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57 ABSTRACT

Methods for increasing the growth rate of a human patient
having partial growth hormone insensitivity syndrome, but
not Laron syndrome, are described. One such method com-
prises administering a dose of greater than 0.3 mg/kg/week
of growth hormone, preferably growth hormone with a
native human sequence, with or without an N-terminal
methionine, to the patient. The patient is characterized as
having a height of less than about ~2 standard deviations
below normal for age and sex, serum levels of high-affinity
growth hormone binding protein and IGF-I that are at least
2 standard deviations below normal levels, and a serum level
of growth hormone that is at least normal. In another such
method, the same patient population is treated with an
effective amount of IGF-I alone or in combination with an
amount of growth hormone that is effective in combination
with IGF-1.

8 Claims, 8 Drawing Sheets
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TREATMENT OF PARTIAL GROWTH
HORMONE INSENSITIVITY SYNDROME

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to a method for increasing the
growth rates of human patients having partial growth hor-
mone insensitivity syndrome.

2. Description of Background and Related Art

Most children who are evaluated for short stature do not
have growth hormone deficiency as defined by the growth
hormone (GH) response to provocative stimuli. Once other
causes of short stature have been excluded, the patient is
usually classified as having familial short stature, constitu-
tional delay of growth, or “idiopathic” short stature (ISS).
Despite not being classically GH deficient, most children
with ISS respond to treatment with GH. although not as well.
Since there are so many factors that contribute to normal
growth and devclopment, it is likely that this group of
patients is heterogencous with regard to their etiology of
short stature.

Many investigators have searched for disturbances in
spontaneous GH secretion in this set of patients. One
hypothesis suggests that some of these patients have inad-
cquate secretion of enmdogenous GH under physiologic
conditions, but are able to demonstrate a rise in GH in
response to phammacologic stimuli, as in traditional GH
stimulation tests. This disorder has been termed “GH neu-
rosecretory dysfunction,” and the diagnosis rests on the
demonstration of an abnormal GH pattern on prolonged
serum sampling. Numerous investigators have reported
results of such studies, and have found this abnormality to
be only occasionally present, Other investigators have pos-
tulated that these patients have “bioinactive GH;” however,
this has not yet been demonstrated.

When the GH receptor was cloned, it was shown that the
major GH binding activity in blood was due to a protein
which derives from the same gene as the GH receptor and
corresponds to the extracellular domain of the full-length
GH receptor. Most patients with growth hormone insensi-
tivity (or Laron) syndrome (GHIS) lack growth hormone
receptor binding activity and have absent or very low
GH-binding protein (GHBP) activity in blood. Such paticnts
have 2 mean height standard deviation score of about -5 to
-6, are resistant to GH treatment, and have increased serum
concentrations of GH and low serum concentrations of
insulin-like growth factor (IGF-I). They respond to treat-
ment with IGF-L In patients with defects in the extracellular
domain of the GH receptor, the lack of functional GHBP in
the circulation can serve as a marker for the GH insensitiv-
ity.

There is a subclass of patients with ISS having low GHBP
in their blood who have a mean height standard deviation
score intermediate between patients with complete GHIS
(Laron syndrome) and normal children, and who respond
somewhat. but not completely, to GH treatment. This class
of patients can be characterized as having partial GHIS.

It is an object of the present invention to identify a subset
of patients with ISS who exhibit partiai GHIS and do not
have complete GHIS or Laron syndrome,

It is another object to treat this identified subset of patients
so that they attain ultimate height consistent with their
genetic potential as détermined by the mid-parental target
height.

These and other objects will be apparent to those of
ordinary skill in the art.
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SUMMARY OF THE INVENTION

Accordingly. in one aspect. the present invention provides
a method for increasing the growth rate of a human patient
having partial GHIS comprising administering a dose of
greater than 0.3 mg/kg/week of GH to said patient, whereby
said patient has a height less than about —2 standard devia-
tions below normal for age and sex, and has serum Ievels of
high-affinity GHBP and IGF-I that are at least 2 standard
deviations below normal levels and has a mean or maximum
stimulated serum level of GH that is at least normal, wherein
the patient does not have Laron syndrome.

In another aspect, the invention provides a method for
increasing the growth rate of a human patient having partial
GHIS comprising administering an effective amount of
IGF-I (preferably human recombinant IGF-I) to said patient,
whereby said patient has a height less than about —2 standard
deviations below normal for age and sex, and has serum
levels of high-affinity GHBP and IGF-I that are at least 2
standard deviations below normal levels and has a mean or
maximum stimulated serum level of GH that is at least
normal, wherein the patient does not have Laron syndrome.

In a further aspect, the invention supplies a method for
increasing the growth rate of a human patient having partial
growth hormone insensitivity syndrome comprising admin-
istering amounts of IGF-I and growth hormone to said
patient which amounts are effective in combination,
whereby said patient has a height less than about —2 standard
deviations below normal for age and sex, and has serum
levels of high-affinity growth hormone binding protein and
IGF-I that are at least 2 standard deviations below normal
levels and has a mean or maximum stimulated serum level
of growth hormone that is at least normal, wherein the
patient does not have Laron syndrome, as defined herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1E show serum GHBP concentrations in chil-
dren with growth hormone deficiency (GHD), idiopathic
short stature (ISS), and Turner syndrome (TS) standardized
for age and sex and expressed as standard deviation (SD)
score, by age at the time of enrollment in the study. The
shaded area represents the normal range (-2 SD to +2 SD)
for cach sex. The solid line indicates the normal mean for
age and sex. Occasionally, points for two or more patients
overlap and appear as a single point.

FIG. 2 shows the growth rate in cm/year of patients
enrolled in the Genentech, Inc. National Cooperative
Growth Study (NCGS) with ISS, treated with various
weight-averaged doses of GH administered by daily injec-
tion.

FIG. 3A depicts IGF-I concentrations, standardized for
age and sex and expressed as SD score, by GHBP SD score
(meanitSD). FIG. 3B depicts mean GH concentration from
overnight sampling every 20 min for 12 hr, by GHBP SD
score (meantSD).

FIG. 4 depicts the first-year annualized growth rate (cm/
yr) by weighted average dose of GH (mg/kg.week). Closed
symbols represent patients treated with =4 injections/week
and open symbols represent patients treated with <4
injections/week. Patients with low GHBP levels (SDS2-2,
squares) are differentiated from patients with normal GHBP
levels (SDS>-2, circles).

FIG. § shows growth status as predicted by a measure of
GH secretion (e.g., stimulated or endogenous GH
concentration) vs. a measure of GH responsiveness (e.g.,
GHBP concentration).
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FIG. 6 shows the DNA sequences (SEQ ID NOS 1 and 2.
respectively) and predicted amino acid sequences (SEQID
NOS 3 and 4. respectively) of two GH receptor (GHR)
alleles in ISS Patient 4 (exons 4-6). The mutations in alleles
1 and 2 are indicated in bold type. The vertical bars indicate
exon boundaries in the cDNA sequence.

FIG. 7 shows the DNA sequences (SEQ ID NOS 5 and 6,
respectively) and predicted amino acid sequences (SEQID
NOS 7 and 8. respectively) of two GHR alleles in ISS
Patient 2 (exon 5). The mutations in allele 2 are indicated in

bold type.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Definitions:

The patient population treated by the method of this
invention excludes patients with “Laron syndrome,” other-
wise known and defined herein as people with complete
growth hormone receptor lack of function or complete
GHIS. These patients attain an adult height of only 110-130
cm. Additional common symptoms include slow growth,
small face and jaw. depressed nasal bridge, frontal bossing,
obesity, high-pitched voice, and hypoglycemia in carly
childhood. Biochemically, they are characterized by having
increased serum concentrations of GH but low serum con-
centrations of IGF-L

“Increasing the growth rate of a human patient” includes
not only the situation where the patient attains at least the
same ultimate height as GH-deficient patients treated with
GH. but also refers to a situation where the patient catches
up in height at the same growth rate as GH-deficient patients
reated with GH, or achieves adult height that is within the
target height range. i.c., an ultimate height consistent with
their genetic potential as determined by the mid-parental
target height.

“Partial growth hormone insensitivity syndrome” or “par-
tial GHIS” refers to a syndrome wherein the patient
responds to the same doses of GH as that given to
GH-deficient patients, but does not respond as well. This
syndrome is further characterized in that the patient has a
height of less than about ~2 standard deviations below
normal for age and sex, preferably in the range of less than
about -2 to about —4 standard deviations below normal for
age and sex. has serum levels of high-affinity GHBP and
IGF-I that are at least 2 standard deviations (typically 24
standard deviations) below normal levels for humans, and
has a mean or maximum stimulated serum level of GH that
is at least normal for humans, Mean serum levels are the
mean of measurements in the patient.

As used herein, “growth hormone” or “GH” refers to
growth hormone in native-sequence or in variant form, and
from any source, whether natural. synthetic, or recombinant.
Examples include human growth hormone (hGH), which is
natural or recombinant GH with the human native sequence
(somatotropin or somatropin), and recombinant growth hor-
mone (tGH), which refers to any GH or variant produced by
means of recombinant DNA technology, including
somatrem. somatotropin, and somatropin. Preferred herein
for human use is recombinant human native-sequence,
mature GH with or without a methionine at its N-terminus.
More preferred is methionyl human growth hormone (met-
hGH) produced in E. col;, e.g., by the Pprocess described in
U.S. Pat. No. 4.755.465 issued Jul. 3, 1988 and Goeddel et
al.. Nature, 282: 544 (1979). Met-hGH, which is sold under
the trademark Protropin® by Genentech, Inc.. is identical to
the natural polypeptide, with the exception of the presence
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of an N-terminal methionine residue. This added amino acid
is a result of the bacterial protein synthesis process. Also
preferred is recombinant hGH available from Genentech,
Inc. under the trademark Nutropin®. This latter hGH lacks
this methionine residue and has an amino acid sequence
identical to that of the natural hormone. See Gray et al.,
Biotechnology, 2: 161 (1984). Both methionyl hGH and
hGH have equivalent potencies and pharmacokinetic values.
Moore et al.. Endocrinology, 122: 2920-2926 (1988).
Another appropriate hGH candidate is an hGH variant that
is a placental form of GH with pure somatogenic and no
lactogenic activity as described in U.S. Pat. No. 4,670,393
issued 2 Jun. 1987. Also included are GH variants as
described in WO 90/04788 published 3 May 1990 and WO
92/09690 published 11 Jun. 1992,

As used herein. “IGF-I” refers to insulin-like growth
factor-I from any species, including bovine. ovine, porcine,
equine, arian, and preferably human. in native-sequence or
in variant form, and from any source, whether natural,
synthetic, or recombinant. IGF-I has been isolated from
human serum and produced recombinantly. See, e.g., EP
123,228 and 128,733.

Preferred herein for human use is human native-sequence,
mature IGF-I, more preferably without a N-terminal
methionine, prepared, e.g.. by the process described in EP
230,869 published Aug. 5, 1987; EP 128,733 published Dec.
19, 1984; or EP 288,451 published Oct. 26, 1988. More
preferably, this native-sequence IGF-I is recombinantly pro-
duced and is available from Genentech, Inc., South San
Francisco. Calif. for clinical investigations.

The preferred IGF-I variants are those described in U.S.
Pat. No. 5.077.276 issued Dec. 31, 1991. in PCT WO
87/01038 published Feb. 26, 1987 and in PCT WO 89/05822
published Jun. 29, 1989, i.c., those wherein at least the
glutamic acid residue is absent at position 3 from the
N-terminus of the mature molecule or those having a dele-
tion of up to five amino acids at the N-terminus. The most
preferred variant has the first three amino acids from the
N-terminus deleted (variously designated as brain IGF,
tIGF-1, des(1-3)-IGF-1, or des-IGF-I).

“High-affinity growth hormone binding protein” or “high-
affinity GHBP" refers to the extracellular domain of the GH
receptor that circulates in blood and functions as a GHBP in
several species (Ymer and Herington, Mol. Cell. Endocrino.,
41: 153 [1985]; Smith and Talamantes, Endocrinology, 123:
1489-1494 [1988]; Emtner and Roos, Acta Endocrinologica
(Copenh.), 122: 296-302 [1990]). including man. Baumann
et al., J. Clin. Endocrinol. Metab., 62: 134-141 (1986); EP
366,710 published 9 May 1990; Herington et al.. J. Clin.
Invest,, 77: 1817-1823 (1986); Leung et al., Nature, 330:
537-543 (1987). A second BP with lower affinity for GH has
also been described that appears to be structurally unrelated
to the GH receptor. Baumann and Shaw. J, Clin. Endocrinol.
Mezab.,, 70: 680-686 (1990). Various methods exist for
measuring functional GHBP in serum, with the preferred
method being a ligand-mediated immunofunctional assay
(LIFA) described by Carlsson et al., JCEM, 73: 1216 (1991)
and U.S. Pat. No. 5,210,017.

Modes for Carrying Out the Invention:

The subpopulation of patients targeted for treatment by
the current invention consists of those patients with partial
growth hormone insensitivity syndrome as defined above.
The patient must exhibit each of the clinical signs set forth
to be treatable by the method claimed herein.

The GH and/or IGF-I is directly administered to the
patient by any suitable technique, including parenterally,
intranasally, intrapulmonary, orally, or by absorption
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through the skin. If they are administered together, they need
not be administered by the same route. They can be admin-
istered locally or systemically. Examples of parenteral
administration include subcutaneous, intramuscular,
intravenous, intraarterial, and intraperitoneal administration.
Preferably. they are administered by daily subcutaneous
injection.

The GH and/or IGF-I to be used in the therapy will be
formulated and dosed in a fashion consistent with good
medical practice, taking into account the clinical condition
of the individual patient (especially the side effects of
treatment with GH or IGF-I alone). the site of delivery of the
IGF-I and GH composition(s). the method of administration,
the scheduling of administration, and other factors known to
practitioners. The “effective amounts” of each component
for purposes herein are thus determined by such consider-
ations and are amounts that increase the growth rates of the
patients.

If GH is administered alone, a dose of greater than 0.3
mg/kg/week is employed. Preferably, the dose of GH ranges
from about 0.35 to 1.0 mg/kg/week, more preferably from
about 0.5 to 0.7 mg/kg/week. In another preferred
embodiment, the GH is administered once per day subcu-
taneously.

The GH is suitably administered continuously or non-
continuously, such as at particular times (e.g., once daily) in
the form of an injection of a particular dose, where there will
be a rise in plasma GH concentration at the time of the
injection. and then a drop in plasma GH concentration until
the time of the next imjection. Another non-continuous
administration method results from the use of PLGA micro-
spheres and many implant devices available that provide a
discontinuous release of active ingredicnt, such as an initial
burst. and then a lag before release of the active ingredient.
See, c.g.. U.S. Pat. No. 4,767.628. col. 2. lines 19-37.

The GH may also be administered so as to have a
continual presence in the blood that is maintained for the
duration of the administration of the GH. This is most
preferably accomplished by means of continuous infusion
via, e.g., mini-pump such as an osmotic mini-pump.
Alternatively, it is properly accomplished by use of frequent
injections of GH (i.c.. more than once daily, for example,
twice or three times daily).

In yet another embodiment, GH may be administered
using long-acting GH formulations that either delay the
clearance of GH from the blood or cause a slow release of
GH from. ¢.g.. an injection site. The long-acting formulation
that prolongs GH plasma clearance may be in the form of
GH complexed. or covalently conjugated (by reversible or
irreversible bonding) to a macromolecule such as one or
more of its binding proteins (WO 92/08985 published 29
May 1992) or a water-soluble polymer selected from PEG
and polypropylene glycol homopolymers and polyoxyeth-
ylene polyols, i.c.. those that are soluble in water at room
temperature.

Alternatively. the GH may be complexed or bound to a
polymer to increase its circulatory half-life. Examples of
polyethylene polyols and polyoxyethylene polyols useful for
this purpose include polyoxyethylene glycerol. polyethylene
glycol, polyoxyethylene sorbitol, polyoxyethylene glucose,
or the like. The glycerol backbone of polyoxyethylene
glycerol is the same backbone occurring in, for example,
animals and humans in mono-, di-. and triglycerides.

The polymer need not have any particular molecular
weight, but it is preferred that the molecular weight be
between about 3500 and 100.000, more preferably between
5000 and 40.000. Preferably the PEG homopolymer is
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unsubstituted. but it may also be substituted at one end with
an alkyl group. Preferably. the alkyl group is a C,~C, alkyl
group, and most preferably a methyl group. Most preferably,
the polymer is an unsubstituted homopolymer of PEG. a
monomethyl-substituted homopolymer of PEG (mPEG), or
polyoxyethylene glycerol (POG) and has a molecular weight
of about 5000 to 40.000.

The GH is covalently bonded via one or more of the
amino acid residues of the GH to a terminal reactive group
on the polymer. depending mainly on the reaction
conditions. the molecular weight of the polymer, etc. The
polymer with the reactive group(s) is designated herein as
activated polymer. The reactive group selectively reacts with
free amino or other reactive groups on the GH. It will be
understood, however, that the type and amount of the
reactive group chosen, as well as the type of polymer
employed. to obtain optimum results, will depend on the
particular GH employed to avoid having the reactive group
react with too many particularly active groups onthe GH. As
this may not be possible to avoid completely. it is recom-
mended that generally from about 0.1 to 1000 moles,
preferably 2 to 200 moles, of activated polymer per mole of
protein, depending on protein concentration, is employed.
The final amount of activated polymer per mole of protein
is a balance to maintain optimum activity, while at the same
time optimizing, if possible, the circulatory half-life of the
protein.

While the residues may be any reactive amino acids on the
protein, such as one or two cysteines or the N-terminal
amino acid group, preferably the reactive amino acid is
Lysine, which is linked to the reactive group of the activated
polymer through its free epsilon-amino group, or glutamic
or aspartic acid, which is linked to the polymer through an
amide bond. .

The covalent modification reaction may take place by any
appropriate method generally used for reacting biologically
active materials with inert polymers, preferably at about pH
5-9. more preferably 7-9 if the reactive groups on the GH
are lysine groups. Generally, the process involves preparing
an activated polymer (with at least one terminal hydroxyl
group), preparing an active substrate from this polymer, and
thercafter reacting the GH with the active substrate to
produce the GH suitable for formulation. The above modi-
fication reaction can be performed by several methods,
which may involve one or more steps. Examples of modi-
fying agents that can be used to produce the activated
polymer in a one-step reaction include cyanuric acid chlo-
ride (2,4,6-trichloro-S-triazine) and cyanuric acid fluoride.

In one embodiment the modification reaction takes place
in two steps wherein the polymer is reacted first with an acid
anhydride such as succinic or glutaric anhydride to form a
carboxylic acid, and the carboxylic acid is then reacted with
a compound capable of reacting with the carboxylic acid to
form an activated polymer with a reactive ester group that is
capable of reacting with the GH. Examples of such com-
pounds include N-hydroxysuccinimide, 4-hydroxy-3-
nitrobenzene sulfonic acid, and the like, and preferably
N-hydroxysuccinimide or 4-hydroxy-3-nitrobenzene sul-
fonic acid is used. For example, monomethyl substituted
PEG may be reacted at elevated temperatures, preferably
about 100°-110° C, for four hours, with glutaric anhydride.
The monomethyl PEG-glutaric acid thus produced is then
reacted with N-hydroxysuccinimide in the presence of a
carbodiimide reagent such as dicyclohexyl or isopropyl
carbodiimide to produce the activated polymer, methoxy-
polyethylene glycolyl-N-succinimidyl glutarate, which can
then be reacted with the GH. This method is described in
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detail in Abuchowski et al.. Cancer Biochem. Biophys., 7:
175-186 (1984). In another example. the monomethyl sub-
stituted PEG may be reacted with glutaric anhydride fol-
lowed by reaction with 4-hydroxy-3-nitrobenzene sulfonic
acid (HNSA) in the presence of dicyclohexyl carbodiimide
to produce the activated polymer. HNSA is described by
Bhatnagar et al.. Peptides: Synthesis-Structure-Function,
Proceedings of the Seventh American Peptide Symposium,
Rich et al. (eds.) (Pierce Chemical Co.. Rockford, Til.. 1981).
p- 97-100. and in Nitecki et al., High-Technology Route to
Virus Vaccines (American Society for Microbiology: 1986)
entitled “Novel Agent for Coupling Synthetic Peptides to
Carriers and Its Applications.”

Specific methods of producing GH conjugated to PEG
include the methods described in U.S. Pat. No. 4,179,337 on
PEG-GH and U.S. Pat. No. 4,935.465, which discloses PEG
reversibly but covalently linked to GH. Other specific meth-
ods for producing PEG-GH include the following:

PEGylation with methoxypolyethylene glycol aldehyde
(Me-PEG aldehyde) by reductive alkylation and purification
is accomplished by adding to 2 mg/mL of GH in PBS pH
7.0. 5 mM of Me-PEG aldehyde-5000 (molecular weight
5000 daltons) and 20 mM of NaCNBH3 and gently mixing
at room temperature for 3 hours. Ethanolamine is then added
to 50 mM to reductively amidate the remaining unreacted
Me-PEG. The mixture is separated on an anion-exchange
column, FPLC Mono Q. The surplus unreacted Me-PEG
does not bind to the column and can then be separated from
the mixture. Two main PEGylated GH fractions are obtained
with apparent molecular weights of 30K and 40K on
reduced SDS-PAGE. vs. 20K of the unreacted GH.
GH-GHBP complex is PEGylated in the same manner to
give a derivative of 150K by gel filtration.

PEGylation with N-hydroxysuccinimidyl PEG (NHS-
PEG) and purification are accomplished by adding NHS-
PEG at a 5-fold molar excess of the total lysine concentra-
tion of GH to a solution containing 2 mg/mlL of GH in 50
mM of sodium borate buffer at pH 8.5 or PBS at pH 7, and
mixing at room temperature for one hour. Products are
separated on a Superose 12 sizing coluron and/or Mono Q of
FPLC. The PEGylated GH varies in size depending on the
PH of the reaction from approximately 300K for the reaction
run at pH 8.5 to 40K for pH 7.0 as measured by gel filtration.
The GH-GHBP complex is also PEGylated the same way
with a resulting molecular weight of 400 to 600 Kd from gel
filtration.

PEGylation of the cysteine mutants of GH with PEG-
maleimide is accomplished by preparing a single cysteine
mutant of GH by site-directed mutagenesis, secreting it from
an E. coli 16C9 strain (W3110 delta tonA phoA delta E15
delta (argF-lac)169 deoC2 that does not produce the deoC
protein and is described in U.S. Ser. No. (7/224,520 filed 26
Jul. 1988. now abandoned, the disclosure of which is incor-
porated herein by reference) and purifying it on an anion-
exchange column. PEG-maleimide is made by reacting
monomethoxyPEG amine with sulfo-MBs in 0.1M sodium
phosphate pH 7.5 for one hour at room temperature and
buffer exchanged to phosphate buffer pH 6.2. Next GH with
a free extra cysteine is mixed in for one hour and the final
mixture is separated on a Mono Q column as in Me-PEG
aldechyde PEGylated GH.

As ester bonds are chemically and physiologically labile,
it may be preferable to use a PEG reagent in the conjugating
reaction that does not contain ester functionality. For
example, a carbamate linkage can be made by reacting
PEG-monomethyl ether with phosgene to give the PEG-
chloroformate. This reagent could then be used in the same
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manner as the NHS ester to functionalize lysine side-chain
amines. In another example, a urea linkage is made by
reacting an amino-PEG-monomethy] ether with phosgene.
This would produce a PEG-isocyanate that will react with
lysine amines.

A preferred manner of making PEG-GH. which does not
contain a clearable ester in the PEG reagent, is described as
follows: Methoxypoly(ethylene glycol) is converted to a
carboxylic acid by titration with sodium naphthalene to
generate the alkoxide, followed by treatment with bromo-
ethyl acetate to form the ethyl ester, followed by hydrolysis
to the cormresponding carboxylic acid by treatment with
sodium hydroxide and water, as reported by Biickmann et
al., Macromol. Chem., 182: 1379-1384 (1981). The result-
ant carboxylic acid is then converted to a PEG-N-
hydroxysuccinimidyl ester suitable for acylation of GH by
reaction of the resultant carboxylic acid with dicyclohexy-
Icarbodiimide and NHS in ethyl acetate.

The resultant NHS-PEG reagent is then reacted with 12
mg/mL of GH using a 30-fold molar excess over GH in a
sodium borate buffer, pH 8.5, at room temperature far one
hour and applied to a Q Sepharose columnn in Tris buffer and
eluted with a salt gradient. Then it is applied to a second
column (phenyl Toyopearl) equilibrated in 0.3 M sodium
citrate buffer, pH 7.8. The PEGylated GH is then eluted with
a reverse salt gradient, pooled, and buffer-exchanged using
a G25 desalting column into a mannitol, glycine. and sodium
phosphate buffer at pH 7.4 to obtain a suitable formulated
PEG7-GH.

The PEGylated GH molecules and GH-GHBP complex
can be characterized by SDS-PAGE, gel filtration, NMR,
tryptic mapping, liquid chromatography-mass
spectrophotometry, and in vitro biological assay. The extent
of PEGylation is suitably first shown by SDS-PAGE and gel
filtration and then analyzed by NMR. which has a specific
resonance peak for the methylene hydrogens of PEG. The
number of PEG groups on each molecule can be calculated
from the NMR spectrum or mass spectrometry. Polyacryla-
mide gel electrophoresis in 10% SDS is appropriately run in
10 mM Tris-HCI pH 8.0, 100 mM NaCl as elution buffer. To
demonstrate which residue is PEGylated, tryptic mapping
can be performed. Thus, PEGylated GH is digested with
trypsin at the protein/enzyme ratio of 100 to 1 in mg basis
at 37° C. for 4 hours in 100 mM sodium acetate, 10 mM
Tris-HCI, 1 mM calcium chloride, pH 8.3, and acidified to
pH<4 to stop digestion before separating on HPLC Nucleo-
sil C-18 (4.6 mmx150 mm, 51,100A). The chromatogram is
compared to that of non-PEGylated starting material. Each
peak car then be analyzed by mass spectrometry to verify the
size of the fragment in the peak. The fragment(s) that carried
PEG groups are usually not retained on the HPLC column
after injection and disappear from the chromatograph. Such
disappearance from the chromatograph is an indication of
PEGylation on that particular fragment that should contain
at least one lysine residue. PEGylated GH may then be
assayed for its ability to bind to the GHBP by conventional
methods.

The various PEGylation methods used produced various
kinds of PEGylated wild-type GH. with apparent molecular
weights of 35K, 51K, 250K. and 300K by size exclusion
chromatography, which should be close to their native
hydrodynamic volume. These were designated PEG1-GH,
PEG2-GH, PEG3-GH, and PEG7-GH, respectively. From
the results of the tryptic mapping, the PEG1-GH and PEG2-
GH both had the N-terminal 9-amino-acid fragment missing
from the chromatogram and possibly PEGylated, which
could be confirmed by the mass spectrometry of the big
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molecular species found in the flow-through of the liquid
chromatograph. From the molecular weight on SDS-PAGE,
PEG1-GH may have one PEG on the N-terminal amine, and
the PEG2-GH may have two PEG molecules on the
N-terminal amine, forming a tertiary amide. The PEG3-GH
has about 5 PEG groups per molecule based upon the NMR
result, and on the tryptic map, at least five peptide fragments
were missing. suggesting that they are PEGylated. The
PEG7-GH molecule is believed to have 6-7 PEG groups per
molecule based on mass spectrometry.

The sites for adding PEG groups to GH. and those that are
preferred residues for such conjugation. are N-terminal
methionine or phenylalanine, lysine 38. lysine 41, lysine 70,
lysine 140, lysine 145, lysine 158, and lysine 168. Two
lysines that appeared not to be PEGylated were lysine 115
and lysine 172.

The GH is also suitably administered by sustained-release
systems. Examples of sustained-release compositions useful
herein include semi-permeable polymer matrices in the form
of shaped articles. e.g.. films. or microcapsules. Sustained-
release matrices include polylactides (U.S. Pat. No. 3,773.
919, EP 58.481), copolymers of L-glutamic acid and
gamma-ethyl-L-glutamate (Sidman et al.. Biopolymers, 22.
547-556 [1983]), poly(2-hydroxyethyl methacrylate)
(Langer et al.. J. Biomed. Mater. Res., 15: 167277 [1981],
and Langer, Chem. Tech., 12: 98-105 [1982]), ethylene vinyl
acetate (Langer et al., supra) or poly-D-(-)-3-
hydroxybutyric acid (EP 133.988), or PLGA microspheres.
Sustained-release GH compositions also include liposoma-
lly entrapped GH. Liposomes containing GH are prepared
by methods known per se: DE 3,218,121; Epstein et al..
Proc. Natl. Acad. Sci. USA, 82: 3688-3692 (1985); Hwang
et al.. Proc. Narl. Acad. Sci. USA, T7: 4030—4034 (1980); EP
52.322; EP 36.676; EP 88,046; EP 143.949; EP 142,641;
Japanese Pat. Appln. 83-118008; U.S. Pat. Nos. 4,485,045
and 4.544.545; and EP 102.324. Ordinarily, the liposomes
are of the small (about 200-800 Angstroms) unilamellar
type in which the lipid content is greater than about 30 mol.
percent cholesterol, the selected proportion being adjusted
for the optimal therapy. In addition, a biologically active
sustaincd-release formulation can be made from an adduct
of the GH covalently bonded to an activated polysaccharide
as described in U.S. Pat. No. 4,857,505 issued Aug. 15,
1989. In addition. U.S. Pat. No. 4,837,381 describes a
microsphere composition of fat or wax or a mixture thereof
and GH for slow release.

In another embodiment, the patients identified above are
treated with an effective amount of IGF-L As a general
proposition. the total pharmaceutically effective amount of
IGF-I administered parenterally per dose will be in the range
of about 50 to 240 pg/kg/day, preferably 100 to 200 pg/kg/
day. of patient body weight, although. as noted above, this
will be subject to a great deal of therapeutic discretion. Also,
preferably the IGF-1 is administered once or twice per day
by subcutaneous injection.

The IGF-1 may be administered by any means. including
injections (single or multiple, e.g., 1-4 per day) or infusions.
As with the GH, the IGF-I may be formulated so as to have
a continual presence in the blood during the course of
treatment, as described above for GH. Thus, it may be
covalently attached to a polymer or made into a sustained-
release formulation as described above.

In addition. the IGF-I is appropriately administered
together with any one or more of its binding proteins, for
example, those currently known, ie.. IGFBP-1, IGFBP-2,
IGFBP-3. IGFBP-4, IGFBP-5, or IGFBP-6. The IGF-I may
also be coupled to a receptor or antibody or antibody
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fragment for administration. The preferred binding protein
for IGF-I herein is IGFBP-3. which is described in U.S. Pat.
No. 5,258.287 and by Martin and Baxter, J. Biol Chem.,
261: 8754-8760 (1986). This glycosylated IGFBP-3 protein
is an acid-stable component of about 53 Kd on a non-
reducing SDS-PAGE gel of a 125-150 Kd glycoprotein
complex found in human plasma that carries most of the
endogenous IGFs and is also regulated by GH.

The administration of the IGF binding protein with IGF-I
may be accomplished by the method described in U.S. Pat.
No. 5,187.151. Briefly. the IGF-I and IGFBP are adminis-
tered in effective amounts by subcutaneous bolus injection
in a molar ratio of from about 0.5:1 to about 3:1, preferably
about 1:1.

In a further embodiment, both IGF-I and GH can be
administered to the patient, each in effective amounts, or
cach in amounts that are sub-optimal but when combined are
effective, Preferably such amounts are about 50 to 100
pg/kg/day of IGF-1 and about 0.3 mg/kg/week GH.
Preferably, the administration of both IGF-I and GH is by
injection using, e.g., intravenous or subcutaneous means.
Mae preferably, the administration is by subcutaneous
injection for both IGF-I and GH, most preferably daily
injections.

It is noted that practitioners devising doses of both IGF-I
and GH should take into account the known side effects of
treatment with these hormones. For GH, the side effects
include sodium retention and expansion of extracellular
volume (Ikkos et al., Acta Endocrinol. (Copenhagen). 32:
341-361 [1959]; Biglieri et al., J. Clin. Endocrinol. Metab.,
21:361-370 [1961]), as well as hyperinsulinemia and hyper-
glycemia. The major apparent side cffect of IGF-I is
hypoglycemia. Guler et al., Proc. Natl. Acad. Sci. USA, $6:
2868-2872 (1989). Indeed, the combination of IGF-I and
GH may lead to a reduction in the unwanted side effects of
both agents (¢.g., hypoglycemia for IGF-I and hyperinsulin-
ism for GH) and to a restoration of blood levels of GH, the
secretion of which is suppressed by IGF-I.

For parcnteral administration, in one embodiment, the
IGF-1 and GH are formulated generally by mixing cach at
the desired degree of purity, in a unijt dosage injectable form
(solution, suspension, or emulsion), with a pharmaceutically
acceptable carrier, i.e., one that is non-toxic to recipients at
the dosages and concentrations employed and is compatible
with other ingredients of the formulation. For example, the
formulation preferably does not include oxidizing agents
and other compounds that are known to be deleterious to
polypeptides.

Generally, the formulations are prepared by contacting the
IGF-I and GH each uniformly and intimately with liquid
carriers or finely divided solid carriers or both. Then, if
necessary, the product is shaped into the desired formula-
tion. Preferably the carrier is a parenteral carrier, more
preferably a solution that is isotonic with the blood of the
recipient. Examples of such carrier vehicles include water,
saline, Ringer’s solution, and dextrose solution. Non-
aqueous vehicles such as fixed oils and ethyl oleate are also
useful herein, as well as liposomes.

The carrier suitably contains minor amounts of additives
such as substances that enhance isotonicity and chemical
stability. Such materials are non-toxic to recipients at the
dosages and concentrations employed, and include buffers
such as phosphate, ciirate, succinate, acetic acid, and other
organic acids or their salts; antioxidants such as ascorbic
acid; low molecular weight (less than about ten residues)
polypeptides, e.g., polyarginine or tripeptides; proteins, such
as serum albumin, gelatin, or immunoglobulins; hydrophilic
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polymers such as polyvinylpymrolidone; amino acids, such
as glycine. glutamic acid, aspartic acid. or arginine;
monosaccharides, disaccharides, and other carbohydrates
including cellulose or its derivatives. glucose, mannose, or
dextrins; chelating agents such as EDTA; sugar alcohols
such as mannitol or sorbitol; counterions such as sodium,
and/or non-jonic surfactants such as polysorbates,
poloxamers. or PEG.

The IGF-I and GH are each typically formulated indi-
vidually in such vehicles at a concentration of about 0.1
mg/ml. to 100 mg/mL, preferably 1-10 mg/mL. at a PH of
about 4.5 to 8. Full-length IGF-1 is preferably formulated at
apH about 5-6. and des(1-3)-IGF-Iis preferably formulated
at a pH about 3.2 to 5. GH is preferably at a pH of 7.4-7.8.
It will be understood that use of certain of the foregoing
excipicnts, carriers, or stabilizers will result in the formation
of IGF-I or GH salts.

While GH can be formulated by any suitable method, the
preferred formulations for GH are as follows: For met-GH
(Protropin® brand), the pre-lyophilized bulk solution con-
tains 2.0 mg/mL met-GH, 16.0 mg/ml. mannitol, 0.14
mg/mL sodium phosphate, 1.6 mg/mL sodium phosphate
(monobasic monohydrate), pH 7.8. The 5-mg vial of met-
GH contains 5 mg met-GH. 40 mg mannitol, and 1.7 mg
total sodium phosphate (dry weight) (dibasic anhydrous),
pH 7.8. The 10-mg vial contains 10 mg met-GH, 80 mg
mannitol, and 3.4 mg total sodium phosphate (dry weight)
(dibasic anhydrous). pH 7.8.

For metless-GH (Nutropin® brand). the pre-lyophilized
bulk solution contains 2.0 mg/mL GH. 18.0 mg/mL
mannitol, 0.68 mg/mL glycine, 0.45 mg/mL sodium
phosphate, and 1.3 mg/mL sodium phosphate (monobasic
monohydrate), pH 7.4, The 5-mg vial contains 5 mg GH, 45
mg mannitol. 1.7 mg glycine, and 1.7 mg total sodium
phosphates (dry weight) (dibasic anhydrous), pH 7.4. The
10-mg vial contains 10 mg GH. 90 mg mannitol, 3.4 mg
glycine, and 3.4 mg total sodium phosphates (dry weight)
(dibasic anhydrous).

While the IGF-I can be formulated in any way suitable for
administration. the preferred formulation contains about
2-20 mg/ml of IGF-I. about 2-50 mg/mL of an osmolyte,
about 1-15 mg/mlL of a stabilizer, and a buffered solution at
about pH 5-5.5. Preferably, the osmolyte is an inorganic salt
at a concentration of about 2-10 mg/mL or a sugar alcohol
at a concentration of about 40-50 mg/ml., the stabilizer is
benzyl alcohol or phenol, or both, and the buffered solution
is an acetic acid salt buffered solution. More preferably, the
osmolyte is sodium chloride and the acetic acid salt is
sodium acetate. Even more preferably, the amount of IGF-I
is about 8-12 mg/mL, the amount of sodium chloride is
about 5-6 mg/ml.., the amount of benzyl alcohol is about
8-10 mg/mL., the amount of phenol is about 2-3 mg/mL., and
the amount of sodium acetate is about 50 mM so that the pH
is about 5.4, Additionally, the formulation can contain about
1-5 mg/mL of a surfactant, preferably polysorbate or
poloxamer, in an amount of about 1-3 mg/mL.

In addition, the IGF-I and GH, preferably the full-length
IGF-I. may be formulated together in an appropriate carrier
vehicle to form a pharmaceutical composition that prefer-
ably does not contain cells. In one embodiment. the buffer
used for formulation will depend on whether the composi-
tion will be employed immediately upon mixing or stored
for later use. If employed immediately after mixing, a
mixture of full-length IGF-I and GH can be formulated in
mannitol. glycine, and phosphate, pH 7.4. If this mixture is
to be stored, it is formulated in a buffer at a pH of about 6,
such as citrate. with a surfactant that increases the solubility
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of the GE at this pH, such as 0.1% polysorbate 20 or
poloxamer 188. The final preparation may be a stable liquid
or lyophilized solid.

The preferred combined composition comprises IGF-I
and GH in a weight ratio of IGF-I:GH of between about 1:1
and 100:1 (w/w), about 0.05-0.3 mM of an osmolyte, about
0.1-10 mg/mlL of a stabilizer, about 1-5 mg/mlL of a
surfactant, and about 5-100 mM of a buffer at about pH 5-6.
Preferably, the osmolyte is an inorganic salt and the surfac-
tant is nonionic. More preferably, the inorganic salt is
sodium chloride or potassium chloride, the stabilizer is
phenol or benzyl alcohol, the surfactant is polysarbate or
poloxamer, the buffer is sodium acetate or sodium citrate or
both. and the amounts of IGF-I and GH are about 2-20
mg/mL and about 0.2-10 mg/mL. respectively. with the
weight ratio of IGF-I:GH being between about 1:1 and 50:1.
Even more preferably, the amount of IGF-I is about 5-10
mg/ml., the amount of GH is about 1-5 mg/mlL., the weight
ratio of JGF-I:GH is about 1:1 to 4:1, the amount of sodium
chloride is about 5-7 mg/mlL., the amount of phenol is about
0.1-3 mg/mL, the amount of benzyl alcohol is about 6-10
mg/mL, the surfactant is polysorbate in an amount of about
1-3 mg/mL, the amount of sodium acetate is about 2.5—4
mg/mL., and the amount of sodium citrate is about 0.1-1
mg/mi..

IGF-I and GH to be used for therapeutic administration
are preferably sterile, Sterility is readily accomplished by
filtration through sterile filtration membranes (e.g.. 0.2
micron membranes). Therapeutic IGF-1 and GH composi-
tions generally are placed into a container having a sterile
access port, for example, an intravenous solution bag or vial
having a stopper pierceable by a hypodermic injection
needle.

The IGF-T and GH ordinarily will be stored in unit or
multi-dose containers, for example, sealed ampoules or
vials, as an aqueous solution, or as a lyophilized formulation
for reconstitution. As an example of a lyophilized
formulation, 10-mL vials are filled with 5 mL of sterile-
filtered 1% (w/v) aqueous IGF-T and GH solutions, and the
resulting mixture is lyophilized. The infusion solution is
prepared by reconstituting the lyophilized IGF-I and GH
using bacteriostatic Water-for-Injection.

The invention will be more fully understood by reference
to the following examples. They should not, however, be
construed as limiting the scope of the invention. All litera-
ture and patent citations are expressly incorporated by
reference.

EXAMPLE I

In this example, serum concentrations of GHBP were
measured in a large number of samples from short children
with either defined etiologies of growth failure (GHD or TS)
or ISS, and were compared to GHBP levels in normal
controls.

Control subjects

To establish the normal range for GHBP in serum.
samples from 773 children, 366 females and 407 males.
were analyzed. Ages ranged from 3 to 16 years; in some
cases, age for a given subject was reported to the nearest
year. The majority of the samples were obtained from a
normal, school-aged population through a screening pro-
gram for detection of antibodies to pancreatic B-cells (Pasco
Co. School System. Fla.), and additional samples were
generously provided by Dr. Juan Sotos of Children’s Hos-
pital of Columbus, Ohio and Dr. Rebecca Kirkland of Baylor
College of Medicine, Houston. Tex. The children were
healthy and are believed to represent a cross-section of the
American population with regard to stature.
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Subjects with growth retardation

Serum samples from growth-retarded children (age 1 to
17 years) were collected at baseline evaluation of 776
subjects enrolled in a post-marketing surveillance project,
the Genentech National Cooperative Growth Study (NCGS).
Samples were provided by 106 of the centers participating in
this study.

All children with GHD and 1SS included for analysis had
heights that were 2 or more SD below the mean for age and
sex. Subjects were classified as GH deficient by their enroll-
ing physician. None of the children with GHD had maxi-
mum stimulated or endogenous GH levels above 10 pg/L
reported by the treating physician (using an unspecified
assay) or measured at Genentech Inc. using a double mono-
clonal immunoradiometric assay (Tandem-R HGH.
Hybritech, San Diego, Calif.). Excluded are subjects with
organic causes of GHD. such as central nervous system
(CNS) tumors.

Patients classified as ISS in the NCGS database were
cither designated as such by the enrolling physician (using
various terms) or had a stimulated or endogenous GH level
>10 pg/L with no organic etiology of short stature indicated,
Patients with TS were so identified by their enrolling phy-
sicians and include those with various forms of mosaicism.
None of the subjects included had previously received any
form of GH therapy.

GHBP measurements

GHBP was measured by LIFA as described above. Briefly,
ninety-six-well microtiter plates (Corning Glass Works,
Corning, N.Y.) were coated with a monoclonal antibody
dirccted against GHBP (MAb263. Agen. Australia) by incu-
bating overnight at 4° C. with 100 pL/well of antibody at 10
pg/mL in 50 mmol/L. carbonate buffer, pH 9.6. The coated
wells were blocked with 150 pL PBS. pH 7.2, containing
bovine serum albumin (BSA) (5 g/L) and washed, Standards
(recombinant hGHBP) or samples (50 pL/well) were dis-
pensed into the coated wells together with 50 pL/well of
recombinant human GH (200 pg/L; Genentech, Inc.) and
mouse immunoglobulin G (10 g/L; Fitzgerald Industries,
Chelmsford, Mass.).

Plates were sealed, incubated at room temperature for 2 hr
with gentle agitation, and washed before addition of a
monoclonal anti-GH antibody (MAb MCB, Genentech, Inc.)
conjugated to horseradish peroxidase (100 pL/well). After
further incubation for 2 hours at room temperature, the
plates were washed six times with wash buffer. Freshly
prepared substrate solution (0.4 g of o-phenylenediamine
dihydrochloride in one liter of phosphate-buffered saline
plus 0.4 mL of 30% hydrogen peroxide) was added to the
plates (100 uL. per well) and the incubation carried out in the
dark for 15 minutes at-room temperature. The reaction was
stopped by the addition of 100 uL of 2.25 mol/L sulfuric acid
and the absorbance at 490 nm determined, The detection
range in the LIFA was 15.6 to 1000 pmol/L. The intra- and
interassay coefficients of variation were approximately 7%
and 11%. respectively. All samples were measured in dupli-
cate.

GH measurements

To assess spontaneous GH secretion in the different
groups. GH concentrations were measured in serum samples
taken at 20-minute intervals for 12 hours (8 pm to 8 am)
from 851 of the children. Mean values were calculated for
cach subject. GH concentrations werc measured using a
monoclonal antibody-based immunoradiometric assay
(IRMA), with a detection limit of 0.5 pg/L (Tandem-R HGH,
Hybritech).
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IGF-I measurements

IGF-I concentrations were measured in serum samples
taken from 858 of the children at baseline at the time of
overnight GH sampling. using RIA following acid ethanol
extraction (IGF-I RIA Kit, Nichols Institute. San Juan
Capistrano, Calif.).

Statistical analysis

Standardized height (SD score) was calculated from age-
and sex-specific mean and standard deviations derived from
the National Center for Health Statistics (NCHS) normative
data for American children. Hamill et al., Am. J. Clin.
Nutrition, 32: 607-629 (1979). Body mass index (BMI) was
calculated utilizing the formula: weight (kg)/[height (m)]*.
Mean and SD values for age, height SD score, and BMI for
growth-retarded children were calculated from data reported
on NCGS enrollment forms.

Means and standard deviations for GHBP concentrations
(Tables I and IIT) and for mean 12-hour GH concentrations
(Table IV) were calculated after log transformation due to
the skewed nature of the data. The antilogs of the mean,
mean +2 SD (GHBP, Table I) and mean +1 SD (GHBP, Table
I and mean 12-hr GH, Table IV) were then calculated to
provide the listed values. Effects of age and sex on log
GHBP concentrations in the control group were assessed by
analysis of variance (ANOVA).

The calculation of standardized GHBP levels (SD scores)
was based on the means and associated SD’s from the
control subject data grouped by sex and age utilizing the
equation below. For a GHBP concentration in an individual
3-15 years of age (the age range for which control samples
were availabie),

log(GHBP) — mean(log(GHBP)lage, sex)

SD score = Yage, 5ox)

where mean (log (GHBP)lage, sex) is the average log value
of GHBP for control subjects of the same age and sex as that
of the individual, and SD (log (GHBP)lage, sex) is the
associated SD. After conversion to SD scores, the serum
GHBP concentrations in children diagnosed with GHD, ISS,
and TS were compared with each other and to controls of the
same sex by ANOVA. The GHBP SD score was also
calculated based on bone age, rather than chronological age.

When multiple between-group comparisons on any vari-
able were performed, Bonferroni adjustments to the p-values
for statistical significance were applied to maintain an
overall 0.05 level of significance for the test. Nominal
p-values for the significant statistical comparisons are
included in the text.

Results

The normal range (mean 2 SD) for serum GHBP con-
centrations in children between 3 and 15 years of age is
shown in Table I. Due to a technical problem, results are not
available for children 5 years of age. Both age and sex had
a significant effect on GHBP concentrations. Females had
higher GHBP concentrations than males (p<0.0001). In both
sexes, GHBP concentrations increased with age (p<0.0001).
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TABLE I
Normal Range for Serum GHBP Concentration (pmoV/L)
Sex Age n Mean - 2SD Mean Mean + 25D

Male 3 20 57 127 282
" 4 21 65 120 224
" 6 31 60 114 214
" 7 31 70 138 272
" 8 31 72 193 519
N 9 36 60 193 619
v 10 39 62 221 783
“ 11 37 79 244 751
" 12 50 69 228 750
" 13 33 80 242 733
" 14 40 65 190 558
" 15 33 52 173 582
Female 3 15 77 149 288
" 4 17 62 179 519
" 6 32 58 144 358
" 7 32 7 172 419
" 8 32 92 230 572
v 9 34 2% 214 47
" 10 35 72 247 844
" 11 32 98 289 849
" 12 36 86 226 595
" 13 35 110 306 856
" 14 34 111 271 660

" 15 32 103 316 965

Table IT shows the mean (+SD) age, height SD score, and
BMI for each group of subjects (height and BMI data were
not available for all control subjects). Mean age was similar
in all groups (approximately 11 years). Mean height SD
scores were not statistically different among the GHD, ISS.
and TS females or between the GHD and ISS males. Mean
BMI values were significantly lower in the ISS groups
compared with the other growth-retarded groups in both
females (P=0.0137) and males (p<0.0001).

TABLE I
Age, height SD score, and BMI (mean + SD)

Etiology Sex n Age (y1) Height(SDS) BMI

Control M 47 11.7+28 03108 184129
" F 35 1.6+ 24 03+038 19.0+3.0
GHD M 80 11.8+ 3.6 -29+08 183145
" F 27 108+ 29 -32%09 178+ 4.0
TS F 96 11.5£33 ~33+09 19.1£40
1SS M 449 114 £ 34 ~29+0.7 16623
" F 124 108 £ 30 -3.11£07 164124

FIG. 1 shows serum GHBP concentrations in individual
children with GHD, ISS, and TS compared to the normal
range for the same sex (~2 SD to +2 SD). The corresponding
mean GHBP concentrations and mean SD scores in all
groups are listed in Table Il The figure shows that the
patients who can be treated by the invention herein are those
below the shaded area, provided that they also have the GH,
IGF-L, and height requirements set forth as required in this
subpopulation.

For males with either GHD or ISS, the mean GHBP SD
score was lower than that of control males (both p<0.0001).
and the mean SD score in males with ISS was lower than that
of males with GHD (p<0.0001). The mean SD scores for
females with ISS and GHD were lower than that of control
females (p<0.0001 and p=0.0046, respectively). In addition,
the mean SD score in ISS females was lower than that in
GHD females (p=0.0039). When the GHD groups were
limited to subjects with maximum stimulated GH levels <5
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ng/L (n=23). the GHBP SD score was not significantly
different from the control mean.

Because of differences in BMI between the GHD and ISS
groups and the recognized relationship between BMI and
GHBP levels. an anmalysis of covariance was performed
using BMI as a covariate to determine if the between-group
difference in GHBP was independent of differences in BML
In both males and females, the differences in GHBP between
the GHD and ISS groups remained significant (p<0.02).

In 21% of male ISS subjects and 92% of female ISS
subjects, GHBP concentrations were below the mean for
age- and sex-matched controls. The difference between ISS
and GHD subjects was particularly striking in males, where
79 of 394 (20.1%) males with ISS had values >2 SD below
the mean, compared with only 6 of 69 (8.7%) males with
GHD.

In contrast to the females with GHD or ISS, the mean
GHBP SD score in children with TS did not differ signifi-
cantly from that of control females. GHBP SD scores
computed for all growth-retarded groups using bone age
rather than chromological age showed little difference
(Table I).

TABLE IIT
Serum GHBP Concentrations (pmol/L)
Mean  Mean
GHBP GHBP
Eti- Mean Mean SDSc. SDSg,
ology Sex n Mean -1SD +1S8SD (n) (n)
Control M 407 183 103 326 0.0 n/a
(402)
" F 366 228 133 394 0.0 n/a
(366)
GHD M 80 146 86 250 -0.6 -05
(GH< 6 (46
10)
GHD F 27 182 89 372 -0.6 -0.5
(GH< 26 (18
10)
GHD M 15 183 111 302 0.1 -0.2
(GH< 12 &)
5)
GHD F 11 203 17 352 -0.5 0.1
(GH< (€39 (8)
3)
TS F 96 208 115 378 -0.3 -0.1
(80) (61)
Iss M 449 103 63 166 -1.2 -1.1
(3%4)  (44)
" F 124 131 81 213 -1.2 -1.1
warn (67

1/a - not available
CA - chronological age
BA - bone age

For mean GH concentrations obtained during 12-hour
overnight GH sampling (Table IV), analysis of covariance
with etiology, sex, and age revealed that only etiology had
a significant impact on the mean 12-hour GH level. As
expected. the mean value in children with GHD was sig-
nificantly less than in controls (p<0.0001). The value in girls
with TS was greater than that in GHD females (p<0.0001)
and less than that in either ISS or control females (both
p<0.002). The mean 12-hour GH concentration in subjects
with ISS was not statistically different from that in the
controls. However, ISS subjects with GHBP levels >2 SD
below the mean had higher mean 12-hour GH values than
those with normal GHBP levels (2.8 vs. 2.3 pg/L, p<0.005).
Mean IGF-I levels were lowest in GHD patients, and were
lower than controls for ISS and TS patients.
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TABLE IV
Mean 12-hour GH and JGF-I Concentrations (ugTh
Mean 12-hr GH (pg/1) Extracted IGF-T (up/1)

Etiol- Mean  Mean Mean Mean
ogy Sex =n Mean ~1SD +1SD 1 Mean -1SD +ISD
Control M 47 21 1.2 35 47 217 130 363
" F 3s 27 14 S.1 35 308 178 531
GHD M 7 1.4 09 21 80 99 41 238
(GH<I10)

GHD F 26 1.2 0.7 20 27 84 36 195
(GH<10)

GHD M 37 1.2 0.8 19 37 73 30 174
(GHS5)

GHD F 15 10 0.6 16 16 74 31 175
(GHS5)

TS F 96 18 10 32 96 141 80 248
Iss M 446 22 1.4 34 449 108 51 231

" F 122 22 13 3s 124 120 56 257

Serum GHBP concentrations in some children with ISS
are lower than those in age-matched control children. Com-
pared with control subjects, children with GHD also had
lower GHBP concentrations, but the reduction was less
pronounced than in children with ISS. In girls with TS, a
condition where the diagnosis is based on the presence of a
chromosomal abnormality and therefore is absolute, the
GHBP levels were not different from those of the control
group, indicating that the GHBP levels do not simply
corrclate with short stature.

In addition to geographically and genetically well-defined
populations with impaired peripheral GH action, such as
patients with Laron syndrome and African pygmies, there
may be subjects with more subtle forms of GH insensitivity,
most likely representing a variety of molecular defects. In
spite of the probable heterogeneity of the causes of growth
retardation in children with ISS, the results above show that
as a group they have reduced serum GHBP concentrations,
and a significant subset (20%) have GHBP levels 2 SD or
more below the normal mean for age and sex.

The children with ISS that were studied did not differ
from the control group in terms of GH secretion and had
significantly lower GHBP concentrations than those of the
group with GHD. Patients defined as GHD, based on the
arbitrary catoff of maximum GH<10 pg/L, had lower GHBP
levels than controls. However. in GHD patients with maxi-
mum GHSS5 pg/l, mean GHBP SDS was greater than that
of the GHD group with GH>5 g/l and was not different
from that of the controls.

EXAMPLE 1L

Patients followed in a post-marketing surveillance study,
the National Cooperative Growth Study (NCGS), were
studicd to compare growth rates for GHD patients with those
for ISS patients treated with various average-weighted doses
of GH. The ISS patients include both those with normal
GHBP levels and those with low GHBP levels. The results
for the ISS patients, shown in FIG. 2, demonstrate that a
substantially higher growth rate was obtained for children
treated with 0.3520.025 mg/kg/week of GH as compared to
0.30 mg/kg/week or less. Comparison with the GHD
paticnts reveals that the normal doses of GH of up to 0.30
mg/kg/week were not sufficient to allow patients to have a
mean growth rate range close to that seen in the GHD
patients, but that doses of 0.35+0.025 mg/kg/week result in
amean growth rate closer to the range seen in GHD patients

(about 10 cm/year). Hence. a dose of GH of greater than 0.30
mg/kg/week is employed in the patients identified by this
invention.

EXAMPLE I

Paticnts with ISS (as defined by a maximum GH level>10
pg/L and height SD score <—2) have low GHBP levels
compared to normal controls as determined by LIFA. This

30 Was not the case in short children with GH deficiency or TS.

To assess the utility of the GHBP assay in the evaluation
of short children, ISS patients were grouped according to
their GHBP standard deviation scare (SDS). Patients with
low GHBP SDS, defined as <-2, were compared with

35 patients with normal GHBP levels (GHBP SDS>-2) to

determine whether there was evidence of impaired sensitiv-
ity to GH in the former group.
Patient Population

Serum samples were collected on 511 children with ISS

40 who were subsequently treated with Protropin® brand GH

and enrolled in the NCGS. To be included in this study,
patients had to have a maximum GH>10 pg/L, height
SDS=-2, and no other reported etiology of short stature.
Assay Methods

45 GHBP was assayed using the LIFA, as described in

Carlsson et al., supra. Monoclonal antibodies to GHBP
(MAb 263, Agen, Australia) and GH (MAbLMCB,
Genentech, Inc.. So. San Francisco, Calif.) were used.
GHBP levels were standardized for age and sex using

50 normative data for the LIFA based on samples provided by

Dr. Thomas Merimee at University of Florida, Division of
Endocrinology and Metabolism, Health Science Center, P.O.
Box 100226, Gainesville, Fla. 32610-0226.

IGF-I was assayed following acid cthanol extraction

55 (Nichols RIA Kit, San Juan Capistrano, Calif.) and mass

units were converted to SD score for age and sex using
reference data for this assay provided by Nichols Institute.
GH samples obtained every 20 min for 12 hours overnight
were all assayed by IRMA (Hybritech, Inc., San Diego,

60 Calif.). Data for maximum stimulated GH were obtained

from submitted samples using the Hybritech assay, as well
as from tests reported by the physician using various GH
assays.

Statistical Methods

65  Heights were standardized for age and sex, and weights

were standardized for height and sex using published norms
for North America. Hamill et al., Am. J. Clin. Nutrition, 32:
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607-629 (1979). Mother’s and father’s height SDS were
calculated based on normal adult standards. Hamill et al..
supra.

1:l’\fter dividing the ISS patients into two groups based on
their GHBP SD scores (£-2 SD and >-2 SD). the two
groups were compared to each other with respect to the
means or medians of several co-variates (see Table VI).
Univariate tests of significance between groups were per-
formed using one of three tests: the t-test (for Gaussian-
distributed variables), the Wilcoxon rank sum test (for
non-Gaussian-distributed variables). or the Chi-square test
(for categorical variables).

Multiple linear regression was used to determine which
explanatory variables were linearly related to GHBP SDS, if
any. Analysis of covariance (ANCOVA) was used to test for
differences between the two GHBP groups after controlling
for other significant variables.

Results

Enrollment information for the patients is presented in
Table V., comparing the group with low GHBP levels (GHBP
SD score £-2) with those with GHBP levels in the normal
range. Patients in the low GHBP group were younger and
had lower weight-for-height SDS and BMI than the normal
GHBP group.

The mean height SD score was —2.9 in both groups, with
values ranging from ~5.8 to ~2.0. Approximately three-
fourths of the patients were male, similar to the distribution
seen in the total NCGS database. Seventy-two percent of the
patients were prepubertal at baseline. For analyses involving
growth rate. only prepubertal patients were considered. It is
concluded from the table that disorders of GH secretion are
uncommon in patients with ISS. whereas some degree of GH
insensitivity is present in some.

TABLE V

Baseline Patient Characteristics

GHBP'SDS £ -2 GHBP SDS > -2

n mean SD n mean SD  p-value
Male 79 315 0.77

(78%) (77%)
Female 22 95

(22%) (23%)
Prepubertal 75 279 0085

(79%) (70%)
Pubertal 20 119

(21%) (30%)
Age (1) 101 105 3.1 410 114 28 00028
Bone age (yr) 63 79 31 243 90 30 o011
Bone age 63 24 13 243 24 13 056
delay (yr)
Height SDS 101 =29 07 410 -29 06 058
‘Weight-for- 93 -02 08 357 01 11 0019
Height SDS
Body mass 100 157 16 409 166 22 00007
index
Mother's 93 -09 13 36 -1.1 L1 027
height
SDS
Father’s 92 07 14 361 -06 12 057
height
SDS

After dividing the patients into two groups based on
GHBP SD scores. there were 101 patients with GHBP
SDS=2 (mean ~2.5) and 410 patients with GHBP SDS>-2
(mean —0.9) (Table VI).

The two groups had comparable mean maximum GH
levels; however, the use of various GH assays makes these
values difficult to evaluate. The average for the mean
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12-hour GH concentrations (using a single assay) was
significantly higher in the low GHBP group (2.8 vs. 2.3
pg/L. p<0.0001), and the IGF-I SDS was significantly lower
in that group (-3.3 vs. —2.5 pg/L, p<0.0001. Table VI).

FIG. 3 shows that those with low GHBP SD scores had
lower IGF-I SD scores (FIG. 3A) and higher mean 12-hour
GH levels (FIG. 3B). GHBP SDS was positively correlated
with IGF-I SDS (r=0.274) and negatively correlated with
mean 12-hour GH (r=-0.17).

Using analysis of covariance, controlling for differences
in age, weight-for-height SDS. and mean 12-hour GH. ISS
patients with GHBP SDS=-2 still had significantly lower
IGF-I SDS than those with GHBP SDS>2 (p=0.0001).
Similarly. the low GHBP group had significantly higher
mean 12-hour GH than the normal GHBP group (p=0.0001)
after controlling for age, weight-for-height SDS, and IGF-I
SDS.

TABLE VI
GHBP, IGF-I and mean 12-hr GH Concentrations (mean + SD)
GHBP GHBP

SDS & 2 SDS > -2

(n=101) (n = 410) p-value
GHBP (pmol/L) 60t 14 138 68 <0.0001
GHBP SDs -25104 -09+0.8 <0.0001
IGF-I (pg/L) 100 + 61 149 * 101 <0.0001
IGF-I SDS -33+1.1 -25%+14 <0).0001
Mean 12-br GH 28111 23t11 <0.0001
(ug/L)
Maximum GH (ug/L) 157 £ 8.2 15.5 + 10.0 0.309

Mean pre-treatment growth rates were approximately 4
cm/yr regardless of GHBP SD score, although these rates
were slightly greater in those with GHBP levels close to the
normal mean. Mean growth rate during the first year of GH
therapy was approximately 8 cm/yr and did not correlate
with GHBP SD score. FIG. 4 shows first-year growth rates
for pre-pubertal patients plotted against their weighted aver-
age GH dose. Although there was a trend for higher growth
rates with higher GH dose, there was no statistically sig-
nificant correlation.

Table VII compares the growth rate data for patients with
low GHBP levels with those with GHBP levels in the normal
range. The two groups had comparable mean GH dose and
injection schedules. There were no significant differences
between the groups for pretreatment growth rate or growth
rates during the first four years of GH therapy. The mean
change in height SD score was comparable in the two
groups, with a mean increase of 1.4 in those followed for
four years in both groups.

TABLE VI
Growth Rate and Change in Height SD Score on GH Thera
GHBP GHBP
SDS £ -2 SDS > -2
(n = 101) (n = 410)
n mean SD n mean SD  p-value

GH Dose 64 0272 0052 262 0.277 0.061 091
(mg/kg - wk)
Schedule 49 38 16 231 34 11 0.03
(inj/wk)
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TABLE VII-continued
Growth Rate and Change in Height SD Score on GH Therapy
GHBP GHBP
SDS & -2 SDS > -2
{p=101) (n = 410)
n mean SD n mean SD  p-value

Growth Rate
(emlyr)
Pretreatment 76 40 19 285 43 21 Q.70
1st Year 60 82 15 258 84 19 0.42
20d Year 45 80 18 15 78 1.8 0.74
3rd Year 38 76 19 94 77 30 0.66
4th Year 25 68 19 50 61 16 0.18
A Height SDS
st Year 71 05 03 284 04 03 0.6
2nd Year 62 08 04 210 08 05 0.5
3rd Year 49 1.2 05 143 12 06 o5
4th Year 3t 14 0S5 79 14 06 07

Although 12-hour scrial sampling profiles for GH were
obtained on all of the ISS children in this study, they were
found to have normal mean levels. suggesting that neuro-
secretory dysfunction was not present in most of the
paticnts. The mean 12-hour GH levels showed a negative
correlation with mean GHBP SD score. as has been
described in normal individuals. Martha et al., J. Clin.
Endocrinol. Metab., 73: 175-181 (1991). However, IGF-I
SDS was positively correlated with GHBP SD score. The
patients with lower GHBP levels had higher GH yet lower
IGF-I levels, consistent with growth hormone insensitivity.

A significant predictor of GHBP concentration is the body
mass index, which was assessed using weight standardized
for height and age. It was found that the relationship
described for GHBP. GH, and IGFI in the ISS patients
remained significant in an analysis of covariance after
controlling for age and weight-for-height SDS.

The growth data available for these patients through the
NCGS database revealed no correlation of baseline growth
rate or height SD score with GHBP SD score. Moreover,
there was no significant correlation of GHBP SD score to
growth response to growth hormone therapy. Without being
limited to any onc theary, one possible explanation is
illustrated schematically in FIG. §. Since GP secretion and
GHBP levels appear to be negatively correlated in normally
growing children (Martha et al., supra), a normal range can
be proposed as depicted in the figure showing GH secretion
vs. GH responsiveness. Those with excessive GH relative to
their GHBP levels would be expected to demonstrate exces-
sive growth, while those whose GH levels are too low for
their GHBP levels would have poor growth. Since the
current definition of GH deficiency is arbitrarily defined and
based solely on measures of GH secretion, there may be
some patients with GH levels above this threshold which are
inadequate for their low GHBP levels, resulting in poor
growth.

In conclusion, ISS patieats with low GHBP levels, com-
pared with those with normal GHBP levels, had lower IGF-I
levels and higher mean 12-hour GH levels, suggesting
partial GH insensitivity. Administering to this subset of
paticnts cxogenous GH beyond the normal amount would be
expected to raise their circulating GH to levels more appro-
priate for their GHBP levels, thus overcoming their partially
resistant state. :

EXAMFLE 1V

Nine children with moderate/severe short stature
[selection criteria: height standard deviation score of <~2,
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mean stimulated GH>10 ng/ml, GHBP<~2 SD, and IGF-
I<-2 SD] were studied to determine whether their short
stature is due to mutations in the growth hormone receptor
(GHR) gene. These children did not have the phenotypic
features of Laron syndrome and were partially responsive to
exogenous recombinant GH at 0.3 mg/kg/week given once
daily by subcutaneous injection. These patients were
selected based on five main parameters, choosing the scor-
ing of 3 in each instance with a maximum score of 12. as
follows:

Parameter Score =1 Score =2 Score = 3
Maximum stimulated GH >10 >15 >20
IGF-1 SDS <2 <3 <=4
GHBP SDS <2 <25 <3
Height SDS <25 <35 —
Pre-treatment Growth <4 - —
Rate

DNA and RNA were extracted from Epstein Barr Virus-
transformed lymphocytes, and exons 2-10 of the GHR gene
were amplified by polymerase chain reaction (PCR) directly
from genomic DNA or from cDNA synthesized by reverse
transcriptase treatment of RNA. Amplified sequences were
examined for subtle mutations by the technique of single-
stranded conformational polymorphism (SSCP) analysis on
MDE gels (G. T. Baker) with 1%, 4%, or 10% glycerol.
Orita et al., Genomics, 5: 874-879 (1989); Soto and
Sukumar, PCR Meth. Appl, 2: 96-98 (1992). SSCP analysis
relies on differences in secondary structure assumed by
single-stranded DNA molecules that differ by as little as a
single base change. These differences in secondary structure
resuit in variation in electrophorctic mobility in non-
denaturing acrylamide-based gels. The efficiency of detect-
ing mutations with SSCP analysis varies from approxi-
mately 90% for fragments under 200 base pairs in size to
70-80% for the 200 to 400 base pair size range. Prosser,
Tibtech, 11: 238-246 (1993). GHR defects were detected as
aberrant bands on SSCP gels in four of the nine children. No
abnormalities were detected in the GHR locus in seven
control children with intrauterine growth retardation.

The GHR alleles in two patients have been characterized
in detail by DNA scquencing. Patient 4 carries two inde-
pendent missense mutations in the GHR gene which were
detected by SSCP; each mutation affects one of the two
alleles of the gene (FIG. 6). In exon 4, 2 G—A transition
mutation at nucleotide 48 converts a glutamic acid (residue
44 in the mature peptide) to lysine (FIG. 6, allele 2). A
similar mutation generated by substituting an alanine for this
glutamic acid residue caused a three-fold reduction in GH
binding in a competitive-displacement, single-site binding
assay. Bass et al., Proc. Natl. Acad. Sci. USA, 88: 44984502
(1991). The glutamic acid to lysine substitution is a more
dramatic change and would be expected to disrupt hormone
binding to a greater extent. Indeed, the results suggest an
approximate 500-fold reduction in site 1 binding for this
mutation.

The second allele in this patient carries a C—T transition
mutation at nucleotide 96 in exon 6 (FIG. 6, allele 1). This
mutation results in the substitution of the arginine at position
161 in the mature peptide with a cysteine residue. The
functional significance of introducing an additional cysteine
residue to the extracellular domain of the receptor is not
known yet with certainty, but without being limited to any
one theory, it is believed that the presence of the cysteine
could disrupt the secondary structure of the receptor and
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thereby influence its ability to bind GH or may affect the
ability of the receptor to dimerize. A similar mutation in
which arginine 161 was replaced with alanine showed a
2.5-fold reduction in binding to GH. In the family of Patient
4. the mutation causing the glutamic acid to lysine change
(E44K) has been transmitted from the paternal grandmother
to father to the proband, and the second mutation cau sing the
arginine to cysteine change (R161C) has been transmitted
from the proband’s mother.

In Patient 2. one allele of the GHR gene produces a
truncated protein due to the introduction of a stop codon
after residue 216 of the mature peptide (FIG. 7). AT—-A
transversion mutation at nucleotide 152 in exon 5 (which
was detected by SSCP analysis) converts a codon encoding
cysteine into one encoding a stop. The detection of very low
levels of GHBP in this patient suggests the presence of a
second mutation affecting the other GHR allele in this
patient. This second mutation has not been detectable by
SSCP analysis, but given that the efficiency of mutation
detection by SSCP is less than 100%, the presence of a
second mutation in the GHR gene in this patient has not been
ruled out,

In further support that the low GHBP level in Patient 2 is
likely due to defects in both alleles, Fielder et al.. J, Clin.
Endocrinol. Metab., 74: 743-750 (1992) concluded that the
GHBP levels in the mothers and fathers (who should be
heterozygous) were not significantly different from the
controls, i.e., if only one allele is affected the heterozygotes
could not be distinguished from the controls based on their
GHBP levels.

An additional two patients have shown aberrant bands by
SSCP analysis. In the third patient an aberrant band was
observed in the exon 7 PCR products. The fourth patient
carries an alteration in exon 4 that was apparent on SSCP
analysis.

These data suggest that heterogencous GHR defects may
be the cause of poor growth in a subset of non~GH-deficient
short stature patients. These GHR defects are presumably
milder than those observed in complete GH-insensitivity
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(Laron) syndrome and provide a molecular basis for at least
some cases of non-GH-deficient short stature.

EXAMPLE V

Eighty prepubertal children diagnosed as having an aver-
age height less than -2 standard deviations below normal
height, serum levels of GHBP and IGF-I that are at least 2
standard deviations below normal levels, and a mean or
maximum stimulated serum level of GH that is at least
normal, aged 5-12, are treated as follows: 20 with IGF-I
alone, 20 with GH alone, 20 with GH and IGE-I together,
and 20 with placebo. When the drugs are given alone. the
IGF-I is administered once per day by subcutaneous injec-
tion at a dose of 150 pg/kg/day and the GH is administered
once per day by subcutaneous injection at a dose of 100
hg/kg/day (0.7 mg/kg/week). When the drugs are combined.
the IGF-I is administered once per day by subcutaneous
injection at a dose of 75 pg/kg/day and the GH is adminis-
tered once per day by subcutaneous injection at a dose of 50
ng/kg/day (0.35 mg/kg/week). The IGF-I formulation is
either (a) 10 mg/ml of IGF-I in 20 mM sodium acetate
buffer., 2.5 mg/ml (0.25%) phenol, 45 mg/ml mannitol, pH
5.0; or (b) 10 mg/ml of IGF-I in SO mM sodium acetate
buffer, 2.5 mg/ml phenol, 5.84 mg/ml NaCl, and 9 mg/ml
benzyl alcohol, pH 5.4. The GH formulation is ejther
Nutropin® or Protropin® brand GH available from
Genentech, Inc. The patients are treated for 6 months with
this protocol. The increase in height of each patient is
meastred.

This study shows that IGF-I or high-dose GH or the
combination would be expected to increase the growth rates
of all the patients as compared to those patients treated with
placebo.

Alternative designs for clinical trials are as follows:

The same groups and subclass of children are treated in
the same mode with GH alone at 50 pe/kg/day or 100
pg/kg/day, or IGF-I alone at 75. 100, 150, or 200 pg/kg/day.
For the combination treatment. GH is used at 50 ng/kg/day
and IGF-I at 75 or 100 pg/kg/day with or without using a
placebo for comparison.

SEQUENCE LISTING

( 1 ) GENERAL INFORMATION:

(i1ii )NUMBER OF SEQUENCES: 8

( 2 ) INFORMATION FOR SEQ ID NO:1:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 445 bases
( B ) TYPE: nucleic acid
( € ) STRANDEDNESS: single
( D ) TOPOLOGY: finear

( % i ) SEQUENCE DESCRIPTION: SEQ ID NO:1:

ATCCTCTAAG
CTTTTTCATG
GGACCCATAC
AGAATGGAAA
ACTTTAATTC

ACTAGCAATG

GAGCCTAAAT

CCACTGGACA

AGCTIGTTCTA

GAATGCCCTG

ATCGTTTACC

GTGGTACAGT

TCACCAAGTO
GATGAGGTTC
TACCAGAAGG
ATTATGTTTC
TCCATCTGGA

GGATGAAAAG

CCATTCACCT

ATCATGQGTAC

AACACTCAAG

TGCTGGGGAA

TACCTTATTO

TGTTTCTCTIG

GAGCGAGAGA

AAAGAACCTA

AATGGACTCA

AACAGCTGTT

TATCAAGCTA

TTGATGAAAT

50

100

150

200

250

300
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AGTGCAACCA GATCCACCCA TTGCCCTCAA CTGGACTTTA CTGAACGTCA 350
GTTTAACTGG GATTCATGCA GATATCCAAG TGAGATGGOA AGCACCATGC 400
AATGCAGATA TTCAGAAAGG GTGGATGGTT CTGGAGTATG AACTT 445
( 2 ) INFORMATION FOR SEQ ID NO:2:
( i ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 445 bases
( B ) TYPE: mucleic acid
( C ) STRANDEDNESS: singlo
( D ) TOPOLOGY: Lincar
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2:
ATCCTCTAAG GAGCCTAAAT TCACCAAGTG CCOGTTCACCT GAGCGAAAGA 50
CTTTTTCATG CCACTOGACA GATGAGGTTC ATCATGGTAC AAAGAACCTA 1060
GGACCCATAC AGCTGTTCTA TACCAGAAGG AACACTCAAG AATGGACTCA 150
AGAATGOAAA GAATGCCCTG ATTATGTTTC TGCTGGGGAA AACAGCTGTT 200
ACTTTAATTC ATCGTTTACC TCCATCTGGA TACCTTATTG TATCAAGCTA 250
ACTAGCAATG GTOGTACAGT GGATGAAAAG TGTTTCTCTG TTGATGAAAT 300
AGTGCAACCA GATCCACCCA TTGCCCTCAA CTGGACTTTA CTGAACGTCA 350
GTTTAACTGG GATTCATGCA GATATCCAAG TGAGATGGGA AGCACCACGC 400
AATGCAGATA TTCAGAAAGG GTGGATGGTT CTGGAGTATG AACTT 445
( 2 ) INFORMATION POR SEQ ID NO:3:
( i ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 148 amino acids
( B ) TYPE: smino acid
( D ) TOPOLOGY: Linear
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:3:
Ser Ser Lys Glu Pro Lys Phe Thr Lys Cys Arg Ssr Pro Glu Arg
1 5 10 15
Glu Thr Phe Se¢er Cys His Trp Thr Asp Glu Val His His Gly Ths
20 25 30
Lys Asm Leuw Gly Pro Ile Gla Leu Phe Tyr Thr Arg Arg Asn Thr
33 40 45
Gla Glu Trp Thr Gla Glu Trp Lys Glu Cys Pro Asp Tysrs Vsl Ser
50 55 60
Ala Gly Glu Asn Ser Cys Tyr Phe Asn Ser Scr Phe Thr Ser Ile
65 70 75
Trp Ile Pro Tyr Cys lle Lye¢ Leu Thr Ser Asn Gly Gly Thr Val
30 35 90
Asp Gluv Lys Cys Phe Ser Val Asp Glu Ile Val Gln Pro Asp Pro
935 00 105
Pro Ile Ala Leu Asn Trp Thr Leu Leu Asn Val Ser Leu Thr Gly
110 115 120
Ile His Ala Asp Ile Gln Val Arg Trp Glu Ala Pro Cys Asan Ala
125 130 135
Asp Ile¢e Gln Lys Gly Trp Met Val Leu Glu Tyr Glu Lewu
0 145 143

( 2 ) INFORMATION FOR SEQ ID NO4:

( i ) SEQUENCE CHARACTERISTICS:
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-continued
( A ) LENGTH: 148 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
{ x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:4:
Ser Ser Lys Glu Pro Lys Phe Thr Lys Cys Arg Ser Pro Glu Arg
1 5 10 15
Lys Thr Phe Ser Cys His Trp Tbr Asp Glu Val His His Gly Thr
20 25 30
Lys Asn Leuw Gly Pro Ile Gln Lev Phe Tyr Thr Arg Arg Asn Thr
35 40 45
Gln Glu Tr Thr Gln Glu Trp Lys Glu Cys Pro Asp Tyr Val Ser
50 535 60
Ala Gly GI1 Asn Ser Cys Tyr Pho Asn Ser Ser Phe Thr Ser Ile
635 70 17
Trp Ile Pr Tyr Cys Ile Lys Leu Thr Ser Asn Gly Gly Thr Val
30 85 90
Asp Glu Ly Cys Phe Ser Val Asp Glu Ile Val Gln Pro Asp ro
95 100 105
Pro Ile Al Leu Asn Trp Thr Leu Leu Asn Val Ser Leuw Thr ly
110 115 0
I1e His Al Asp Ile Gln Val Arg Trp Glu Ala Pro Arg Asan Ala
25 130 135
Asp Ile Gl Lys y Trp Met Val Leu Glo Tyr Glu Leu
145 148
( 2 ) INFORMATION FOR SEQ ID NO:5:
( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 173 bases
{ B ) TYPE: nucleic acid
( C ) STRANDEDNESS: single
{ D ) TOPOLOGY: lincar
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO::
GAACACTCAA GAATGGACTC AAGAATGGAA AGAATGCCCT GATTATGTTT 50
CTGCTGGGGA AAACAGCTGT TACTTTAATT CATCGTITTAC CTCCATCTGG 100
ATACCTTATT GTATCAAGCT AACTAGCAAT GGTGGTACAG TGGATGAAAA 150
GTGTTTCTCT GTTGATGAAA TAG 173
( 2 ) INFORMATION FOR SEQ ID NO:6:
( i ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 173 bases
( B ) TYPE: nucleic acid
( C ) STRANDEDNESS: single
{ D ) TOPOLOGY: lincar
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GAACACTCAA GAATGGACTC AAGAATGGAA AGAATGCCCT GATTATGTTT 50
CTGCTGGGGA AAACAGCTIGT TACTTTAATT CATCGTTTAC CTCCATCTGG 100
ATACCTTATT GTATCAAGCT AACTAGCAAT GGTGGTACAG TGGATGAAAA 150
GTGATTCTCT GTTGATGAAA TAG 173

{ 2 ) INFORMATION FOR SEQ ID NO:7:

( 1 ) SEQUENCE CHARACTERISTICS:

( A ) LENGTH: 57 amino acids
{ B ) TYPE: mmino acid
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-continued
{ D ) TOPOLOGY: linear
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:7:
Asn Tbr Glns Glv Trp Thr Gln Glu Trp Lys Glu Cys Pro Asp Tyr
1 5 10 15
Val Ser Ala Gly Glu Asa Ser Cys Tyr Phe Asn Ser Ser Phe Tbhr
20 23 30
Ser Ile Trp 1le Pro Tyr Cys Ile Lys Leu Thr Ser Asn Gly Gly
35 40 43
Thr Val Asp Glau Lys Cys Phe Ser Val Asp Glu Ile
50 55 57
{ 2 ) INFORMATION FOR SEQ ID NO:3:
( i ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 50 amino acids
{ B ) TYPE: amino acid
( D ) TOPOLOGY: lincar
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:3:
Asn Thr Glan Glu Trp Thr Gla Glu Trp Lys Glu Cys Pro Asp Tyr
1 5 10 135
Val Ser Ala Gly Glu Asn Ser Cys Tyr Phe Asan Ser Ser Phe Thr
20 23 30
Ser Ile Trp Ile Pro Tyr Cys 11le¢ Lys Leu Thr Sor Asa Gly Gly
35 40 45
Thr Val Asp Glu Lys
50
What is claimed is: 35 6. The method of claim 1 wherein the patient has a

1. A method for increasing the growth rate of a human
patient having partial growth hormone inscnsitivity syn-
drome comprising administering an effective amount of
growth hormonc that increases the growth rate of the patient
to said patient, whereby said patient has a height less than
about -2 standard deviations below nommal for age and sex,
and has serum levels of high-affinity growth hormone bind-
ing protein and IGF-I that are at least 2 standard deviations
below normal Ievels and has a mean or maximum stimulated
serum level of growth hormone that is at least normal,
wherein the patient does not have Laron syndrome.

2. The method of claim 1 wherein the amount of growth
hormone ranges from about 0.35 to 1.0 mg/kg/week.

3. The method of claim 1 wherein the growth hormone is
administered once per day.

4. The method of claim 3 wherein the growth hormone is
administered by subcutaneous injections.

5. The method of claim 1 wherein the growth hormone is
formulated at 2 pH of 7.4 to 7.8.

45

heterogeneous GHR gene defect.

7. A method for increasing the growth rate of a human
patient with non-GH-deficient short stature but not Laron
syndrome comprising detecting whether the patient has a
height less than about —2 standard deviations below normal
for age and sex, and has serum levels of high-affinity growth
hormone binding protein and IGF-I that are at least 2
standard deviations below normal levels and has a mean or
maximum stimulated serum level of growth hormone that is
at least normal, and, if so, administering an effective amount
of growth hormone that increases the growth rate of the
patient to said patient.

8. The method of claim 7 wherein the detecting step also
determines whether the patient has a heterogeneous GHR
gene defect.
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PURIFICATION PROCESS OF A HUMAN
GROWTH HORMONE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The prescnt invention relates to a process for the purifi-
cation of a human growth hormone.

2. Description of the Related Art

A growth hormone, a typical hormone secreted from the
anterior lobe of the pituitary gland, promotes body growth
through the production of somatomedine in the liver, or by
binding the receptor of the growth hormone. Furthermore, it
has been recently revealed that the growth hormone is highly
involved in the metabolism of sugars and lipids, the assimi-
lation of proteins, and the growth and differentiation of cells.
There are two known types of human growth hormone
which are secreted from the human pitvitary gland: one
having a molecular weight of about 22,000 (hereinafter
referred to as 22K hGH) and the other having a molecular
weight of about 20,000 (hercinafter referred to as 20K
hGH). Both 22K hGH and 20K hGH are expressed by the
same hGH geane, and it is known that alternative splicing of
mRNA produces 20K hGH. 22K hGH is a single chain
polypeptide consisting of 191 amino acid residucs. and
comprises 70% to 75% of the growth hormones in the
human adult pituitary gland, On the other hand. 20K hGH is
a single chain polypeptide consisting of 176 amino acid
residues, which corresponds to those of 22K hGH except
that 15 amino acid residues from the 32nd to the 46th
inclusive from the N-terminal of 22K hGH are missing. The
amount of 20K hGH in the pituitary gland of a human adult
is small, about 5% to 10% of the total, as compared with 22K
hGH.

Use of the human growth hormone is expected to expand
in the future, not only as an agent for treatment of pituitary
dwarfism but also as agents for treatment of chronic renal
insufficicncy, bone fractures and bums, Accordingly, in
order to provide a stable supply for use in the medical
treatment of such disorders. it will become increasingly
important to develop a process for the inexpensive mass
production of a pharmaceutically acceptable high-grade
buman growth hormone.

There are many reports on methods for the purification of
human growth hormone; however. many of them are con-
ventional methods for the purification of peoteins, eg. 2
combination of the precipitation method using ammonium
sulfate and liquid chromatography, which utilizes the prop-
erties of proteins, such as gel filtration chromatography and
ion exchange chromatography (U.S. Pat. No. 4,342.832 and
Japanese Patent No. 93127/1986). Another known method is
hydrophobic chromatography (U.S. Pat. No. 4.332,717).
However, the abovementioned purification methods com-
prise many purification steps, which in all likelihood will
result in extremely poor yiclds and high production costs;
accordingly these methods will not be effective.

In contrast to the abovementioned purification methods,
affinity chromatography is the only adsorption chromatog-
raphy method in which purification is carried out based on
biological functions or chemical structures, and the selec-
tivity of the absorbed substance is extremely high.
Accordingly. this purification method is much mare effec-
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tive than those with multiple steps which are less selective.
and would be uscful in the mass production of highly
purified substances for drugs or the like. Generally. affinity
chromatography is most often used for substances with
known interactions. such as an enzyme and its substrate. a
sugar protein and lectin, and immunoglobulin G and Protein
A. However, substances to which a human growth hormone
has an affinity arc not known cxcept for proteins such as a
growth hormone binding protein and anti-growth hormone
antibodys. and no methods for the large scale purification of
human growth hormone using commercially available affin-
ity chromatographs have been reported.

SUMMARY OF THE INVENTION

The objective of the present invention is to establish a
process for the simple mass production of a human growth
hormone of high purity usable for manufacturing drugs.

As a result of extensive studies to achieve the abovemen-
tioned objective, the present inventors found that blue pig-
ment compounds have a high affinity to a human growth
hormone, that a human growth hormone can be effectively
purified by affinity chromatography using a carrier bonded
to a blue pigment compound, and further. that a human
growth hormone can be sclectively efuted by adding a
protein denaturant to the cluant.

Namely. the prescnt invention provides a process for the
purification of a human growth hormone, characterized in
that a solution of human growth hormone is selectively
adsorbed onto a blue pigment-bonded carrier and then
cluted.

The present invention readily cnables the mass production
of a highly purified human growth hormone by using the
affinity between the human growth hormone and a blue
pigment-bonded carrier and a selective elution of the human
growth hormone using a protein denaturing agent, to remove
impurities present in a crude solution of the human growth
hormone. The mass production of a highly purified human
growth hormone is very important in order to provide a
stable supply of human growth hormone for pharmaceutical
use.

Furthermore, the use of 20K hGH. which has minor side
effects, is of great significance in order to extend the use of
 human growth hormone to new applications other than the
treatment of dwarfism. Accordingly, the preseat invention,
which enables the mass production of not only conventional
commercially available 22K hGH. but also of 20K hGH,
which has been considered to be difficult to produce, is
extremely useful.

DETAILED DESCRIPTION OF THE
INVENTION AND PREFERRED
EMBODIMENTS

A commercially available product. Cibachron Blue 3GA
(Ciba-Geigy), can gencrally be used as the blue pigment to
be bound to a carier for the blue pigment-bonded carrier
chromatography method of the present invention. For
example. a process for the production of collagenase inhibi-
tor using this bluc pigment has been disclosed in Japanese
Patent Laid-open No. 222782/1989. Cibachron Blue 3GA
has the following structure (formula 1):
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O-carrier

wherein R, and R, are a hydrogen atom or a —S0,0Na
oup.

grE}E)amplcs of the bluc pigment-bonded carrier include
Bluc Sepharose CL-6B (Phammacia). Blue Sepharose 6FF
(Pharmacia), Matrex gel Blue A (Amicon). Affige]l Blue
(Bio-Rad Laboratories). Blue Cellulofine (Seikagaku Corp.)
and TSKgel Blue-SPW (Tosoh Corp.). Furthermore, any gel
which is activated and then bound to a bluc pigment can also
be used. Blue pigment-bonded carriers to be used in the
present invention are not particularly restricted to the above-
mentioned carriers.

Generally. a human growth hormone can be obtained
cither by recombinant DNA technology or by extraction
from the human pituitary gland. Either human growth hor-
mone can be used as a starting material for the purification
in a solution. Namely. the human growth hormone solution
according to the preseat invention is an aqueous solution
containing a human growth hormone which is either extra-
cellularly sccreted o intracellularly accumulated by bacte-
rial or animal cells to which the human growth hormone
gene is introduced. or a crude solution thereof, or a solution
of a human growth hormone which is partially purified by a
known process, such as precipitation. after homogenization
of the human pituitary tissue.

The first step to carry out the present invention is to pack
a column with a blue pigment-bonded carrier, wash the
column with distilled water and then to equilibrate the
column with a buffer solution. Examples of the buffer
solution to be used include phosphate. acetate, sulfate.
citrate. Tris. HEPES and borate buffer solutions. The con-
centration of the buffer solution is 0.005 to 0.5M. preferably
0.01 to 0. 1M. more preferably 0.02 to 0.05M. The pH of the
buffer soluticn is 5 to 8.5, preferably 6 to 7.5. The above-
mentioned human growth hormone solution is added onto
the column thus prepared. The column is then washed with
a buffer solution containing 0 to 0.3M sodium chloride or
potassium chloride to remove impuritics which are nonspe-
cifically adsorbed onto the blue pigment-bonded carrier.

Elution of the human growth hormone from the blue
pigment-bonded carrier column can be carried out by
increasing the ionic strength of the eluant. The ionic strength
of the eluant can be increased by simply increasing the
concentration of the buffer solution or by adding a neutral
salt such as sodium chloride and potassium chloride to the
eluant. For cxample, the human growth hormone adsorbed
onto the blue pigment-bonded carrier can be cluted by using
ap eluant supplemented with 1M sodium chloride.

Furthermore. the human growth hormone can be selec-
tively cluted by using an eluant supplemented with a protein
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denaturant. The protein denaturant in the present invention
means urea and a chaotropic reagent. Examples of the
chaotropic reagent include potassium thiocyanate. sodium
thiocyanate, sodium perchlorate. guanidine hydrochloride
and sodium iodide.

The selective elution of the present invention is consid-
ered to be different in principle from high jonic strength
elution. in the sense that it can selectively clute the human
growth hormone. When urea is used as a denaturant, the
concentration of urea in the eluant is 2 to 9M, preferably 4
to 6M.

In some cases, impurities may remain firmly adsorbed on
the blue pigment-bonded carrier from which the human
growth hormone has been cluted. In that case, the column
can be regenerated by washing with a buffer solution con-
taining 2M sodium chloride or a 0.2M aqueous sodium
hydrochloride solution to remove the impurities.

The present invention will be explained by the following
examples; however, the present invention is not limited to
those cxamples.

Example 1

A crude solution for studying a method of purification of
20K hGH was prepared according to the description in UsS.
Pat. No. 5.496.713. The method is bricfly described as
follows: Cells of an Escherichia coli transformant strain
MT-10765 (deposited on Feb. 28. 1995 with Accession
Number FERM BP-5020 at the National Institute of Bio-
science and Human-Technology of the Agency of Industrial
Science & Techuology of the Ministry of International Trade
and Industry according to the Budapest Treaty) wexe cul-
tured in medium containing polypeptone, yeast extract, etc.
After completing the culture, the bacterial cells were har-
vested by centrifugation, the outer membrane of the cells
were burst by the osmotic shock method, the resulting fluid
was centrifuged to remove cell debris, and the periplasm
fraction only was recovered. The periplasm fraction was run
through an anion exchange chromatography column, such as
a Q Sepharose FF (Pharmacia) column, to remove pucleic
acids or the like to obtain a crude 20K hGH solution.

This crude 20K hGH solution (2400 ml) was purified
using Blue Sepharose 6FF (Pharmacia) as follows: 98 ml of
Blue Sepharose 6FF in a column (5 cm &S cm) were
equilibrated with 300 ml of a 20 mM phosphate buffer
solution (pH 6.5). The abovementioned crude 20K hGH
solution was run through this column to cause the 20K hGH
to adsorb onto the Blue Sepharose 6FF. The column was
then thoroughly washed with a 20 mM phosphate buffer
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solution containing 0.3M sodium chloride (pH 6.5). after
which 550 ml of a 20 mM phosphate buffer solution con-
taining 6M urea (pH 6.5) were introduced into the column
and the resulting cluate was recovered.

The amount of 20K hGH before and after purification on
the Blue Sepahrose column was quantitatively measured by
means of enzyme immunochemistry. The results showed
that the recovery of 20K hGH by purification was as high as
96.5%. Furthermore. the specific activity, which is calcu-
lated by dividing the amount of 20K hGH by the optical
density at 280 nm. was about 80 times greater after purifi-
cation. Setting the optical density at 280 nm of the crude
solution before application onto the column multiplied by
the volume of the solution as 100%. the resulting recovery
was 94.1%, 3.8% and 1.2% for the flow-through, wash and
cluate, respectively. A portion of the cluate (corresponding
to 5 pg of 20K hGH) was subjected to SDS polyacrylamide
gel clectrophoresis, after which the gel was stained with
Coomassie Brilliant Blue to confirm the protein. The stain
showed the presence of a single band corresponding to 20K
hGH.

These results proved that 20K hGH was isolated from a
crude solution containing many impurities by means of
selective adsorption and separation.

Example 2

A crude solution for studying a method of purification of
22K hGH was prepared according to the description inUS.
Pat. No. 5,496.713. Namely. the 22K hGH crude solution
was obtained in the same manner as briefly described in
Example 1 using an Escherichia coli transformant strain
MT-10773 (dcposited on Feb.28, 1995 with Accession Num-
ber FERM BP-5019 at the National Institute of Bioscience
and Human-Technology of the Agency of Industrial Science
& Technology of the Ministry of International Trade and
Industry according to the Budapest Treaty).

This crude 22K hGH solution (1200 ml) was purified
using Blue Sepharose 6FF (Pharmacia) as follows: 98 ml of
Blue Sepharose 6FF in a column (5 cm #x5 cm) were
equilibrated with 300 ml of a 20 mM phosphate buffer
solution (pH 6.5). The abovementioncd crude 22K hGH
solution was run through this column to cause the 22K hGH
to adsorb onto the Blue Sepharose 6FF. The column was
then thoroughly washed with a 20 mM phosphate buffer
solution containing 0.3M sodium chloride (pH 6.5). after
which 550 ml of a 20 mM phosphate buffer solution con-
taining 6M urca (pH 6.5) were introduced into the column
and the cluate was recovered.
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The amount of 22K hGH before and after purification on
the Blue Sepahrose column was quantitatively measured by
means of enzyme immunochemistry. The resulting measure-
ments showed that the recovery of 22K hGH after purifica-
tion was as high as 97.2%. Furthermore. the specific activity.
which is obtained by dividing the amount of 22K hGH by
the optical density at 280 nm was about 6.5 times greater
after purification. Setting the optical density at 280 nm of the
crude solution multiplied by the volume as 100%. the
resulting recovery of cach fraction was 80.9%. 4.0% and
14.9% for the flow-through, wash and cluate, respectively. A
portion of the cluate (comesponding to 5 pg of 22K hGH)
was subjected to SDS polyacrylamide gel electrophoresis.
after which the gel was stained with Coomassic Brilliant
Blue to confirm the protein. The stain showed the presence
of a single band corresponding to 22K hGH.

These results proved that 22K hGH was isolated from a
crude solution containing many impuritics by means of
selective adsorption and separation.

What is claimed is:

1. A process for the purification of a human growth
hormone, wherein a human growth hormone in a solution is
selectively adsorbed onto a bluc pigment-bonded carrier and
then eluted.

2. A process for the purification according to claim 1.
wherein a human growth hormonc adsorbed onto a blue
pigment-bonded carrier is selectively cluted using a protein
denaturing agent.

3. A method for the purification according to claim 2
wherein. wherein a human growth hormone is eluted by an
cluant containing 2-9M urca.

4. A composition containing a human growth hormone
obtained by the process for the purification according to
claim 3.

8. A composition containing a human growth hormone
obtained by the process for the purification according to
claim 2.

6. A composition containing a human growth hormone
cbtained by the process for the purification according to
claim 1.

7. The method of claim 1. wherein the blue pigment
carrier has the following structure:
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Ry

NH Rz

O-carrier

wherein R, and R, are hy drogen or a —SO0,0Na group. 15 Sepharose CL-6B. Blue Sepharose 6FF, Matrix gel Bluc A,
8. The method of claim 7. wherein the blue pigment- Affigel Blue, Blue Cellulofine and TSKgel Bluc-5PW.

bonded carrier is selected from the group consisting of Blue LI I B
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Achondroplastic Dwarf

Effects of Treatment With Human Growth Hormone

ROBERTO F. ESCAMILLA, M.D., JOHN J. HUTCHINGS, M.D.
CHOH HAO LI, PH.D., AND PETER FORSHAM, M.D., San Francisco

B Two male patients with achondroplastic dwarfism aged 7-5 /12 and 143/
years were treated with human growth hormone 5 mg daily. Both showed
nitrogen retention on balance studies, the older second patient to a marked
degree. In the younger patient, height increased from 95.4 to 106.3 cm on
HGH 5 mg daily alone for 14 out of 24 months. The rate of growth approxi-
mately doubled during the first two treatment periods as compared with the
pre-treatment rate. In the second older patient HCH was administered 5 mg
daily intramuscularly for 21 out of 33 months. Growth from 129.6 cm to
137.8 ¢m occurred with the rate increasing following the addition of Na-1-
thyroxine to the routine. This increased growth rate occurred during the
post-puberty deceleration phase. Bone ages, interpreted from changes in the
phalanges and metacarpals, increased from 45 to 6 years during 16
months in Case 1, and from 13V to 18 years in 33 months in Case 2. Tran-
sient adolescent gynecomastia appeared in Case 2. No local or general toxic
effects were noted.

These results are suggestive, but whether or not the eventual height of an
achondroplastic dwarf can be significantly altered must await further studies.

METABOLIC AND GROWTH-STIMULATING effects of
human growth hormone (HGH) in pituitary dwarf-
ism have been previously reported.*® Encourag-
ing results in another type of dwarfism, gonadal
dysgenesis (Turner’s syndrome), in which pitui-
tary deficiency is presumed not to be present, have
also been noted.*? In this communication we pre-
sent the results of trials in two patients with achon-
droplasia, another condition in which the pituitary

From the Departments of Medicine and Pedlatrics and the Meta-
bolic_Research Unit, University of California School of Medicine,
San Francisco, and the Hormone Research Laboratory, University
of California, herkeley.

Supported in part by Grant No, A3870 from the National Insti-
tutes of Arthritis and Metabolic Disease, United States Public
Heslth Service. Also supported in part by the E. C. Fleischner
Fund throug‘l} the Department of Pediatrics and the Morris Herz-
st‘:ci% Fund, University of California School of Medicine, San Fran-

cisco.
Submitted 8 April 1966.

Reprint re;uesu to: Department of Medicine, U.C. Medical
Center, San Francisco, California 94122 (Dr. Escamilla).
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function is considered to be normal, with the typi-
cal short stature resulting from abnormal skeletal
development.

Plan of Study and Methods

Both patients were examined at the San Fran-
cisco Medical Center of the University of Cali-
fornia. Constant intake studies and frequent serum
chemical studies, endocrine function tests and x-ray
examinations were carried out by methods previ-
ously described.®7

The human growth hormone administered was
prepared by Dr. C. H. Li in the Hormone Research
Laboratory by methods previously described.*

sWork supported in part by a Grant from the American Cancer
Society.



The pituitary glands used were obtained from hu-
man autopsy material with the help and coopera-
tion of many persons. Collection of the glands was
aided by the Pituitary Bank of the University
of California School of Medicinet and by the Pitui-
tary Bank Foundation.

tAided by Grants from the Jefferson McLeod Moore Fund.

TABLE 1.—Laboratory Findings in Case 1 (. April 1962,
unless otherwise dated)

Protein-bound iodine—5.9 mcg per 100 ml

BEI—S5.3 mcg per 100 ml

Serum cholesterol—221 mg per 100 ml; on 25 August
1963, 161 mg

Serum phosphorus—4.4 mg per 100 ml; in November

1962, 5.3 mg

Serum alkaline phosphatase—6.4 Bodansky Units

Blood urea nitrogen—12.8 mg per 100 ml

Urinary 17 ketosteroids—0.4 mg per 24 hours

Urinary 17 hydroxycorticoids—2.4 mg per 24 hours

Urine gonadotropins—=2.5 mouse uterine units; on 26
August 1963, negative at 5 units

Glucese Telerance Test Resulis (in mg por 100 ml)

w8 N i
97 68 7
127 112 125
103 94 70
98 92 ...
129 75 77
............ 68
............ 77

S5~
4
NITROGEN 3}
gms/24hrs. ? B
0
oF
30
S0
CALCIUM 70|
mgm/24hrs.g0 |
ol
130F
1s0C
10~
HGH |
DOSAGE
0

Reports of Cases

CasE 1.—The patient, a boy, was admitted for
examination and study 5 April 1962 when aged
seven years and five months. The diagnosis of
achondroplasia had been made at three weeks of
age. Both parents were of normal height and there
was no family history of dwarfism. The patient’s

e P v LRI N oyt
Figure 1.—Patient in Case 1. Left, height at 7 years 5
months of age, 954 cm. Right, 8 years 6 months, height

101.2 cm.

|

2 B B

O—-—NWhn
I

1o
130
150

ATrrrrrrraannl

10

5|
0

Chart 1.—Effects of HGH on urinary nitrogen and calcium in two boys with achondroplasia. Chart at left shows
effects in Case 1, that at right the effects in Case 2. (1cH =human growth hormone.)
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general health had been good, and no previous
treatment had been administered to attempt stim-
ulation of rate of growth. In the preceding two
years he had grown approximately 4.5 cm (13
inches) each year.

On examination his height was 95.4 cm (37%
inches) compared with a normal mean for his age
of 127 cm (50 inches). He weighed 19.5 kg (43
pounds). The appearance and build were typical
of achondroplastic dwarfism (Figure 1). Bone age
was estimated at 4% years.} Other laboratory find-
_—m_lz—are grateful to Dr. Howard Steinbach for these interpre-

tations. Films of the hand and wrist were used. Compariso

N n with
Greulich and Pyle standards was difficult because of distortion of
the joints, and estimations were based largely on the appearance

of the phalanges and metacarpals, which were(comidered more
reliable.

ings are shown in Table 1. During constant intake,
administration of 10 mg of HGH daily for a six-day
period showed little retention of nitrogen over
a baseline, but calcium diuresis averaging 84 mg
daily occurred (Chart 1). Treatment with HGH, 5
mg daily intramuscularly, was started on 17 April
1962. The intermittent treatment schedule and
subsequent heights and bone ages are listed below
and also are shown graphically in Chart 2.

CasE 2.—A boy 14 years and one month of
age, in whom a diagnosis of achondroplasia had
been confirmed at age seven months, was admitted
8 July 1961. No other instances of the condition
were known in the family. The mother and father
were of short normal stature, and a younger

Height Bone Age

Date Treatment (cm) (years,
17 April 1962 (age 7 yr. 5 MO.).cocreaeres HoH 5 mg a day. 95.4 44
25 July 1962 Discontinue HGH 97.7 44
13 November 1962* HoH 5 mg a day 98.4 45
23 February 1963 Discontinue HGH 100.6 5
8 May 1963 None 101.2
30 August 1963 Resume HGH 5 mg a day 102.6 6
28 October 1963 Same—occasionally missed 103.0
13 February 1964 ‘Same—missed 4-5 days 104.6
16 March 1964 Same—missed 7 days 105.0
13 May 1964 Same—missed 7 days 106.3
June 1964 Family moved—contact lost

sConstant intake study with 10 mg HGH for 6 days showed average daily nitrogen retention of 1.6 gm, and average calcium diuresis

of 82 mg.

PRE~
TREATMENT HGH CONTROL HGH

CONTROL HGH

4.0cm/yr. 4.Tcm/yr.

4.5cm/yr. 9.2cm/yr 2.4cm/yr. 8.0cm/yr.

107 -
ios -
105 -
104 -
103 |-
102 -
HEIGHT o)
100 |-
90}
o8}
97
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Chart 2—(Case 1) Linear growth response to HCH in achondroplasia.

106

AUGUST 1956 » 105 ¢ 2



brother and sister were normal though rather short,
conforming to the family pattern.

Various treatments for stimulation of growth
had been tried in the past—all without definite
effect. These treatments included vitamin Bi.
when the patient was three years old, methyltes-
tosterone and terramycin when aged four, inser-
tion of ivory pegs at the elbows and knees to at-
tempt epiphyseal stimulation when aged five,
Orexin® (vitamin B,, B,, and B;,) with aureo-
mycin for one year when aged eight, and human
chorionic gonadotropin (Antuitrin S®) intramus-
cularly with thyroid orally for two months when
aged nine. When aged 11 short metabolic balance
studies had been performed with HGH prepared by
both the Raben!® and Li® methods, and also with
chymotrypsinized beef growth hormone® and
sheep prolactin.! All of these studies had shown
only equivocal effects during studies of nitrogen
balance, so no extended treatment was given.

During four years and eight months since the
last attempt at any treatment (human chorionic
gonadotropin (Antuitrin S) and thyroid, ending
13 November 1956) the patient had grown 20.1

%

14 July 1961

cm (7% inches) with an average rate of 4.3 cm
per year. Sexual maturity had occurred during this
time, so presumably the puberty growth spurt al-
ready had occurred. In the year immediately pre-
ceding he had grown only 2.9 cm (1% inches),
an indication that the rate of growth was now in
the decreasing phase.

When the patient was examined in July 1961
at the age of 14 years and one month, the height
was 129.4 cm (50% inches), the normal mean
beight for his age being 163.2 cm (64V4 inches),
and the weight was 40.1 kg (88% pounds). The
head was of normal configuration, but otherwise
the general build and extremities were typical of
achondroplasia (Figure 2). Muscles were well de-
veloped and genitalia were of adult size. X-ray
bone age was read as 13% years. Other labora-
tory results are listed in Table 2.

A constant intake study was performed with
administration of 10 mg of HGH daily for six days.
This showed an average daily nitrogen retention
of 4.5 gm and an average daily calcium diuresis
of 90 mg (Chart 1).

14 years, 1 month

15 years
Height: 129.6 cm Height: 133.4 cm

14 June 1963
16 years 17 years, 1 month
Height: 136.1 cm Height: 1378 cm

Figure 2.—(Case 2) Growth of patient over a three-year period of intermittent treatment with human growth

hormone and thyroxine.
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TABLE 2.—Laboratory Findings in Case 2 (July 1961,
unless otherwise dated)

Protein-bound iodine—5.3 mcg per 100 ml; December
1962, 6.2 mcg per 100 ml

BEI—S5.2 mcg per 100 ml

Serum Cholesterol (mg per 100 ml)—246 mg per 100 ml;
December 1962, 165 mg per 100 ml (on t.hyroxme),
July 1964, 143 mg per 100 ml (on thyroxine)

1131 Uptake—13 per cent in 24 hours; rose to 51 per cent
after 3 doses of thyroid stimulating hormone, 5 mg
every 12 hours

Serum Phosphorus—5 mg per 100 ml; August 1962, 3.9
mg per 100 ml (during control penod), August 1963,
5 mg per 100 ml (end of control period)

Serum Alkaline Phosphatase—4.8 Bodansky units

Serum Electrolytes—Normal range

Blood Urea Nitrogen—16.3 mg per 100 ml

Urinary 17 Ketosteroids—3.2 mg per 24 hours; rose to
5.8 mg per 24 hours after 3 doses of ACTH gel, 10 units
every 8 hours

Urinary 17 Hydroxycorticoids—6.6 mg per 24 hours,
rose to 18.4 mg after ACTH stimulation as above

Urine Gonadotropins—positive at 5 and negative at 10
mouse uterine units. December 1962, positive at 20
muu (on treatment)

Glucose Telerance Test Results (In mg per 100 mi)

Treatment was started 2 August 1961, when
the patient’s height was 129.6 cm (51 inches),
with 5 mg of HGH daily. Buttons of tissue ap-
peared beneath the nipples after one month, but
these subsided spontaneously without interruption
of therapy. Subsequent treatment, heights and bone
ages are listed below, and also are shown graph-
ically in Chart 3.

Discussion

Attempts to stimulate growth in achondroplasia
have been previously reported. Whitelaw and co-
workers!! administered the anabolic agent Nile-
var® (norethandrolone) to a girl seven years old.
An initial spurt of growth resulted, followed by a
loss of effect. HGH was used by Gershberg and
coworkers® in a boy of 14 years; dosage was 3 mg
and then 5 mg administered weekly. Small spurts
of growth occurred, but there was a tendency to
lose effect.

In our study, a larger dose of HGH (5 mg daily)

J;«éy April J:z g . !
1961 1963 1 was used. Stimulation of rate of growth in the
81 8 ... younger patient seemed definite. It approximately
140 124 132 doubled during the first two treatment periods as
149 110 98 compared with the control periods. In 24 months
& 55 i(l)g of observation with hormone administered for less
89 100 108 than 14 months, gain in height was 10.9 cm (4%
Intelligence quotient, October 1961, 117. inches).
Height Bone Age
Date Treatment (cm) (years,
2 August 1961 (age 14 yr. 2 mo.)..c...... HGH 5 mg a day 129.6 13%
29 October 1961 Discontinue HGH 130.6 13%
3 February to 5 March 1961 ................ Balance studies* 1316 14
6 March 1962 HGH 5 mg + Na-l-thyroxine 0.2 mg a day.......... 132.0
16 June 1962 Discontinue all treatment 1334 15
29 August 1962 None 134.0 15%
15 September 1962 HGH 5§ mg + Na-l-thyroxine 0.2 mg a day.......... 1343
26 December 1962 Same 135.0 17
*Constant intake studies at this point showed average daily nitrogen retention of 2.4, 2.0 and 1.0 gm on BGH doses of 10 mg, § ,
occurred on the 2.5 baselin(
:gmigo:lmdiﬁculwy recpe&tively Cﬂdoudmuu l?’!’»e::‘ClurtM l';”dl?:ﬂy ni.go;- anj calcium in ele urlngm'thh eb‘vlrterlgultin'gm”:nd e3|6na mg
respectively

Height Bone Age
(cm)

Date Treatment (years,
13 April 1963 Same 135.8 17 (radial epiphyses
still open)

10 June 1963 Same 136.1 17 (radial epiphyses
Discontinue 15 July 1963 still open)

29 August 1963 None 136.1
From 8 September 1963 HGH
5 mg + Na-1-thyroxine 0.2 mg a day
stcontmue 15 November 1963

27 December 1963 None 137.9 17 (beginning fusion of
From 26 January 1964 to S March 1964 radial epiphyses)
HGH 5 mg + Na-l-thyroxine 0.2 mg a day,
then discontinue, resumed from 2 April to
12 May 1964. Then discontinue

14 July 1964 137.8 18
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The results in the older patient were not strik-
ing, but since the puberty spurt of growth pre-
sumably already had occurred and the rate of
growth was in the decreasing phase, little was ex-
pected. In this patient the growth rate did not seem
to change at first, but increased somewhat after
the addition of Na-1-thyroxine to the regimen.
This occurred despite the fact that thyroid func-
tion studies were all normal with the exception of
a slightly low I8! uptake. The apparent synergistic
effect of thyroid extract had been noted and re-
ported earlier with other anabolic agents.? After
one year of treatment (including control periods),
the patient had grown 4.7 cm (1% inches), a not
inconsiderable amount for this phase of the growth
cycle. During the 33-month period of observation,
of which 21 months were months of treatment, the
total growth was 8.2 cm (3% inches). The HGH
had shown definite anabolic effects in this patient,
with one of the highest degrees of nitrogen reten-
tion seen in our series. (See Chart 1.)

It should be emphasized that the amounts of
growth hormone administered to these patients (5
mg daily), and also to the patients with gonadal
dysgenesis,” were considerably larger than those
which increased the rate of growth in hypopitui-
tarism (2.5 to 5 mg three times a week). Also, the
actual increase in heights was not great, but the
different rates of growth during treatment and

HGH +
THYROX:

control periods would seem to indicate that HGH
may have some stimulating effect in conditions
other than hypopituitarism., While this conclusion
is suggested by these studies, more observations
will be necessary before a definitive answer can be
given. Such studies may have to await the greater
availability of the hormone, perhaps in a synthetic
form.

Estimation of bone ages was difficult, for the
deformities of the disease distorted those centers
upon which estimations are traditionally based. As
was noted, Dr. Steinbach elected to read changes
in the less affected fingers alone, and with this
method of interpretation the bone age of the pa-
tient in Case 2 was thought to increase from 13%
to 18 years in three years. The younger patient
(Case 1) who had shown a bone age increase of
only six months in the first 10 months of observa-
tion and treatment, then matured 12 months in the
next six months. This is in contrast to our experi-
ences using HGH in hypopituitarism® and in gonadal
dysgenesis” in which conditions the bone age did
not advance unduly during or after therapy.

With regard to the other laboratory studies, it
can be noted in Case 2 that, as expected, the serum
cholesterol dropped after the addition of Na-1-
thyroxine to the regimen, although there was some
fluctuation in Case 1 without the thyroxine. Serum
phosphorus was somewhat higher in Case 1 dur-

HGH CONTROL ~—INE -CCNTROL HGH+ THYROXINE ~ CONTROL HGH + THYROXINE

dcm/yr. 42em/yr.  Sicm/yr. 38cm/yr.

138
137
136
138

HEIGHT 134
cm 133

131
130
129
128
44

2.2¢m/yr. o 28cm/yr.

BONE AGE Bt 3t o«

s st 17 17 s

Chart 3.—(Case 2) Linear growth response to HcH and NA-l-thyroxine in achondroplasia.
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ing treatment with HGH and dropped during the
control period. Urine steroids were at normal levels
for the respective ages. Urine gonadotropins were
higher during treatment in Case 2. Repeated glu-
cose tolerance tests in both patients did not demon-
strate any diabetogenic effects. No complications
of treatment were noted, with the possible excep-
tion of the transient gynecomastia noted in Case 2.
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