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TYPICAL UNTREATED CRETINS

Characteristics Becoming More Obvious with Advancing Age

5 months 11 months 2% years 17 years
Height age: 18 mos.




CRETIN—-NOT TREATED UNTIL AGE 15% YEARS

Normal Cretin Untreated Treated

15-0 15-6 15-8 16-5
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GH ng/ml
Glucagon Test

GH ng/ml
Clonidine Test

1.8

0.8

1.5

0.8 90
33 0.5 120
0.3 180
0.3 240
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Classification of Familial Deficiency

Genetics Endogenous GH Response to GH Associated Deficiencies Molecular Basis

Isolated GH Deficiency
1A AR Absent Transient GHI1 deletion or
mutation

AR Reduced + ? GHI mutation
AD Reduced “+ ? Dominant negative
+

X-linked Reduced ?

Multiple Pituitary Deficiencies

| AR Reduced LH, FSH, TSH, = ACTH ?

IB AR Absent or Prolactin, TSH Pit-1 mutation or
severely ‘ deletion
reduced

X-linked Reduced LH, FSH, TSH ?




20 years old with idiopathic
pituitary dwarfism and
deficiencies of

gonadotropins, thyrotropin,
corticotropin
and GH.




Transcription Factors With a Role In
Pituitary Development

Transcription Time of expression  Expression site Animal model for Known function (possible function?)
factor (in mouse pituitary) (in mouse pituitary) gene defect (mouse)

P-Lim E9.5- Rathke’s pouch P-Lim double Formation of Rathke’s pouch, together with
(Lhx-3, knockout mice Ptx-1 induction of aGSu expression,
Lim 3) differentiation of somatotrophs, lactotrophs,
thyrotrophs and gonadotrophs

Prdp-l E10-E15 Rathke’s pouch Ames dwarf mouse Proliferation of cells that later express Pit-1,
(somato-, lacto-, thyro- differentiation of gonadotroph cells
and gonadotroph cells)

Pit-1 3t Rathke's pouch Snell and Jackson Differentiation and proliferation of somato-,
(POU1FI1) (somato-, lacto- dwarf mice lacto- and thyrotroph cells
and thyrotroph cells)

E = Embryonic day.
2 Possible functions deduced from analysis of mouse mutants.




Phenotypic Variability in
Familial MPHD:
A novel mutation in PIT-1 (E230K)

1 2

20

Gat-Yablonski G. et al JPEM 2002




PIT-1 Gene and Protein Structure
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The M.J Family- Hereditary MPHD

M. J. FAMILY

° 00 BT

Sl sivs

v OébEEal@éEié ﬁﬁi :

Mo 12
BIRTH DATE 1953 56 63 64 68 66 €9 76

Fig. I. Relevant parts of the M. J. family tree as report-
ed by the parents. W@, pituitary insufficiency ; @@, under-
went endocrine and genetic markers studies.
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R120C: A common mutation in Prop-1
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PROP-1 Gene Mutation (R120C) Causing
Combined Pituitary Hormone Deficiencies with

Variable Clinical Course in Eight Siblings of

One Jewish Moroccan Family

L. Lazar=

G, Gat-YWablonskit L. Kormreichs &8, Pertralan=

M. Phillip=
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Combined priuitary hormone deficicnoy - PROP-1 geine -
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an<d the ol her 4 siblings iad no hormonal delceencies anxd
woere of normal heighl for age and sex. T thae light of the
higly rale ol s nguinieols masriages Llimwghoul this
ATd\Pe's historv and the fact ihat the grandparents wers




Mutations in the Prop1- gene

DNA binding Transcriptional activation

TI40A
150 del A A>T \ C388T

\ 296/301
149 dal GA \ del r:uu-
3
138 del A 'Hﬁ.l
!1‘|:|\'\.!“II 1'

3 -l ;

an - 17 b N 18 226 -
/ \\ /” E‘x

Mutation RGGX F1® P164X

RTAC S108X

1. Most of the mutations are located in the homeobox domain
2. The mutations are recessive 1n nature.







Growth During Puberty




The Pubertal Growth Spurt

Females l“

1 -\_l 1
2 4 6 8 10 12 14 16 18
AGE (years)




Heilght Growth

Average growth spurt lasts 24-36 months

Pubertal growth accounts for 20-25% of final adult
height

PHYV (peak height velocity) occurs 2 years later for
boys than for girls




GH-IGF-Axis during puberty

5




Pubertal Growth Spurt is Induced by
Gonadal Steroids

Endocrinology, April 1999, p. 1901-1910 Vol. 140, No. 4
0013-7227/99/$03.00+0

1 Copyright © 1999, The Endocrine Society
1 g Centralrnw Testosterone Stimulates Insulin-Like Growth Factor-1 and

Gonadal steroids ¢+ = GH Insulin-Like Growth Factor-1-Receptor Gene Expression in
the Mandibular Condyle--A Model of Endochondral

T = IGF-1 1% Ossification

Gila Maor, Yael Segev, and Moshe Phillip
Department of Morphological Sciences (G.M.), The B. Rappapport Faculty of Medicine,
Technion, Haifa 31096, Israel; Molecular Endocrine Laboratory Soroka Medical Center

2. Direct effect on cartilage and bone | R e it
Gon ad al Ste rOIdS Stl m u Iate Children's Medical Center, }Eeigiuzojnuria;mggg Petach Tikva 49202, Israel
production of IGF-1 and other local

fa Cto rs Abstract

Puberty is associated with an increase in the plasma concentration of sex steroids, GH, and
insulin-like growth factor-1 (IGF-1). Gonadal steroid hormones are important for the
normal pubertal growth spurt and skeletal growth. The mechanism by which gonadal
steroids induce skeletal growth is still not fully understood. To better understand the direct
effect sex steroids have on bone growth, we studied an isolated organ culture system of the
mandibular condyle, derived from 3.5-5.5-week-old male and female mice. We found that
testosterone 10° M, but not estradiol, stimulated thymidine incorporation into the DNA of
male-derived condyle. Three days of testosterone treatment doubled the condyle size and
increased the chondroprogenitor zone, while maintaining the normal gradient of the
developing chondrocytes. Immunohistochemistry and in situ hybridization techniques
showed that testosterone stimulated IGF-1 and IGF-I-R and their messenger RNAs
(mRNASs) mainly in the mature chondrocyte layer. Immunoneutralization of IGF-1 in the
testosterone-treated condyle caused the disappearance of the chondroblast and young
chondrocyte layers, though the progenitor cell layer remained almost unaffected.
Overtreatment with testosterone (dose or duration) accelerated condylar ossification. In
the presence of testosterone 10°° M (high dose), calcification *climbs* up to the
chondroprogenitor zone, and most of the condylar chondrocytes are replaced by bone
tissue. Similar changes occurred after 7 days of testosterone treatment (long duration) with
10 M. In conclusion, testosterone stimulates growth and local production of IGF-I and
IGF-1-R in chondrocyte cell layers of an isolated organ culture of mice mandibular
condyle. Part of the effect testosterone has on condylar growth is mediated by IGF-I.
(Endocrinology 140: 1901-1910, 1999)




Adipose Cells as Secretory
Cells
Angiotensin |l

Proteins of the Lipoprotein /

Extracellular Matrix Lipase Eicosanoids:

Angiotensinoge GE,, PGl,, PGF,,

/ n
|IGF- LPA
D (Lysophosphatidic

Binding Proteins: e acid)

Retinol, IGF-1 Leukemia IF

VEGF -

T~ TNF« o EO

Complement i\
Alternative @ ‘ strogens (Adrenal Steroid

Pathway: Precursors)

Factor D (adipsin), PAI-1
Factor C3, C3 desArg







Interactions of The Major Growth-
promoting Hormones During Puberty

HYPOTHALAMUS

PITUITARY

CIRCULATION

ENDROCRINE

-\

" GROWTH PLATE

+ /f AUTOCRINE
+ PARACRINE |
IGF | J




Delayed Puberty

Definition

= Lack of development of secondary sex
characteristics by 14 yrs of age in boys and by
13 yrs of age 1n girls

= Failure to complete sexual maturation within
4.5 to 5 yrs of onset




Delayed or Incomplete Adolescent
Maturation

Girls

= The age at which half of all girls develop breast “buds”
1s ~10 yrs.
e Mean+2SD =12
e Mean +3SD =13
Evaluation: no breast “budding” by age 12-13

= Average of menarche 1s 12.5 yrs
e Mean+2SD =14
e Mean +3SD =15

Evaluation: no menarche by age 14-15

* From breast development to menarche ~2 yrs (1.5 - 3)







DELAYED PUBERTY

Panhypopituitary Dwarfism Specific Gonadotropic Deficiency

Normal-18 yrs

Normal 18 yrs. 27 4 21 yrs.
Ht. age 9-0
Bone age 15-0
FSH <R mu /d




Delayed or Incomplete Adolescent
Maturation

Differential Diagnosis




GPR54 and Puberty

e G-protein coupled receptor

e Mutations
hypogonac

Extracallular

ead to
otropic

Intracellular hyp O g O n aO

Ism (Seminara S et

al NEJM 2003)

e The ligand

i M -
P =

IS a peptide derived

B e S s from the KiSS-1 gene product

KIZ2-1 protein

1 l 54

I H,  Amidated metastin

CO||edge WH TRENDE in Endocrinology & fdefabolian




GPR54

e All 5 exons were seguenced

e Several genetic alterations were

found and are currently studied.




Increased hypothalamic GPR54 signaling: A potential
mechanism for initiation of puberty in primates

Muhammad Shahab*t, Claudio Mastronardi¥, Stephanie B. Seminara®, William F. Crow lev¥, Sergio R. Cjeda®,
and Tory M. Plart*?

“Dgpartmant of Cell Biology and Physiology, Unkearsity of Fitisburgh Sdhocl of Medicne, Pitisbargh, A 15261; *Drision of Neurcscencs, Sregon Mational
Frimata Research Coriter, Beaverton, OR 97005 and "Reproductive Endocrine Unit, Massachusatis Gereral Hospital, Boston, WA 62114

Shahab M et al. PNAS, February
2005




The NEW ENGLAND JOURNAL of MEDICINE

M Engl | Med 2008;358:7059.15.
CIIT."}F'EI"I: i) 2008 Mosachusetts Medical Sllll:.;ﬂ]-'. IRIEF REPORT

A GPRS54-Activating Mutation in a Patient
with Central Precocious Puberty

Milena Gurgel Teles, M.D., Suzy D.C. Bianco, Ph.D,, Vinicius Nahime Brito, M.D.,
Ericka B. Trarbach, Ph.D., Wendy Kuohung, M.D., Shuyun Xu, M.D.,
Stephanie B. Seminara, M.D., Berenice B. Mendonca, M.D.,

Ursula B. Kaiser, M.D., and Ana Claudia Latronico, M.D

SUMMARY

Gonadotropin-dependent, or central, precocious puberty is caused by early martura-
tion of the hypothalamic—pituitary—gonadal axis. In girls, this condition is most
often idiopathic. Recently, a G protein—coupled receptor, GPR54, and its ligand,
kisspeptin, were described as an excitatory neuroregulator system for the secretion
of gonadotropin-releasing hormone (GnRH). In this study, we have identified an
autosomal dominant GPR54 mutation — the substitution of proline for arginine at
codon 386 (Arg386Pro) — in an adopted girl with idiopathic central precocious
puberty (whose biologic family was not available for genetic studies). In vitro stud-
ies have shown that this mutation leads to prolonged activation of intracellular
signaling pathways in response to kisspeptin. The Arg386Pro mutant appears to be
associated with central precocious puberty.
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LRH Test

yat

FSH (U/L)

LH (U/L)

0.6

<0.1

0.5

0.1

0.64

0.5

GH ng/ml ot
Clonidine Test mpT
0.3 0
1.2 60
2.86 90
0.5 120

07 MP*1a

Cortisol nmol/L me
ACTH Test mpT
116 0
315 30
402 60

07 NPy

14 ppn (gr/dl) p2onnn 07 nPaD
YN 713 TPAN
YN M3 TIPan
141 Na mEq/l
38 K mEq/1
1001 W1 o0 Ypwn
8.9 TSH (0.4-4 mIU/L)
7.5 Free T4 (10.5-25.7 pmol'L)
03 LH (mlIU/ml)
0.87 FSH (mIU/ml)
8.2 Prolactin (2.5-17 ng/ml)
= IGF1 ng/dl
(235-1090 25 amy nv)
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LH FSH D277

ACTH

25%

TSH

17%

Diabetes Insipidus
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Neonatal Diabetes

= Rare, 1:400,000 live births

* Insulin requiring hyperglycemia within the first month of
life for at least two weeks — recent definition up to 6
moths of life

Transient ND

*Most cases, IUGR

*Hyperglycemia, FTT, dehydration
*Most recover within a year
*40% - |GT/diabetes in late childhood or adolescent

*Sporadic, chromosome 6 abnormality in one third




Neonatal Diabetes

= Rare, 1:400,000 live births

* Insulin requiring hyperglycemia within the first month of
life for at least two weeks — recent definition up to 6
moths of life

Permanent ND

“older” at diagnosis than transient ND patients
*More likely to develop diabetesketoacidosis

Number of discrete clinical syndromes, some familial

TNDM cannot be distinguished from PNDM
based on clinical features




The regulation of insulin secretion

Sulfonylureas Voltage-
dependent
Ca‘t channel

Membrane
(L type)

depaolarization

. Increased
e RNyl intracellular
1n¢reas¢d ATF' : Cal+
reased Mg-ADP \J ~ = Insulin

Pancreatic beta cell

Ky7p channel ~

Glucase

GLUT2
glucose
transporter -




Presentation at the diagnosis in patients with
TNDM and PNDM

20
18-
16-
14
5 &
o &
Z ]
6_
4-
2_
0

==

Ketoacidosis No Symptoms Dehydration

Chantal M et al, J Pediar 141:483-9,2002




Neonatal Diahetes

40%

6

LIEL ¢ N Transient

Kir 6.2 mutations
Sur mutations
Homozygosity of MODY genes
MODY-2 (glucokinase)
MODY-4 (insulin promotor factor 1)
The IPEX syndrome
The Wolcott-Rallison syndrome
Mitochondrial disease
Maternal entrovirus infection
Association with cerebellar hypoplasia

Paternal chromosome 6
anomaly

-Paternal unipaternal
disomy

-Partial duplications of lo
arm

-Methylation defect
40% - Diabetes

4-25 years later




'Old-fashioned’ pills cure
baby born diabetic

By Roger Highfield, Science Editor
Last Updated: 12:01am BST 20/04/2004
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TSH

(0.4-4 mIU/L)
Free T4

(10.5-25.7 pmol/L)
Total T3

(1.1-2.7 nmol/L)
Thyroglobulin Ab
(0-150 TU/ml)

Anti Thyroid Peroxidase
(0-75 TU/ml)

DT NYpY
12.7,ppn (gr/dl) y2omn .07 NPOD
DYPN 720 >Tpan
D)’PN M MpPOn
CPK

325 (0-270 U/L)




Height for age Weight for age
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Glucose

Islet cell Ab

Anti TG

Anti Endomesial
Anti GAD by T

Insulin Ab

HbAlc (43-5.8) 6.9 IeA 309

:012'0"%

NIMIM'RIVIX NI7NN WI7¢ W NINAXT7 Nn721n NNR 0T Np'Ta

JR'7X N7NN10'0MT'RIN'D 1VIN'WN, T A10N NIDIo

N7NN2 21N N, NNK NAMKRIVIX 270NN N 7W NINAXK NIY' TWURD
10172 1900 27YNn DNTI'0D NNTAMN ,N2ANN NAIMRIVIN
Autoimmune Polyglandular Syndrome Type 2
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e 0T MpPrTa

DT NPV

D7 NPOD
Hb gr/dl
MCV {L

RALR

722 NpPon

P23 PN

Alk PhosU/L(35-128)

DN PN
TSH mIU/L (0.3-5.5)
FT4 pmol/L (10-20)

IGF1 ng/dl

54 (46-181 % M Nnv)
99w T Transglutaminase
50 IgA mg/dl (34-305)
KL MY v
1.020 1Y HM

GH ng/ml M|t
Clonidine Test mpT
03 0
19 60
15.7 90
5.2 120
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Definition of SGA/IUGR

s SGA, Small for Gestational Age:

Birth weight and/or length below the reference
population mean for gestational age, that Is below —2

SD scores

IUGR, Intrauterine Growth Retardation:

Reduced growth velocity in utero
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Causes of SGA/IUGR

s EXtrinsic Factors
e Maternal factors

s Uteroplacental dysfunction

e maternal systemic disease (primary
hypertension, preeclampsia, diabetes)

disruption of placental transfer
Malnutrition

smoking during pregnancy, alcohol/substance
abuse

Uterine malformation and constrains




Causes of SGA/ITUGR

s Intrinsic Factors

= Chromosomal abnoermalities- Down: Syndrome,
Turner Syndrome, Trisomy 13 and 18

e Syndroms associate with SS — RS, Seckel,
Noonan, Bloom, Prader-Willi, Rubinstein-Taybi,
Progeria

e Environmental toxins

e TORCH complex of infections: toxoplasmosis,
other infections, rubella, cytomegalovirus,
herpes simplex

e radiation, teratogenic drugs




Causes of SGA/ITUGR

s Intrinsic Factors — Cont.
Primary: abnermalities off GH-1GE axis

e Animal model with inactivation of insulin, 1GF-
I, IGE-II genes and their receptors?-2

e Partial deletion of IGF-1 gene results in IUGR
and postnatal growth failure?

e Impaired affinity to IGF-1 receptor in subset of
short children born SGA/IUGR#
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Causes of SGA/ITUGR

INn the Majority of SGAZIUGR
Infants no known pathology

could be found (today!)




Growth In Children Born SGA

Swedish population study:

Investigated the incidence of short stature in children
born SGA In 3659 healthy, full-term singletons

s Approximately 5% of
newborns are born SGA

Although most SGA infants
catch-up early in life,
approximately 10% do not
and are likely to remain short
throughout childhood,
adolescence and adulthood

percentage of children below -2 SD scores
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Growth In children born SGA

Swedish population study:

Catch-up growth generally occurs during the first 1—2 years of
postnatal life, and is maximal within the first 6 months

SGA/IUGR children who remain short at 2 years of age are
likely to remain growth retarded

Short children born SGA/IUGR have a 5—7 times higher risk of
short adult stature than children born with normal birth size

Short birth length is a greater predictor of short adult height
than short birth weight

Approximately 14—22% of adults with a height below —2 SD
scores were found to have been born SGA
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Growth In Children Born SGA

Study Investigating growth of infants born SGA
admitted to Neonatology Dept over an 8-year period

Total of 724 infants with birth
|ength below P3 (_188 SD Score) B premature sGAMUGR [l full-term SGAIUGR

A total of 15% did not achieve
height above P3 by 2 years of age
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Pubertal course of persistently short
children with IUGR compared to
idiopathic short children born AGA

Liora Lazar, Uri Pollak, Ofra Kalter-Leibovici,
Athalia Pertzelan, Moshe Phillip

Institute for Endocrinology and Diabetes, Schneider Children’s Medical Center

of Israel, Petah Tikva; 3Gertner Institute for Epidemiology and Health Policy

Research, Sheba Medical Center, Tel Hashomer, 2Faculty of Medicine, Ben
Gurion University of the Negev, Beer Sheva, Israel

Eur J Endocrinology 149(5):425-32, Nov 2003




What Controls
Fetal Growth?




Hormonal regulation of fetal size

IGE-1 and IGF-II are key factors of fetal growth

Prenatally IGF-1 mainly regulated by insulin, whereas
postnatally by GH

Correlation between IGF-1 and birth sizel

In the growth-retarded
fetus, lower @7~ @ 4 * 0000000
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INTRAUTERINE GROWTH
RETARDATION AND POSTNATAL
GROWTH FAILURE ASSOCIATED WITH
DELETION OF THE INSULIN-LIKE
GROWTH FAcCcTOR I GENE

Katie A. Woops, M.B., B.S.,
Ceciua CamacHo-HOener, M.D.,
MarTin O. Savace, M.D.,
anD Aprian J.L. Cark, M.B., B.S.

ates the majority of the growth-promoting ef-

fects of growth hormone (GH) after birth.! In
the prenatal period, GH does not appear to have a
major influence on fetal growth, whereas IGF-1
does. Infants with congenital GH deficiency and de-
fects in the GH-receptor gene have only mild retar-
dation of growth at birth,>* whereas transgenic mice
with a homozygous defect of the IGF-I gene (IGF-1
knockout mice ) have profound embryonic and post-
natal growth retardation.®7 Although there is no di-
rect evidence that IGF-1 has a prominent role in hu-
man fetal growth, fetal tissues express IGF-1 from an
early stage, and fetal and cord serum IGF-1 concen-
trations are correlated with fetal size 811

IGF-1 knockout mice also have defects in neuro-
logic development, indicating that IGE-I may have
specific roles in axonal growth and myelination.!? In
addition, neonatal mortality 1s substantial, suggest-
ing that this defect may be lethal in humans.

In this report, we describe a 15-year-old boy with
severe prenatal and postnatal growth failure, senso-
rincural deafness, and mental retardation who had a
homozygous partial deletion of the IGF-I gene.

INEULIN—LIKE growth factor I (IGF-1) medi-




INTRAUTERINE GROWTH
RETARDATION AND POSTNATAL
GROWTH FAILURE ASSOCIATED WITH
DELETION OF THE INSULIN-LIKE
GROWTH FAcCTOR I GENE
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IGF-I Receptor Mutations Resulting in
Intrauterine and Postnatal Growth Retardation

M. Jennifer Abuzzahab, M.D., Anke Schneider, M.D., Audrey Goddard, Ph.D.,
Florin Grigorescw, M.D., Ph.D., Corinne Lautier, Ph.D., Eberhard Keller, M.D.,
Wieland Kiess, M.D., Jirgen Klammt, Jirgen Kratzsch, Ph.D.,

Doreen Osgood, Ph.D., Roland Pfaffle, M.D., Klemens Raile, M.D.,
Berthold Seidel, Ph.D., Robert J. Smith, M.D., and Steven D. Chernausek, M.D.,
for the Intrauterine Growth Retardation (IUGR) Study Group?*

BACKGROUND

Approximately 10 percentof infantswith intrauterine growth retard ation remain small,
and the causes of their growth deficits are ofien unclear. We postulated that mutadons
in the gene forthe insulin-like growth factor [ rece ptor (IGF-IR) mightundetlie some cases
of prenatal and posmatal growth failure,

METHODS

We screened two groups of children for abnormalities in the IGF-IR gene. In ore group
of 42 patients with unexplained intrauterine growth retardation and subsequent short
stature, we used single-strand conformaton polymorphism analysis, followed by di-
rect DN A sequencing of any abnormalites found. A second cohortconsisted of 50 chil-
dren with short stature who had elevated circulating [GF-I concentrations. Complete
sequencing of the IGF-IR genewas performed with DNA from nine children. We also
studied a control group of 43 children with normal birth weights.

RESULTS

Inthe first cohort, we idendfied one girl who was 2 compound heterozygote for point
mutatdonsin exon 2 ofthe IGF-IR gene that altered the amino acid sequence to Arg108GIn
in one allele and Lys115Asn in the other. Fibroblasts cultured from the patient had
decreased [GF-Freceptor function, as compared with thatin conirol fibroblasts. No such

WAGRGVIRGRIRGRGUD 1100 s were found in the 43 controls, In the second group, we identified one boy with

anonsense mutadon (Arg59stop) that reduced the number of KGF-Ireceptors on fibro-

blasts. Both children had intrauterine growth retardationand poor postratal growth.
CONCLUSIONS

Mutadons in the [GF-[R. gene that lead w abrormalities in the function or number of
IGF-I receptors may also retard intrauterine and subsequent growth in humans.
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Figure L. Pedigree [Panel A) and Growth Curve [Panel B) for Patient 1.
The patient’s parents were heterczygous for the RICEQ (BHack) or K115M {gray) mutation inthe gene for the insulin-like growth factor | recep-
tor. Birth weights and final heights are indicated in Panel &, as are the number of standard deviations below the means forthese values. The

patient received two courses of growth hormene (GH) therapy, as indicated by the bar in Panel B. Mormative data for girls are from the
Mational Center for Health Statistics. 17







Diagnosis of Short Stature Due
to SGA May Be Based On:

= Birth length and/or weight below —2 SD scores
according to appropriate reference data for
gestational age

= Incomplete spontaneous catch-up growth by age
2 years or later resulting in a height below —2 SD
scores

Other factors that may also be considered include:

= Absence of catch-up growth with a height velocity
of below 0.0 SD scores




Treatment with GH induces catch-up growth
by overcoming the apparent resistance to
actions of the GH—IGF-I axis

A broad range of alterations in the GH—IGF-I axis
may be found in short SGA children

Some children have low stimulated and/or
spontaneous levels of GH, as well as low levels of
IGF-1, IGF-11 and IGFBP-3

= A second finding of normal levels of GH but low levels of
IGF-1 and IGFBP-3 suggests decreased GH sensitivity

= A third possibility is decreased IGF-1 sensitivity — as
iIndicated by high-to-normal levels of GH and I1GF-I

de Waal WJ et al Clin Endocrinol 1994:41:621—-30 Chatelain PG
et al. Acta Paediatr 1996;417(Suppl.):15-16

Boguszweski M et al. J Clin Endocrinol Metab 1996;81:3902—8




Dutch-Norditropin study:

Alm

s [0 assess the efficacy of GH
(Norditropin®/Norditropin® SimpleXx®) on

linear growth in short SGA/IUGR children

To assess the glucose metabolism, body
composition, blood pressure and lipid
metabolism

To evaluate the psychosocial effects of GH
treatment
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Dutch-Norditropin study:

Study design

s Mmulticentre, double-blind, dose-response
study with

s treatment randomisation to GH 0.033 or
GH 0.067 mg/kg/day




Dutch-Norditropin study:

INnclusion & Exclusion Criteria

Birth length below P3 (—1.88 SD score) for
gestational age

Uncomplicated neonatal period

No catch-up growth, defined as a height
<P3 within first 2 years or later

Height velocity for chronological age <P50
Chronological age at start of treatment:

e girls: 3.00 to 8.99 years

e boys: 3.00 to 10.99 years




Dutch-Norditropin stud

GH 0.033 GH 0.067

B ase I I n e mg/kg/day mg/kg/day

Boys/girls 31/10 21/17

Patl e nt Gestational age 37.3+£3.2 36.0+4.1
(week)

Data Birth length SD —3.6%+1.4 —3.7+1.7

score

Birth weight SD —2.6x1.2 —2.6%£1.0
score

Chronological age 7.3%£2.1 7.212.4
(year)
Bone age (year) 6.6x2.4 6.7+2.9

Height SD score

Height velocity SD —-0.7+1.1
score

Target height SD —1.0+£0.9
score
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Dutch-Norditropin study:

s Individual heights at
study start and after 6
years demonstrate the
Improvement in height
with GH treatment

1234567 8 931011121314151617181920

chronological age (years)

Hokken-Koelega ACS. What is the role of GH
therapy in children born small for gestational age?
Ed, Monson JP. Challenges in growth hormone
therapy. Oxford: Blackwell Science 1999;78-90.




Almost every child reached a height well
within the normal height and target height
range with GH treatment

I GH 0.033 mgikg/day B GH 0.067 mg/kg/day

GH treatment (years)
0 1 2 3 4 5 B

target height
50 score

Height SD score
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Dutch-Norditropin study:

Treatment with GH Is well tolerated and has an
excellent safety profile

No difference In response between children
categorised as GHD
(17/79, 22%) and non-GHD

No differences in growth response in children with
(7/79) or without signs of Silver—Russell syndrome

In line with other studies, there do seem to be non-
responders — these children should be identified as
early as possible

The dose-dependent efficacy of GH has also been
demonstrated in other studies with GH in short
SGA/IUGR childrent.2:3

Sas T et al. J Clin Endocrinol Metab 1999;84:3064—70

lde Zegher F et al. J Clin Endocrinol Metab 2000;85:2816-21
3Job JC et al. Pediatr Res 1996;39:354—9

2Boguszewski M et al. Acta Paediatr 1998;87:257—63




Near Adult Ht in SGA
The KIGS Experience 2007

Birth weight SDS -2.6
Birth Length SDS -2.9
MPH SDS

At start of GH Rx

Age

Ht

At near adult Ht

Age

Ht

dHt SDS

N=65
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= [he increment in height in children In
the Dutch-Norditropin study was
accompanied by a proportional

Improvement in the size of the hands,
feet and pelvis diameter In relation to
height
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Short SGA/IUGR Children and GH Treatment:
Summary

Approximately 1026 of children born SGA/I1UGR fail to
catch-up and remain short throughout childhood,
adolescence and adulthood

Long-term treatment with GH 0.033 or 0.067 mg/kg/day
may increase height to within the target and normal range

Short children born SGA often have poor appetite and low
food intake — which improve with GH treatment

Reduced self-confidence and peer acceptance are found in
short children born SGA compared with matched controls,
and these parameters improve with GH treatment
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Multinational study in short

SGA
children: evaluation of the effect of
three different growth hormone dose
regimens

ESPE 2007, Helsinki, Finland
By Moshe Philip




Multinational study ini short SGA
children: evaluation of 3 different GH
dose regimens

Alm:
= [0 compare the gain in additional height over
two years in short children born SGA with severe

growth retardation with 3 GH dose regimens:

e Two years continuous treatment with low dose (LD) GH
(0.033 mg/kg/day)

e Discontinuous high dose (HD) GH regimen comprising
0.100 mg/kg/day in year 1, no treatment in year 2

e Untreated control group In year 1 followed by mid dose
(MD) GH in year 2 (0.067 mg/kg/day)




Patient selection criteria

= Inclusion criteria:
e Age 3—8 years
e Born SGA (birth weight and/or length<—2 SDS)
e Baseline height SDS<—2.5
e Height velocity SDS =<0
e Parental height SDS 2—2

s Exclusion criteria:
e GH deficiency (peak GH <10 ng/mL)

e Presence of chronic disease/condition likely to
affect growth

e Benign intracranial hypertension




Trial design

Randomised (2:1), prospective, double-blind, parallel group

Run-in Year 1 Year 2

Screening

/ \ 0.100 mg/kg Untreated HD

0.033 mg/kg 0.033 mg/kg LD

/ \ Untreated 0.067 mg/Z/kg MD

Randomisation

—3 O




Actual height gain (cm) by study
year

LD HD =MD
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Number of children with height
SDS>-2

LD HD ®MD

p<0.0001




Conclusions: efficacy.

= Two years of continuous LD and discontinuous HD
GH regimens resulted in a similar gain in height

s | reatment discontinuation was assoclated with
catch-down growth
e Discontinuous GH is inferior to continuous GH treatment

= Height gain in the MD group was not different to
that in the other treatment groups

= Late onset GH treatment may be compensated for
by increasing the daily GH dose




CONSENSUS STATEMENT: Management of the Child
Born Small for Gestational Age through to Adulthood: A
Consensus Statement of the International Societies of
Pediatric Endocrinology and the Growth Hormone

Research Society

P. E. Clayton, S. Cianfarani, P. Czernichow, (. Johannsson, R. Rapaport, and A. Rogol

University of Manchester (P.E.C.), Manchester M13 9PL,

Tmited Kingdom,; “Tor Vergata” University (S.C.), 00133 Rome,

Ttalyv; Robert Debre Hospital (P.C.), 75019 Paris, France; Sahlgrenska University Hospital (G..J.), SE-41345 Gothenburg,
Sweden; Mount Sinai School of Medicine (R.R.), New York, New York 10029; and University of Virginia (A.R.),

Charlottesville, Virginia 22911

Objective: Low birth weight remains a major canse of morbidity and
mortality in early infancy and childhood. It i= associated with an
increased risk of health problems later in life, particularly coronary
heart disease and stroke. A meeting was convened to identify the key
health issues facing a child born small for gestational age (SGA) and
to propose management strategies.

Participants: There were 42 participants chosen for their expertise
in obstetrics, peri- and neonatal medicine, pediatrics, pediatric and
adult endoerinology, epidemislogy, and pharmacology.

Evidence: Written materials were exchanged, reviewed, revised, and
then made available to all. This formed the basis for discussions at the
mesting. Where published data were not available or adequate, dis-
cussion was based on expert clinical opinions.

Consensus Process: Each set of questions was considered by all and

then diseussed in plenary sessions with consensus and unresolved
issues identified. The consensus statement was prepared in plenary

J Clin Endocrinol Metab 92: 804—810, 2007

sesgions and then edited by the group chairs and shared with all
participants.

Conclusions: The diagnosis of 5GA should be based on accurate
anthropometry at birth ineluding weight, length, and head circum-
ference. We recommend early surveillance in a growth elinie for thozse
without catch-up. Early neurodevelopment evaluation and interven-
tions are warranted in at-risk children. Endocrine and metabolic
disturbances in the 3GA child are recognized but infrequent. For the
109 who lack eatch-up, GH treatment can increase linear growth.
Early intervention with GH for those with severe growth retardation
(height SD score, <<—2.5; age, 2-4 yr) should be considered at a doze
of 35-T0 pg'kg-d. Long-term surveillance of treated patients is es-
gential. The associations at a population level between low birth
weight, including SGA, and coronary heart disease and stroke in later
life are recognized, but there is inadequate evidence to recommend

routine health surveillance of all adults born SGA outside of normal
clinical practice. (J Clin Endocrinol Metab 92: 804-810, 2007)




GH in Children with SGA

s Consensus s “‘basket”
e Age 2 -4 years e Age > 4 years but
e Ht<-2.5 SD (or -2 below 8 Iin girls and
at age 4) 9 Iin boys
e Ht<-2.5
e GR<O




GH therapy

s GH therapy allows short SGA
children to:

e Normalise height in childhood

e Maintain a normal growth velocity during
adolescence

e Attain a normal adult height




Baptiste Hugo, 2.30 m
Italy
DOB- June 21, 1876




Robert Wadlow,
2.72 m
With his Father

USA (1918-1940)




Approval of GH Use in Pediatric
Growth Disorders

Pediatric GH deficiency
Chronic renal insufficiency

Turner syndrome
Prader-Willi syndrome
Small for gestational age
Idiopathic short stature




Efficacy and Safety Results of Long-Term Growth Hormone Treatment of Idiopathic Short

Stature

s Analysis of large GH registry for efficacy and
safety of GH treatment of ISS

Small clinical trials of growth hormone (GH)

treatment of idiopathic short stature (ISS)
show variable efficacy

Up to 7 years of GH treatment of ISS
evaluated for efficacy, safety in National
Cooperative Growth Study (NCGS)

Kemp SF et al, JCEM 2005 .Jul 5




Efficacy and Safety Results of Long-Term Growth Hormone Treatment of Idiopathic Short

Stature

s Patients: 1SS= maximum stimulated
GH 210 ng/mL and/or report of ISS by
Investigator

s (N=8018; all included for safety)
Co

e CO
e CO

nort 1 (n=2520): similar to clinical trial
nort 2 (N=283):< 5 yr of age

nort 3 (n=940): pubertal at GH start

s Intervention: GH, approximately 0.30
mg/kg/week

x Main Outcome Measures: Growth
velocities (GV), height SD (HtSD)

Kemp SF et al, JCEM 2005 .Jul 5




Efficacy and Safety Results of Long-Term Growth Hormone Treatment of Idiopathic Short

Stature

Table 1

Baseline Characteristics

Cohort 1 Cohort 2 Cohort 3 All Patients
Characteristic (n=2520) (n—283) (n=940) (n—8018)

Mean

10.9 = 3.5
(n=8018)

{(\t:q;mmlugmnl age T el
) IR .

boir seens asear aaeon
( L 2 ¢ 1. i
(cm/yr) (n=1721) (n=198) (n=644) (n=4751)
Height SD score —2.9+0.6 392408 284 0.6 97409

Initial GH Dose

PR 0.31 = 0.05 0.32 + 0.04 0.31 +0.06 0.30 + 0.06
(mg/kg/wk)

Number (%) of Patients

Sex
Male 1907 (75.7%) 191 (67.5%) 668 (71.1%) 6015 (75.0%)
Female 613 (24.3%) 092 (32.5%) 272 (28.9%) 2008 (25.0%)

Kemp SF et al, JCEM 2005 .Jul 5



Efficacy and Safety Results of Long-Term Growth Hormone Treatment of Idiopathic Short

Stature

Table 2

Growth Rate (cm/yr) for Patients in Cohort 1 by Number of Years Treated
(Mean £ SD)

No. of Years Treated

Treatment I 2 3 4 5

Year in=1721y (n=1446) (n=1131) (n=839) (n=58%)

0 40x1.7 40=x17 40+1.6 4016 4116
l 8618 BA+£1.7 B6+17 Box17 8616
T5+1.8 7518 7416 72x1.5

T0+£149 JO0+£ 18 68+1.7

H.4+£2.0 67+1.8

122

Kemp SF et al, JCEM 2005 .Jul 5




Efficacy and Safety Results of Long-Term Growth Hormone Treatment of Idiopathic Short

Stature

Table 3

Height SD Score for Patients in Cohort 1 by Number of Years Treated
(Mean £ 8SD)

No. of Years Treated

Treaument l 2 3 . 5]

) fi
Year (n=2520) (n=2056)  (n=1576) 38) 5 (n=487) (n=303)

| 29406 2906 -29+06 -2 06 29+ 30+06 30+07
1 24+07 -24+07 -24+07
20208 2007

-1.7+0.8

Kemp SF et al, JCEM 2005 .Jul 5



Efficacy and Safety Results of Long-Term Growth Hormone Treatment of Idiopathic Short

Stature

Results

Mean first year GV in Cohorts 1, 2, and 3 increased 4.6, 3.9, and
4.4 cm/yr over pretreatment, respectively.

Baseline mean HtSD:—2.9, -3.2, and —2.8
Mean HtSD at 1 year: — 2.4, —2.3, and —2.3, respectively.

Mean HtSDs after 7 years in Cohorts 1 (n=303) and 2

(n = 85), and 5 years in Cohort 3 (n = 58):—1.2, —1.0, and —1.5,
respectively. Cohort 3 shorter treatment time due to advanced
baseline age (mean 13.8 years) and puberty.

Mean HtSD gain in Cohort 1 comparable to clinical trial.
No new safety signals specific to the NCGS ISS population

Kemp SF et al, JCEM 2005 .Jul 5




Efficacy and Safety Results of Long-Term Growth Hormone Treatment of Idiopathic Short

Stature

Conclusion

* Long-term GH therapy is safe and effective in children with
idiopathic short stature

» Outcomes in the real-world clinical setting can be expected
to be comparable to that reported in formal clinical trials.

Kemp SF et al, JCEM 2005 .Jul 5
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Insulin Growth Factor-Based Dosing of Growth Hormone
Therapy in Children: A Randomized, Controlled Study

Pinchas Cohen, Alan D. Rogol, Campbell P. Howard, George M. Bright, Anne-Marie Kappelgaard, and
Ron G. Rosenfeld, on behalf of the American Norditropin Study Group

Context: Weight-based dosing of GH is the standard of care for short
children, although IGF-I is thought to be the main mediator of GH
actions on growth.

Objective: The objective of the study was to test whether IGF-I levels
achieved during GH therapy are determinants of the growth re-
sponses to GH treatment.

Design: This was a 2-yr, open-label, randomized, IGF-I concentra-
tion-controlled trial. Prepubertal short children [n = 172, mean age
7.53 yr, mean height 5D score (HT-SDS) —2.64] with low IGF-I levels
(mean IGF-I 5D —3.56) were randomized to receive one of two GH
dose-titration armes in which GH dosage was titrated to achieve an
IGFE-I 5DS at the mean [IGF,,,,, group, n = 70] or the upper limit of
the normal range [+ 2 SDS, IGF ., group, n = 68] or to a comparison
group of conventional GH dose of 400 po/kg/d in = 34

Setting: The study was conducted in a multicenter, outpatient
setting.

JCEM 92: 2480-2486, 2007

Primary Outcome Measure: Change in HT-SINS over 2 yr was
measured.

Results: One hundred forty-seven patients completed the trial. Tar-
et IGF-I levels were achieved in the dose-titration arms within 69
months. The changes in HT-5105 were +1.0, +1.1, and +1.6 for con-
ventional, IGF, ... and IGF ., respectively, with IGF,, ., showing
gignificantly greater linear growth response (P < 0,001, compared with
the other two groups). The IGF,,,,, arm required higher doses (=25
times) than the IGF,_. ., arm, and these GH doses were highly variable
(20346 pglg/d). Multivariate analyses suggested that the rise in the
IGE-1 SDS significantly impacted height outcome along with the GH
dose and the pretreatment peak-stimulated GH level.

Conclusion: IGF-I-based GH dosing i= clinically feasible and allows
maintaining serum IGF-I concentrations within the desired target
range. Titrating the GH doze to achieve higher IGF-I targets results
in improved growth responses, although at higher average GH doses.
(f Clin Endocrinol Metab 92: 2480-2486, 2007)




Insulin Growth Factor-Based Dosing of Growth Hormone
Therapy in Children: A Randomized, Controlled Study

Pinchas Cohen, Alan D. Rogol, Campbell P. Howard, George M. Bright, Anne-Marie Kappelgaard, and
Ron G. Rosenfeld, on behalf of the American Norditropin Study Group
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GH Dose (mqg/kg/day)
& IGF(low) B IGF(high)

Histogram of GH dose by treatment groups at the end of the study.

Dose distribution in IGF(low) group (n70) and IGF(high) group (n66).
Vertical bars represent the percentage of patients in eachGH dose

range at the end of the study (LOCF). The variability of GH

JCEM 92: 2480ep4iivides is evident, particularly in the IGF(high) group.




Insulin Growth Factor-Based Dosing of Growth Hormone
Therapy in Children: A Randomized, Controlled Study
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Insulin Growth Factor-Based Dosing of Growth Hormone
Therapy in Children: A Randomized, Controlled Study
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Relationship between GH-induced IGF-I levels or cumulative GH dose
and HT-SDS change from baseline. Correlation between HT-SDS and
IGF-I SDS is presented in the left panel (combined three groups).
Correlation between HT-SDS and cumulative GH dose (grams per
kilogram) is presented in the right panel. LOCF method was used.
Combined n 170.




Insulin Growth Factor-Based Dosing of Growth Hormone
Therapy in Children: A Randomized, Controlled Study

Pinchas Cohen, Alan D. Rogol, Campbell P. Howard, George M. Bright, Anne-Marie Kappelgaard, and
Ron G. Rosenfeld, on behalf of the American Norditropin Study Group

TABLE 2. Safety assessment during treatment

IGF s

IGF high: Conventional Crrarall P value

Bone age (y1)

Insulin (pU/ml)

FSG (mg/dl)

HbA,, (%)

Body weight (kg)

Baseline

EOS

Change from bageline
Baseline

EOS

Change from baseline
Bazeline

EOS

Change from baseline
Baseline

EOS

Change from baseline
Bazeline

EOS

Change from baseline

5.6 (2.08)
7.9(2.28)
2.5(1.12)
9.12 (5.46)
T.TT(9.20)
—1.63 (10.34)
85.9(12.37)
85.2 (6.27)
—2.0(12.23)
5.04 (0.33)
5.20 (0.31)
0.15 (0.22)
18.8 (5.22)
26.6 (7.90)
7.7 (3.58)

5.5 (1.82) 54(1.9)
7.9(2.11) 8.2 (2.05)
2.7 (0.99) 2.8 (0.95)
9.61 (5.00) 10.81 (7.20)
12.24 (8.04) 10.33 (6.92)
4.13 (8.60) —-1.11{11.39)
87.2(15.41) 01.7 (20.42)
B5.2011.12) 87.8 (9.58)
—1.8110.23) —aanﬂl 55)
5.00(0.33)
5.23(0.33)
0.22 (0.31)
18.6 (4.45)
28.3 (6.00)
9.8 (3.01)

Data are presented as mean (SD). FSG, Fasting serum glucose;

EOS, end of study.




Consensus Statement
on Pump Use In
Pediatrics

Phillip M, J




Achieving Optimal Blood Glucose Control is Especially
Challenging in Younger Patients with T1DM.

Hyperglycemia

Phillip M, June 2007




Consensus Statement Organized by
the LoopClub

« On behalf of:

ESPE - European Society for Paediatric
Endocrinology

LWPES - Lawson Wilkins Pediatric Endocrine
Society

ISPAD - International Society for Pediatric and
Adolescent Diabetes

*Endorsed by:
ADA - American Diabetes Association

EASD - European Association for the Study of

Diabetes
Phillip M, June 2007




List of participants in the
Consensus Forum

= Holley Allen (Springfield, MA, USA) * Przemyslawa Jarosz-Chobot
= Shin Amemiya (Saitama, Japan) (Katowice, Poland)

* Bruce Buckingham (Stanford, CA, USA) = Lori Laffel (Boston, MA, USA)

" Fergus Cameron (Parkuville, » Margaret Lawson (Ottawa, Ont,
Victoria, Australia) Canada)

* Francesco Chiarelli (Chiety, Italy) = Johnny Ludvigsson (Linkoping,

= Nathaniel Clark (Alexandria, VA, USA) Sweden)
= Carine de Beaufort (Luxembourg) = Michel Polak (Paris, France)

= Knut Dahl-Jergensen (Oslo, Norway) Kenneth Robertson (Glasgow, UK)

" Dorothee Deiss (Berlin, Germany) = Shlomit Shalitin (Petah Tikva, Israel)
» Ragnar Hanas (Uddevalla, Sweden) ere
= William Tamborlane (New

= Larry Fox (Jacksonville, FL, USA) Haven,CT,USA)

Organizing committee: Moshe Phﬂl]{?sled%'éjvggﬁéw I(-|?é?1§§9”’ MA,

Rodriguez, Th r% Danne, Francine Kaufman
Phillip M, June 2007




International Consensus

25 experts
14 countries
4 continents

Phillip M, June 2007




Initiating CSII
Recommendations

The decision to begin pump therapy should be made
jointly by the child, parent(s)/guardians and diabetes
team.

All pediatric patients with T1DM are potential candidates

for CSll and there is no lower age limit for initiating CSII.

CSIll can be safely initiated at diagnosis or anytime
thereafter.

The timing of pump initiation remains an important
consideration for the family and health care team in
optimizing the likelihood of successful implementation
and outcomes.

Phillip M, June 2007




Conclusions

CSIl therapy may be appropriate for children and
youth of all ages provided that appropriate
support personnel are available.

Phillip M, June 2007




Use of Insulin Pump Therapy in the
Pediatric Age-Group

Consensus statement from the European Society for Paediatric

Endocrinology, the Lawson Wilkins Pediatric Endocrine Society, and the
International Society for Pediatric and Adolescent Diabetes, endorsed by
the American Diabetes Association and the European Association for the
Study of Diabetes

Mozue Punue, \ot

Tane) BaTreu=a, vo. mac?
Hesny Roomoues®

Tucaas Dassr, wpt

Fraseme Kivpaas?
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the challenge of striving 1o mamEain
blecd ghacose Jevels in ibe near-mormal
ranige. High blood ghocose levels wrh el-

evared A1C Jewels are associaced wiib
loog-term mocrovasoalar and macoovas-

cular comphcations. Recurrent epsodes
of bypoghvoemila, especially at young
ages, may camse short- and long-erm ad-

verse effecis on cognitive funciion and

lead 1o bypoghvozmma mmawareness and
may be assocuied wrh significart 2mie-
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hises.” [n addition, T2 oflers the posa-
bility of more flexibilty and mare precise
msuhn detvery thum muliiple daby ingec-
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ite world as to whether 510 bas advan-
tages over MO in tberms of reduction m
A1C Jevels, occucrence of svere lnpogh-
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