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SAMMANFATTNING

Den insulinlika tillvaxtfaktorn 1l (IGF 1l) ar etproteinhormon som reglerar cellers
proliferation, tillvaxt, migration, differentieringoch 6Overlevnad. Den utbvar sin
biologiska funktion via IGF I-receptorn. Dess tilgglighet for bindning till IGF-1R

regleras av en familj bestaende av sex IGF-bindéprer (IGFBPs). IGF Il kan

ocksa inducera mitos via en alternativt splitsadavd av insulinreceptorn (insulin

receptor isoform A (IR-A)). De cirkulerande nivaarav IGF Il kontrolleras genom
IGF Il-receptorn, som saknar signalfunktion och t&molog med mannos-6-
fosfatreceptorn.

Tystad pragling av IGF ll-genen ar en aterkommarmieservation vid en
utvecklingsrubbning kallad Beckwith-Wiedemanns spna, vilket innefattar
okontrollerad tillvaxt och i manga fall en njurtuméios barn, Wilms’ tumor.
Tillvaxthamning ses vid mutationer i genlocuset K@% Il och den néarliggande
genen H19 vid en annan utvecklingsrubbning, SiRessells syndrom. IGF I
utsondras i vissa fall av mesenkymala tumorer pddcken, vilket leder till laga
blodsockerhalter (hypoglykemi) och Doege-Potterdsyme. IGF Il har ocksa visat
sig kunna Oka storleken av lesioner vid aderfonhiaigy.



ABSTRACT

Insulin-like growth factor Il (IGF II) is a proteilmormone known to regulate cell
proliferation, growth, migration, differentiatiomd survival. It exerts its biological
actions via the type 1 IGF receptor (IGF1R). Itsikability for binding to IGF1R is

mainly regulated by a family of six IGF binding pems (IGFBPs). IGF Il can also
induce a mitogenic response via an alternativeljcespp version of the insulin

receptor (insulin receptor isoform A (IR-A)). Theaulating and tissue levels of IGF
Il are further controlled by the insulin-like grawtactor type Il receptor (IGF2R),
which is homologous to the cation-independent maefGphosphate (M6P)
receptor.

The gene is paternally imprinted in the sense tifzaiscripts are almost exclusively
derived from the paternal allele. Loss of imprigtiof the IGF 1l gene is a recurrent
observation in a growth disorder, Beckwith-Wiedemasyndrome, leading to
overgrowth and in many cases a variety of maligmamiours. Growth retardation is
observed following epimutations in the IGF 1lI/HI&Us in another growth disorder,
Silver-Russell syndrome. IGF 1l is sometimes saxtdty non-islet cell tumours in the
pleural cavity, leading to low levels of blood sug@laypoglycemia) and Doege-Potter
syndrome. IGF Il has also been shown to increassiite of atherosclerotic lesions.



INTRODUCTION

Insulin-like growth factor Il (IGF 1) is a crucidhctor in regulating cell proliferation,
growth, migration, differentiation and survivals Itiverse biological activities have
been characterized since the 1950s, but it wasmidt1976 that the name IGF Il was
stipulated.

IGF Il interacts with several receptors and bindprgteins to exert its actions. It
binds to the non-signalling insulin-like growth factype 1l receptor (IGF2R) with
high affinity. This receptor is homologous to thation-independent mannose-6-
phosphate (M6P) receptor. IGF Il can also binditieient signalling receptors, such
as the type 1 IGF receptor (IGF1R) and the insudiceptor with lower affinity,
although an alternatively spliced version of theuim receptor, named insulin
receptor isoform A (IR-A) may bind IGF Il with higdffinity. Its availability to bind
to receptors is mainly regulated by a family of KB& binding proteins (IGFBPS)
(Chao & D’Amore, 2008).

Altogether, these findings weave an intricate pattd biological activity which this
article aims to summarize. The IGF Il protein,rigseptors and binding proteins will
be elaborated on and an attempt to establish whetheot IGF 1l itself or its
interacting proteins may have any associations ety diseases will be made. The
phylogenetic conservation of the IGF Il gene betwddferent species will also be
briefly discussed.

MATERIALS AND METHODS

Articles were mainly found by using the on-line alzdses PubMed and Google
Scholar. Due to the lack of a consistent nomen@ateveral search terms were used
separately as well as in combination, such as "IGA&F II”, "IGF-II", "IGF2R”,

"IGF AND receptor”, "insulin-like growth factor”, ametimes along with keywords
such as "Beckwith-Wiedemann” to yield more speaiésults. Several reprints on the
subject were also gratuitously offered by the super.

LITERATURE REVIEW

Gene structure

In humans, the IGF Il gene is located on chromosadl5.5, and stretches over
approximately 30 kb DNA. There are four promotensl &en exons, giving rise to
different transcripts depending on which promotée ttranscript stems from
(Engstrom et al., 1998).



Although the human IGF Il gene contains ten exongy the last three contain coding
sequences. In mice, the IGF Il gene resides onnubsome 7 and in rats on
chromosome 1. In mouse and rat species, it consairexons (Otte1997).
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Figure 1. lllustration of the human IGF Il gene wstture. Exons are shown as boxes.
Promoters P1-P4 are represented as arrows. Modiiieoh Otte, 1997.

The gene structure of IGF Il is strongly consertetiveen species, including human,
rat, mouse, sheep, mink, horse, and pig.

Table 1. Homology between human and other spetissgards to the mature IGF Il amino
acid sequence, expressed in percent (Engstrom, €t948).

Species Amino acid sequence
Mink 100

Pig 97

Horse 95

Sheep 86

Rat 85

Mouse 84

Posttranslational processing

IGF 11 is first synthesized as a pro-hormone/preotsthormone containing 180 amino
acids which is subsequently processed, finally appg as a 67 amino acid IGF Il

bioactive protein. This is true for all mammaligesies hitherto examined, except for
mink whose mature IGF Il protein has a serine inserat residue 40, therefore

containing 68 amino acids (Ekstrom et al., 1993 €ial., 2007).

At first, a signal peptide containing 24 amino acisl removed from the N-terminal,
generating prolGF 1l (156 Aas). Subsequent cleawh@rolGF Il then results in a
104 amino acid peptide product (IGF 11(1-104)). Bpibteolyzation generates IGF
[1(1-87) and as a result, the mature IGF Il peptidasists of 67 amino acids.



Both IGF Il isoforms — IGF [I(1-104) and IGF II(1#8 — collectively named "big
IGFs” have been found circulating in human and bevserum (Qiu et al., 2007).
They are also sometimes secreted by solitary fébtomours in the pleural cavity,
leading to hypoglycemia and Doege-Potter syndrdtadefi et al., 2010).
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Figure 2. lllustration of the posttranslational pressing of the IGF Il peptide. Modified from
Qiu et al., 2007.

The mature peptide

The insulin-like growth factor Il (IGF 1l) is a pgbeptide, with a composition similar
to that of IGF I, relaxin and not surprisingly, utis. In other words, these four
hormones constitute a family of structurally rethpolypeptides (Otte, 1997). IGF 1l
is made up of B, C, A and D domains, listed in orfem the N- to the C-terminus.
Three alpha-helices are located in these domaihseeTdisulphide bonds hold the
structure together (Alvino et al., 2011).

IGF 1l plays a crucial role in the embryonic deyaizent of mammalian species. It is
also of particular importance to placental gron@ng&o & D’Amore, 2008).1t works
in an autocrine and paracrine fashion in differesgues, meaning that it binds to
receptors on the same cell that it is producedbyo adjacent cells (Otte, 1997). IGF
Il is also synthesized by the liver and releasead the blood stream, acting like a
classical hormone, but this doesn’'t apply to akags. For instance, in embryonic
mice, the expression of IGF Il is high. A signiintalecline in circulating levels then
takes place after birth, and in adult mice, its$@ipts can only be found in the
choroid plexus and leptomeninges (Chao & D’Amo@)8).

By contrast, serum levels of IGF Il remain highaidult humans, where it promotes
the differentiation of muscle, brain and brown adip tissue cells (Brown et al.,
2009). In vitro, IGF Il has shown several differémblogical actions, some of them
seemingly contradictory. For instance, it inducpsposis in a cell line of Wilms’



tumour named WCCS-1 but has an inhibitory effect apoptosis in other cell
systems, such as teratoma-derived cell lines.itusates cell proliferation via cell
division (DNA-reparation and mitosis) as well a#l ealargement. It has been shown
to stimulate differentiation in myoblasts (Engstrétal., 1998).

Receptors

IGF2R

The insulin-like growth factor Il receptor (IGF2R3$ a type | transmembrane
glycoprotein, composed of a large extracellulariaeg a small 23 residue
transmembrane region, and a 167 residue cytoplastadt The extracellular region
consists of a 40 residue amino signal sequencel&ntdomologous extracellular
repeat domains, each of them containing betweenl924amino acids (Hassan,
2003).

Each extracellular repeat domain contains appraeiyd47 amino acids. Binding of
IGF II occurs primarily in domain 11. The affinityf this domain for IGF 1l is
believed to be further enhanced by a fibronectpetyi-like insert in domain 13,
though the exact mechanisms of this enhancemerdimeundiscovered. There are
also questions unanswered regarding the precistingirsites within domain 11 —
analyses so far have pointed towards three diffemoposed locations — a
hydrophobic pocket, a cluster of residues and padae set of residues (Brown et al.,
2002).
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Figure 3. lllustration of the IGF Il receptor struge. Based on data from Hassan, 2003;
Brown et al., 2009a.

Function

IGF2R regulates the amount of circulating and 8s€&F I by transporting the ligand
into the cell and degrading it (Hassan, 2003). Téeeptor is multifunctional and
binds not only IGF II, but also mannose-6-phosph@f6P)-marked lysosomal
enzymes at domains 3, 5 and 9, enabling the tnansfeewly synthesized lysosomal
enzymes from the trans-Golgi network to late ende=sn Lysosomally destined
enzymes are recognized by a M6P-tag, which prortiems to bind to the M6P
receptor. They are then transported to late endesora clathrin-coated vesicles.
After reaching the late endosomes, the enzymesedgased and transported to their
final destination — the lysosomes — whereas the kgeptors are either headed for
the cell surface or back to the Golgi network (Bnost al., 2009a).

Like IGF II, IGF2R is an imprinted gene, but whi@F Il is only expressed from the
allele inherited from the father, IGF2R is only exgsed from the allele inherited
from the mother. In mice, the imprinting of IGF2Rregulated by the intron 2 region.
The paternal allele contains an anti-sense trggtsanhich stems from intron 2,



mediating the silencing of the paternal allele I&GFgene. Deletion of this intron 2
region disrupts the silencing, leading to bialledixpression of paternally inherited
IGF2R (Hassan, 2003).

Transcription
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Figure 4. The imprinting regulation of the IGF keeptor. Based on data from Hassan, 2003.

Mice inheriting a disrupted IGF2R gene from theiother — thereby not expressing
IGF2R in tissues — have been shown to suffer freergrowth and perinatal lethality,
presumably because of cardio-respiratory failuree(do malformed lungs and
abnormalities in cardiac muscle). However, whendame gene was inherited from
the father, no abnormalities in development wereomged, confirming that the
IGF2R-gene is paternally imprinted. Thus, studiesdticted on sheep revealed that
an imprinting defect of the IGF2R gene leadingdssl of IGF2R expression causes
plasma levels of IGF Il levels to rise. The resflthis is overgrowth (Brown et al.,
2009a).

Single nucleotide polymorphisms (SNP) in IGF2R léa@n increased risk of cancer
and thus IGF2R has been referred to as a tumoyresging gene. In nude mice,
excessive expression of IGF2R in breast- and wedancer cells resulted in a
lowered number of tumours and decreased tumour tgrovssociations with
hepatocellular, gastrointestinal, ovarian and @testancer have also been shown
(Brown et al., 2009a).

IGF1R and insulin receptor (IR)

The insulin and IGF | receptors are both membersa ofeceptor subfamily of
transmembrane tyrosine kinases. They are strubturaimologous, with the tyrosine
kinase domains sharing 84 % sequence identity aedjuxtamembrane and C-
terminal regions possessing 61 % and 44 % sequéhe’tity, respectively
(Favelyukis et al., 2001).



Although these receptors mainly bind insulin andF IG they also bind IGF Il with
lower affinity. However, an alternatively splicecergion of the insulin receptor
lacking exon 11, insulin receptor isoform A (IR-Aas been shown to bind IGF I
with high affinity — consequently, cell proliferati, differentiation, migration and
survival may be exerted via this receptor as witle IR-B isoform is the classical
insulin receptor, which can bind IGF I, but willammly result in a metabolic response
(Chao & D’Amore, 2008).

Function

Interaction with the IGF | receptor is associatethwell proliferation, differentiation,
migration and survival. When activated, the IR #@&1R initiate a phosphorylation
cascade via two different pathways. Upon liganddinig, the receptors initially
undergo autophosphorylation, which enables diffeagiapter molecules such as IRS-
1, -2 and SHC to bind. The two pathways then amt/are the phosphatidylinositol
3-kinase (PI3K)-AKT/protein kinase B (PKB) pathwayd the mitogen-activated
protein kinase (MAPK) pathway, which in this caswdlves Ras activity. The
PI3K/PKB pathway leads to metabolic activity and MAPK pathway regulates cell
growth and differentiation, in addition to continfj the expression of certain genes
(Alvino et al., 2011).
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Figure 5. The IGF1R and insulin receptor signallipgthways. PKB pathway to the left and
MAPK pathway to the right. Modified from Pollak,0

In the PKB pathway, ligand-binding induces phosptation of IRS1. PI3K then
catalyzes the conversion of PIP2 to PIP3, whiclvatds AKT. Activation of AKT
increases the uptake of glucose in the cell bud affects other proteins along the
pathway. elF4E is normally inhibited in a complekhnits binding protein 4EBP1,
but phosphorylation of 4EBP1 frees elF4E, leadiogptotein synthesis. mTOR
phosphorylates S6K, activating it, which also leaprotein synthesis. This pathway
can also inactivate pro-apoptotic transcriptiontdex and proteins, leading to
decreased apoptosis.

In the MAPK pathway, SHC becomes phosphorylatedlands GRB2 and SOS1 in
a complex which activates Ras, MAP kinases (MEKJ &nally SRF and ELK1,
which lead to mitogenic activity. This pathway adso regulate apoptosis (Senthil et
al., 2002).
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IGF binding proteins (IGFBPs)

The IGFs cannot circulate freely. Therefore theguree specific IGF-binding proteins
for transportation in the blood stream. There axectassical IGFBPs which bind
IGFs with high affinity and have a large part okithamino acid sequence in
common. More recently, a group of proteins bindiGds with lower affinity have
been discovered. Although they are structurallptesl to the classical IGFBPs and
considered to be part of the IGFBP superfamily, uthe low binding affinity they
are instead referred to as insulin-like growth dadiinding protein-related proteins
(IGFBP-rP) (Clemmons, 1997; Lépez-Bermejo et &0Q@.

The availability and distribution of IGF Il in ddfent tissues is controlled through
IGFBPs, (Chao & D’Amore, 2008) as well as theirftidé in blood. This function
makes them powerful modulators of IGF Il action.ff@ent cells and tissues
synthesize different combinations of IGFBPs. Fatance, IGFBP-3, -4 and -5 are
typically synthesized by fibroblasts, while IGFBP&hd -4 are synthesized by
epithelial cells.

IGFBPs are in turn controlled by proteases secrbiedarious tissues. Proteolytic
cleavage of IGFBPs affects their IGF binding atfimegatively. Phosphorylation of
IGFBPs could also reduce protein binding activityyt the exact biological
significance of these findings are unknown (Clems)dr997).

* IGFBP-1. Excess levels inhibit growth-promotingiaes of IGFs.

* IGFBP-2. This binding protein inhibits IGF Il-stifated DNA synthesis in
lung carcinoma cells. It also inhibits collagenthasis.

* IGFBP-3 is synthesized in the liver. It binds 90%6f the IGFs in serum and
potentiates the actions of IGF I.

* IGFBP-4 inhibits IGF activity consistently.

* IGFBP-5 potentiates IGF I-induced osteoblast groavttl protein synthesis.

» |IGFBP-6 is believed to have inhibitory effects, btudies are so far limited.

* IGFBP-rP1 is associated with different forms of @@s; may be related to
apoptosis or angiogenesis. Might potentially beuendur suppressor in
prostate cancer.

* IGFBP-rP2 modulates growth of fibroblasts and egih cells.

* IGFBP-rP3 is believed to be involved in the regolatof prostate cell
differentiation.

* IGFBP-rP4. Research indicates it might functiom &smour suppressor.

Adapted from (Clemmons, 1997; Cait et al., 2005éz3Bermejo et al., 2000).
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IGFs in disease

Beckwith-Wiedemann syndrome

As previously noted, IGF Il plays a pivotal rolefetal growth. Interest has therefore
been focused on clinical syndromes that displayrrabe growth properties.
Beckwith-Wiedemann syndrome (BWS) was one of ttet §iyndromes where IGF II-
expression was linked to a growth disorder (Browal e 2009a).

BWS is a collective term for a number of growthadders. Hence, the clinical
manifestations of BWS may vary greatly between vitllials, and there are no
definite inclusion criteria for a diagnosis. Howgveome clinical findings commonly
associated with BWS are macrosomia, macroglosdigorainal wall defects,
visceromegaly, hemihyperplasia, anterior ear ceeasd posterior helical pits, kidney
abnormalities, cytomegaly of the adrenal fetal @ond cleft palate (Murrell et al.,
2004, Cerrato et al., 2008).

In humans, the risk of developing certain childh@agcers is significantly elevated
with BWS. This is particularly true for Wilms’ tumo, a type of childhood kidney
cancer also known as nephroblastoma. OverexpressiolGF Il is frequently
observed in cases of Wilms’ tumour, and for a laimge, it was thought to be a
tumour promoter. That was until a 2001 study ssmpgly refuted these assumptions
and instead identified IGF 1l as a source of apsigtand necrosis in Wilms’ tumour
cells (Granérus et al., 2001). Embryonal tumouiom about 5 % of BWS patients
(Murrell et al., 2004), Wilms’ tumour being the mogrominent, but also
adrenocortical carcinoma, hepatoblastoma and rimpdsarcoma have been
reported in BWS patients (Granérus et al., 2001).

Q — IGF2 — CTCF H19
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Enw
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— interaction e

Figure 6. The imprinting regulation of the IGF lege. Modified from Chao & D’Amore,
2008.
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Human chromosome 11p15.5 contains two imprinted alosn In one of these

domains, simply referred to as domain 1, IGF Il aAtl9 genes are normally

expressed. The IGF Il gene is imprinted, in thiseceneaning that the IGF 1l gene is
only expressed if inherited from the father. H19 tloe other hand is only expressed if
inherited from the mother. This imprinting is regtéd by IC1. IC1 activity is, in turn,

regulated by methylation. On the maternal chromasol@l is unmethylated. This

enables zinc finger proteins to bind, one of theamed CTCF, thereby blocking IGF

Il promoters and enhancers from interacting. H1¢hen expressed while IGF 11 is

silent.

On the paternal chromosome, IC1 is methylatedpnab@TCF can not bind; thus, IGF
Il promoters and enhancers can interact. This léad&F Il being expressed, while
H19 is silent. In BWS, this mechanism is dysfuna#ilp and there is a dysregulation
of gene expression. In 5-10 % of BWS patients hem@ gain of methylation at IC1,
meaning that IC1 is methylated on both the mateamal paternal chromosome —
biallelic activation of IGF Il and biallelic silemgy of H19. This leads to a higher
propensity for developing cancer and Wilms’ tumotiewever, there are also other
genes involved in the etiology for BWS, such as KOXDT1 and CDKN1C. They

involve a region named IC2, which is responsiblenfiost of the molecular defects in
BWS. Paternal uniparental disomy of chromosome 2iphnother possible cause of
BWS, meaning that the affected individual inhetit® copies of the chromosome
from the mother and none from the father (Murrelle 2004, Cerrato et al., 2008).

Silver-Russell syndrome

Another growth disorder syndrome associated withatmns in chromosome 11p15
is Silver-Russell/Russell-Silver syndrome (SRS/RS6)contrast to BWS, SRS is
characterized by pre- and postnatal growth retemdatTypical clinical features
include macrocephaly and an underdeveloped triandate with ear anomalies and
prominent forehead. Indeed, these abnormalities maptribute to thriving
difficulties and emaciation as a consequence tliereo

Epimutations in the IGF 1I/H19 locus in 11pl5 areiéved to be one of the two
major sources of SRS. The other is a maternal venpal disomy of chromosome 7.

The epimutations in the IGF II/H 19 locus consisthgpomethylation in the IC1

region. As previously mentioned, hypomethylationuldobe expected to lead to
biallelic silencing of IGF Il and expression of Hitstead. Apart from these two main
groups, there are also cases of maternal 11pl5cdtiphs causing SRS. In this
sense, SRS may well be considered to be the pgppsite of BWS, where

hypermethylation and paternal duplication of 11@kB two of the causes of the
disease (Binder et al., 2011).
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Doege-Potter syndrome

Doege-Potter syndrome (DPS) is characterized byoongore solitary fibrous tumors
(SFT) in the pleural cavity combined with paranespt hypoglycemia. SFTs are on
their own rare findings; hypoglycemia has only beecumented in 4 % of pleural
SFT cases, making DPS an even rarer condition. eThemours secrete high
molecular weight (HMW) IGF Il (*big IGF”) which aitates the insulin receptor,
thus lowering the circulating levels of glucose.

According to recent discoveries, SFT cells conabandant levels of IGF Il mMRNA
and diminished amounts of pro-hormone convertasehdch could well account for
reduced endoproteolyzation of pro-IGF Il and consady high levels of HMW IGF
Il. Normally, IGFBPs would be expected to bind sted IGF Il, but HMW IGF I
has a much higher bioavailability than processd liGince IGFBPs are less able to
bind HMW IGF Il (Kalebi et al., 2010).

Atherosclerosis

IGF 1l promotes cell growth and differentiation butocrine and paracrine actions,
and has been observed in various forms of tumawtsgaowth disorders. Moreover,
there is some evidence for IGF Il being involvedhie formation of atherosclerotic
lesions. However, there is a considerable lacleséarch in this area. Nevertheless, in
2002, a study showed (Zaina et al., 2002) that ngieeetically predisposed for
atherosclerosis, in combination with homozygosity & disrupted IGF ll-allele,
produced aortic lesions 80 % smaller, containing%dess proliferating cells, in
comparison with mice possessing non-disrupted Ifdles.

Atherosclerotic lesions consist of smooth musclés dg&MC), inflammatory cells,
lipids and extracellular matrix. Inflammatory cefisgrate from the blood stream and
SMC from adjacent tissue, forming a lesion. Thedgtahowed that IGF Il clearly
contributed to lesion forming by promoting cell fdifentiation via autocrine and
paracrine signalling. The circulating levels of I@Fid not affect the formation of
atherosclerotic lesions, but increased local exgowesof IGF Il in SMC resulted in
focal intimal thickenings per se. The results igarels to migration of SMC and lipid
circulation were inconclusive. It is assumed theat iGF 1l mainly acts locally by
autocrine and paracrine actions in atherosclerdsis further research is needed to
determine whether any systemic effects may aldavmdved (Zaina et al., 2002).
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DISCUSSION

The growth-promoting and beneficial functions of FIGI during embryonic
development and placental growth have been welimented. In certain instances,
these functions may also work to the disadvantagéhe individual. One such
scenario is if the mechanisms that regulate exjmess IGF Il are dysfunctional.

It is accepted that overexpression of the genesleadvergrowth and in rare cases to
Beckwith-Wiedemann syndrome (BWS). It is howevkelly that other mechanisms
not related to IGF Il expression are also involuedhe development of BWS, since
there are BWS cases unrelated to chromosome 11pAlISd, biallelic expression of
IGF Il in itself is insufficient to cause BWS arftete are healthy individuals carrying
imprinting defects, meaning that further researshneeded to fully explain the
etiology of the disease (Murrell et al., 2004).

It is also unclear to what extent and exactly h@&# Il is involved in Silver-Russell

syndrome (SRS). What is known is that almost 50f%atients with SRS display
DNA hypomethylation at the IGF 1I/H19 locus. But this date, data reporting a
deficiency of IGF Il expression following IGF II/F1disruption are sparse. This
might be explained by hypomethylation not leadingealy to decreased IGF I

production by the liver, but rather to decreasew@ine and paracrine activity at the
fetal stage (Binder et al., 2011).

With Doege-Potter syndrome having such a low inuieée and the role of IGF Il only
recently being implicated in the development ofeabisclerotic plaques, only little
research can be found on these subjects. Howedwere tare studies suggesting a
possible treatment in such cases. Since it has Iskemwn that glucocorticoid
injections can dramatically reduce the IGF Il géna@scription in rats (Levinovitz &
Norstedt, 1989), glucocorticoid administration a@bube one way of decreasing
elevated IGF Il levels.

It is also possible to look at the functions of BER-to understand the potentially
pathological effects of IGF Il. As IGF2R regulatée amount of circulating IGF I,
disruption of IGF2R expression may cause overgraletiects in a fashion similar to
BWS. Interestingly, the IGF Il and IGF2R genes brgh imprinted, but on the
maternal and paternal side respectively, indicagéirgpnflict of interests between the
genders. This example lies in perfect accordanceén whe notion that growth
promoting genes are generally paternally expresshde growth limiting genes are
maternally expressed. An individual with strong IGExpression will contribute to
placental growth and increased birth weight, whgckthought to be in the interest of
the father, who aims to give his offspring as muebources as possible and gain
success at the expense of the mother. On the lo#met, the IGF2R responds to this
strategy by degrading IGF Il, which prevents feta¢rgrowth and acts in the interest
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of the mother, who aims to preserve her resourndsba able to nourish current as
well as possible future offspring.

Another intriguing feature of IGF Il is the high gtee of conservation between
species, which suggests a considerable functiortdbaevolutionary importance.

This high level of homology begs several possiBig@lanations. Since interaction and
binding to the IGF Il receptor is of utmost impaorta to the biological actions of IGF

Il, and the tertiary structure of the ligand congaihe information needed for receptor
binding, a high level of conservation could be fae. Using the same logic, the
important regulatory functions of IGFBPs would sapghis theory.
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