowych oraz u dzieci z
niskorosto$cig z grup: z niedoborem hormonu wzrostu (GHD) i z idiopatycznym

niedoborem wzrostu (ISS).

5. Poszukiwanie korelacji pomigdzy nasileniem niedoboru wzrostu a stezeniem SIRT1
w calej analizowanej grupie oraz w poszczegolnych podgrupach dzieci niskorostych
(GHD i ISS).

6. Analiza wzajemnych relacji pomi¢dzy st¢zeniem SIRT1 w surowicy a st¢zeniem GH
(ocenianym w testach stymulacyjnych), IGF-1 i IGFBP-3 oraz stanem odzywienia

wyrazonym wartoscig BMI w badanej grupie pacjentow.

5.3. Materialy i metody

Dzieci do grupy badanej byty rekrutowane sposrod pacjentow hospitalizowanych w
Instytucie Centrum Zdrowia Matki Polki w Lodzi w latach 2021-2023.

Kryteria wigczenia do grupy dzieci zdrowych:

» dzieci z prawidlowym wzrostem i masa ciata (3 — 97 centyl dla wieku i ptci);
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 brak istotnych zaburzen hormonalnych i choréb przewlektych;

* pisemna zgoda przedstawiciela ustawowego na udziat w badaniu.

Kryteria wlaczenia do grupy dzieci niskorostych:
Dzieci z idiopatycznym niedoborem wzrostu (ISS)
e wzrost pacjenta réwny lub nizszy od -2.0 odchylen standardowych w
odniesieniu do wieku i ptci;
» brak uchwytnej przyczyny organicznej, endokrynologicznej, zywieniowej czy
genetycznej niskorostosci;

» pisemna zgoda przedstawiciela ustawowego na udziat w badaniu.

Dzieci niedoborem hormonu wzrostu (GHD):
e wzrost pacjenta rowny lub nizszy niz -2.0 odchylenia standardowe w
odniesieniu do wieku 1 pfci;
« wolne tempo wzrastania;
» zbyt niskie wydzielanie GH w kazdym z 2 testéw stymulacyjnych;

* pisemna zgoda przedstawiciela ustawowego na udziat w badaniu.

Kryteria wylgczenia z badania:

» brak pisemnej zgody przedstawiciela ustawowego na udziat w badaniu;

» przewlekle problemy zdrowotne mogace mie¢ wptyw na wystapienie zaburzen
hormonalnych (m.in. przewlekle choroby przewodu pokarmowego, ukladu
oddechowego, ukfadu krazenia, uktadu wydalniczego, jadtowstr¢t psychiczny,
niewyréwnana niedoczynno$¢ tarczycy, zaburzenia i zespoly genetyczne);

» ostra choroba infekcyjna;

» dzieci urodzone przedwczesnie oraz dzieci urodzone jako to za mate w stosunku
do wieku ptodowego - SGA (small for gestational age);

» wielohormonalna niedoczynnos¢ przysadki lub wywiad w kierunku zmian

organicznych w osrodkowym uktadzie nerwowym.
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Przebieg badania:

U kazdego dziecka przeprowadzono badanie podmiotowe i1 przedmiotowe.
Szczegolowy wywiad obejmowal wiek cigzowy, mase i dlugos¢ urodzeniowa, choroby
przewlekte i inne choroby endokrynologiczne, a takze wzrost rodzicow i1 wywiad
rodzinny. Pomiary wzrostu i masy ciata zostaly wykonane przy uzyciu stadiometru
Harpenden 1 wagi elektronicznej. Na podstawie wysoko$ci i masy ciala okreslono
wskaznik odchylenia standardowego wzrostu (SDS wzrostu) i masy ciata (SDS masy
ciala) w stosunku do wartosci referencyjnych dla wieku 1 pici [5] oraz obliczono
wskaznik masy ciata (BMI) oraz BMI SDS. Dla dzieci z niskorosloscig, w celu
obiektywizacji wynikow BMI SDS, obliczono wiek wzrostowy (HA) dzieci (jako wiek
odpowiadajgcy 50. centylowi dla danego wzrostu dziecka) i wyznaczono BMI SDS dla
warto$ci HA. Na podstawie badania przedmiotowego oceniano stadium dojrzewania
plciowego wedlug skali Tannera [6]. Zebrano rdéwniez dane dotyczace wzrostu
rodzicow 1 obliczono docelowy wzrost (TH) kazdego pacjenta, stosujagc nastepujacy
wz0r: (wzrost matki + wzrost ojca)/2 + 6,5 cm dla chlopcow i (wzrost matki + wzrost
ojca)/2 - 6,5 cm dla dziewczat. U dzieci z cechami dysmorfii przeprowadzono oceng
kariotypu. Wiek kostny zostal oceniony u dzieci niskorostych na podstawie badania

rentgenowskiego nadgarstka i reki niedominujgcej przy uzyciu metody Greulich-Pyle

U wszystkich dzieci probki krwi pobierano rano na czczo w celu pomiaru rutynowo
oznaczanych podstawowych parametréw biochemicznych, a takze stezen IGF-1 i
IGFBP-3. Dodatkowa probka krwi (2,4 ml) zostala pobrana rano na czczo w celu
oznaczenia st¢zenia SIRT1 w surowicy. Po pobraniu krew odwirowywano w celu
uzyskania surowicy. Surowica bez oznak hemolizy byla nast¢pnie zamrazana i
przechowywana w odpowiedniej temperaturze, zgodnie z wymaganiami producenta

testu, do czasu analizy SIRT1.

U dzieci z niedoborem wzrostu podczas hospitalizacji dokonano oceny wydzielania
GH w 2 roznych testach stymulacyjnych. Pierwszy test przeprowadzono po doustnym
podaniu klonidyny (w dawce 0,15 mg/m? powierzchni ciata, z pomiarami poziomu GH
w surowicy w 0, 30, 60, 90 i 120 minucie testu). Drugi test przeprowadzono po
domigéniowym podaniu glukagonu (w dawce 30 pg/kg masy ciata, maksymalnie 1 mg,

z pomiarem poziomu GH w surowicy w 0, 90, 120, 150 i 180 minucie testu).
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Ocena nawykow zywieniowych dzieci zostala przeprowadzona poprzez ankietg
dietetyczng z rodzicem, w Kktorej pytano 0 czgstos¢ spozywania przez dzieci

poszczeg6lnych rodzajow zywnosci w poprzednim miesigcu.
Metody laboratoryjne

Wszystkie oznaczenia zostalty wykonane w Centrum Medycznej Diagnostyki
Laboratoryjnej i Badan Przesiewowych Instytutu Centrum Zdrowia Matki Polki w
Lodzi.

Stezenie SIRT1 oznaczono metoda immunoenzymatyczng podwdjnego wigzania
(test ELISA), wykorzystujac 2 zestawy Human NAD-dependent deacetylase Sirtuin-1
(SIRT1/SIR2L1) ELISA Kit (Cusabio, Houston, TX, USA), zgodnie z zaleceniami
producenta (User Manual; numer katalogowy: CSB-E15058h). Stezenie w kazdej
probce zmierzono dwukrotnie. Czulo$¢ testu wynosi 0,039 ng/ml, natomiast
gwarantowany przez producenta zakres wykrywalnosci testu to 0,156 ng/ml — 10 ng/ml,
przy wspdlczynniku zmienno$ci  wewnatrzoznaczeniowej ponizej 8%  oraz

wspotczynniku zmienno$ci migdzyoznaczeniowej ponizej 10%.

Stezenia IGF-1 i IGFBP-3 oceniano za pomocg testow Immulite, DPC. Dla IGF-1
zastosowano standard WHO NIBSC 1st IRR 87/518, o czulosci analitycznej 20 ng/mL,
zakresie kalibracji do 1600 ng/mL, wspdtczynnik zmiennosci wewnatrzoznaczeniowej:
3,1-4,3% 1 wspolczynnik zmiennos$ci migdzyoznaczeniowej CV: 5,8-8,4%. Test do
oceny IGFBP-3 byt skalibrowany do standardu WHO NIBSC Reagent 93/560, z
czulo$cig analityczng 0,02 pg/mL, zakresem kalibracji do 426 ug/mL, wspolczynnik
zmienno$ci ~ wewnatrzoznaczeniowej  3,5-5,6%, a  wspotczynnik  zmiennosci
mi¢dzyoznaczeniowej 7,5-9,9%. Stezenia IGF-1 wyrazono wartoscia odchylenia
standardowego dla pici i wieku (IGF-1 SDS). Stosunek molowy st¢zen IGF-1/IGFBP-3
obliczono przyjmujac mase¢ czasteczkowa dla IGF-1 — 7,5kDa, a dla IGFBP-3 — 42,0
kDa. Stosunek molowy IGF-1 do IGFBP-3 jest uwazany za wskaznik biodostepnosci
IGF-1.

Analiza statystyczna

Analize statystyczng zebranych danych przeprowadzono przy uzyciu
oprogramowania STATISTICA ver. 13.3 software (Statsoft, Polska). Do oceny

normalnosci rozktadu zastosowano test Shapiro-Wilka, a do oceny rownosci wariancji
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test Levene'a. Analiza pordwnawcza zostala przeprowadzona za pomoca testow
nieparametrycznych dla zmiennych niezaleznych. W celu miedzygrupowych poréwnan
iloSciowych zmiennych cigglych wykorzystano testy nieparametryczne: analiz¢
wariancji ANOVA rang Kruskala — Wallisa oraz test U Manna-Whitneya.
Migdzygrupowe pordwnania zmiennych nominalnych/jakosciowych przeprowadzono
za pomocg testu Chi-kwadrat. Ponadto przeprowadzono analize korelacji zmiennych
(wspolczynnik korelacji Pearsona). Zmienne ciggte zostaty przedstawione za pomoca
$redniej i odchylenia standardowego (mean + SD) i/lub mediany (Q1 — Q3), zmienne
kategorialne za pomoca N (%). Za rdznice istotne statystycznie zostaly przyjete

wartosci p < 0,05.

Na prowadzenie badanie pozyskano zgode Komisji Bioetycznej przy ICZMP w
Lodzi. Przedstawiciele ustawowi wszystkich pacjentow wyrazili §wiadomg, pisemng
zgod¢ na udziat w badaniu, po uprzednim zapoznaniu si¢ z informacjg na temat

prowadzanego badania naukowego.

5.4. Wyniki

Publikacja nr 1

Publikacja nr 1 zatytulowana “Involvement of sirtuin 1 in the growth
hormone/insulin-like growth factor 1 signal transduction and its impact on growth
processes in children” stanowi prace przegladows i zostala opisana w Dyskusji
(Rozdziat 6.5.).

Publikacja nr 2

Grupe dzieci zdrowych stanowilo 47 dzieci z prawidlowym wzrostem. Sredni wiek
dzieci wynosit 10,35 £ 2,6 lat, 57,5% stanowili chlopcy. Stezenia SIRT1 w surowicy u
zdrowych dzieci miescity sie w zakresie od 0,04 do 0,96 ng/ml. Srednie stezenie SIRT1
u zdrowych dzieci wynosilo 0,29 + 0,21 ng/ml ($rednia £ SD), podczas gdy mediana
(Q1 — Q3) wynosita 0,26 (0,14 — 0,38) ng/ml. Nie stwierdzono istotnej korelacji
pomigdzy stezeniem SIRTI1 a: wiekiem dzieci (r = 0,16), masg ciata (r = 0,11) i SDS
masy ciata (r = -0,05), wzrostem (r = 0,13), SDS wzrostu (r = -0,01), BMI (r = 0,05),
BMI SDS (r = -0,04). Nie wykazano rowniez korelacji migdzy stezeniami SIRT1 a:
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IGF-1 (r=0,11), IGF-1 SDS (r = 0,08), IGFBP-3 (r = 0,12), IGF-1/IGFBP-3 molar ratio
(r = 0,06). Stezenia SIRT1 nie roznily si¢ istotnie w podgrupach dzieci, podzielonych ze
wzgledu na: pte¢, wiek (>10 vs <10 lat), stadium dojrzewania (przedpokwitaniowe vs
bedace w okresie pokwitania), BMI (BMI SDS >0 vs <0), wzrost (SDS wzrostu >0 vs
<0) czy stezenie IGF-1 (IGF-1 SDS >0 vs <0).

W badaniu wykazano natomiast, ze dzieci, ktore spozywaty co najmniej 4-5 porcji
owocoOw lub warzyw dziennie mialy istotnie wyzsze poziomy SIRT1 niz dzieci, ktore
spozywaly mniej porcji (0-3 dziennie): 0,41 (0,23 — 0,6) ng/ml vs 0,2 (0,1 — 0,34)
ng/ml, p<0,02, odpowiednio. Stwierdzono rowniez, ze dzieci spozywajace wigce]j
owocOw i warzyw (co najmniej 2-3 porcje dziennie) miaty istotnie nizsze wartosci IGF-
1 SDS [-0,69 (-1,59 — -0,2) ng/ml vs 0,37 (-0,4 — 0,68) ng/ml, p<0,006], a takze byty
szczuplejsze [BMI 16,64 (15 — 18,67) vs 18,24 (16,22 — 21,2), p<0,056 oraz BMI SDS -
0,39 (-0,92 — 0,31) vs 0,3 (-0,34 — 1,6), p<0,088]. Stezenic SIRT1 bylo réwniez
nieznacznie, ale istotnie wyzsze w grupie dzieci spozywajacych produkty mleczne
czesciej, tj. przy spozyciu co najmniej 2-3 razy dziennie w poréwnaniu do spozycia 0-1
raz dziennie: 0,34 (0,2 — 0,54) ng/ml vs 0,18 (0,14 — 0,29) ng/ml, p<0,018.

Publikacja nr 3

Do badania zakwalifikowanych zostato 100 dzieci z niedoborem wzrostu. Niedobor
hormonu wzrostu (GHD) rozpoznawano w przypadku stwierdzenia maksymalnego
wydzielania GH w obu testach stymulacyjnych ponizej 10 ng/ml. ldiopatyczny niedobor
wzrostu (ISS) rozpoznawano w przypadku stwierdzenia maksymalnego wydzielania
GH w co najmniej jednym tes$cie stymulacyjnych powyzej 10 ng/ml. W odniesieniu do
wynikow testow stymulacji GH, pacjenci zostali podzieleni w nast¢pujacy sposob: u 38

dzieci zdiagnozowano GHD, a u 62 dzieci ISS.

Stezenie SIRT1 bylo istotnie wyzsze w obu grupach dzieci niskorostych (GHD 1
ISS) niz w grupie dzieci zdrowych (odpowiednio 1,24 + 0,86 ng/ml oraz 0,89 + 0,45
ng/ml vs 0,29 + 0,21 ng/ml, p<0,0001), ale podobnie jak stezenia IGF-1 i IGFBP-3 oraz
IGF-1/IGFBP-3 molar ratio, nie roznito si¢ miedzy dwiema grupami dzieci niskorostych
(GHD i ISS).

W catlej analizowanej grupie stwierdzono istotng ujemna korelacj¢ miedzy SIRT1 a

kazdym z wymienionych parametrow: wzrost (r = -0,29, p<0,0008), SDS wzrostu (r = -

53



0,43, p<0,0001), IGF-1 (r = -0,21, p<0,0097), IGF1/IGFBP-3 molar ratio (r = -0,18,
p<0,0325), a takze z masg ciata (r = -0,29, p<0,0005), SDS masy ciata (r = -0,42,
p<0,0001), BMI (r = -0,24, p<0,006) oraz BMI SDS dla HA (r = -0,26, p<0,0019).

Biorac pod uwage, ze wydzielanie GH stanowi swojego rodzaju continuum i
zalecenia co do punktu odci¢cia pomiedzy GHD a ISS rdznig si¢ na przestrzeni lat w
zaleznosci od kraju 1 doswiadczen naukowcow, pacjentow z GHD podzielono
dodatkowo na dwie podgrupy: z ciezkim GHD (severe GHD, sGHD) i cze$ciowym
GHD (partial GHD, pGHD). Stezenia SIRT1 w surowicy byty istotnie wyzsze w grupie
pacjentéw z pGHD niz ISS (1,51 £ 0,98 ng/ml vs. 0,89 + 0,45 ng/ml, p<0,0391). Z kolei
dzieci z sGHD, cho¢ stanowily bardzo malg grupe (n=16), to bylo widoczne, ze
poziomy SIRT1 byly u nich réwniez nizsze niz w grupie pGHD (0,87 £ 0,49 ng/ml). Z
kolei grupy ISS i pGHD byly podobne pod wzgledem BMI SDS (-0,87 + 1,08 i -0,59 +
1,09) oraz IGF-1 SDS (-1,28 £ 0,84 i -1,44 + 0,89) i roznily sig¢ istotnie od grupy sGHD
(BMI SDS 0,79 + 1,09, p<0,002; IGF-1 SDS -1,99 £ 1,04, p<0,0395) w tej kwestii.

5.5. Dyskusja

Pierwsza publikacja w cyklu zatytulowana “Involvement of Sirtuin 1 in the
Growth Hormone/Insulin-like Growth Factor 1 Signal Transduction and Its Impact on
Growth Processes in Children” stanowita analiza piSmiennictwa dotyczacego SIRT1
oraz jej udziatu w transdukcji sygnatu GH oraz w procesie wzrastania u dzieci. Przeglad
literatury obejmuje 111 pozycji. Uwzgledniono artykuly opublikowane w jezyku
angielskim w renomowanych bazach danych, w tym PubMed i Google Scholar do
grudnia 2022 roku, z pdzniejszymi aktualizacjami we wrzesniu 2023 roku.
Wyszukiwano kombinacje nastepujacych termindéw MeSH: growth, children, growth
hormone, GH, sirtuin 1, SIRT1, sirtuins, insulin-like growth factor 1, IGF-1, STATS5,
hypothalamus, hepatocytes, liver, chondrocytes, caloric restriction, fasting, and

malnutrition.

W powyzszej pracy przegladowej opisano czynniki wplywajace na proces
wzrastania u dzieci. Regulacja wzrastania zalezy przede wszystkim od dzialania GH
wydzielanego przez przysadke oraz IGF-1, wydzielanego gtéwnie w hepatocytach [8].

Dziatanie GH jest regulowane zaréwno przez hormony podwzgoérzowe, jak i inne
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hormony i czynniki [9]. IGF-1 jest natomiast gldwnym mediatorem aktywnos$ci GH w
promowaniu wzrostu kosci na dlugos¢ [10]. W odpowiedzi na wigzanie GH z jego
receptorem na powierzchni  komdrek aktywowanych zostaje Kkilka szlakow
sygnatowych. W odniesieniu do procesu wzrastania, glownym jest szlak JAK2/STATSp

w hepatocytach, poniewaz jest on odpowiedzialny za syntez¢ IGF-1 [11].

W dalszej czesci pracy opisano Sirtuing 1 (SIRT1), biatko kodowane przez gen
SIRT1 nalezace do rodziny sirtuin, czyli NAD+ zaleznych deacetylaz, ktére reguluje
wiele proceséw biologicznych [12]. U ssakow wykryto siedem rodzajow sirtuin [4].
SIRT1 odgrywa wazng rolg w réznych procesach komoérkowych m. in. w regulacji
metabolizmu, cyklu komorkowego, apoptozy, stresu oksydacyjnego, naprawy DNA
oraz starzenia [13,14]. SIRT1 jest aktywowana w odpowiedzi na zaburzenia rownowagi
metabolicznej, ktore sg wywotywane przez post i deficyt kaloryczny [15]. Wplywa na
procesy metaboliczne takie jak glukoneogeneza, B-oksydacja kwasow tluszczowych czy

wrazliwos$¢ tkanek na insuling [16,17].

W dotychczasowych badaniach stwierdzono, ze SIRT1 moze hamowac
sygnalizacje GH poprzez interakcje z STAT3 i/lub STATS, a tym samym negatywnie
regulowac¢ produkcje IGF-1 indukowang przez GH [2]. Ponadto SIRT1 uczestniczy w
podwzgorzowej sygnalizacji zwigzanej z GHR [18]. Sugeruje si¢ rowniez, ze SIRTI
wplywa na chondrogeneze ptytki wzrostowej oraz wzrost kosci na dlugos¢ [19].
Wydaje sie, ze SIRT1 modyfikuje dziatanic GH i IGF-1 poprzez wplyw na
przekazywanie sygnaldw w neuronach podwzgoérza wydzielajagcych GHRH, AgRP i
POMC, a takze poprzez modulowanie dziatania greliny [20]. Promuje wydzielanie GH
z przysadki, ale podczas deficytu kalorycznego hamuje obwodowe dziatanie GH
poprzez zmniejszenie ekspresji i wydzielania IGF-1. Celem tej regulacji jest utrzymanie
rownowagi miedzy stymulowaniem i hamowaniem wzrastania, zachowujac energi¢
niezbedng dla kluczowych proceséw metabolicznych. Wydaje sie¢ wigc, ze u dzieci z
niedozywieniem poziom SIRT1 jest zwigkszony w celu zahamowania obwodowe;j
produkcji IGF-1 i utrzymania homeostazy. To z kolei spowalnia tempo wzrostu dzieci,
hamuje dojrzewanie i kostnienie chrzastek nasadowych. Mechanizm ten pozwala na
potencjalng poprawe ostatecznego wzrostu, jezeli niekorzystne warunki ulegna

poprawie. Biorac pod uwagg, ze aktywnos$¢ SIRT1 moze by¢ modulowana przez rézne
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czynniki, wyzwalacze i inhibitory sirtuin w przysztosci moglyby zosta¢ wykorzystane

do opracowania nowych metod leczenia dzieci z zaburzeniami wzrastania [21].

Podsumowujgc, SIRT1 jest waznym czynnikiem w regulacji réznych procesow
biologicznych. Niniejszy przeglad literatury sugeruje, ze SIRT1 moze modulowaé

proces wzrastania u dzieci.

Druga publikacja zatytulowana “Sirtuin 1 serum concentration in healthy children
— dependence on sex, age, stage of puberty, body weight and diet” dotyczyta stezenia
SIRT1 we krwi u zdrowych dzieci [22]. Pomimo wielu badan na temat roli SIRT1 w
organizmie czlowieka, dotychczas w niewielu pracach analizowano st¢zenie sirtuin 1 w
surowicy krwi [23-25]. Niniejsze badanie to mialo na celu oceng stg¢zenia SIRT1 w
surowicy u zdrowych dzieci oraz analize¢ potencjalnych czynnikow wptywajacych na jej

stezenie.

Dotychczas udowodniono, ze SIRT1 odgrywa wazng role w wykrywaniu poziomu
energii  komoérkowej oraz wzrasta w odpowiedzi na ograniczenie kalorii i
niedozywienie. SIRT1 uczestniczy w transdukcji sygnatu wzrostowego na réznych
poziomach — podwzgodrze, watroba, chrzgstka wzrostowa - co zostalo opisane w
Publikacji nr 1 [26]. Wykazano rowniez, ze SIRT1 reguluje ekspresje kisspeptyny w
podwzgorzu, wplywajac na czas rozpoczecia dojrzewania [27]. Zostalo takze opisane,
ze poziomy SIRT1 zmniejszaja si¢ wraz z wiekiem [28]. Dlatego nasza hipoteza bylo
zalozenie, ze stezenia SIRT1 we krwi mogg r6zni¢ si¢ w zaleznosci wzrostu, masy ciata
dziecka, wieku czy etapu dojrzewania. Nie zaobserwowali$my jednak zadnych
znaczacych roznic W stezeniach SIRT1 w surowicy w odniesieniu do wieku, wzrostu i

poziomow IGF-1, a takze plci czy pokwitania.

SIRT1 uczestniczy w reagowaniu na zaburzenia rownowagi metabolicznej, a jej
ilo$¢ zalezy od dostgpnosci i rodzaju skladnikow odzywczych. W naszym badaniu
zostalo wykazane, ze poziom SIRT1 w surowicy byt wyzszy u dzieci spozywajacych
wigcej owocOw 1 warzyw (co najmniej 2-3 porcje dziennie). Co ciekawe, dzieci te byly
rowniez szczuplejsze i miaty nizszy poziom IGF-1 w surowicy, natomiast ich wzrost si¢
nie r6znit. Obnizony poziom IGF-1 w surowicy moze by¢ zwigzany z sirtuinami, ale
zbyt wiele czynnikow wptywa na wartosci IGF-1, aby wyciagna¢ wnioski na ten temat.

Wyniki naszej pracy sa zgodne z badaniami wykazujacymi, ze SIRT1 moze byc
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aktywowana przez polifenole, wystepujace w szczegdlnosci w niektorych owocach i
warzywach. Najlepiej poznanym polifenolem wyzwalajacym SIRTI1 jest resweratrol,
ale takze piceatannol, kwercetyna czy fisetyna, moga aktywowa¢ SIRT1 [29,30].
Polifenole te mozna znalez¢ miedzy innymi w winogronach i produktach z winogron
takich jak czerwone wino oraz jabtkach, kiwi, daktylach, truskawkach, jagodach,
winogronach, cebuli, czosnku, czy w biatej herbacie. Niektore dane sugeruja, ze poza
polifenolami, takze sktadniki nabialu (np. leucyna) moga shuzy¢ jako aktywatory SIRT1
[31]. W naszym badaniu dzieci z wysokim spozyciem produktow mlecznych réwniez
miaty istotnie zwigkszone stezenie SIRT1 w surowicy. Wyniki prezentowanej analizy
potwierdzaja, ze dieta ma wplyw na stezenie SIRT1 u dzieci, co moze mie¢ implikacje
terapeutyczne. Wedlug danych z literatury resweratrol 1 inne aktywatory SIRTI1
wykazuja korzystne efekty w chorobach zwigzanych z wiekiem, w tym otylosci,
cukrzycy, stanach zapalnych czy chorobach sercowo-naczyniowych, ale takze ADHD
czy dystrofii migsniowej [32—35]. W ostatnich latach pojawila si¢ koncepcja ,,Sirtfood”
jako diety opartej na produktach bedacych wyzwalaczami sirtuin, ktéra moze
wykazywa¢ dziatanie prozdrowotne, wplywajac korzystnie na metabolizm oraz

zapobiegajac chorobom przewlektym [36].

Pomimo, Ze to nasze badanie bylo ograniczone matg liczebno$cig proby, nalezy
podkresli¢, ze stanowi ono pierwsze badanie skupiajgce si¢ na wpltywie réznych
czynnikow na stezenie SIRT1 w surowicy u dzieci, co moze przyczyni¢ si¢ do poznania
roli SIRT1 w fizjologii pediatrycznej i jej potencjalnego znaczenia dla roéznych

aspektow zdrowia dzieci, ze szczeg6Inym uwzglednieniem wzrastania i odzywiania.

Trzecia publikacja dotyczyla analizy stezen SIRT1 u pacjentow z niedoborem
wzrostu o roznej etiologii. W badaniu, zostalo wykazane, ze st¢zenie SIRT1 w surowicy
nie roznito si¢ migdzy grupami GHD i ISS, ale w obu tych grupach byto istotnie wyzsze
niz w grupie dzieci zdrowych. Przypuszcza sig, ze SIRT1 moze wigc odgrywac rolg w
zaburzeniach wzrastania u dzieci. Powszechnie wiadomo, Ze niski wzrost i wolne tempo
wzrastania dzieci zaleza przede wszystkim od niskiego stezenia lub dostepnosci IGF-1,
ktory jest glownym mediatorem dziatania GH w tkankach obwodowych [37]. Z
powyzszego badania zostaly wykluczone dzieci, ktére moglty mie¢ obnizone IGF-1 ze
znanych przyczyn, innych niz niedob6r GH, czyli m.in. dzieci chore przewlekle, z

zaburzeniami wchtaniania, niedozywione czy z nieleczong niedoczynno$cig tarczycy.
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Wobec tego w analizowanej grupie dzieci (ISS) powody obnizonego IGF-1 przy
prawidlowym poziomie GH pozostawaly nieznane. Wydaje sie, ze przynajmniej

niektore z nich mogg by¢ zwigzane z nadmiernym poziomem SIRT].

W badaniu zostatlo wykazane, ze SIRT1 koreluje ujemne ze stezeniem IGF-1,
stosunkiem molowym IGF-1/IGFBP-3 oraz stopniem niedoboru wzrostu. W pewnych
niekorzystnych warunkach zwigkszony poziom SIRT1 moze shizy¢ jako czynnik
prowadzacy do zahamowania wydzielania IGF-1 w celu oszczgdzania energii i
utrzymania homeostazy. Nalezy podkresli¢, ze SIRT1 reaguje na zaburzenia rownowagi
metabolicznej spowodowane ograniczeniem kalorii 1 niedozywieniem. W badaniu
wykazano, ze poziomy SIRT1 byly zwigzane ze stanem odzywienia dziecka. Stezenia
SIRT1 byly ujemnie skorelowane z SDS masy ciata i BMI SDS. Wiadomo, ze GH ma
dziatanie hiperglikemiczne poprzez uwalnianie rezerw glukozy z tkanek, podczas gdy
IGF-1 ma dziatanie hipoglikemiczne podobne do insuliny [38,39]. Dlatego w przypadku
niedozywienia, zwigkszone wydzielanie GH z przysadki i zmniejszone wydzielanie
IGF-1 z watroby w tym samym czasie (jak na przyktad w jadlowstrecie psychicznym)
jest korzystne dla organizmu (w celu utrzymania prawidlowego poziomu glukozy we
krwi) [40]. Wydaje si¢, ze przyczynia si¢ do tego rosngce stezenie SIRT1, poniewaz
zostalo wykazane, ze SIRT1 negatywnie reguluje indukowana przez GH produkcije
IGF-1 poprzez modulowanie aktywnosci szlaku JAK2/STAT w hepatocytach [2,41].

Z drugiej strony, nie jest w petni zrozumiale, dlaczego poziomy SIRT1 byty
wyzsze rowniez u dzieci z GHD (zaro6wno pGHD, jak 1 sGHD) niz w grupie dzieci
zdrowych. Nasze wyniki pokazaly, ze SIRT1 dodatnio korelowata z maksymalnym
wydzielaniem GH w testach stymulacyjnych tylko w grupie dzieci z GHD. Mozna to
wyjasni¢ w nastepujacy sposob: u dzieci z GHD i prawidlowym BMI nie ma ograniczen
w dostarczaniu egzogennych skfadnikéw odzywczych, ale z powodu niskiego
wydzielania GH dochodzi do uposledzenia katabolicznego dziatania GH - dostarczania
glukozy i wolnych kwasow tluszczowych z tkanek do krwiobiegu. Taka konstelacja
moze wyzwala¢ sygnaly podobne do stanu deficytu kalorycznego (aktywacja greliny) i
w ten sposob aktywowa¢ SIRT1 w niektorych tkankach, np. w podwzgérzu. Dlatego
podejrzewamy, ze w przypadku pacjentow z GHD, SIRT1 moze wzrasta¢ w odpowiedzi
na obnizony poziom GH (w celu promowania wydzielania GH w mechanizmie

dodatniego sprzezenia zwrotnego). W dotychczasowych badaniach stwierdzono
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bowiem, ze SIRTL1 ulega szerokiej ekspresji w podwzgorzu (w szczegdlnosci W jadrze
hukowatym) [42]. Aktywno$¢ SIRT1 w mézgu jest prawdopodobnie zaangazowana w

regulacje osi somatotropowej w odpowiedzi na podaz energii [18,43].

Chociaz analiza statystyczna nie wykazata istotnej réznicy miedzy stezeniem
SIRT1 w grupach GHD 1 ISS, warto podkresli¢, ze wsrdd dzieci z grupy GHD zdarzaty
si¢ przypadki bardzo wysokich stezen SIRT1, a dyspersja wokot $redniej byta duza, co
sugeruje heterogeniczno$¢ tej grupy. Podzielono wigc pacjentdéw pod wzgledem
maksymalnego wydzielania GH w testach stymulacyjnych na sGHD (maxGH < 7
ng/ml) i pGHD (maxGH 7 — 10 ng/ml). Okazalo si¢, ze dzieci z pGHD wykazywaly
podobne cechy do dzieci z grupy ISS - byly podobnie szczupte i miaty podobnie
obnizone stezenia IGF-1 (pomimo innego wydzielania GH) oraz znacznie roznity si¢
pod tymi wzgledami od pacjentow z ciezka postacia GHD. W doniesieniach
medycznych czesto wspomina si¢, ze dzieci z pGHD mogg stanowi¢ grupe, ktora nie
wymaga leczenia thGH 1 nie r6zni si¢ znaczaco od dzieci z ISS [44]. Diagnostyka
roznicowa migdzy GHD a ISS nastrecza trudnosci, poniewaz pomigdzy prawidlowym
wydzielaniem GH a niedoborem GH wystepuje continuum a rozpoznanie GHD, w
zaleznosci od maksymalnego wydzielania GH w testach stymulacyjnych ponizej 10
ng/ml (lub mniej niz 7, w zaleznos$ci od rekomendacji) zostalo ustalone w sposob
arbitralny [45]. Niemniej jednak, stezenia SIRT1 réznily si¢ znaczaco mig¢dzy tymi
dwiema grupami (pGHD i ISS). Obecnie trudno jest okresli¢ przyczyne tej obserwaciji;
mozna jedynie spekulowaé, ze wyzsze poziomy SIRT1 w pGHD wynikajg ze

zmniejszonego wydzielania GH, a réznice w wydzielaniu GH maja znaczenie.

Podsumowujac, powyzsza analiza, ktéra jest jedng z pierwszych prob oceny
stezenia SIRT1 w surowicy u dzieci, wykazuje zwiazek miedzy niskim wzrostem,
GH/IGF-1 i SIRT1. Zaangazowanie SIRT1 w mechanizmy regulacyjne dotyczace
wzrastania, metabolizmu i starzenia stanowi interesujaca perspektywe dla dalszych
badan.

5.6. Whnioski

1. Stezenia SIRT1 w surowicy u zdrowych dzieci nie rdznig si¢ W zaleznos$ci od pici,

wieku, stadium dojrzewania, parametréw auksologicznych i poziomoéw IGF-1.
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2. Wieksza czestos¢ spozywania owocOw, warzyw oraz produktow mlecznych wigze si¢

ze zwigkszonym stezeniem SIRT1 w surowicy u dzieci zdrowych.

3. U niskorostych dzieci, niezaleznie od wydzielania GH, st¢zenie SIRT1 w surowicy

jest podwyzszone.

4. Istnieje istotna ujemna korelacja pomigdzy SIRT1 a: poziomem IGF-1, stosunkiem

molowym IGF-1/IGFBP-3 oraz nasileniem niedoboru wzrostu. SIRT1 moze stanowic¢

jeden z mechanizmow, poprzez ktore wydzielanie IGF-1 jest zmniejszone u

niskorostych dzieci.
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6. Zgoda komisji bioetycznej

Uzyskano zgod¢ Komisji Bioetycznej przy Instytucie Centrum Zdrowia Matki

Polki w Lodzi (opinia nr 47/2020).

Komisja Bioetyczna
przy Instytucie Centrum Zdrowia Matki Polki
93-338 Lodz, Rzgowska 281/289 tel. (42)271 1597
e-mail pnserca@iczmp.edu.pl

todz, dnia 15 wrzesnia 2020 .

Dr hab. n. med. Renata Stawerska
Klinika Endokrynologii i Choréb Metabolicznych
Instytutu Centrum Zdrowia Matki Polki w todzi

Komisja Bioetyczna przy Instytucie Centrum Zdrowia Matki Polki dziatajac zgodnie z zasadami Dobrej
Praktyki Klinicznej na posiedzeniu w dniu 15 wrzeénia 2020 r. rozpatrywata wniosek dotyczacy pracy:

»Analiza zaleznosci miedzy SIRT1, FGF21 i wisfatyng a stezeniem IGF-1 u dzieci z idiopatycznym
niedoborem wzrostu.”

Zespot badaczy:
1. Drhab. n. med. Renata Stawerska 4. Lek. Matgorzata Kolasa-Kicifiska
2. Lek. Anna Fedorczak 5. Prof. dr hab. n. med. Andrzej Lewiriski
3. Lek. Anna tupinska P2

Opinia Nr 47/2020

Komisja Bioetyczna przy Instytucie Centrum Zdrowia Matki Polki zapoznata sie z ww projektem
eksperymentu medycznego, przeanalizowata whiosek, wystuchata opinii recenzenta o przedstawionym
projekcie i wyniku przeprowadzonej dyskusji oraz tajnego gtosowania, po rozwazeniu kryteridw etycznych oraz
celowosci i wykonalnosci projektu pozytywnie zaopiniowata projekt eksperymentu medycznego.
Uchwate podjeto jednogtosnie.
Uchwate podjeto przy sprzeciwie ...,
Przewodniczaca:
Dr hab. med. Iwona Maroszynska, prof. instytutu
Zastepca Przewodniczacej:
Prof. dr hab. n. farm.L Daria Orszulak-Michalak
Cztonkowie:
Mec. Michat Araszkiewicz
Prof. dr hab. n. med. Tadeusz Bieganski
Drn. med. Pawet Czekalski
Dr hab. n. med. Piotr Grzelak, prof. instytutu
Mgr Grazyna Korybut
Dr n. med. Michat Krekora
Prof. dr hab. med. Jacek Rysz
Dr n. filozofii Wojciech Sztombka
Ks. dr hab. Jan Wolski
Dr hab. n. med. Marek Zadrozny, prof. instytutu

Prof. dr hab. n. med. Krzysztof Zeman
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7. Finansowanie badania

Badania zostaty zrealizowane dzigki $rodkom pozyskanym z grantu wewnetrznego
Instytutu Centrum Zdrowia Matki Polki nr 15GW/2021, ktéry byt finansowany z
budzetu Ministerstwa Nauki i Szkolnictwa Wyzszego.

Instytut ,,Centrum Zdrowia Matki Polki”
93-338 Lodz, ul. Rzgowska 281/289
tel.: 42-271-11-23, 42-271-11-29, 42-271-16-10; e-mail: nauka@iczmp.edu.pl

Lodz, 25.05.2021 .

Anna Fedorezak
Klinika Endokrynologii i Chorob Metabolicznych
Instytutu ,,Centrum Zdrowia Matki Polki”

Szanowna Pani,

Uprzejmie informuje, Ze zgodnie z rekomendacja Komisji ds. grantéw wewnetrznych i decyzja
Dyrektora ICZMP projekt badawczy, ktorego jest Pani kierownikiem, zostal przyjety do realizacji i
uzyskal finansowanie w wysokosci 20 000 zl w zwigzku z tym proszg o restrukturyzacj¢ budzetu do dnia
30.05.2021 r., gdyz jest to warunek konieczny do uruchomienia projektu.

o Tytul projektu: Analiza zaleznosci migdzy SIRT1, FGF-21 i wisfatyng, a stezeniem IGF-1 u

dzieci z idiopatycznym niedoborem wzrostu

e Nrprojektu: 15GW/2021

Przypominam réwniez, ze zgodnie z zaleceniami zawartymi w sprawozdaniu z audytu zewngtrznego
dzialalnodci statutowej wymagane jest monitorowanie stanu realizacji projektow w ciggu roku. Brak
sprawozdania moze skutkowa¢ wstrzymaniem finansowania lub zakonczeniem projektu. W zwigzku z
powyzszym, po zakonczeniu (drugiego potrocza 2021 roku), prosz¢ o zlozenie w Dziale Wspotpracy
Naukowej i Badawczej (pawilon A, poziom I, pok. nr 13) krétkiego sprawozdania odnoszacego si¢

do harmonogramu realizowanego projektu.

Zwracam si¢ z prosbg by kazdy zakup uslug i produktow finansowany z budzetu grantow
wewnetrznych byl wezesniej konsultowany z opiekunem projektu (Julia Sauter, tel. 42-271-16-10), w
jakim trybie zakupu powinien zostaé nabyty. Nieprzestrzeganie zapisow zamowien publicznych moze

skutkowa¢ brakiem mozliwogci finansowania zakupow ze srodkéw Instytutu.

z powaianiem,,./ &

(__Drheb-Dafiusz Trzmielak
Przewodniczqey Komisji ds. grantéw wewngtrznych

Do wiadomosci opiekuna naukowego:
dr hab. n. med. Renata Stawerska
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Lodz, 28.08.2024r.

lek. Anna Fedorezak
Klinika Endokrynologii i Choréb Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako pierwszy autor publikacji:

“Involvement of sirtuin 1 in the growth hormone/insulin-like growth factor 1 signal
transduction and its impact on growth processes in children.”

o$wiadczam, iz w wyzej wymienionej pracy mdj wkiad w powstanie publikacji polegal na:
stworzeniu konceptu pracy, wykonaniu przegladu literatury, wyboru publikacji, interpretacji
wynikow, napisaniu artykutu. M6j udzial w realizacji pracy szacuje na 60%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesci cyklu publikacji do
przeprowadzenia przewodu doktorskiego.

Podpis
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L.odz, 28.08.2024r.

Prof. dr hab. n. med. Andrzej Lewinski
Klinika Endokrynologii i Chorob Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako wspotautor publikacji:

.Involvement of sirtuin 1 in the growth hormone/insulin-like growth factor 1 signal
transduction and its impact on growth processes in children.”

o$wiadczam, iz w wyzej wymienionej pracy mdj wkiad w powstanie publikacji polegat na:
krytycznej ocenie tresci artykulu, zaakceptowaniu ostatecznej tresci artykutu. Moj udzial w
realizacji pracy szacuj¢ na 10%.

Jednoczes$nie wyrazam zgode¢ na wykorzystanie w/w pracy przedlozonej przez lek. Anng
Fedorczak, jako cz¢sci cyklu publikacji do przeprowadzenia przewodu doktorskiego.
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L6dz, 28.08.2024r.

Prof. dr hab. n. med. Renata Stawerska
Klinika Endokrynologii i Chor6b Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako wspotautor publikacji:

Involvement of sirtuin 1 in the growth hormone/insulin-like growth factor 1 signal
transduction and its impact on growth processes in children.”

o$wiadczam, iz w wyzej wymienionej pracy méj wkiad w powstanie publikacji polegal na:
stworzeniu konceptu pracy, interpretacji wynikéw, poprawianiu artykutu, krytycznej ocenie
tredci artykutu, zaakceptowaniu ostatecznej tresci artykulu. Moj udziat w realizacji pracy
szacuje na 30%.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy przedlozonej przez lek. Anng
Fedorczak, jako czesci cyklu publikacji do przeprowadzenia przewodu doktorskiego.
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f.odz, 28.08.2024r.

lek. Anna Fedorczak
Klinika Endokrynologii i Chordb Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako pierwszy autor publikacji:

“Sirtuin 1 serum concentration in healthy children - dependence on sex, age, stage of
puberty, body weight and diet.”

o$wiadczam, iz w wyzej wymienionej pracy moj wkiad w powstanie publikacji polegal na:
stworzeniu konceptu pracy, pozyskaniu finansowania, zebraniu materialu badawczego,
zakupie odczynnikow, analizie statystycznej, interpretacji wynikow, napisaniu artykutu. Mgj
udziat w realizacji pracy szacuj¢ na 60%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze¢sci cyklu publikacji do
przeprowadzenia przewodu doktorskiego.
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L.odz, 28.08.2024r.

Prof. dr hab. n. med. Andrzej Lewinski
Klinika Endokrynologii i Choréb Metabolicznych

Instytut Centrum Zdrowia Matki Polki w L.odzi

OSWIADCZENIE

Jako wspoélautor publikacji:

,Sirtuin 1 serum concentration in healthy children - dependence on sex, age, stage of
puberty, body weight and diet.”

os$wiadczam, iz w wyzej wymienionej pracy moj wklad w powstanie publikacji polegat na:
krytycznej ocenie tresci artykutu, zaakceptowaniu ostatecznej tresci artykutu. Mo6j udziat w
realizacji pracy szacuje na 10%.

Jednoczesnie wyrazam zgode¢ na wykorzystanic w/w pracy przediozonej przez lek. Anng
Fedorczak, jako czgsci cyklu publikacji do przeprowadzenia przewodu doktorskiego.

70



Lodz, 28.08.2024r.

Prof. dr hab. n. med. Renata Stawerska
Klinika Endokrynologii i Choréb Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako wspolautor publikacji:

“Sirtuin 1 serum concentration in healthy children - dependence on sex, age, stage of
puberty, body weight and diet.”

o$wiadczam, iz w wyzej wymienionej pracy mdj wkiad w powstanie publikacji polegal na:
stworzeniu konceptu pracy, analizie statystycznej, interpretacji wynikow, krytycznej ocenie
tresci artykuhu, zaakceptowaniu ostatecznej tresci artykutu. Mo6j udzial w realizacji pracy

szacuje na 30%.

Jednoczesnie wyrazam zgode¢ na wykorzystanie w/w pracy przediozonej przez lek. Anng
Fedorczak, jako czesci cyklu publikacji do przeprowadzenia przewodu doktorskiego.

.........................................................
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F.odz, 28.08.2024r.

lek. Anna Fedorczak
Klinika Endokrynologii i Choréb Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako pierwszy autor publikacji:

“Relationship between serum sirtuin 1 and growth I hormone/insulin-like growth
factor 1 concentrations in children with growth hormone deficiency and idiopathic short
stature.”
o$wiadczam, iz w wyzej wymienionej pracy moj wklad w powstanie publikacji polegat na:

stworzeniu konceptu pracy, zebraniu materialu badawczego, analizie statystycznnej,
interpretacji wynikow, napisaniu artykutu. Moj udzial w realizacji pracy szacuj¢ na 40%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesei cyklu publikacji do

przeprowadzenia przewodu doktorskiego.
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L.odz, 28.08.2024r.

lek. Dorota Kowalik
Klinika Endokrynologii i Choréb Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako wspotautor publikacji:

.Relationship between serum sirtuin 1 and growth I hormone/insulin-like growth
factor 1 concentrations in children with growth hormone deficiency and idiopathic short
stature.”
o$wiadczam, iz w wyzej wymienionej pracy mdj wklad w powstanie publikacji polegal na:
zebraniu materialu badawczego, interpretacji wynikéw. Moj udzial w realizacji pracy szacujg

na 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy przedlozonej przez lek. Anne
Fedorczak, jako czesci cyklu publikacji do przeprowadzenia przewodu doktorskiego.

............................................................
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Lodz, 28.08.2024r.

lic. Justyna Kopciuch
Centrum Medycznej Diagnostyki Laboratoryjnej i Badan Przesiewowych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako wspotautor publikacji:

..Relationship between serum sirtuin 1 and growth I hormone/insulin-like growth
factor 1 concentrations in children with growth hormone deficiency and idiopathic short

stature.”

o$wiadczam, iz w wyzej wymienionej pracy moj wklad w powstanie publikacji polegat na:
wykonaniu analiz. M¢j udzial w realizacji pracy szacuj¢ na 10%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy przediozonej przez lek. Anng
Fedorczak, jako czesci cyklu publikacji do przeprowadzenia przewodu doktorskiego.
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Lodz, 28.08.2024r.

dr n. medycznych Ewa Glowacka
Centrum Medycznej Diagnostyki Laboratoryjnej i Badan Przesiewowych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako wspotautor publikacji:

.Relationship between serum sirtuin 1 and growth I hormone/insulin-like growth
factor 1 concentrations in children with growth hormone deficiency and idiopathic short

stature.”

oswiadczam, iz w wyzej wymienionej pracy mdj wklad w powstanie publikacji polegal na:
wykonaniu analiz. M4j udzial w realizacji pracy szacujg na 10%.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy przedlozonej przez lek. Anng
Fedorczak, jako czgsci cyklu publikacji do przeprowadzenia przewodu doktorskiego.
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[.6d7, 28.08.2024r.

Iek. Katarzyna Mikolajezyk
Klinika Pediatrii, Immunologii i Nefrologii

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako wspolautor publikacji:

Relationship between serum sirtuin 1 and growth 1 hormone/insulin-like growth
factor 1 concentrations in children with growth hormone deficiency and idiopathic short
stature.”

o$wiadczam, iz w wyzej wymienionej pracy moj wklad w powstanie publikacji polegat na:
zebraniu materiatu badawczego. M6j udzial w realizacji pracy szacujg na 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy przedlozonej przez lek. Anng
Fedorczak, jako czg¢sci cyklu publikacji do przeprowadzenia przewodu doktorskiego.
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L.odz, 28.08.2024r.,

Prof. dr hab. n. med. Marcin Tkaczyk
Klinika Pediatrii, Immunologii i Nefrologii

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako wspolautor publikacji:

~Relationship between serum sirtuin 1 and growth I hormone/insulin-like growth
factor 1 concentrations in children with growth hormone deficiency and idiopathic short
stature.”

o$wiadczam, iz w wyzej wymienionej pracy méj wklad w powstanie publikacji polegat na:
krytycznej ocenie tresci artykutu. Moj udziat w realizacji pracy szacuje na 5%.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy przedlozonej przez lek. Anng
Fedorczak, jako czgsci cyklu publikacji do przeprowadzenia przewodu doktorskiego.

7



[,odz, 28.08.2024r.

Prof. dr hab. n. med. Andrzej Lewinski
Klinika Endokrynologii i Chordb Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako wspotautor publikacji:

.Relationship between serum sirtuin 1 and growth 1 hormone/insulin-like growth
factor 1 concentrations in children with growth hormone deficiency and idiopathic short
stature.”

oswiadczam, iz w wyzej wymienionej pracy mdj wklad w powstanie publikacji polegat na:
krytycznej ocenie tresci artykuhlu, zaakceptowaniu ostatecznej tresci artykutu. Méj udzial w
realizacji pracy szacuj¢ na 10%.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy przedlozonej przez lek. Anng
Fedorczak, jako czesci cyklu publikacji do przeprowadzenia przewodu doktorskiego.
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Lodz, 28.08.2024r.

Prof. dr hab. n. med. Renata Stawerska
Klinika Endokrynologii i Choréb Metabolicznych

Instytut Centrum Zdrowia Matki Polki w Lodzi

OSWIADCZENIE

Jako wspolautor publikacji:

“Relationship between serum sirtuin 1 and growth I hormone/insulin-like growth
factor 1 concentrations in children with growth hormone deficiency and idiopathic short

stature.”

o$wiadczam, iz w wyzej wymienionej pracy moj wklad w powstanie publikacji polegat na:
stworzeniu konceptu pracy, obliczeniu statystycznym, interpretacji wynikow, krytycznej
ocenie tresci artykuhu, zaakceptowaniu ostatecznej tresci artykutu. Moj udzial w realizacji

pracy szacuj¢ na 15%.

Jednocze$nie wyrazam zgode na wykorzystanie w/w pracy przediozonej przez lek. Anne¢
Fedorczak, jako czesci cyklu publikacji do przeprowadzenia przewodu doktorskiego.
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