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History of growth hormone therapy
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IntRoductIon

The struggle for discovery of  growth hormone (GH) 
was protracted and hard. The fascinating circuitous road 
to discovery involved a host of  clinicians, chemists, 
physiologists, and pathologists. The tale is crammed with 
amazing insights as well as striking errors, serendipity and 
unsuccessful labors, and triumphs and defeats.

HIstoRy of gRowtH HoRmone

The efforts to acquire pituitary GH for the treatment of  
GH-deficient children started in the mid-1940s. Initial work 
was on subprimates for nearly a decade. These efforts led 
to the purification of  bovine GH by Li and Evans at the 
University of  California, Berkeley, and Fishman at Yale. And 
porcine GH was purified by Raben and Westermeyer, at 
Tufts. But none of  these preparations showed a significant 
biochemical or metabolic activity because the effects of  
GH is species specific.[1]

Growth hormone (GH) first was isolated from the 
human pituitary gland in 1956, by both Li and Papkoff, in 
California, and Raben, in Massachusetts, but its biochemical 
structure was not elucidated until 1972. In 1958, Raben 
reported the results of  the first trial to show the effects 
of  human GH on growth. By 1960 it was clear that GH-
deficient children would benefit from pituitary GH. In 
1960, National Pituitary Agency (NPA) was formed to 
further the goals of  coordinating pituitary collection and 
extraction to support both basic and clinical research.[1,2] 
Between 1963 and 1985 the NPA supervised almost all 
of  the GH treatment in the United States. And during 
this period about 7700 children in the United States and 
27,000 children worldwide were given GH extracted from 
human pituitary glands to treat severe Growth hormone 
deficiency (GHD).[3,4]

By 1985, pituitary GH was in use for nearly 30 years in the 
United States and Canada, either for research purpose or 
therapeutically. In 1985, US Food and Drug Administration 
(US FDA) received reports of  four young adults in the 
United States with the fatal, slow viral (prion-mediated) 
Creuzfeldt Jacob Disease (CJD), who had been treated 
with GH from the NPA in the 1960s. The connection was 
recognized on reviewing data within a few months by FDA 
and NIH. On April 19, 1985, distribution of  pituitary GH 
was suspended and use of  human pituitary GH rapidly 
ceased. And an exciting and important era in pediatric 
endocrinology came to an abrupt finish.[5]

A B S T R A C T

Although the importance of the pituitary gland for growth was recognized in late 19th century, Growth hormone (GH) therapy was made 
available for severely GH-deficient children and adolescents only in late 1950s. Use of GH for other conditions was limited because 
of the limited supply of human pituitary-derived hormone. With unlimited availability of recombinant human GH (rhGH), the scenario 
of GH treatment has been changed enormously. Currently there is ever increasing list of indications of GH treatment in children, 
adolescents, and adults.
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Identification of  the biochemical structure of  GH in 1972 
became the catalyst for the development of  recombinant 
DNA-derived human GH, the gene for which was cloned 
for the first time in 1979. Genentech (San Francisco, 
California), developed in 1981 the first recombinant human 
GH (rhGH) by a biosynthetic process. Later, an improved 
process to develop rhGH was developed called protein 
secretion technology. Wherein, the vector plasmid is 
isolated from a strain of  E. coli and the DNA strand to 
be cloned is derived from the appropriate source. Both 
the plasmid and the required DNA strand are cleaved by 
restriction enzymes, joined together and then reformed 
into a circular structure. The recombinant plasmid is 
inserted into E. coli, which is then transformed to synthesize 
the desired protein This is currently the most common 
method used to synthesize rhGH, known generically as 
somatotropin. Discontinuation of  human cadaveric GH 
led to rapid US Food and Drug Administration (FDA) 
approval of  Genentech’s synthetic methionyl GH, which 
was introduced in the United States in 1985 for the therapy 
of  severe childhood GHD.[6,7]

Earlier to the discovery of  rhGH, the GH treatment was 
reserved for only the most severe cases of  GHD and, 
because of  scarce supplies. With the development of  rhGH, 
an unlimited commercial source became available, allowing 
for an ever-growing list of  FDA-approved indications for 
GH use in non–GH-deficient children and for additional 
indications in adults.[8,9]

HIstoRy of IndIcatIons foR gRowtH 
HoRmone tHeRapy In cHIldRen 

Growth hormone deficiency (1985)
GHD may result from a disruption of  the GH axis in 
the hypothalamus or pituitary gland. This etiology of  the 
dysfunction may be congenital or acquired in etiology. The 
classical presentation of  severe GHD is characterized by 
short stature, slow growth, and delayed skeletal maturation, 
with reduced secretion of  GH in response to provocative 
stimulation. In spite of  this expansive list of  etiologies, 
the cause of  GHD in most children is idiopathic. GH 
treatment of  GHD in children is, to a certain extent, 
standardized worldwide. rhGH is injected once daily by 
the subcutaneous route, usually in the evening to simulate 
normal physiology.[3,9]

Chronic renal insufficiency (1993)
Children suffering from chronic kidney disease (CKD) are 
prone to develop severe growth failure. The etiology of  
uremic growth failure is multifactorial. GH therapy is an 
accepted measure to increase final height. GH treatment 
in CKD has improved final height in various studies. In 

prepubertal CKD patients, growth response is positively 
associated with duration of  GH therapy and initial degree 
of  growth failure. It was negatively associated with the 
duration of  dialysis. Doses recommended in children who 
have CKD are higher than in patients who have GHD. 
Among children treated with GH, treatment usually is 
discontinued after transplantation, but sometimes it is 
reinstituted if  the growth rate remains low. Better outcomes 
are seen in children who begin treatment earlier, who 
are younger, and who have milder deterioration in renal 
function.[10,11]

Turner syndrome (1997)
Turner syndrome (TS) affects about one in 1500–2500 
live-born females. One of  the most prevalent and salient 
features of  the syndrome is extremely short stature. 
Untreated women are approximately 20–21 cm shorter 
than normal women within their respective populations. 
rhGH has been used to increase growth and final height 
in girls who have TS. Although organic GH deficiency is 
not a feature of  TS, the efficacy of  rhGH in increasing 
linear growth and final height in TS patients is well  
documented.[12,13]

Prader–Willi syndrome (2000)
Prader–Willi syndrome (PWS) is the first human disorder 
attributed to genomic imprinting in which genes are 
expressed differentially based on the parent of  origin. 
Children with PWS demonstrate profoundly abnormal 
body composition, with a similar phenotype as is seen in 
classic GHD. Administration of  GH to GHD children 
not only restores linear growth but also promotes growth 
of  lean body mass, decreases fat mass by increasing fat 
oxidation and total body energy expenditure, increases bone 
mineral density and improves cardiovascular risk factors. 
While GH therapy is currently approved for growth failure 
secondary to PWS, these other benefits alone may justify 
a trial of  GH therapy.[14,15]

Small for gestational age (2001)
Small for gestational age (SGA) is defined as birth weight or 
length at least 2 SD score (SDS) below the mean gestational 
age. Independently of  whether these children are born 
prematurely or at term, most SGA infants experience 
postnatal growth sufficient to normalize their height by 2 
years of  age. This is referred to as catch-up growth. Several 
studies have shown that most of  SGA children benefit 
from GH therapy and attaining a normal adult height.[16,17]

Idiopathic short stature (2003)
Idiopathic short stature (ISS) is defined as a condition in 
which the height of  an individual is more than 2 SDS below 
the corresponding mean height for a given age, sex, and 
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population group without evidence of  systemic, endocrine, 
nutritional, or chromosomal abnormalities. Specifically, 
children with ISS have normal birth weight and are GH 
sufficient. GH therapy has shown to increase the mean 
adult height attributable to GH therapy (average duration 
of  4–7 years) in children with ISS by 3.5–7.5 cm compared 
with historical controls, with patients’ own pretreatment 
predicted adult heights, or with nontreatment control or 
placebo control groups. There have been no unusual GH 
safety issues in patients who have ISS.[18,19]

Short stature homeobox-containing gene deficiency 
(2006)
In 2006, the US FDA approved the use of  rhGH in 
patients with short stature homeobox-containing gene 
(SHOX) deficiency. Haploinsufficiency of  the SHOX gene 
is associated with short stature, Madelung deformity, and 
high-arched palate and is thought to be the principal cause 
of  short stature in girls with TS. The SHOX gene are a fairly 
frequent cause of  short stature and that GH treatment is 
effective in improving the linear growth of  patients with 
various forms of  SHOX-D.[19,20]

Noonan syndrome (2007)
Noonan syndrome is a clinically heterogeneous disorder 
characterized by proportionate postnatal short stature, 
dysmorphic facial features, chest deformities, and congenital 
heart disease. Apart from facial features and cardiac disease, 
one of  the cardinal signs of  NS is short stature. The 
cause of  growth impairment is unclear, and trials with 
rhGH administration have been performed. Several studies 
indicate that short-term hGH therapy (1–4 years) is able 
to increase growth velocity and improve height SD score 
(SDS).[19,21]

Adult growth hormone deficiency
GH treatment of  GH-deficient adults was approved by 
the FDA in 1996. Subsequently, much clinical experience 
has been evaluated regarding the treatment of  adults with 
GHD. Although treatment appears to be safe overall, 
certain areas require long-term surveillance, such as risks 
of  glucose intolerance, pituitary/hypothalamic tumor 
recurrence, and cancer. Benefits of  GH treatment of  GH-
deficient adults have been found in body composition, 
bone health, cardiovascular risk factors, and quality of  life 
indicators. However, reductions in cardiovascular events 
and mortality have yet to be demonstrated, and treatment 
costs remain high [Table 1].[22]

conclusIons

GH is an important growth-promoting factor. Until 1985, 
GH was obtained through extraction from cadaveric 

pituitary glands. With the availability of  unrestricted 
quantities of  rhGH, there is ever growing list of  indications 
of  non–GH-deficient children and adults. Apart from the 
conditions mentioned above, rhGH is also approved for 
HIV-associated wasting and in short bowel syndrome. 
There are now reports on the use of  GH in cystic 
fibrosis, inflammatory bowel disease, juvenile rheumatoid 
arthritis, osteoporosis, and in patients who require chronic 
glucocorticoid administration. Treatment with rhGH does 
increase adult height in several conditions and seems to be 
a safe therapy. However, there was a recent alert by the US 
FDA[23] to the public on a French observational (SAGhE) 
study’s results describing a small increased risk of  death in 
adults who were treated with rhGH during childhood for 
certain types of  short stature. At this time, FDA believes 
the benefits of  rhGH continue to outweigh its potential 
risks. As more is learned about GH, it is unavoidable that 
its uses will persist to broaden.
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