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Objectives

• Growth Hormone activities
• Growth Hormone deficiency and 
insensitivity in children

• Historical view of GH in terms of 
structure/function studies

• Discovery of a GH antagonist
• Clinical uses of a GH antagonist

Combination of clinical aspects of GH and 
GH activities and some basic science!!



Growth Hormone’s Biological 
Activities

• Growth
• Lactation
• Metabolism
• Differentiation

Tissues Affected
Bone
Fat
Muscle
Liver
Kidney
Heart
Pancreas
Spleen
Intestine

And others!?



Growth Hormone - Proven Scientific Information on GH

•8.8% muscle mass increase without increased exercise 
•14.4% decrease in fat without change in diet or habits 
•Enhanced sexual performance 
•Increased cardiac output 
•Better kidney function 
•Increased HDL, with a decrease in LDL cholesterol 
•Faster wound healing 
•Hair re-growth 
•Mood elevation 
•Improve sleep 
•Enhances activities of all other hormones 
•Improves diet 
•Regeneration in growth of heart, liver, kidney 
•Increase in immune functions 
•Increase in exercise performance 
•Decrease in blood pressure 
•Develops stronger bones 
•Younger and thicker skin 
•Removes wrinkles 
•Increase memory retention 
•Decrease in hot flashes for women 

Direct from the Internet!!!



The anterior pituitary glandThe anterior pituitary gland

-- ReproductionReproduction

-- LactationLactation

-- GrowthGrowth

-- MetabolismMetabolism

HormonesHormones
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George Auger – 8’1’’
350 lbs, 24 yrs

Ernest Rommel – 34’’
45 lbs, 20 yrs

Caroline Hass – 33’’
35 lbs, 26 yrs



Robert Wadlow,1918-
1940 2.72 m.



Andre Rene Roussinoff, Andre the Giant (1947 -
1993)



Definitions

• Somatotropin – Growth Hormone 
(GH)

• Somatostatin – Inhibitor of GH 
release

• Somatomedin – Insulin Like 
Growth Factor I; (IGF-1)



Control of
GH Secretion

Insulin Like Growth 
Factor - I

Growth Hormone
Releasing Hormone

Somatotropin

Somatomedin

Somatostatin



Dose dependent decrease in fat and increase
in muscle and bone!!!



GH Mis-Use 
or Abuse

• Less Fat, More Muscle
• Estimated that up to 50% of 
athletes at the Sydney Olympics 
mis-used Growth Hormone
– Hard to detect (half-life 20-30 
minutes)

– Identical to authentic, “natural” GH



NY Times; 
June 22, 
2003



Growth 
Deficiency in
Children

Hypothalamus or 
Pituitary lesions

Pituitary GH
Deficiency

GH Insensitivity

IGF-1 Deficiency

IGF-1 
Insensitivity



Treatment of GH 
Deficiency

• Historically – pituitary derived GH 
(discontinued in early 1985; 
Creutzfeldt-Jakob disease)

• Now – and since Nov., 1985 
recombinant human GH (hGH)

– Unlimited supply
– No contamination problems

Would GH treatment “work” for
individuals who are 
GH Insensitive?



Growth hormone deficiency, GHD, is a pituitary disorder resulting 
in short stature and other physical ailments. GHD occurs when the 
production of growth hormone, secreted by the pituitary gland, is 
disrupted. Since growth hormone plays a critical role in stimulating 
body growth and development, and is involved in the production of 
muscle protein and in the breakdown of fats, a decrease in the 
hormone affects numerous body processes.

NUTROPIN Depot, Genentech, [somatropin (rDNA origin) for inject able 
suspension]  Growth hormone
For growth hormone deficiency (GHD) in children

GENOTROPIN®, Pharmacia, Lyophilized Powder (SOMATROPIN 
[rDNA origin] for injection) is indicated for the long-term treatment 
of pediatric patients who have growth failure due to an inadequate 
secretion of endogenous growth hormone. Other causes of short 
stature should be excluded.

In 1999, NOVO NORDISKA/S launched the world's first liquid hGH in a 
superior pen. NordiPen®, NordiPenMate®, and NovoFine® needles comprise the 
full Norditropin® SimpleXx™ delivery system. NordiPen® is a new and safe 
durable injection pen for injecting pre-mixed, liquid hGH from a cartridge.



Growth Hormone Deficiency (GHD):

Growth Hormone Deficiency is a condition caused by a deficiency in the normal production of growth hormone. Without 
treatment, a boy with Growth Hormone Deficiency would, for example, reach a height of approximately 130-140 cm at the 

age of 18, compared with a normal height of 182 cm. If treatment with human Growth Hormone is initiated at an early stage, 
a final height within the normal range of the population can be obtained.

Turner Syndrome:

Turner Syndrome is a genetic defect associated with short stature. Turner Syndrome affects girls only. It is caused by a 
defect of one of the X chromosomes. Treatment with human Growth Hormone, either alone or combined with an anabolic 

steroid, e.g. oxandrolone, can improve final adult height.

Achondroplasia:

Achondroplasia is a bone disease caused by a chromosome disorder which affects the long (limb) bones. Abnormal body 
proportions are apparent at birth and persist into adulthood. In addition, children with achondroplasia are often obese, and 

have large heads with a flattened nose. Treatment with human Growth Hormone may improve the annual growth rate in 
children with achondroplasia.

Chronic Renal Disease (CRD):

Growth retardation is often seen as a clinical manifestation of progressive Chronic Renal Disease in children. Since dialysis 
and transplantation sustain the lives of more and more children with end-stage renal failure, short stature has become a 

prominent problem.

Intra Uterine Growth Retardation (IUGR):

Children who are born smaller than expected are diagnosed with Intra Uterine Growth Retardation. The growth retardation 
may be caused by factors relating to the foetus, the placenta, the mother, or the environment.

Although most children born smaller than expected do achieve normal height within the first two to three years of their life, 
some children stay small throughout life. The children who do not achieve normal height may benefit from human 

Growth Hormone therapy. Starting treatment at the earliest age possible is very important as it has a major effect on 
the height gain achieved.

Prader-Willi:

Children with Prader-Willi are born with a dysfunction of a part of the brain (the hypothalomus) that controls growth, 
pubertal development, and feelings of hunger. As a result growth failure occurs, accompanied by an uncontrolled urge to eat 

continuously.



Growth Hormone 
Insensitivity

• Laron Syndrome



Growth
Deficiency in
Children

Hypothalamus or 
Pituitary lesions

Pituitary GH
Deficiency

GH Insensitivity

IGF-1 Deficiency

IGF-1 
Insensitivity

Laron Syndrome



GHR GHBP



Typical facial appearance
of a 5 yr old boy with
LS due to a molecular
defect of the GHR.
Note the sparse hair,
protruding forehead,
saddle nose, and small
chin.

JCEM, 1999, 84:4397



Height of a
15 year old
girl with LS 
(left) as com-
pared with a
15 year old
healthy girl
(right)

JCEM,1999,
84:4397



GHR GHBP



+/+ +/- -/-

GHR/BP gene disrupted mice

The Laron Mouse



Growth Hormone 
and 
Aging

“New Stuff”



Web Pages 6 - 20 of 65891

Growth hormone sales, hgh muscle.
http://www.romanticmall.com/~natural/growth/Growth-hormone-sales.html
Ultimate HGH is your answer. It contains the nutrients needed to support the 
natural release of HGH, your key to adding years of vitality on to your life. The 
combination of Glutamine Peptides and Colostrum give Ultimate HGH a 
remarkable edge in rev

Human growth hormone sale, antiaging clinic longevity.
http://www.romanticmall.com/~sales/hgh/human-growth-hormone-sale.html
Ultimate HGH contains other all natural ingredients to give your body the 
energy and improvement you desire most. ...human growth hormone sale

Enjoy A New Youth With Powerful PRO-hGH Tablets gh growth hormone
http://fountainsofyouth.o8.net/ALTERNATIVE_MEDICINE
gh growth hormone at Age Reversal Centers gh growth hormone

Enjoy A New Youth With Powerful PRO-hGH Tablets (human growth 
hormone stimulator increase cardiac output)
http://fountainsofyouth.o8.net/Fountainofyouth
human growth hormone stimulator - human growth hormone stimulator at Age 
Reversal Centers

human growth hormone stimulator
http://fountainsofyouth.o8.net/AGEREVERSALHUMANGROWTHHORMONE.h
tmlhuman growth hormone stimulator at Age Reversal Centers human growth 
hormone stimulator

““GH and agingGH and aging””
on the on the ““netnet””



“What a baseball
player says!!”

What an expert says!!

And a set of four Ginsa knives
that make julienne fries!!!

Not $175/bottle but
yours for only $49.95

Scientific evidence overwhelming!!

HGH GOLD 

six months to a younger you!!



+/+ +/- -/-

Back to the GHR/BP gene disrupted mice
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Analysis of lifespan in GHR/BP gene-disrupted 
mice

Gender Genotype N Lifespan (days)*

Male +/+ 7 629 ± 72

+/- 8 668 ± 51

-/- 7 975 ± 106a

Female +/+ 13 749 ± 41

+/- 19 701 ± 36

-/- 11 1031 ± 41b

* Mean ± S.E.
a P < 0.01 compared to +/+
b P < 0.0002 compared to +/+



Methuselah Mouse Prize!!!!
• Money for old mice
• Competition seeks world's longest-

lasting mouse. 
Nature 22 September 2003 HELEN R. 
PILCHER 

A contest to produce the oldest laboratory 
mouse, and so help to unravel the 
mysteries of human ageing, is 
launched in Britain today.

Strategies that promote long life in rodents 
may lengthen our lives too, enthuses 
Methuselah Mouse Prize
organizer Aubrey de Grey of the 
University of Cambridge, UK. The 
competition aims to encourage 
research and funding for anti-ageing 
interventions, he says.

The current title-holder, 
affectionately known as GHR-
KO 11C, died just a week short of his 
fifth birthday - the equivalent of a 
human living for 150 years. 



Does GH promote aging or 
decrease longevity??

• Very controversial!!!!!
• More to follow!!!!

Is GH administration to the elderly a 
“quality of life” Issue???
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Small for Gestational Age (SGA)

Approximately 5% of all infants are born SGA.  SGA is 
often, though not always, associated with intra-uterine 
growth retardation (IUGR). 

Technically, IUGR implies a pathophysiological cause for 
the inhibition of normal growth in utero.  In contrast, 
the etiology of SGA can not always be identified. 

While many SGA neonates normalize their stature by the 
time they reach 2 yrs. of age, 8-10% of SGA children 
will not experience sufficient catch-up growth.  Without 
treatment, these children remain short and constitute 
some 14-22% of adults whose height is below -2SD 
scores.



Slide no. 37

Definition of Small for Gestational Age 
(SGA)

 Birth weight and/or length of 2 or more standard 
deviations (SD) below the mean for gestational age and 
sex



Slide no. 38

Hormonal regulation of fetal size

de Zegher F et al. J Clin Endocrinol Metab 1997;82:2021–6.



Slide no. 39

GH improves height in children born SGA

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



Slide no. 40

Dutch-Norditropin study: Growth response

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 
2002;78–90.



Slide no. 41

Summary

• Approximately 10% of children born SGA exhibit poor growth during 
childhood, which results in short adult stature

• Children born SGA who remain short may be psychosocially 
disadvantaged. They may also have an increased risk of metabolic and 
cardiovascular problems in adult life. This has so far only been shown 
in children born SGA who exhibit spontaneous catch-up growth.

• Disturbances in the GH-IGF-I axis may play a role in the lack of catch-
up growth in these children

• GH therapy (0.033 or 0.067 mg/kg/day) induces a dose-dependent 
acceleration of growth during the first 3–4 years of treatment 

• GH therapy improves self-confidence and peer acceptance in short 
children born SGA

• GH is safe and well tolerated in short children born SGA



How does GH transmit 
cellular signals?

• GH is secreted by the pituitary 
gland and enters the circulatory 
system, thus, it is a classic 
endocrine hormone

• GH binds to GH receptors (R) on 
target tissue



Proper or
Functional

GHR Dimerizaztion

GH

Pre-formed
GHR Dimer

Signal
Transduction





ATG TAG

Human Growth Hormone Gene



Mammalian cells expressing GHMammalian cells expressing GH





Pups are 
born some 
of which 

are 
transgenic



GH transgenic miceGH transgenic mice



GH Transgenic MiceGH Transgenic Mice Control MiceControl Mice

Antiserum
Glomerulosclerosis Glomerulosclerosis –– scarring of the glomerulusscarring of the glomerulus



Growth Hormone
Structure/function studies

• “Change the structure and 
determine the alteration in 

function”



Experimental Protocols
• In vitro mutagenesis 

of GH genes or 
cDNAs

• Oligonucleotide 
sequencing of 
mutation

• Expression of 
mutated DNA in  
mammalian cells

• Purification of GH 
analogs

• Receptor Binding 
studies

• GH responsive cell 
– Preadipocytes or IM9
– Engineered GHR lines

• Production of 
transgenic animals

• Growth 
parameters
– Morphometrics
– Endocrine and 

physiological 
studies

– Histological studies

Animal Models



GH Crystal Structure

2.5 Angstrom Resolution

Blue = N terminus

Red = C Terminus

Light green = helix 3



Abdel-Meguid, et al., 1987

III

109

126
Glycine

Glycine 119 bGH
Glycine 120 hGH

For example
we substituted
arginine for
glycine!!!
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Leu
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Growth Hormone
pGH – porcine
bGH – bovine
oGH – ovine
hoGH – horse
rGH – rat
aGH – avian
hGH – human
mGH - monkey
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hoGH

Gly
hGH
mGH

Asp
hGH
mGH

Gln
pGH,hGH,oGH

mGH,rGH

Thr
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Gly 120
hGH,mGH
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G 120 R Transgenic Mouse
2 fold  smaller than control



Normal

One amino
acid change,
i.e.. glycine 

to arginine 
results
in a growth
inhibitor
or a “growth
hormone
antagonist”

Giant

Dwarf



Notice Colors

Green and White



Cleft“Fill the 
Cleft”

Any amino acid at position 120, other than alanine, 
results in a GH antagonist



GHR dimer

Gly 120 = yellow
Trypt 104 = white

Site 2

The GHR/GH antagonist 
complex is found in the 

context of a non-
functional dimer

If the glycine is substituted 
with any amino acid, other than alanine, 

then a GH antagonist is generated!!



Improper or
Non-Functional

GHR Dimerization

GHA

Pre-formed GHR
Dimer

No signal 
Transduction

X



Signal
Transduction

Site 2

Site 1

GH/GHR interaction

No Signal 
Transduction

X

GHA/GHR interaction

Site 1

Site 2



Clinical uses of a Growth 
Hormone Antagonist
Proposed in 1991

• Acromegaly
• Diabetes
• Cancer



Acromegaly

Maximus Thrax
Roman Emperor
235-238 A.D. David & Goliath

The term acromegaly comes from the Greek "acros" meaning "extremity" and 
"megale" meaning "great", for large fingers, hands and feet; distinguishing marks 

of this disorder. 

Increased GH due to pituitary tumor

High circulating levels of IGF-1



What is a pituitary 
adenoma?
The pituitary gland lies behind
the sphenoid bone, a bone at 
the base of the skull. A 
pituitary adenoma is a tumor 
of the pituitary gland. It 
causes symptoms either from 
compression of nearby brain 
structures or from abnormal 
hormone production. Most 
pituitary adenomas measure 
less than 10 mm. Almost all 
adenomas are benign, which 
means that they are 
relatively slow-growing and 
are slow to invade surrounding 
tissues. They rarely spread 
to other areas of the body. 



What happens during surgery?
The surgical removal of a pituitary adenoma can usually be performed by a method called a trans-
sphenoidal operation. The surgeon approaches the pituitary gland by making an incision beneath 
the upper lip to expose the nasal passage. Using a microscope and specialized microinstruments, 
the surgeon enters the sphenoid bone, and eventually an opening is made in the wall of the bone to 
expose the pituitary gland. When the tumor is removed, the cavity is sealed, sometimes with a 
piece of fat that the surgeon removes from the patient's abdomen. The surgeon then applies a 
"glue" made from the patient's own blood that was donated before surgery. Vaseline gauze is then 
packed into the nasal cavities and the procedure is completed. 

Transsphenoidal Surgery



2201

19-Mar-1999

5.66 cc

10-Mar-2000

8.71 cc54% increase



Control of
GH Secretion

In Acromegalic,
too much GH, 
therefore,
too much IGF-1

Treat with a GH
Antagonist
(inhibits GH action)

Clinical end point:
Lower IGF-1

Treat with
a somatostatin
Analog –
inhibits GH
release



IGF-I Suppression 
Treatment for ≥12 Months  (n = 90)
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Ring size after 12 weeks of daily pegvisomant 
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IGF-I at baseline and after 12 
months of pegvisomant

Serum IGF-I
(ng/mL)

500

1000

1500

2000

2500

Age (years)
55+16-24 25-39 40-5490 patients

• up to 40 mg/day
• 97% normalisation of IGF-I

van der Lely et al Lancet  2001:358;1754

? over treatment



US FOOD AND DRUG ADMINISTRATION APPROVES
SOMAVERT® FOR THE TREATMENT OF ACROMEGALY

First in a new class of medicines treats debilitating hormone disease

Peapack, N.J. (March 26, 2003)  Pharmacia Corporation (NYSE:PHA) announced today that the US Food and Drug 
Administration (FDA) has approved SOMAVERT® (pegvisomant for injection) for the treatment of acromegaly in patients 
who have had an inadequate response to surgery and/or radiation therapy and/or other medical therapies, or for whom 
these therapies are not appropriate.  The goal of treatment is to normalize serum IGF-I levels.

Acromegaly is a serious, life-shortening disease triggered by over-secretion of growth hormone, most often caused by a 
pituitary tumor.  This excess of growth hormone leads to overproduction of a second hormone, IGF-I (insulin-like growth 
factor-l), which contributes to the disabling symptoms and the long-term health problems associated with the disorder.[i]
Patients with acromegaly often suffer from headache, excessive sweating, soft-tissue swelling, joint disorders and, 
perhaps most striking, a progressive coarsening of facial features and enlargement of the hands, feet and jaw.[ii] Patients 
with acromegaly face a mortality rate two to four times higher than the average person, due to such serious long-term 
complications as heart and respiratory disease, diabetes mellitus and some forms of cancer.

SOMAVERT is the first in a new class of medicines called growth hormone receptor antagonists and the only medicine 
designed to specifically block the effects of excess growth hormone in acromegaly.  It will be available in the US by 
prescription  within the next few weeks.  SOMAVERT was approved by the European Commission in November 2002.[

“SOMAVERT is an important medical advance that offers new hope to patients with acromegaly,” said Ariel Barkan, MD, 
Professor of Internal Medicine, Professor of Neurosurgery and Co-director of the Pituitary and Neuroendocrine Center, 
University of Michigan Health Systems, and clinical investigator for SOMAVERT. “We are very encouraged by the 
introduction of SOMAVERT, an important new treatment option for those who are suffering the ravages of this disease,”
said Robert Knutzen, acromegaly patient and CEO/Chairman of the Pituitary Network Association, an international non-
profit organization dedicated to providing support and information to patients with pituitary disorders.iii]

[



SOMAVERT® (pegvisomant for injection)



Clinical uses of Growth 
Hormone Antagonists

• Acromegaly
• Diabetes
• Cancer



GH antagonist and cancer

• GH/IGF-1 implicated in many 
cancers including breast, colon and 

prostate

K. Friend and M. Pollack have pioneered
this type of work



A Growth Hormone Antagonist
Confers Resistance to DMBA-Induced

Mammary Gland Carcinogenesis

Michael Pollak1, Marie-José Blouin, Jian-Chun Zhang, and John J. Kopchick

Cancer Prevention Research Unit of the Jewish General Hospital and McGill University, Montreal, Quebec, Canada, H3T 1E2 (MP, MJB, JCZ), 
Edison Biotechnology Institute and Department of Biomedical Sciences, College of Osteopathic Medicine, Ohio University, Athens, Ohio, 45701, 

USA (JJK)

Br J Cancer, 2001

Used GH antagonist transgenic mice and 
controls

28 female animals

DMBA injected by gavage (70ug/g body 
weight)once a week for 6 weeks

Mice monitored weekly for tumor incidence 
and size of tumor

Control GHA



Tumor incidence: GH antagonist tg vs. 
control following DMBA exposure
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Reading List
• Endocrinology,  Fourth Edition,  edited by Leslie 

DeGroot and J. Larry Jameson, Volume 1, Part 
III (Growth and Maturation), Chapters 30-38, 
pages 389-529

• REVIEW ARTICLE  PEDIATRICS Vol. 112 No. 1 July 2003, pp. 
150-162

Persistent Short Stature, Other Potential Outcomes, and 
the Effect of Growth Hormone Treatment in Children 
Who Are Born Small for Gestational Age 
Peter A. Lee, MD, PhD, James W. Kendig, MD and 
James R. Kerrigan, MD From the Department of 
Pediatrics, Pennsylvania State University College of 
Medicine, Milton S. Hershey Medical Center, Hershey, 
Pennsylvania 


