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Effect of Recombinant Human IGF-I (rhIGF-I)

and rhlGF-1/rhlGF-Binding Protein-3 Complex
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Paediatric Endocrinology/Diabetology & Metabolism, University Children’s Hospital, Inselspital, Bern, Switzerland

Established Facts

o Recombinant human insulin-like growth factor I (thIGF-I) replacement therapy in growth hormone insensitiv-
ity syndrome (GHIS), unlike GH replacement therapy in GH deficiency, does not adequately restore growth.

o Pharmacological studies of a IGF-I compound containing a 1:1 molar complex of rhIGF-I and rhIGFBP-3
(rhIGF-binding protein-3) demonstrated that the complex was effective in increasing levels of circulating total
and free IGF-I and that the administration in patients with GHIS should be safe, well-tolerated and more effec-
tive than rhIGF-I on its own.

Novel Insights

o We describe in this report to our knowledge the first clinical follow-up of a patient treated with various forms
of IGF-I over a period of 14 years.
o The rhIGF-I/thIGFBP-3 compound therapy seems to be not necessarily efficient in treating patients with GHIS
when compared with rhIGF-I alone as
- IGF-I concentration in the serum did not increase sufficiently as it did on isolated rhIGF-I replacement
therapy;
- acid-labile subunit (ALS) seems to be more important as previously suggested for the stability in the ter-
nary complex of IGF-I, IGFBP-3 and ALS;
- rhIGFBP-3 is not glycosylated and therefore nonphysiologic in its structure, and finally
- positive pharmacological studies may not equally represent clinical effectiveness.
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drome and nonclassical/atypical GHIS. Recombinant human
IGF-1 (rhIGF-I) treatment is effective in promoting growth in
subjects who have GHIS. Further, pharmacological studies of
a IGF-1 compound containing a 1:1 molar complex of rhIGF-I
and rhiGF-binding protein-3 (BP-3) demonstrated that the
complex was effective in increasing levels of circulating total
and free IGF-1 and that the administration in patients with
GHIS should be safe, well-tolerated and more effective than
rhlGF-1 on its own. Patient/Methods: We describe the long-
term effect of various IGF-I preparations (rhIGF; rhIGF-1/
rhIGFBP-3) in a single subject treated for more than 14 years
while focusing on height, height velocity as well as on addi-
tional auxological and laboratory data. Results: This study
confirms that rhIGF-lis effective in promoting growth in chil-
dren with GHIS. However, on the combined rhIGF-I/rhIGFBP-
3 treatment as well as off rhIGF-1 therapy the height velocity
decreased drastically (2 and 1.8 cm vs. overall 6.5 cm/year on
rhiGF-I, respectively). On rhIGF-Il treatment, serum IGF-l was
found to be well within the normal range, whereas serum
IGFBP-3 remained low. On the rhlGF-1/rhIGFBP-3 compound
therapy, however, serum IGFBP-3 increased into the normal
range, which was not the case for serum IGF-I. Importantly,
the increase of the serum IGFBP-3 level excludes noncompli-
ance. In addition, body mass index as well as dual-energy
X-ray absorptiometry analysis underlined the positive effect
of rhIGF-I treatment on body composition. Conclusions: The
rhIGF-I/rhIGFBP-3 compound therapy seems to be not effi-
cientin treating this individual patient with GHIS when com-
pared with rhIGF-| alone. Copyright © 2010 S. Karger AG, Basel

Introduction

Growth hormone insensitivity syndrome (GHIS) is a
rare cause of growth retardation with only about 300 sub-
jects worldwide described so far. It is characterized by
high serum GH and low serum insulin-like growth factor
I (IGF-I) levels mainly associated with a genetic defect of
the GH receptor (GHR) as well post-GHR signaling path-
way [1, 2]. Based on clinical, as well as biochemical char-
acteristics, GHIS can be genetically classified as classical/
Laron’s syndrome and non-classical/atypical GHIS [1, 2].
As determined in short- and long-term studies, recombi-
nant human IGF-I (thIGF-I) treatment is effective in pro-
moting growth in these subjects [3]. Moreover, pharma-
cological studies of an IGF-I compound containing a 1:1
molar complex of rhIGF-I and rhIGFBP-3 (IGF-binding
protein; Insmed, Inc., Glen Allen, Va., USA) demonstrat-
ed that the complex was effective in increasing levels of
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circulating total and free IGF-I and that the administra-
tion in patients with GHIS should be safe and well-toler-
ated [4]. In addition, it was even hypothesized that this
complex mimics the physiological effects of IGF-I with a
more favorable pharmacokinetic profile [4].

In this report we describe the long-term effect of vari-
ous IGF-I forms (rhIGF, rhIGF-I and rhIGFBP-3) in a pre-
viously reported Tamil family [5].

Subjects and Methods

Subjects

The family history as well as the effect of the first intermittent
rhIGF-1 therapy (Igef®; Pharmacia & Upjohn, Diibendorf, Swit-
zerland) has been previously described in detail [5].

In summary, the parents and the first child (girl) were of nor-
mal phenotype, whereas the second child (boy) was presented at
the age of 7 months with severe growth retardation [58 cm, -6.1
standard deviation score (SDS); 5.7 kg, 3.4 SDS] and the clinical
features of isolated GH deficiency to the outpatient clinic of the
University Children’s Hospital in Bern, Switzerland. Based on the
normative data of the First Zurich Longitudinal Study of Growth
and Development [6], height and weight data are expressed as SDS
[6]. Detailed assessment revealed GHIS with absent GH-binding
protein (GHBP). Of note, birth weight (37th week of pregnancy:
2.9 kg, -0.2 SDS) as well as length (48 cm, -0.1 SDS) were in the
normal range [6], but growth failure became obvious during the
first 6 months of life. After the diagnosis, rhIGF-I (Igef®; 80 g/
kg) was subcutaneously injected twice daily after meals. Because
of supply problems with the rhIGF-I, the treatment was interrupt-
ed several times giving the opportunity to analyze the impact of
this intermittent long-term replacement therapy (5.5 years of
therapy within a follow-up period of 8 years) before puberty.

However, as one of the most limiting factors for the clinical use
of IGF-1 is the shortage of the drug, a new rhIGF-I compound was
developed which contained a 1:1 molar complex of rhIGF-I and
rhIGFBP-3 (SomatoKine®, Insmed, Inc.; 1 mg/kg/day, equivalent
to 200 pg/kg/day). This new form was used in two doses (200 and
400 pg/kg/day) in this patient, which was replaced thereafter by
another rhIGF-I (Increlex®, Tercica, Ipsen, Germany; 120 pg/kg
twice daily). Following the calculation of the body mass index
(BMI; kg/m?), the values were transformed into SDS according to
the normative values obtained from the First Zurich Longitudinal
Study of Growth and Development [6]. Height velocity was calcu-
lated if height measurements were available in at least a 6-month
interval. Radiographs were taken of the left hand and wrist for
assessment of skeletal age according to Greulich and Pyle [7]. The
experimental protocol was approved by the Ethical Committee of
the University Children’s Hospital as well as by the equivalent of
Swissmedic (governmental office in charge to supervise the drugs
used not registered in Switzerland). Informed consent was ob-
tained from the parents.

Hormonal Measurement, Laboratory Methods

The serum GH was measured by the DSL-10-1900 Active® hu-
man GH ELISA kit (Diagnostic Systems Laboratories, Webster,
Tex., USA), IGF-I and IGFBP-3 measurements were performed
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using the IGF-I solid-phase, enzyme-labeled chemiluminescent
immunometric assay (Immulite 1000® IGF-I; DPC, Los Angeles,
Calif., USA). Serum GHBP was determined by the DSL-10-48100
Active® human GHBP ELISA kit (Diagnostic Systems Laborato-
ries). Serum acid-labile subunit (ALS) levels were measured with
acommercial ELISA (Diagnostic System Laboratories). Detection
limit: 0.7 ng/ml; interassay coefficient of variation was 8.2%. All
tests were standardized for our laboratory, and own normative
values were obtained.

To analyze the appropriate peak serum concentrations of IGF-
I and IGFBP-3, the blood samples were obtained 1, 3 and 12 h fol-
lowing rhIGF-I and/or rhIGF-I/rhIGFBP-3 injections [4, 8].

Complete blood count, glucose, electrolytes, urea nitrogen,
creatinine, calcium, phosphorus, liver enzymes, TSH, T4, fT3,
lipids and glycated hemoglobin were measured using standard
automated techniques and determined at the central facility of the
University Hospital.

Body Composition

Whole-body and lumbar spine bone mineral density (BMD),
bone mineral content, fat and lean body mass were measured using
dual-energy X-ray ubsorptiometry (DEXA) (Hologic QDR 4500,
pediatric software version 5.64; Hologic, Waltham, Mass., USA) as
previously described [9, 10]. To take into account the influence of
vertebral growth between each measurement, the lumbar spine
BMD (g/cm?) was corrected using a simple mathematical method
[11]. Briefly, volume density (d) of the lumbar spine, approximate-
ly a cylinder of height (h), and diameter (A; A and h are obtained
from DEXA analysis), was expressed in g/cm®. The equation we
used was: d =4/{pi} X h X BMD/A [11]. The volume-related BMD
(d) was a constant value of 0.255  0.015 g/cm? [11].

Statistics

When appropriate, data are expressed as the mean * SD. Only
descriptive statistics are presented, as it was not appropriate to
perform statistical hypothesis testing due to small sample size.

Results

Follow-Up on rhIGF-I Treatment; Effects of IGF-I

Treatment on Growth

The clinical diagnosis and molecular analysis has been
previously reported [5]. Briefly, separate PCRs of each of
the exons of the GHR gene revealed that exon 5 in the
patient was missing. Thereafter, ‘Long PCR’ from exons
4 to 6 revealed a 4,097-bp deletion encompassing exon 5,
in a homozygous state in the patient and in a heterozy-
gous state in both parents. RT-PCR analysis revealed an
exact absence of exon 5 resulting in a frame shift, leading
to a stop codon in exon 6, which predicts a truncated,
non-functional GHR protein. For IGF-I supply reasons
this affected boy was intermittently treated with various
IGF-I’s. Most interestingly, as depicted, the growth pat-
tern in relation to the rhIGF-I therapy could be followed
over a period of more than 14 years (fig. 1). The details of
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the overall auxological evaluations are shown in table 1.
It is important to stress that except for the period where
the rhIGF-I/rhIGFBP-3 compound was used, the rhIGF
treatment resulted in a significant increase of height ve-
locity (A height SDS; table 1; fig. 1). However, on the
rhIGF-I/IGFBP-3 treatment as well as off IGF-I, the height
velocity decreased drastically and height did not increase
adequately [2 vs. 5.6 cm (Igef®) and 7.2 cm/year (Increl-
ex®), respectively]. On isolated rhIGF-I treatment, IGF-1
in the circulation was well within the normal range,
whereas the IGFBP-3 remained low (table 2). On the
rhIGF-1/rhIGFBP-3 compound therapy however, IGFBP-
3 could be increased into the normal range, which was
not the case for IGF-I concentration in circulation (ta-
ble 2). Further, the increase of rhIGF-I/rhIGFBP-3 to the
higher dose of 400 pg/kg/day (2 mg/kg/day) for 1 month
did not result worthy of mention in any serum IGF-I
change, whereas IGFBP-3 further increased (table 2). It is
of importance that IGF-I as well as IGFBP-3 values were
taken 1, 3, and 12 h after the injection of either rhIGF-I
or rhIGF-1/rhIGFBP-3. For rhIGF-I only the peak serum
concentration was obtained at 1-3 h, and at 12 h around
65% of the peak values were measured whereas on the
combination rhIGF-I/rhIGFBP-3 the concentration re-
mained constantly low. Therefore, in the table 2, as stated
in the legends, the mean values are given. Whenever the
IGF-I 24-hour area under the curve was compared, the
IGF-I levels obtained on both 200 pg/kg/day as well 400
wg/kg/day were far below (50-60%) the concentrations
found, when rhIGF-I alone was used.

Importantly, as far as the combination therapy is con-
cerned, the increase of IGFBP-3 level underlines the fact
that this patient as well as his family was compliant. Fur-
ther, during puberty serum IGF-I and IGFBP-3 data are
given in puberty-adjusted normative values as well (ta-
ble 2).

BMI, Body Composition and Circulating Levels of

ALS and Lipids, Glucose, Glycated Hemoglobin and

Homeostasis Model Assessment

As on all the rhIGF-I treatment regimens the BMI in-
creased (table 1), DEXA was performed in order to com-
pare total body fat content (%) and BMD (g/cm?; Z-scores).
The increase of BMI was mainly based on an increase of
total body fat content as well as bone density (table 1). The
point is that body weight, mainly fat, increases out of pro-
portion to linear growth; that is not the case with GH de-
ficiency (GHD) children receiving GH where BMI (and
SDS) may actually decrease. Plasma cholesterol was in
the normal range and increased modestly over time (3.92

Tonella/Fliick/Mullis
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Fig. 1. a Growth chart of the patient. Percentiles are shown on the extreme right. ® = Height measurements,
O = bone ages. The arrow pointing up marks the beginning of either rhIGF-I or rhIGF-I/rhIGFBP-3 therapy,
whereas the arrow pointing down the end of the therapy. Parental target height is indicated at the right side of
the chart. The various rhIGF-I are also indicated. * P2 = Pubertal stage 2, testicles’ size of 4 ml. b Height veloc-
ity chart of the patient. The various height velocities are presented according the treatment. * P2 = Pubertal

stage 2, testicles’ size of 4 ml.

* 0.6 vs. 435 = 0.7 mmol/l, respectively; normal <5
mmol/l). Triglyceride concentrations increased on rhIGF-
I1(1.13 £ 0.15vs. 1.56 £ 0.2 mmol/l; normal <2 mmol/l).
No changes in serum ALS were observed following the
administration of any rhIGF-I form.

Further no consistent effects of any IGF-I therapy were
observed on white cell blood count, red cell indexes,
platelets, reticulocytes, total serum protein, albumin, cal-
cium, phosphorus, liver enzymes, serum electrolytes,
TSH, fT4 and T3 analyses.

In addition, no apparent effect on insulin sensitivity as
estimated by homeostasis model assessment (HOMA 1.3
t+ 0.3) [12] was noticed, and glycated hemoglobin con-
centrations were normal and unchanged throughout all
the years (4.6 £ 0.6%; normal 4.1-5.7%).

rhIGF-I and rhIGF-I/rhIGFBP-3 in GHIS

Adverse Events

After the diagnosis, rhIGF-I and rhIGF-1/rhIGFBP-3
were subcutaneously injected twice and once daily after
meals, respectively. Besides the impressive lipohypertro-
phy [5], no side effect which could be attributed to this
therapy was noted. In particular, no hypoglycemic epi-
sodes were observed as the injection was given following
a meal and the blood sugar was closely followed. Further,
no signs or symptoms of anaphylaxis, allergic, or local
reactions at injection site were observed. The boy experi-
enced some pain with injections of either rhIGF-I only or
the combined therapy. Overall, no difference was noted
focusing on any adverse event.

Horm Res Paediatr 2010;73:140-147 143

Color version available online

€20z 1sNBny z Uo Jasn wiag ¥eujolqiasiensieun Aq Jpd 099222000/ €L ZE6Z/0Y L/Z/E LApd-ojoie/diy/woo JeBies/:dny woly papeojumod



Table 1. Auxological characteristics of the patient according to the treatment

Age IGF-I treatment Dura-  Height A height  Overall BMI A BMI BMI SDS ABMI Total BMD
years tion SDS SDS height veloc- start/end start/end SDS body g/cm?
years  startend ity, cm/year fat, % Z-score
1.5-9.5  On/off* Igef® 9.5 -7.1/-5.6 1.5 5.6 16.1/19.2 3.1 -0.26/0.96 1.22 20.8° -2.1SDP
rhIGF-I 253%2.1° -1.6%0.7 SD¢
Pharmacia & Upjohn
2 X 80 pg/kg/day
9.5-9.7  Off treatment 0.2 -5.6/-5.2 0.5 2 19.2/18.9 -0.3 0.96/0.74  -0.22 21.5 -1.5SD
9.7-10.5 SomatoKine® 0.8 -5.2/-55 -0.3 2 18.9/20.5 1.6 0.74/1.18 0.44 24.3 -1.2SD
IGF-I/IGFBP3
Insmed
1 mg/kg/day
10.5-12  Off treatment 1.5 -5.5/-5.3 0.2 1.8 20.5/21.6 1.1 1.18/0.84  -0.34 22.3 -1.4SD
12-14.8  Increlex® 2.8 -5.3/-3.6 1.7 7.2 21.6/24.1 2.5 0.84/1.4 0.56 267%28 0.9%04SD
rhIGF-I
Tercica/Ipsen

2 X 120 pg/kg/day

@ Data partially published [5]; ® at the beginning of IGF-I replacement therapy; € on rthIGF-I replacement therapy.

Discussion

GH insensitivity describes a range of disorders with
demonstrable resistance to the action of GH [13]. There
are two main etiological categories: the first comprises
genetic disorders caused by mutations in genes that play
arole in the GH-IGF-I axis, and the second category con-
sists of disorders with acquired GHI. However, classical
GHIS caused by a genetic abnormality of the GHR and/or
GHR signaling is rare. Its phenotype resembles that of
GHD, but with high levels of circulating GH, where also
deficiencies of GH-dependent proteins, including IGF-I,
IGF-BP3, and ALS are seen.

Before the development of rhIGF-I, no effective treat-
ment could be offered to patients with GHIS. But over the
last 20 years, many studies have been performed demon-
strating the benefit of rhIGF-I [14-20]. In a recent study;,
Chernausek et al. [21] report that rhIGF-I treatment has
a prolonged effect up to 12 years on growth in children
with GHIS. Although most subjects did not experience
sufficient catch-up growth in order to reach their target
height, it seems that they achieve adult heights signifi-
cantly taller than expected in the absence of rhIGF-I ther-
apy [21]. A possible explanation for the reduced biological
effect of rhIGF-I is the pharmacokinetics of this com-
pound [22]. Grahnen et al. [22] analyzed clearance and
half-life values in both healthy controls and patients with
classical GHIS. In patients with GHIS there was a more
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rapid turnover of IGF-I, with clearance and half-life val-
ues calculated to be 0.6 mg/min/kg body weight and 6 h,
respectively; whereas the values in healthy controls were
found to be 0.2 mg/min/kg and 20 h. The increased clear-
ance and decreased half-life are likely to be caused by the
low serum IGFBP-3 and ALS production/concentration
in subjects with GHIS [20]. Therefore, to prolong the half-
life and to decrease the clearance rate, the IGF-1/IGFBP-3
combination (SomatoKine®) was developed. It was pro-
duced by the expression of recombinant IGF-Iand IGFBP-
3, which were separately partially purified and combined
as a 1:1 molar complex due to the very high (nanomolar)
dissociation constant (Ky) [23].

After extensive in vitro as well as animal studies, it was
also reported in patients with GHIS that rhIGF-I/
rhIGFBP-3 mimics the physiological effect of IGF-I with
a far better pharmacokinetic profile [4, 24, 25]. Upon en-
tering the circulation, rhIGF-I/rhIGFBP-3 binds to ALS
to form the ternary complex representing the natural
form of IGF-I in circulation [26]. In a pharmacokinetic
study, Camacho-Hiibner et al. [4] concluded that the
rhIGF-I/rthIGFBP-3 complex was effective in increasing
levels of circulating total and free IGF-I into the normal
range for a prolonged period after a single subcutaneous
administration. In this study the drug was well-tolerated
and did not cause acute side effects. Therefore, rhIGE-1/
rhIGFBP-3 warrants additional evaluation in clinical
studies for the treatment of IGF-I deficiency caused by

Tonella/Fliick/Mullis
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genetic defects of the GHR or to acquired severe GH re-
sistance and in syndromes of severe insulin resistance
[4].

As far as thIGF-I treatment is concerned, our findings
come without surprise and confirm previous reports
showing that rhIGF-I is effective in promoting growth in
children with GHIS with a growth response being less
than observed when GH replacement is given to severely
GH-deficient (GHD) children. Children who have GHD
normally achieve adult heights within normal range; this
does not hold true in those with GHIS [21, 27]. Alleged
reasons may be that actions of IGF-I involve both endo-
crine and paracrine/autocrine mechanisms, but by in-
jecting rhIGF-I only the endocrine compartment has
been partially restored [28]. Furthermore, blood-borne
IGF-I complexes normally with IGFBP-3 as well as ALS,
which all depends on sufficient GH secretion definitively
not being corrected by rhIGF-I application only. There-
fore, as an additional consequence following rhIGF injec-
tions, IGF-I clearance and half-life may be negatively al-
tered [22]. Along that avenue it is easy to follow that a
combined treatment with rhIGF-I and rhIGFBP-3 may
improve the therapeutic efficacy [4]. However, as it has
been shown that ALS is important for stabilizing the IGF-
I/IGFBP-3 complex and, in addition, extends its half-life,
the lack of increase of ALS in these circumstance of GHIS
may question the rationale for the rhIGF-I1/rhIGFBP-3
complex [29]. In addition, rhIGFBP-3 is not glycosylated
and therefore nonphysiologically presentin its compound
form.

Unfortunately, in our patient the appropriate replace-
ment therapy of SomatoKine, 1 mg/kg/day, equivalent to
200 pg/kg/day, did not result in any effect and, therefore
after nearly 1 year the treatment was discontinued (tables
1, 2; fig. 1). Since the injection volumes using the rhIGF-
I/thIGFBP-3 compound are much larger, compliance
may have been a factor, however the patient and family
were very keen on this therapy, which is also mirrored in
the increased values of serum IGFBP-3 (table 2). Of inter-
est, however, is that serum IGF-I did not increase ade-
quately, neither after 3 nor 12 h following the injection.
The same finding holds true when the rhIGF-1/rhIGFBP-
3 compound was increased for 1 month up to 400 wg/kg/
day, a dose which was reported to be more effective in re-
storing height velocity [30]. However, while studying the
data reporting the improved effect, whenever the higher
rhIGF-1/rhIGFBP-3 dose (200 vs. 400 pg/kg/day) was
used, in detail (height SDS, pretreatment height velocity,
etc.) the 1-year results have to be taken with caution [30,
31].

rhIGF-I and rhIGF-1/rhIGFBP-3 in GHIS

==
[=l=]
9 as
o
]
gz
oy =
o = <
F%‘f in
€ o :3 a
32 ik
B e
= 9
= &
*—I‘N
[S S i
— -
Se | & S
= o 5} N 3]
- O =) — —
By
% | »_|3
™0 =]
g |E&| T
ge [o\ =] o
~ )
®°-"'U 2| o a
g & O = | z
Z
o
e
[Te}
] & =
2% |Ez|cF
0 o — 9 <
O] > ns | A
2 B =)
&ug O© X x = | Z
el
O~
':U
g E
2 B ®
C g . |8
= Il < A
55|38 > @
n
Q a
™~ Z
i)
3
3 0 A
=3 © —
2
© a
1S < Z
—
=
S = 2
&8 g |=w |3
DQ) e < —
E ]
s 2
6] 15
%) S oo
80 | g &
= =S W
R= = <+
o = 3 | a
=) Ao 1
A=t i~ O 5] « Z
e g
>~ v o
g | Lo
S| ==
5|78
o é‘?ﬁ I
=) 2 & =) o 1
< = v 193 N
— - 0 0 [a\l —
o
=)
<
—_
<
2 —_
= g
R =
— b
O =
» & _
(o] < B4
2 E-
Q2 g
[\ oo I
[ < O

<25 (<-2.8) 204 (0.6) <25 (<-3) 87 (-2.0) 95 (-1.8) <25(<-3.5) 505 (0.5) [+3.7]
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<25 (<=2.7)
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395;183-850 395;183-850

118;49-289 119;50-286 124;52-297 134;57-316 148;64-345  169;74-388  200; 88-452  200; 88-452

125; 51-303

[159; 49-342]

0.7+02[32%04]

-1.6+04

-1.6+04

1.0£0.3 1.2£03

04%0.2

Mean SDS + SDP

1.0 (=3.6) [-2.3]

<0.5 (<-4.1)
54;3.1-9.5 5.4;3.1-9.5

5.7 (0.7)

0.93(-1.8)  0.41(-2.8) 095(-2.5) 039(=3.1) 0.89(-2.8)  045(-3.5)  4.4(02)

0.48 (~2.6)

IGFBP-3, mg/l (SDS)*
Normal mean; range

4.1;2.1-7.7 4.1;2.1-7.7

3.6; 1.8-7.1

3.2;1.6-6.5
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1.8;0.8-3.9

[3.6; 1.4-5.2]

-32%0.8[-2.2%0.3]

-2.3%03 -2.3(0.4) -0.3+0.5

-1.8%0.2

Mean SDS + SDP

Not done; ® at 3 months after beginning; ® during treatment. As IGF-T and IGFBP-3 were measured 1, 3, and 12 h following the injections, the values on treatment are given as mean.

IGF-1 and IGFBP-3 Immulite® measurements; range: 5-95 percentile [pubertal adjustments; Tanner-specific normative values].
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A faulty rhIGF-I/rhIGFBP-3 complex leading to an in-
crease of serum IGFBP-3 but not IGF-I can be hypothe-
sized, but it is more likely that the rhIGF-I did not effec-
tively leave the subcutaneous depot. Although it cannot
be an enzyme, like insulinase eliminating insulin, which
destroys rhIGF-I in the subcutaneous tissue, the rhIGF-I
component is very likely to be less resistant to degrada-
tion than rhIGFBP-3. Other causes to be discussed that
were excluded: (a) lack of rhIGF-I in the batch used, how-
ever we measured the concentration of rhIGF-I and
rhIGFBP-3 in one vial of the batches used and were able
to confirm the given concentration but no functional
tests in cell lines were performed, and (b) insufficient
dose: we increased the dose for 1 month up to 2 mg/kg/
day, this also without any effect. In that situation the iso-
lated increase of serum IGFBP-3 may have even had a
negative impact.

Although IGFBP-3 is the major carrier for circulating
IGFs in postnatal life, it has been shown to have not only
IGF-I-dependent but also IGF-independent effects on
proliferation of several cancer cell lines, but also to affect
chondrocyte proliferation and differentiation [32-34].
Further, overexpression of IGFBP-3 in transgenic mice
exhibited in the presence of increased IGF-I levels a sig-
nificant reduction in both birth weight and litter size, so
was the early postnatal growth [35]. Taken all together,
these data may highlight that the IGF-I-independent ef-
fect of IGFBP-3 has to be taken into account and cannot
be neglected when patients are treated with a rhIGF-I/
rhIGFBP-3 combination. However, another explanation
would be that if IGFBP-3 rises, IGF-I should also increase,
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