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Context: GH is a known modulator of the immune system, but the effect of exogenous GH ad-
ministration on white blood cell proteins has not been investigated. Surface-enhanced laser de-
sorption/ionization time-of-flight mass spectrometry (SELDI-TOF MS) is a powerful platform for the
study of GH effects on immune system proteins.

Objective: Our objective was to explore a novel approach for the detection of GH-responsive
proteins in human leukocytes by proteomic analysis using SELDI-TOF MS.

Design: We conducted a randomized double-blind, placebo-controlled GH administration study of
8 wk treatment followed by 6 wk washout. Pre- and posttreatment samples from 30 subjects were
used for biomarker discovery.

Setting: The study was performed at a clinical research facility.
Participants: We studied 30 recreationally trained healthy athletes.

Intervention: Subjects received either recombinant human GH (2 mg/d sc; n = 22) or placebo
(n = 8) for 8 wk.

Main Outcome Measures: Proteomic profiles were determined using CM10 weak cation-exchange
protein chips, and some GH-regulated proteins were purified and identified by mass spectrometry
and/or immunoblotting.

Results: SELDI-TOF analysis revealed a number of GH-regulated peptides/proteins in the 3- to
22-kDa range that are either up- or down-regulated by GH. Several of these may be useful as
biomarkers of GH action. The calcium-binding, proinflammatory calgranulins ST00A8, S100A9, and
S100A12 were all significantly down-regulated in response to GH treatment.

Conclusion: This study illustrates the novel use of human leukocyte proteomic profiling by SELDI-
TOF MS and reveals the negative regulation of proinflammatory S100 proteins by GH in human
white blood cells. (4 Clin Endocrinol Metab 94: 3038-3043, 2009)

H is expressed primarily in the pituitary gland, but both the
hormone and its receptors are also found in cells of the
immune system (1-4). GH acts on the liver and other tissues to
increase circulating levels of IGF-I, IGF-binding protein-3, and
the acid labile subunit, which together form a ternary complex
responsible for much of the circulating IGF transport (5-7). Sub-
stantial evidence is emerging that GH is also an important mod-
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ulator of the immune system (8, 9). Phagocytic functions of neu-
trophils and monocytes are impaired in GH-deficient subjects
and improve after GH replacement therapy (10). The natural
killer activity of lymphocytes is reduced in the GH-deficient state
and rectified by GH treatment, which also protects lymphocytes
against apoptosis induced by glucocorticoids (8). GH receptors
have been identified in lymphocytes and macrophages, and GH

Abbreviations: AUC, Area under the curve; m/z, mass/charge; PKC, protein kinase C; ROC,
receiver operating characteristic; SELDI-TOF MS, surface-enhanced laser desorption/ion-
ization time-of-flight mass spectrometry.
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stimulates the proliferation of these cells iz vitro (8, 11). Many
effects of GH are also mediated by IGF-I, and some leukocytes
also express IGF-I (12, 13). Thus the constituents of leukocytes
are targets of GH action, both directly and via immunoregula-
tory effects. However, to date, there has been no proteomic anal-
ysis of GH-regulated proteins in human white blood cells.

Surface-enhanced laser desorption/ionization time-of-flight
mass spectrometry (SELDI-TOF MS) is a proteomic technique in
which proteins are bound to proprietary protein chips with dif-
ferent types of adsorptive surfaces, e.g. hydrophobic, cation-
exchange, or anion-exchange. SELDI-TOF MS can be used to
analyze peptide and protein expression patterns in a variety of
clinical and biological samples, and biomarker discovery can be
achieved by comparing the protein profiles obtained from
control and patient groups to elucidate differences in protein
expression (14-17). Because SELDI analysis provides bio-
chemical information about detected proteins (i.e. mass and
adsorption conditions), more specialized protein biochemis-
try and mass spectrometry can then be used to identify un-
known marker proteins for a particular condition. To define
new circulating markers of GH administration, we and others
have previously investigated serum proteomic profiling using
SELDI-TOF MS and have found novel serum biomarkers of
human GH action (18, 19).

In this study, we used SELDI-TOF MS to develop a novel
method for the detection of GH-responsive proteins using pro-
teomic profiling of human peripheral blood leukocytes. We dis-
covered a number of GH-dependent peaks including those rep-
resenting proteins of the calcium-binding $S100 family. Our
results have the potential to shed new light on the relationship
between GH and the immune system and may be of benefit in the
diagnosis of growth disorders.

Subjects and Methods

Study subjects

Healthy subjects (12 males, 18 females), recruited as part of a col-
laborative World Anti-Doping Agency-funded intervention study (20)
aimed at developing a GH doping test, were administered 2 mg/d GH
(eight males, 14 females) or placebo (four males, four females) for 8 wk
followed by a 6-wk washout period. GH (Somatropin, 1 mg/ml) and
matched GH placebo were provided by Novo Nordisk (Bagsvaerd, Den-
mark). GH or placebo was self-administered sc, with subjects instructed
to administer the injection at night. To minimize side effects, the GH dose
was increased from 1 mg/d (first week) to 1.5 mg/d (second week) and
then to the final dose of 2 mg/d for 6 wk, as previously reported in detail
(20). All subjects provided written informed consent, and the study
was approved by the St. Vincent’s Hospital Human Research Ethics
Committee.

Protein chip surface capture

Leukocytes were prepared from fresh whole blood samples, antico-
agulated with EDTA, by isolating the buffy coat layer after centrifuga-
tionat 3500 rpm for 10 min at4 C. White blood cells were extracted with
TRIzol reagent (Invitrogen, Carlsbad, CA), protein extracts being ob-
tained from the interphase and lower phenol phase after first removing
the upper aqueous phase according to the manufacturer’s instructions.
DNA was precipitated using ethanol and the remaining ethanol-phenol
supernatants were stored at —80 C before protein analysis. In prelimi-
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nary studies, protein extracts were analyzed on several different protein
chip surfaces (strong anion-exchange, weak cation-exchange, hydropho-
bic, and immobilized metal affinity loaded with Cu®>*) and under various
adsorption and washing conditions. The CM10 weak cation-exchange
chip was chosen for further study. The array spots were preequilibrated
with the binding buffer (100 mm NH,, acetate, pH 6) for 10 min. Leu-
kocyte extracts were diluted with the binding buffer (1:5), and the diluted
samples (5 pl per spot) were pipetted onto the chips. All samples were run
in duplicate. After incubation for 60 min, unbound proteins were re-
moved by washing with binding buffer (three times, 5 ul each). After two
rinses with deionized H,O, 1 ul of matrix solution (20 mg/ml sinapinic
acid, 50% acetonitrile, 0.5 % trifluoroacetic acid) was applied twice and
air dried for 10 min. The protein chip arrays were then read in a Pro-
teinChip reader (PBSIIc; Bio-Rad, Hercules, CA).

Data analysis of SELDI-TOF MS

The initial study involved 88 mass spectra from 22 subjects, each
sampled before GH (wk 0) and after wk 4 of GH treatment, analyzed in
duplicate. Protein peak intensities in all spectra were normalized to the
total ion current over mass/charge (m/z) values from 3,000-70,000 Da
using Bio-Rad software (version 3.2.2). The SELDI-TOF MS was
externally calibrated using the [M+H]" ion peaks of bovine insulin
(5,734.51m/z), equine cytochrome ¢ (12,361.96 m/z), equine apomyo-
globin (16,952.27 m/z), bovine carbonic anhydrase (29,023.70 m/z),
rabbit muscle aldolase (39,212.28 m/z), glucose-6-phosphate dehydro-
genase (57,432.72 m/z), and bovine albumin (66,430.09 m/z; all stan-
dards from Sigma-Aldrich Corp., St. Louis, MO). In the 88 spectra, 77
peaks common to all spectra were identified, and for each peak in each
sample, intensity values for duplicate analyses were averaged. Additional
samples from eight placebo-treated subjects, sampled at wk 0 and 4, were
also examined in duplicate, yielding 32 additional spectra, to achieve a
total of 120 mass spectra for the 30 subjects. The coefficient of variation
for the average of duplicate peak intensity values, calculated by ANOVA,
was 19.5%.

To discover GH-regulated proteins, univariate analysis of samples
from GH-treated subjects (Mann-Whitney U test, SPSS version 15.0.1;
SPSS Inc., Chicago. IL) was used to identify all protein peaks that sig-
nificantly distinguished between the two conditions (before and after GH
treatment). A receiver operating characteristic (ROC) curve was con-
structed to evaluate the predictive power of each significant peak. Peaks
selected for further study were those that 1) showed a highly significantly
difference (P < 0.001) between pre- and post-GH treatment samples and
2) could individually discriminate between the two groups with a ROC
area-under-the-curve (AUC) value of at least 0.900.

Time course of GH action

Analysis of leukocyte samples at various sampling times was per-
formed for the 22 GH-treated subjects. Samples taken at wk 0, 4, and 8
of the GH administration period and wk 6 of the washout period (i.e. 14
wk after commencement of the study) were subjected to SELDI-TOF
analysis using the CM10 chip method as described above.

Protein purification and identification of GH-responsive
proteins in human white blood cells

Human leukocyte extracts were fractionated with an anion-exchange
resin (Q ceramic HyperD F; Pall Corp., Ann Arbor, MI) using stepwise
pH elution between pH 9 and pH 4 in a 96-well filter plate format
(AcroPrep; Pall). The filter plates were loaded with 100 ul pretreated
resin (washed with five bed volumes of 50 mm Tris-HCI, pH 9). The
buffer was removed using a multiwell plate vacuum manifold (Pall).
Protein extracts were diluted 1:5 in binding buffer containing 50 mm
Tris-HCI (pH 9) and were loaded onto a 96-well plate at 4 C for 20 min
with shaking. This was followed by stepwise elution. Proteins of interest
in eluted samples were monitored by SELDI-TOF MS on NP20 (normal-
phase) chips. The semipurified proteins were further purified by reverse-
phase liquid chromatography on a C, g column (250 X 4.6 mm; 300-A
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pore size; Phenomenex, Torrance, CA) eluted with a 30-min linear gra-
dient from 15-60% acetonitrile in 0.1% trifluoroacetic acid at 1.5 ml/
min. Fractions were examined on 12 % SDS-PAGE detected with SYPRO
ruby protein stain. Purified bands of interest were excised from the gel
and digested with trypsin for further protein identification by peptide
mass fingerprinting and MS/MS at the Bio-analytical Mass Spectrometry
Facility, University of New South Wales, Sydney, Australia.

Western blot analysis

Leukocyte extracts (2 ul) were diluted 1:4 in PBS and run on 12%
NuPAGE Bis-Tris polyacrylamide gels (Invitrogen), transferred to In-
vitrolon polyvinylidene difluoride membranes (Invitrogen), and incu-
bated with anti-S100A8 polyclonal antibody (Santa Cruz Biotechnology,
Santa Cruz, CA; 15 ul diluted in 3 ml), anti-S100A9 polyclonal antibody
(Santa Cruz; 15 ul diluted in 3 ml), or anti-S100A 12 polyclonal antibody
(Abcam, Cambridge, MA; 3 ul diluted in 3 ml) and then incubated with
goat antirabbit IgG horseradish peroxidase as secondary antibody (1.5
wl diluted in 3 ml; Santa Cruz) to specifically detect ST00A8, ST00A9, or
S100A12. Proteins were revealed with an enhanced chemiluminescence
detection method according to the manufacturer’s instructions (GE
Healthcare Biosciences, Rydalmere, New South Wales, Australia).
Paired ¢ tests were used for between-group analyses (SPSS version 16.0).

Results

SELDI-TOF MS data analysis

Using CM10 chips, we initially identified 77 peaks common
to 88 profiles (22 subjects treated with GH, before and after GH,
in duplicate) derived from leukocyte extracts. Figure 1 shows
two regions of representative SELDI protein spectra, in the m/z
ranges 2500-4500 and 10,000-15,000. Examples of differen-
tial protein expression between GH-treated (wk 4) and untreated
(wk 0) subjects are indicated. Figure 1A shows a peak up-regu-
lated after 4 wk GH treatment; two peaks down-regulated by GH
are indicated in Fig. 1B. Duplicate peak intensities were averaged
for all 77 common peaks in all samples. Univariate analysis and
ROC analysis identified nine of these 77 peaks that 1) showed a
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FIG. 1. SELDI-TOF MS protein expression profiling of human peripheral blood
leukocyte extracts. A, A segment of the protein mass profile obtained on CM10
chips between m/z 2500 and 4500 indicating a peak at m/z 3480 (a) up-
regulated by GH treatment (wk 4 vs. wk 0). B, A segment of the protein profile
between m/z 10,000 and 15,000; arrows represent peaks suppressed by GH
treatment (wk 4 vs. wk 0) at m/z values of 10,829 (b) and 12,310 (c).
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TABLE 1. Protein peaks differentially expressed between GH-
treated and untreated subjects

m/z Effect of GH ROC-AUC
3480 1 0.901
6888 ! 0.950
7763 ! 0.981
9053 ! 0.969
10438 ! 0.998
10829 ! 0.949
11346 ! 0.963
12715 ! 1.000
21277 ! 0.930

1, Up-regulated by GH; | , down-regulated by GH.

highly significantly difference (P < 0.001) between pre- and
post-GH treatment samples and 2) could individually discrimi-
nate between the two groups with a ROC AUC value of at least
0.900 (Table 1). Values from samples taken at wk 0 and 4 of GH
treatment for a representative five of these nine peaks for both
GH-treatment and the placebo groups are shown in Fig. 2. Figure
2A indicates a peak at m/z 3480, which was up-regulated over
3-fold after 4 wk GH treatment. Figure 2, B-E, illustrates four
peaks, all of which were significantly suppressed by GH treat-
ment. Also shown in Fig. 2 are relative intensities of the same five
peaks in samples from subjects treated for 4 wk with placebo.
The peak intensities of samples from wk 4 are expressed relative
to values for corresponding samples taken at wk 0. For all five
peaks significantly affected by GH, treatment with placebo had
no effect.

Time course of GH effect

For the nine peaks indicated in Table 1, the time course of
change in protein peak intensity over 8 wk GH treatment and the
following 6-wk washout period was examined on CM10 chips.
The mean profiles shown in Fig. 3 represent all 22 subjects (eight
males, 14 females) before commencement of GH treatment at wk
0, GH-treated at wk 4 and 8, and after washout at wk 14. Sur-
prisingly, several of the peaks that showed highly significant
changes at 4 wk treatment had reverted to near-baseline values
by wk 8 treatment, suggesting that the changes did not directly
indicate GH dependence. In contrast, a few of the peaks were still
markedly different from baseline at 8 wk treatment (e.g. m/z
10,438 and 10,829), and remarkably, the peak at m/z 10,438
remained highly suppressed even after the 6-wk washout period.

Identification of GH-responsive proteins

To identify the GH-down-regulated peaks at m/z 10,438 and
10,829, human leukocyte extracts were initially purified by an-
ion exchange. Protein extracts were dissolved and loaded in
binding buffer at pH 9 and eluted by sequentially decreasing the
pH (Fig. 4). Fractions were monitored on an NP20 (hydrophilic)
chip to detect peaks of the expected mass in the protein mass
profile of each chromatography fraction. Figure 4A demon-
strates SELDI protein profiles representing proteins eluted at pH
8, pH 7, pH 6, pH 5, pH 4, and 30% acetonitrile. Peaks of
interest were eluted at pH 5 and subsequently purified by C, 4
reverse-phase liquid chromatography. Fractions from the C,g
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A B C D E by immunoblotting, confirming significant down-
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FIG. 2. Effect of GH treatment on intensities of five protein peaks. Mean peak intensities from
SELDI-TOF MS analysis of five leukocyte protein peaks at m/z 3480 (A), 6888 (B), 10,438 (C),
10,829 (D), and 12,715 (E) were determined before treatment (wk 0) or after 4 wk treatment
with GH (22 subjects) or placebo (eight subjects). For each peak, the mean intensity (+ st) at 4

wk is expressed relative to the corresponding mean intensity at wk 0.

column were then examined on 12% SDS-PAGE detected with
SYPRO ruby protein stain; three fractions are shown in Fig.
4B. The band in lane 2 at approximately 11 kDa indicated by
an arrow was excised from the gel and digested with trypsin.
Two proteins were identified in this band by peptide mass
fingerprinting and tandem MS: S100A8 (calculated monoiso-
topic mass 10,828) and S100A12 (calculated monoisotopic
mass 10,437) (21).

Validation by identified protein markers

The inverse GH regulation of ST00A8 was confirmed using
Western blotting. Figure 5, A and B, demonstrates in extracts
from four subjects that monomeric ST00A8 was significantly
down-regulated after 4 wk GH treatment (P < 0.036), consistent
with the results found by SELDI-TOF MS. The related protein
S100A9 was also examined in these samples because it is known
to heterodimerize with ST00A8 (22). ST00A9 similarly showed
significant down-regulation by GH in the same four subjects
(Fig. 5, Aand C; P < 0.035). Finally, S100A12 was also analyzed
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FIG. 3. Time course of GH treatment on GH-responsive peaks. For each of the
nine GH-responsive peaks described in Table 1, the time course of change in
peak intensity was determined over 8 wk GH treatment and the following 6-wk
washout period. Mean data (% st) are from 22 subjects sampled at wk 0, 4, and
8 of GH treatment and after 6 wk washout at wk 14.

treatment revealed nine GH-responsive protein
peaks, each of which could distinguish the pre- and
post-GH samples with high statistical significance
and which could potentially have utility as single
biomarkers of GH action. However, time-course
analyses over 8 wk GH treatment and 6 wk washout
showed that for the majority of GH-responsive proteins, the
GH-dependent change was short-lived and peak intensities had
reverted to pretreatment levels by 8 wk treatment, possibly in-
dicating an adaptive response to continuing high GH levels. Al-
though it is unclear why the response of these proteins to GH
treatment was transient, they may, nevertheless, be involved in
mediating some effects of GH. Two notable exceptions were
peaks at m/z values 10,438 and 10,829, both down-regulated by
GH, which remained suppressed after 8 wk treatment. Indeed,
the 10.4-kDa protein was still about 70% down-regulated even
after a 6-wk washout period, suggesting that it may warrant
further investigation as a circulating biomarker of GH action.
The proteins forming ions with m/z values 10,438 and 10,829
were identified by tandem MS after off-line purification as
S100A12 (calgranulin C, 10.4 kDa) and ST00AS8 (calgranulin A,
10.8 kDa), respectively. Immunoblot analysis of both proteins
and of the S100A8 dimerization partner SI00A9 (calgranulin B)
revealed that they were all negatively regulated by GH in white
blood cells. Although intact ST00A9 has a predicted mass of
approximately 13.2 kDa, a truncated form with a mass of 12.7
kDa, determined by matrix-assisted laser desorption/ionization
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FIG. 4. Purification and identification of a putative GH-responsive protein. A,
Human leukocyte extracts were purified using Q HyperD F resin-based
chromatography (Pall). Protein profiles are shown in the approximate m/z range
3,500-30,000 for the initial extract (Load), unbound flow-through fraction (F/T),
and fractions eluting at pH 8, 7, 6, 5, and 4 as indicated. The filter plate was
finally washed with 30% acetonitrile (CH5CN). The arrow indicates the 10.8-kDa
protein eluted from this fractionation procedure at pH 5. B, After the
semipurified proteins were further purified by C, g reverse-phase liquid
chromatography, selected fractions were subjected to SDS-PAGE. Lanes 1-3,
fractions 27-29 eluted from C, g reverse-phase column. The arrow indicates the
purified protein band at 10.8 kDa.
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FIG. 5. Validation by Western blotting analysis. A, The identified GH-responsive
protein S100A8 was verified by immunoblot probed with anti-S100A8 polyclonal
antibody (top). Leukocyte extracts from four subjects were examined before (—)
and after 4 wk (+) GH treatment. The related proteins ST00A9 and S100A12
were also examined in these samples (middle). The sample loading control is B-
actin (bottom). B-D, Densitometric analysis of the data in A for STO0A8, ST00A9,
and S100A12, respectively, showing significant down-regulation of all three
proteins by GH (P < 0.05). Boxes indicate the median and 25th and 75th
percentiles; vertical lines indicate the range of data values.

mass spectrometry, has been described in human granulocytes
(23). This form is believed to lack amino acid residues 1-4 (24)
and is presumed to account for the negatively GH-regulated peak
at m/z 12,715 seen in our study. Serum levels of all three cal-
granulins have previously been identified by SELDI-TOF MS as
potential biomarkers in arthritis (25), but our identification of
their potential utility as white blood cell biomarkers of GH ac-
tion is novel.

The calgranulins belong to the EF-hand S100 superfamily of
calcium-binding proteins. Members of this family usually form
homo- or heterodimers, which may associate with higher-order
oligomers in a calcium-dependent manner (26, 27). The het-
erodimer of S100A8 and S100A9, also known as calprotectin
(22), represents the major calcium-binding proteins in neutro-
phils and monocytes (28). Both proteins play a role in calcium-
induced signaling where they are involved in the organization of
cytoskeletal structures during transendothelial migration of ac-
tivated phagocytes. Whereas ST00AS is assumed to be the active
component of the ST00A8/S100A9 complex, ST00A9 predom-
inantly seems to function as regulatory subunit.

S100A8/S100A9 and S1T00A12 are classified as DAMP (dam-
age-associated molecular pattern) molecules, recognized as im-
portant proinflammatory factors (29, 30), which act at least in
part through interaction with Toll-like receptor 4 (31) and the
receptor for advanced glycation endproducts (RAGE) (32). They
are specifically expressed in circulating neutrophils and early
differentiation stages of monocytes, as well as in keratinocytes
and epithelial cells under inflammatory conditions (33). Among
the members of the S100 family, ST00A12 is most closely ho-
mologous to ST00A9, but it is believed not to form part of the
S100A8/S100A9 complex (34). Inflammatory disorders such as
cystic fibrosis, inflammatory bowel disease, and rheumatoid ar-
thritis have been shown to be associated with elevated serum
levels of calgranulins (35, 36).

Proteomic Response to GH Action in Leukocytes

J Clin Endocrinol Metab, August 2009, 94(8):3038-3043

Exogenous GH is reported to have an antiinflammatory effect
in subjects with Crohn’s disease (37) or abdominal obesity (38)
and to reduce inflammatory cardiovascular risk markers in GH-
deficient subjects (39), although it did not alter inflammatory
cytokine release in response to major surgery (40). Our novel
observation, discovered using protein chip proteomics, that GH
administration suppresses the proinflammatory calgranulins
S100A8/S100A9 and S100A12 in human peripheral blood leu-
kocytes, may provide an explanation for the antiinflammatory
effect of GH. Similarly, the suppression of ST00A8 and S100A9
by glucocorticoids in a skin inflammation model (41) may be
linked to the antiinflammatory effects of these agents, although
this depends on the cell type or other inflammatory mediators
because dexamethasone enhanced ST00A8/A9 mRNA levels in
human monocytes and macrophages (42). Interestingly, protein
kinase C (PKC) inhibition was shown to increase ST00AS8 gene
expression, implying negative regulation by PKC (42). Because
protein kinase C can mediate some GH effects in monocytes (43),
it is conceivable that PKC activation is also involved in the sup-
pression of calgranulins by GH.

This study demonstrated the novel use of SELDI-TOF MS to
discover GH-dependent molecules in human peripheral blood
leukocytes. We identified a group of inflammation-related pro-
teins (calgranulins) as GH responsive in white blood cells. This
observation contributes to our understanding of the antiinflam-
matory effect of GH, although our study did not measure other
inflammatory markers or explicitly determine whether the
inflammatory response in these subjects was suppressed. Our
findings could also potentially have important diagnostic im-
plications for growth disorders such as GH deficiency and ac-
romegaly. However, the study was performed on a small cohort
and more GH-treated and control subjects would need to be
tested before the calgranulins could be considered as clinically
useful biomarkers of GH action. Furthermore, the mechanism of
functional interaction between GH administration and the ex-
pression of these inflammation-related proteins in leukocytes
remains to be elucidated.

Acknowledgments

We thank Amie Lau and Jennifer Hansen for technical assistance in the
collection and handling of specimens at the Garvan Institute of Medical
Research.

Address all correspondence and requests for reprints to: Robert C.
Baxter, D.Sc., Kolling Institute of Medical Research, University of Syd-
ney, Royal North Shore Hospital, St. Leonards, 2065 Australia. E-mail:
robaxter@med.usyd.edu.au.

This work was supported by the World Anti-Doping Agency and the
Northern Sydney Central Coast Area Health Service (Australia).

Disclosure Summary: The authors have nothing to disclose.

References

1. Baxter ]JB, Blalock JE, Weigent DA 1991 Expression of immunoreactive
growth hormone in leukocytes in vivo. ] Neuroimmunol 33:43-54
2. WuH,DeviR, Malarkey WB 1996 Localization of growth hormone messenger

Downloaded from jcem.endojournals.org at Univ New South Wales Biomedical Library on September 13, 2009


http://jcem.endojournals.org

J Clin Endocrinol Metab, August 2009, 94(8):3038-3043

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ribonucleic acid in the human immune system: a clinical research center study.
J Clin Endocrinol Metab 81:1278-1282

. de Mello-Coelho V, Gagnerault MC, Souberbielle JC, Strasburger CJ, Savino

W, Dardenne M, Postel-Vinay MC 1998 Growth hormone and its receptor are
expressed in human thymic cells. Endocrinology 139:3837-3842

. Hull KL, Thiagarajah A, Harvey S 1996 Cellular localization of growth

hormone receptors/binding proteins in immune tissues. Cell Tissue Res
286:69-80

. Baxter RC 1994 Insulin-like growth factor binding proteins in the human

circulation: a review. Horm Res 42:140-144

. Jones JI, Clemmons DR 1995 Insulin-like growth factors and their binding

proteins: biological actions. Endocr Rev 16:3-34

. Baxter RC, Martin JL 1986 Radioimmunoassay of growth hormone-depen-

dent insulinlike growth factor binding protein in human plasma. J Clin Invest
78:1504-1512

. Jeay S, Sonenshein GE, Postel-Vinay MC, Kelly PA, Baixeras E 2002 Growth

hormone can actas a cytokine controlling survival and proliferation of immune
cells: new insights into signaling pathways. Mol Cell Endocrinol 188:1-7

. Welniak LA, Sun R, Murphy WJ 2002 The role of growth hormone in T-cell

development and reconstitution. J Leukoc Biol 71:381-387

Manfredi R, Tumietto F, Azzaroli L, Zucchini A, Chiodo F, Manfredi G 1994
Growth hormone (GH) and the immune system: impaired phagocytic function
in children with idiopathic GH deficiency is corrected by treatment with bio-
synthetic GH. J Pediatr Endocrinol 7:245-251

Clark R 1997 The somatogenic hormones and insulin-like growth factor-1:
stimulators of lymphopoiesis and immune function. Endocr Rev 18:157-179
Velkeniers B, Dogusan Z, Naessens F, Hooghe R, Hooghe-Peters EL 1998
Prolactin, growth hormone and the immune system in humans. Cell Mol Life
Sci 54:1102-1108

Kelley KW, Weigent DA, Kooijman R 2007 Protein hormones and immunity.
Brain Behav Immun 21:384-392

Petricoin 3rd EF, Ornstein DK, Paweletz CP, Ardekani A, Hackett PS, Hitt BA,
Velassco A, Trucco C, Wiegand L, Wood K, Simone CB, Levine PJ, Linchan
WM, Emmert-Buck MR, Steinberg SM, Kohn EC, Liotta LA 2002 Serum
proteomic patterns for detection of prostate cancer. ] Natl Cancer Inst 94:
1576-1578

Kozak KR, Amneus MW, Pusey SM, Su F, Luong MN, Luong SA, Reddy ST,
Farias-Eisner R 2003 Identification of biomarkers for ovarian cancer using
strong anion-exchange ProteinChips: potential use in diagnosis and prognosis.
Proc Natl Acad Sci USA 100:12343-12348

LiJ, Orlandi R, White CN, Rosenzweig J, Zhao ], Seregni E, Morelli D, Yu Y,
Meng XY, Zhang Z, Davidson NE, Fung ET, Chan DW 2005 Independent
validation of candidate breast cancer serum biomarkers identified by mass
spectrometry. Clin Chem 51:2229-2235

Whelan LC, Power KA, McDowell DT, Kennedy PJ, Gallagher WM 2008
Applications of SELDI-MS technology in oncology. J Cell Mol Med 12:1535-
1547

Chung L, Clifford D, Buckley M, Baxter RC 2006 Novel biomarkers of human
growth hormone action from serum proteomic profiling using protein chip
mass spectrometry. J Clin Endocrinol Metab 91:671-677

Hellgren G, Andersson B, Nierop AF, Dahlgren J, Hochberg Z, Albertsson-
Wikland K 2008 A proteomic approach identified growth hormone-dependent
nutrition markers in children with idiopathic short stature. Proteome Sci 6:35
Nelson AE, Meinhardt U, Hansen JL, Walker IH, Stone G, Howe CJ, Leung
KC, Seibel MJ, Baxter RC, Handelsman DJ, Kazlauskas R, Ho KK 2008
Pharmacodynamics of GH abuse biomarkers and the influence of gender and
testosterone: a randomized double-blind placebo-controlled study in young
recreational athletes. J Clin Endocrinol Metab 93:2213-2222

Moroz OV, Antson AA, Murshudov GN, Maitland NJ, Dodson GG, Wilson
KS, Skibshgjl, Lukanidin EM, Bronstein IB 2001 The three-dimensional struc-
ture of human S100A12. Acta Crystallogr D Biol Crystallogr 57:20-29
Gebhardt C, Németh], Angel P, Hess J 2006 S100A8 and S100A9 in inflam-
mation and cancer. Biochem Pharmacol 72:1622-1631

Vogl T, Roth J, Sorg C, Hillenkamp F, Strupat K 1999 Calcium-induced non-
covalently linked tetramers of MRP8 and MRP14 detected by ultraviolet ma-

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

jcem.endojournals.org 3043

trix-assisted laser desorption/ionization mass spectrometry. ] Am Soc Mass
Spectrom 10:1124-1130

Teigelkamp S, Bhardwaj RS, Roth J, Meinardus-Hager G, Karas M, Sorg C
1991 Calcium-dependent complex assembly of the myeloic differentiation pro-
teins MRP-8 and MRP-14. ] Biol Chem 266:13462-13467

de Seny D, Fillet M, Ribbens C, MaréeR, Meuwis MA, Lutteri L, Chapelle JP,
Wehenkel L, Louis E, Merville MP, Malaise M 2008 Monomeric calgranulins
measured by SELDI-TOF mass spectrometry and calprotectin measured by
ELISA as biomarkers in arthritis. Clin Chem 54:1066-1075

Fano G, Biocca S, Fulle S, Mariggio MA, Belia S, Calissano P 1995 The S-100:
a protein family in search of a function. Prog Neurobiol 46:71-82
Lehmann R, Melle C, Escher N, von Eggeling F 2005 Detection and identifi-
cation of protein interactions of S100 proteins by ProteinChip technology. J
Proteome Res 4:1717-1721

Odink K, Cerletti N, Briiggen], Clerc RG, Tarcsay L, Zwadlo G, Gerhards G,
Schlegel R, Sorg C 1987 Two calcium-binding proteins in infiltrate macro-
phages of rheumatoid arthritis. Nature 330:80-82

Foell D, Wittkowski H, Vogl T, Roth J 2007 S100 proteins expressed in
phagocytes: a novel group of damage-associated molecular pattern molecules.
J Leukoc Biol 81:28-37

Yang Z, Tao T, Raftery MJ, Youssef P, Di Girolamo N, Geczy CL 2001
Proinflammatory properties of the human S100 protein S100A12. J Leukoc
Biol 69:986-994

Vogl T, Tenbrock K, Ludwig S, Leukert N, Ehrhardt C, van Zoelen MA,
Nacken W, Foell D, van der Poll T, Sorg C, Roth J 2007 Mrp8 and Mrp14 are
endogenous activators of Toll-like receptor 4, promoting lethal, endotoxin-
induced shock. Nat Med 13:1042-1049

Boyd JH, Kan B, Roberts H, Wang Y, Walley KR 2008 S100A8 and S100A9
mediate endotoxin-induced cardiomyocyte dysfunction via the receptor for
advanced glycation end products. Circ Res 102:1239-1246

Leukert N, Vogl T, Strupat K, Reichelt R, Sorg C, Roth J 2006 Calcium-
dependent tetramer formation of ST00A8 and ST00A9 is essential for biolog-
ical activity. ] Mol Biol 359:961-972

Robinson M], Hogg N 2000 A comparison of human S100A12 with MRP-14
(S100A9). Biochem Biophys Res Commun 275:865-870

Roth ], Vogl T, Sorg C, Sunderkatter C 2003 Phagocyte-specific S100 proteins:
a novel group of proinflammatory molecules. Trends Immunol 24:155-158
Ebihara T, Endo R, Kikuta H, Ishiguro N, Ma X, Shimazu M, Otoguro T,
Kobayashi K 2005 Differential gene expression of S$100 protein family in
leukocytes from patients with Kawasaki disease. Eur J Pediatr 164:427-431
Slonim AE, Bulone L, Damore MB, Goldberg T, Wingertzahn MA, McKinley
M] 2000 A preliminary study of growth hormone therapy for Crohn’s disease.
N Engl ] Med 342:1633-1637

Franco C, Andersson B, Lonn L, Bengtsson BA, Svensson ], Johannsson G
2007 Growth hormone reduces inflammation in postmenopausal women with
abdominal obesity: a 12-month, randomized, placebo-controlled trial. J Clin
Endocrinol Metab 92:2644-2647

Sesmilo G, Biller BM, Llevadot J, Hayden D, Hanson G, Rifai N, Klibanski A
2000 Effects of growth hormone administration on inflammatory and other
cardiovascular risk markers in men with growth hormone deficiency. A ran-
domized, controlled clinical trial. Ann Intern Med 133:111-122

Mealy K, Barry M, O’Mahony L, Sheehan S, Burke P, McCormack C,
Whitehead AS, Bouchier-Hayes D 1998 Effects of human recombinant
growth hormone (rhGH) on inflammatory responses in patients undergo-
ing abdominal aortic aneurysm repair. Intensive Care Med 24:128-131
Gebhardt C, Breitenbach U, Tuckermann JP, Dittrich BT, Richter KH, Angel
P 2002 Calgranulins ST00A8 and S100A9 are negatively regulated by glu-
cocorticoids in a c-Fos-dependent manner and overexpressed throughout skin
carcinogenesis. Oncogene 21:4266-4276

Hsu K, Passey R], Endoh Y, Rahimi F, Youssef P, Yen T, Geczy CL 2005
Regulation of ST00A8 by glucocorticoids. ] Immunol 174:2318-2326
Kahler CM, Pischel AB, Haller T, Meierhofer C, Djanani A, Kaufmann G,
Wiedermann CJ 2001 Signal transduction pathways in directed migration of
human monocytes induced by human growth hormone in vitro. Int Immuno-
pharmacol 1:1351-1361

Downloaded from jcem.endojournals.org at Univ New South Wales Biomedical Library on September 13, 2009


http://jcem.endojournals.org

