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Growth hormone (GH) and insulin-like growth factor 1 (IGF-1) are the most important regulators of growth,
regeneration and metabolism. The influence of GH and IGF-1 on pediatric liver transplant outcomes is medi-
ated through growth and body weight regulation, specific effects on hepatocyte function and immune system
activity. In recent years, the blood levels of these factors and life expectancy, both in healthy individuals and
liver recipients, have been shown to be correlated. In pediatric liver recipients, neurohumoral regulation of graft
function and other functions of the growing organism, has not been studied enough. The results of studies on the
levels and dynamics of GH and IGF-1 in the blood of liver recipients can serve as a basis for assessing the state
of graft using new minimally invasive methods and identifying therapeutic targets for personalized therapy. This
review summarizes the current understanding of the significance of GH/IGF-1 hormones in hepatobiliary diseases

and pediatric liver transplantation (LTx).
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GH and IGF-1 are the key links in neurohumoral
regulation of metabolism. They can affect tissues through
different intracellular signaling pathways. GH stimulates
IGF-1 synthesis, which, in turn, influences GH produc-
tion by the principle of negative feedback, inhibiting its
synthesis [1].

GH is synthesized in the anterior pituitary lobe and
secreted into the blood, with maximum blood concen-
trations every 3—5 hours. The nature of GH secretion
differs in men and women and depends on age. The
highest level of the hormone in the blood is observed
during fetal development. With age, the baseline level,
frequency, and amplitude of hormone secretion peaks
decrease. The range of reference values of GH in the
blood of children aged 1-3 years is 2—10 ng/mL, and in
adults it is 1-5 ng/mL [2].

IGF-1 is a polypeptide hormone produced by many
tissues. More than 90% of IGF-1 circulating in the sys-
temic circulation is synthesized by hepatocytes [3].
Plasma IGF-1 levels, in contrast to GH, practically do
not change during a day. The range of reference values
of plasma IGF-1 levels in children aged 1-3 years is
5-300 ng/mL [3]. The maximum plasma IGF-1 level
in children is observed during puberty and gradually
decreases over the years.

The significance of growth hormone and IGF-1 in
pediatric liver transplantation (LTx) may be related to
their role in regulation of growth and body weight, their

influence on hepatocyte function and immune system
activity [4, 5].

The physiological effects of GH and IGF-1 on cells
are mediated through transmembrane receptors found on
the surface of many cell types, including hepatocytes and
lymphocytes [6]. The effect of GH and IGF-1 is largely
determined by the level of receptor expression, which
depends on cell type and may change under the influ-
ence of various factors. The GH/IGF-1 effect depends
on GH and IGF-1 production, on one hand, and on IGF-
1-binding proteins, proteases that degrade the IGF-1-
binding protein complex, and GH and IGF-1 receptors,
on the other hand [7].

Growth regulation is one of the main functions that
GH and IGF-1 have in common. In addition, both in chil-
dren and adults, GH plays an important role in metabolic
regulation. IGF-1 is the main mediator of anabolic and
mitogenic effects of GH in peripheral tissues and is a key
factor in regulation of body weight. On the other hand,
they have different effects on glucose and lipid metabo-
lism: GH increases the blood glucose level and promotes
lipolysis, while IGF-1 has the opposite effects [8, 9].

GROWTH HORMONE AND INSULIN-LIKE
GROWTH FACTOR 1 IN LIVER DISEASES

IGF-1 synthesis by hepatocytes is impaired in liver
disease leading to increased GH secretion. Despite high
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serum GH levels in patients with chronic liver disease
(CLD), low IGF-1 levels can also result from hepatocyte
resistance to GH [10, 11]. It is supposed that metabolic
disorders frequently found in patients with liver dis-
eases — insulin resistance, malnutrition, osteopenia, etc. —
are associated with impaired neurohumoral regulation
caused by IGF-1 deficiency [12-14].

The degree of decrease in IGF-1 levels in patients
with CLD correlates with the severity of hepatocyte dys-
function [15, 16]. Administration of recombinant IGF-1
leads to the arrest of liver fibrous degeneration [17, 18].
In an experiment on animals with nonalcoholic steato-
hepatitis (NASH), treatment with recombinant IGF-1
has been shown to improve liver function in cirrhosis.
It was also found in the experiment that the degree of
hepatic ischemia/reperfusion injury is less when IGF-1
levels are higher [19, 20]. Some experimental studies
have suggested the possibility of using IGF-1 in clinical
practice. It has been shown that recombinant IGF-1 in
patients with cirrhosis increases serum albumin levels
and improves energy metabolism [21].

GH levels are significantly higher in adult patients
with cirrhosis than in healthy individuals. This is as-
sociated with impaired IGF-1 synthesis by the liver in
the end stage of hepatobiliary diseases [9]. GH levels in
recipients decrease to normal values in adults as early
as on day 7 after LTx, while IGF-1 levels increase [12].

Our studies have shown that in young children with
severe hepatobiliary diseases, as in adults, GH levels are
elevated and IGF-1 is reduced, which is combined with
stunted growth and weight retardation. The degree of
increased GH levels in these children is not correlated
with IGF-1 levels and anthropometric indices, but is
associated with the Pediatric End-stage Liver Disease
(PELD) score for liver disease severity and liver fibrosis
severity. After LTx, GH and IGF-1 levels in children are
comparable with the levels of these hormones in healthy
children and significantly correlate with the growth
of recipient children [22].

Previously, it was believed that IGF-1 does not di-
rectly affect hepatocyte function because in a healthy
liver, a small number of IGF-1 receptors are expressed
on the surface of hepatocytes. However, further studies
have shown that in some liver diseases, there is increased
expression of these receptors [4]. In acute viral hepatitis
and chronic hepatitis B and C, expression of IGF-1 re-
ceptors on hepatocytes is higher than in a healthy liver.
There is also increased IGF-1 levels, which is believed
to accelerate regeneration of damaged hepatocytes [23].

The antifibrotic effect of IGF-1 is realized both direct-
ly through the GH/IGF-1 system and indirectly through
regulation of other profibrogenic factors [24, 25]. Stellate
cells play a key role in liver fibrosis. Their activation,
caused by chronic trauma, oxidative stress, increased
inflammatory cytokines and lipopolysaccharides, leads
to their transformation into fibroblasts [26]. It has been
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shown that IGF-1 can inactivate hepatic stellate cells and
induce their aging, thus limiting fibrosis [27]. The above
results indicate that decreased IGF-1 production in the
liver is not only the result of liver dysfunction, but also
plays an important role in fibrosis.

It is known that life expectancy is closely related to
the GH/IGF-1 system, which may be of some importance
for the development of techniques for predicting recipi-
ent and graft survival [28, 29].

In an experiment, it was shown that IGF-1 can im-
prove survival rates in rats with acute liver failure in-
duced by D-galactosamine and lipopolysaccharide ad-
ministration. Prophylactic administration of IGF-1 to
animals prevented an increase in bilirubin levels and
transaminase activity [18].

Clinical studies have established an association
between GH and IGF-1 levels in adult LTx recipients
with 3-month and 3-year survival [28]. Our studies also
showed an association between GH levels and 6-month
survival in pediatric liver recipients [30].

THE ROLE OF GH/IGF-1 IN REGULATION
OF IMMUNE RESPONSE

The role of the GH/IGF-1 system in the regulation
of immune response has been the topic of many studies
in recent decades [6, 31]. It has been shown that mutual
regulation of the neuroendocrine and immune systems is
ensured by the presence of common ligands and recep-
tors, as a result of which neuroendocrine hormones have
immunoregulatory functions, and cytokines affect neuro-
nal functions. In addition, cells of the immune system can
synthesize and secrete neuroendocrine hormones such
as adrenocorticotropin, GH, prolactin, thyrotropin and
others, and a wide range of cytokines can be produced
by microglia cells in the central nervous system [32].

Cells of the immune system contain GH receptors,
which has a direct effect on all major immune cell types,
thereby influencing the immune response. In turn, cyto-
kines produced by cells of the immune system specifi-
cally affect GH secretion by the pituitary gland. It has
been shown that interleukins (IL-2, IL-6, IL-11, IL-1)
and ciliary neurotrophic factor stimulate GH secretion,
whereas transforming growth factor beta (TGF-b) and
tumor necrosis factor alpha (TNF-a)) can inhibit its se-
cretion [33].

GH is necessary for immune system development and
maintenance of cell-mediated and humoral responses.
It affects hematopoiesis by stimulating neutrophil differ-
entiation, increases erythropoiesis and bone marrow cell
proliferation, and enhances thymocyte proliferation and
export [34]. GH stimulates the production of cytokines —
IL-1, IL-2, IL-6, interferon-c, TGF-b, and TNF-a [35].

In addition, GH prevents lymphocyte apoptosis by
increasing NO production, reducing the synthesis of
caspases involved in apoptosis, and promoting tubulin
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polymerization, which stabilizes the microtubule net-
work [36]. Some experimental studies have shown that
GH protects immune cells against the immunosuppres-
sive effect of glucocorticoids. Injection of GH into rats
after dexamethasone administration or surgical stress
improved the immune response [31].

The effects of IGF-1 on the immune system are mani-
fold and are associated with the regulation of cell pro-
liferation, differentiation, and metabolism. It has been
established that the functional activity of IGF-1 and
IGF-1 receptors on T cells is enhanced during T cell
activation, proliferation, chemotaxis, and apoptosis [37].
IGF-1 also stimulates natural killer (NK) activity [38].
On one hand, IGF-1 exhibits the properties of a nonspe-
cific immunomodulator by stimulating lymphopoiesis,
immunoglobulin synthesis, and T cell differentiation;
on the other hand, it has a selective inhibitory effect on
IL-2-dependent lymphocyte growth, and also causes pro-
liferation of regulatory T cells, preventing autoimmune
diseases in mice [5, 39].

The presence of the IGF-1 receptor and binding pro-
tein in myeloid cells suggests the influence of IGF-1
on hematopoiesis and inflammation. IGF-1 can act as a
proinflammatory factor by stimulating proinflammatory
cytokines and chemokines, such as TNF-a and IL-8, and
can also have an anti-inflammatory effect by stimulating
IL-10 secretion and inhibiting Th1-mediated cellular
immune responses in activated T cells [6, 40].

IGF-1 can affect the pathogenesis of immune dis-
eases by regulating the activity of immune cells through
endocrine, paracrine, and autocrine mechanisms. Ex-
perimental and clinical studies have shown that IGF-1
reduces immune response in autoimmune diseases [5].
In autoimmune diseases such as Graves’ disease, rheu-
matoid arthritis, some inflammatory bowel diseases, and
type 1 diabetes, the IGF-1 levels are decreased, which is
accompanied by immunosuppression [41]. Elevated IGF-
1 levels occur in some cancer types in which tumor cells
express the hormone and its receptors, thus increasing
immunosuppression and tumor growth [42, 43].

Some effects of IGF-1 and tacrolimus have been
found to be realized via common calcineurin-dependent
cellular pathways [44, 45]. In experimental studies, it
has been shown that intravenous and oral administra-
tion of tacrolimus in rats leads to increased IGF-1 levels
and also enhances biliary excretion, which is regulated
by both factors separately or together [46]. Our studies
have shown that IGF-1 levels directly correlate with the
tacrolimus dose administered in paediatric patients one
year after LTx. This allows us to consider it as a poten-
tial biomarker of immunosuppression efficiency [47].
However, the mechanisms of this relationship are not
clear and further research is needed to understand them.

57

CONCLUSION

GH and IGF-1 levels not only depend on liver func-
tion but also largely determine its condition and can be
considered as indicators of liver function in patients with
hepatobiliary diseases. Changes in these hormone levels
after LTx can serve as an objective indicator of the de-
gree of normalization of the synthetic function of graft
and recovery of neurohumoral regulation in paediatric
liver recipients.

Further study on interrelations between the GH/IGF-1
hormonal system and other factors influencing the liver
graft function will allow to estimate more precisely the
possibilities of using GH and IGF-1 both to verify graft
condition and to improve therapy in pediatric liver trans-
plant recipients.
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