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Abstract
Objective—To identify biomarkers of growth hormone (GH) and insulin-like growth factor 1
(IGF-1) action in human serum.

Background—The search for new markers of GH activity has received extensive attention given
that the current biomarkers (IGF-1, IGFBP-3 and collagen peptides) show substantial variability in
the population, and are not reliably predictive of either the physiologic effects of GH therapy or the
detection of GH abuse by athletes. GH releasing hormone (GHRH) is a polypeptide synthesized in
the hypothalamus that binds to receptors on pituitary somatotropes to promote the synthesis and
release of GH. Serum GH and IGF-1 levels have been shown to increase with administration of
GHRH or CJC-1295, a long acting GHRH analog.

Design—Sera from 11 healthy young adult men before and one week after CJC-1295 injection were
analyzed by two-dimensional gel electrophoresis for proteomic changes. Serum proteins displaying
significant changes before and after treatment were subsequently identified using mass spectrometry.
In addition, correlations between these proteins and GH or IGF-1 levels were evaluated.

Results—Two protein spots that displayed decreased intensities after treatment were identified as
an apolipoprotein A1 isoform and a transthyretin isoform. Three protein spots upregulated by
CJC-1295 treatment included beta-hemoglobin, a C-terminal fragment of albumin, and a mix of an
immunoglobulin fragment and another C-terminal albumin fragment. A linear relationship was found
between the spot containing immunoglobulin and albumin fragments and IGF-1 levels.

Conclusions—Although the molecular mechanisms linking the identified proteins to GH and
IGF-1 biological activity remain to be clarified, the results suggest that they represent potential
biomarkers of GH and/or IGF-1 action.
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1. Introduction
Growth hormone releasing hormone (GHRH) is a 44-amino acid peptide synthesized in the
hypothalamus. At the pituitary gland, GHRH binds to receptors on somatotropes to promote
synthesis and release of GH. Together with somatostatin and ghrelin, GHRH is a key participant
in the regulation of pulsatile GH secretion.

The administration of recombinant human GH (rhGH) has been approved by the FDA and
various international regulatory agencies for several indications both in children (GH
deficiency (GHD), Turner syndrome, children born short for gestational age, Prader-Willi
syndrome, idiopathic short stature, etc.) and in adults (GHD, HIV-associated lipodystrophy,
etc.) [1]. Treatment with rhGH is routinely performed as one subcutaneous daily injection, thus
it does not resemble the physiological pulsatile pattern of GH release. On the other hand, the
administration of GHRH or its analogs results in increased levels of GH in serum and more
importantly, maintenance of the episodic pattern of GH secretion. In addition, contrary to rhGH
administration which contains only the 22kDa isoform of GH, therapy with GHRH-type
molecules should result in the secretion of all forms of GH that are produced in the pituitary
somatotropes (including post-translationally modified isoforms whose functions remain
unknown [2]).

A major obstacle in assessing the efficacy of GH therapy is the lack of a consistent biological
serum biomarker. Levels of IGF-1 and IGFBP-3 are widely used to monitor the efficacy of GH
therapy, but unfortunately, there is considerable variability in responses (growth velocity, final
stature, glucose tolerance, insulin levels, etc.) with a lack of consistent correlation between the
measured response and the serum levels of GH, IGF-1, IGFBP-3, etc. Collagen peptides are
also used as biomarkers of GH activity, but again their reliability as predictors of treatment
efficacy is variable [3]. The abuse of rhGH by athletes to improve performance is also a major
concern, and underscores the need for new and more specific biomarkers of GH action [3-7].
Moreover, the finding of new biomarkers will expand our understanding of the molecular
mechanism and physiologic effects of GH action.

In a previous study, the long-acting GHRH analog CJC-1295 was shown to promote an increase
in GH and IGF-1 levels in sera of healthy young adult men one week after administration,
without affecting the pulsatility of GH secretion [8]. The extended half-life of the compound
(8 – 10 days in humans) is due to its ability to bind to endogenous serum albumin through a
free thiol group forming a covalent disulfide bond [9]. The present study was designed to
identify biomarkers of GH and/or IGF-1 action in serum samples obtained before and one week
after administration of CJC-1295 to healthy subjects. The samples were analyzed using a
proteomic approach to search for serum proteins and protein isoforms that respond to increases
in GH or IGF-1. Five protein spots displaying significant changes after treatment were
identified and their serum levels evaluated for correlations to GH and IGF-1 serum
concentrations.

2. Materials and Methods
The subjects and procedures followed for drug administration and GH and IGF-1
measurements have been previously reported [8].
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2.1. Subjects and serum samples
A subset of 11 healthy men that were part of a larger cohort previously described [8] were
selected for this study. Individuals in this subset had a BMI lower than 25 kg/m2 (22.1 ± 1.6,
mean ± SD), and ages 20-34 (25.2 ± 5.1, mean ± SD). Serum samples were obtained as
described previously [8]. Briefly, control (pre-treatment) samples were obtained during an
overnight 12-hr period (1900 h – 0700 h) using an indwelling forearm venous catheter
connected to tubing that allowed for collection of samples every 20 min (a total of 37 samples)
in an adjacent room. After the collection period was completed, 60-90 μg/kg of CJC-1295
(ConjuChem Inc., Montreal, Canada) were administered to the subjects in a single
subcutaneous injection. The serum sampling procedure was repeated in an identical manner
one week after injection of the drug. The study was performed using a protocol approved by
the University of Illinois at Chicago Institutional Review Board and all subjects gave informed,
written consent. The protocol also was approved by the Ohio University Institutional Review
Board. This part of the study was conducted in the General Clinical Research Center of the
University of Illinois Medical Center.

2.2. GH and IGF-1 measurements (Performed at the University of Illinois at Chicago)
Serum levels of GH and IGF-1 for the subjects have been reported previously [8]. Mean GH
levels recorded were based on all the serum samples obtained during the 12 h sampling period.
The lowest GH level measured throughout that period was also recorded. Pulsatility was
assessed as well. The IGF-1 level was calculated as the mean of the first three serum samples
obtained in each period.

2.3. Proteomic analysis
These procedures have been described previously [10-12].

2.3.1. Sample preparation (Performed at Ohio University)—All samples were stored
frozen at -80°C for 1.5 years and shipped frozen (dry ice) from Chicago, IL to Athens, OH for
proteomic analysis. The initial serum sample obtained from each subject from the pre-treatment
period and the initial sample from the post-treatment period were selected for analysis. Protein
concentration was measured by the Bradford method and showed comparable values for all
samples with no significant differences before and after treatment (P= 0.943 in a two-tailed
paired t-test). Therefore, 25μl of each selected serum sample was albumin-depleted using a
Montage Albumin Deplete kit (Millipore, Billerica, MA) and diluted in sample buffer
containing 7M urea, 2M thiourea, 1% w/v SB 3-10, 3% w/v CHAPS, 0.25% v/v Bio-Lyte 3/10
ampholytes (Bio-Rad Laboratories Inc., Hercules, CA), and 1.5% v/v protease inhibitor
cocktail (Sigma, St. Lewis, MO). Disulfide bonds were reduced by addition of
tributylphosphine and sulfhydryl groups were alkylated with iodoacetamide.

2.3.2. Two-dimensional gel electrophoresis (2DE) (Performed at Ohio
University)—Samples treated as described above were subjected to 2DE as described
previously [10-12]. For the first dimension, 300μl of diluted and treated samples were loaded
onto IPG strips (isoelectric point (pI) 3-10 linear, Bio-Rad) and placed into a PROTEAN IEF
cell (Bio-Rad) for isoelectric focusing consisting of 12 hours of active rehydration followed
by separation at 4 000 volts for 60 000 volt hours. Next, strips were equilibrated for 30 min in
buffer containing 0.375M Tris-HCl pH 8.8, 6M urea, 2% w/v SDS, and 20% v/v glycerol and
loaded on 12.5% polyacrylamide gels. SDS-PAGE was run in a PROTEAN II XL cell (Bio-
Rad) at 75 mA/gel. After fixing and washing, gels were stained using SYPRO Orange
(Molecular Probes, Inc., Eugene, OR) and scanned in a PharosFX Plus Molecular Imager (Bio-
Rad) with an excitation wavelength of 488 nm and emission detected at 605 nm.
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2.3.3. Image analysis (Performed at Ohio University)—Spot matching was performed
using the image analysis software PDQuest Advanced v. 8.0 (Bio-Rad) and all matches were
examined manually. Spot intensities were normalized to total image density in each gel which
depended on the total protein content of the sample.

2.3.4. Mass Spectrometry (MS)—Protein spots displaying significant (P<0.05) intensity
changes before and after treatment were manually excised from the gels and sent to the
Michigan Proteome Consortium at the University of Michigan for analysis by mass
spectrometry (MS) and tandem-MS (MS/MS) using matrix assisted laser desorption/
ionization-time of flight (MALDI-TOF) and MALDI-TOF-TOF.

2.3.4.1. Protein digestion (Performed at the Michigan Proteome Consortium): All protein
digestions were performed in the wells of a 96-well ‘U’ bottom dish using a Packard Mass
Prep robot. Briefly, the gel plugs containing individual protein spots were destained using
acetonitrile and 100mM ammonium bicarbonate. The proteins were reduced with 10mM DTT
and then alkylated with 55mM iodoacetamide. Digestion was carried out for 4 hours at 40°C
using 200ng of Trypsin Gold (Promega, Madison, WI). Thirty microliters of 2% acetonitrile,
1% formic acid was added to each well to stop the digestion. After 30 minutes the liquid in the
digest wells was transferred to the wells of a PCR (‘extraction’) plate.

2.3.4.2. Concentration and spotting of gel digest extracts (Performed at the Michigan
Proteome Consortium): For MS and MS/MS analyses, 5μl of alphacyano-4-
hydroxycinnaminic acid (5 mg/ml in 50% acetonitrile, 0.1% TFA, 2mM ammonium citrate)
matrix was added to the 30μl of digest extract for each well of the extraction plate. The samples
were dried and 5μl of 50% acetonitrile/0.1% TFA was added back into the extraction well.
This solution (0.5μl) was hand-spotted on a 192-well MALDI target and allowed to dry in
atmosphere.

2.3.4.3. MS analysis (Performed at the Michigan Proteome Consortium): Mass spectra
were acquired on an Applied Biosystems 4 800 Proteomics Analyzer (TOF/TOF). MS spectra
were acquired in Reflector Positive Ion mode. Peptide masses were acquired for the range from
800-3 500 Da. MS spectra were summed from 2 000 laser shots using an Nd-YAG laser
operating at 355 nm and 200 Hz. Internal calibration was performed using a minimum of 3
trypsin autolysis peaks.

2.3.4.4. MS/MS analysis (Performed at the Michigan Proteome Consortium): Tandem MS
spectra were acquired in MS/MS 2kV Positive mode. Spectra were acquired for 6 000 laser
shots or until 5 peptide fragment ions reached a S/N of 100, whichever was less. Fragmentation
of the peptides was induced by the use of atmosphere as a collision gas with a pressure of ~ 6
×10-7 torr and collision energy of 2kV. Spectra were subjected to a 7-point Gaussian smooth
prior to peak picking, and peaks with a minimum mass of 20 to 60 Da below the precursor
mass were used. A maximum of 65 peaks were selected for database searching with a minimum
S/N of 10, and a maximum peak density of 50 peaks per 200 Da.

2.3.5. Protein identification (Performed at Ohio University)—Protein identities were
established using the MS and MS/MS data obtained and the online softwares Mascot [13] and
MS-Seeker [14]. This procedures have been described previously [10-12]. Search parameters
included the following: MS: database: NCBInr; taxonomy: Homo sapiens; enzyme: trypsin;
missed cleavages allowed: 1; fixed modifications: none; protein mass: not specified; peptide
tolerance: ±1.2 Da; mass values: MH+; monoisotopic/average: monoisotopic. Tandem MS:
database: NCBInr; taxonomy: Homo sapiens; enzyme: trypsin; missed cleavages allowed: 1;
fixed modifications: none; Quantitation: none; peptide tolerance: ±1.2 Da; MS/MS tolerance:
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±0.6 Da; Peptide charge: 1+; monoisotopic/average: monoisotopic; Precursor m/z: not
specified; Instrument: MALDI-TOF-TOF. Variable modifications that were included in
separate and combined submissions for both MS and MS/MS were Acetyl (K),
Carbamidomethyl (C), Deamidated (NQ), Oxidation (M), Phospho (ST), Phospho (Y), Sulfo
(S), Sulfo (T), Sulfo (Y). The criteria used for assessment of protein identity were a minimum
match of two MS/MS fragments with significant scores. Also, when MS hits were available,
it was required that all fragments matched in MS/MS hits were included among the fragments
matched by the MS data.

2.4. Statistical analysis
All intensity data were log-transformed. Protein spots that followed a normal distribution
(P<0.05 in a Shapiro-Wilk test) with equal variances (P<0.05 in a t-test for homogeneity of
variance for two dependent samples [15]) were compared between the two groups using a two-
tailed paired t-test (corresponding values of t10 and P are reported for significant spots, see
results for spots A, B and D). The remaining spots were analyzed using the non-parametric
Wilcoxon signed-ranks test (z and P values are reported for significant spots, see results for
spots C and E). Relationships to mean and lowest GH and to IGF-1 values were tested using
correlation tests: Pearson (for normal distributions) and Spearman (for non-normal data). All
tests were performed using SPSS v. 14.0. P-values lower than 0.05 were considered significant.

3. Results
3.1. Individual serum proteome patterns

The subjects’ serum proteomes studied displayed marked heterogeneity in the low molecular
weight range (< 25 kDa) when resolved by 2DE. The patterns observed were conserved in each
subject at the two timepoints studied and consisted mainly of the presence or absence of two
of the spot “trains” usually observed in that region (Fig. 1). The term spot “train” refers to a
group of protein spots that have approximately the same molecular weight and varying
isoelectric points. These characteristics result in the spots appearing in a horizontal line on the
2D-gel (see examples highlighted in Fig. 1). Although the spots in a train may contain entirely
different proteins that have similar molecular weight and isoelectric point, trains are usually
suspected to contain isoforms of the same protein carrying different post-translational
modifications such as increasing number of phosphorylations.

As generally observed in 2D-gels, the high molecular weight region displayed low resolution,
with very high amounts of protein. Thus, no spots were analyzed in this region (> 50 kDa). For
the same reason, the dark train observed at ~25 kDa and a pI ~6.0 to 9.5 (where light chains
of immunoglobulins are found) was not analyzed. A total of 192 protein spots were analyzed
in all remaining regions of the gel images (Fig. 2).

3.2. Serum proteome changes after treatment with CJC-1295
The serum levels of GH (both mean and lowest) and IGF-1 measured in the 11 subjects showed
significant increases one week after administration of CJC-1295 [8]. Therefore, the intensities
of the 192 spots detected were analyzed for significant changes in intensity between the two
time points. Because the goal of this study was to uncover biomarkers of clinical relevance,
we focused on the protein spots that were present in the sera of all subjects. Only 97 spots
fulfilled that criteria and, among them, five (A to E) were found to display significant intensity
differences between the two time points (Fig. 2). The intensities of spots A to E before and
after administration of the GHRH analog are shown in Fig. 3.

The protein identities of spots A to E were determined using MS and tandem MS. Table 1
shows the identity matches, scores and sequence coverage obtained using Mascot [13] and MS-
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Seeker [14] for each of the five spots. Spot A (MW ~28, pI ~6.3), which was decreased after
treatment (t10=2.27, P=0.047, Fig. 3), was identified as an isoform of apolipoprotein A1
(ApoA1). Spot B (MW ~35, pI ~8.1), which increased after treatment (t10=3.60, P=0.005, Fig.
3), matched two different protein identities, suggesting that it contains a mixture of two
proteins: a fragment of an immunoglobulin and an albumin fragment. Spot C (MW ~15, pI
~7.2) contained an isoform of transthyretin (TTR) which was decreased with CJC-1295
administration (z=2.31, P=0.021, Fig. 3). Spot D (MW ~12, pI ~8.0) increased after
administration (t10=2.24, P=0.049, Fig. 3) and was identified as beta-hemoglobin. Finally, spot
E (MW ~11, pI ~7.0) was identified as an additional albumin fragment and was increased after
treatment (z=2.58, P=0.010, Fig. 3).

3.3. Correlation to GH and IGF-1
The observed changes in spot intensities for spots A to E were compared to the changes in
mean GH, lowest GH and IGF-1 levels in each subject. Changes in the intensity of spot B
(mixture of immunoglobulin fragment and albumin fragment) showed a significant linear
correlation to changes in IGF-1 levels in the 11 subjects (Pearson’s r2=0.668; F1,9=18.09; P=
0.002; Fig. 4). No other significant correlations were found between changes in intensity and
changes in IGF-1 or lowest or mean GH levels before and after treatment.

4. Discussion
The analysis of the serum proteome of 11 healthy male subjects revealed marked heterogeneity
among gel images from different subjects, which might be partly explained by the alleles of
haptoglobin present in each subject [16,17]. Given that this study was aimed at finding
clinically relevant protein biomarkers of GH and/or IGF-1, the criteria used for selection of
spots were not only statistical significance between before and after drug administration, but
also that the spots were present in the gels of all subjects. Five spots (A to E, Fig. 1) fulfilled
these criteria, displaying significant intensity changes after one week of increased GH and
IGF-1 secretion induced by treatment with CJC-1295. These spots were further analyzed by
MS to reveal their identity.

Spot A (MW ~28, pI ~6.3), was identified as ApoA1, which is a major component of high
density lipoproteins (HDL) in serum, and facilitates transport of cholesterol from the tissues
to the liver. According to the SWISS-2DPAGE database, there are several isoforms of ApoA1
in that region of the 2D-gel [17]. The post-translational modification that results in the shift in
position of the different isoforms has not been described. Thus, the 2DE approach has and will
continue to uncover isoforms of many known serum proteins. The fact that only one of those
isoforms is decreased in our study could be related to the activity of that particular isoform
resulting from the specific modification it carries. In a study on GHD children, both ApoA1
and HDL-cholesterol levels were found to be similar to healthy controls independently of GH
replacement therapy [18,19]. In contrast, Blackett et al. [20] reported a decrease in ApoA1
levels in GHD children after five weeks of GH replacement therapy. In addition, a decrease in
GH after treatment of adult acromegalic patients has been reported to increase ApoA1 levels
[21,22]. These results are consistent with the decrease we detected in an isoform of ApoA1
after administration of the GHRH analog, although total ApoA1 levels were not evaluated in
this study.

The MS data obtained for spot B (MW ~35, pI ~8.1), matched two different protein identities:
an immunoglobulin fragment and a C-terminal albumin fragment, suggesting that the spot
contains a mixture of both protein fragments. The intensity of this spot was increased after
treatment, although it is not clear if one of the proteins or both are responsible for this change
in intensity. Because the samples were depleted of albumin before running the 2DE, it seemed
unexpected to find a fragment of albumin in one of the protein spots. A possible explanation
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for the presence of a fragment of albumin in the gels could be based on the type of affinity
column used for albumin depletion. If the albumin antibodies used recognized the N-terminal
region of albumin, then C-terminal fragments would not be bound by the antibodies and would
be eluted with the remainder of the serum proteins. Therefore, the fragment of albumin
contained in spot B, which does not include the N-terminal region of albumin (data not shown)
managed to escape the depletion step. The increased levels in serum of this albumin fragment
can be explained by GH’s effect on liver to increase albumin mRNA transcription [23]. On the
other hand, an increase in an immunoglobulin fragment also may reflect the actions of GH and
IGF-1 to enhance immune function [24], although no other immunoglobulin components were
found to be affected in this study.

Interestingly, a significant linear correlation was found between the intensity changes observed
for spot B and the changes in serum IGF-1 levels (Fig. 4). Unfortunately it is not clear from
our results whether the albumin fragment or the immunoglobulin fragment or both are
responsible for this correlation. Further analysis is necessary to resolve this question, perhaps
through the use of IPG strips with a smaller pI range that would yield higher resolution in the
first dimension (isoelectric focusing) to hopefully separate the two proteins into two different
spots.

Another protein reported to be subject to transcriptional regulation by GH signaling is TTR,
which was identified as spot C (MW ~15, pI ~7.2). Expression of TTR in the liver is under the
control of hepatocyte nuclear factor 6 (HNF-6), a transcription factor of the ONECUT class,
which is activated upon GH stimulation and in turn activates expression of TTR [25,26].
Although TTR levels were expected to increase after treatment with the GHRH analog, the
detected spot intensity actually decreased. Given that there are numerous isoforms of TTR in
serum when analyzed on 2D-gels [17], the fact that this particular isoform decreased does not
necessarily contradict the premise of TTR activation by GH. The detected decrease in spot C
could be due to a shift in the ratio of post-translational modifications found on TTR, which in
turn could result in variations of function. Changes in TTR isoforms have also been found in
the serum of GH transgenic mice (Ding and Kopchick, unpublished results). The observed
decrease in abundance could also be related to increased turnover of this specific TTR isoform.
TTR is a thyroid hormone binding protein, thought to transport thyroxin to the brain. It also
binds retinol binding protein (RBP) decreasing its renal clearance [16]. There are many
isoforms of TTR on a serum 2D-gel, but apart from glycosylation, no other post-translational
modifications have been described that could explain the shifts in positions of these isoforms
on the gel.

Spot D (MW ~12, pI ~8.0), which contains beta-hemoglobin, was increased after CJC-1295
administration. Hemoglobin alpha-chain was recently reported as a novel biomarker of GH
action by Chung et al. [27]. To our knowledge there are yet no reports on beta-hemoglobin
level changes due to GH or IGF-1.

Another albumin fragment was identified in spot E (MW ~11, pI ~7.0). This albumin fragment
was different in size from that found in spot B but also contained the C-terminus of the protein
(data not shown). This is consistent with the proposed explanation for escape from depletion
during affinity chromatography. As stated above, albumin gene transcription in the liver is
activated by GH [23], which would explain the increased levels seen for this spot after
treatment.

Except for the linear relationship with IGF-1 levels found for spot B, no other correlations with
IGF-1 or GH levels were found for the remaining spots. In the case of GH levels, they were
determined and averaged over a prolonged period of time (12 hours at night), and the possibility
still exists that measurements over a longer period (24 hours) might show better correlations
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with the proteins detected in this study. Also, it is worth mentioning that despite the well
established role of IGF-1 as a downstream biomarker of GH action, a previous report [8] found
no correlation between the changes in IGF-1 and those in GH levels (lowest or mean). It follows
then that a lack of correlation between GH and the proteins we have found in this study does
not rule out the significance of their relationship with GH.

In summary, proteins found to change after one week of increased GH and IGF-1 secretion
induced by treatment with CJC-1295 were ApoA1, TTR, beta-hemoglobin, two albumin
fragments and an immunoglobulin fragment. Although the relationship of the identified
proteins to GH and IGF-1 biological activity remains to be clarified further, the results suggest
that they represent potential biomarkers of GH and/or IGF-1 action. Future studies will help
elucidate the molecular mechanisms that link them to these hormones and may lead to their
use in detection assays for assessment of GH’s therapeutic efficacy and illicit use via doping.
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Fig. 1.
Low molecular weight (~10-25 kDa) portion of six gels showing marked heterogeneity in their
spot patterns. All images belong to different subjects (see labels) and correspond to the pre-
treatment state; these patterns were consistent for each subject before and after treatment. Spot
“trains” marked in black were present in samples from all subjects. Spot “trains” marked in
white were present in only some of the subjects studied.
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Fig. 2.
I. Representative two-dimensional serum gel. A total of 192 spots were analyzed (plus signs),
with 97 being present in all 11 subjects. Five of those displayed significant changes in intensity
one week after CJC-1295 administration (labeled A to E). (Dotted squares outline the gel areas
that are shown in II). II. Representative 3D images of spots A to E showing changes in intensity
before (left) and after (right) treatment. Images were obtained using the 3D Viewer tool from
PDQuest, which converts spot intensity data to topographical peaks and valleys. For each spot,
left and right images belong to the same subject.
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Figure 3.
Log intensity changes for spots A to E. I. Box plots showing the distribution of log intensity
values before and after treatment. II. Spot intensity changes (log intensity after treatment minus
log intensity before treatment) in individual subjects.
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Figure 4.
Log intensity changes in spot B displayed a linear correlation with log changes in IGF-1 levels.
R2 and P values for the curve are shown on the graph.
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