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Abstract

Low bone mineral density (BMD) is a risk factor of osteoporosis. Osteoporosis is more prevalent

in the females than the males. So far, the pathophysiological mechanisms underlying osteoporosis

are unclear. Peripheral blood monocytes (PBM) are precursors of bone-resorbing osteoclasts. This

study aims to identify PBM-expressed proteins (genes) influencing hip BMD in humans.

We utilized three independent study cohorts (N=34, 29, 40), including premenopausal Caucasians

with discordant hip BMD. We studied PBM proteome-wide protein expression profiles in Cohort

1 and identified 57 differentially expressed proteins (DEPs) between low vs. high BMD subjects.

One protein gelsolin (GSN), after validation by Western blotting, was subject to follow-up. We

compared GSN mRNA level in PBM between low vs. high BMD subjects in Cohorts 2 and 3. We

genotyped SNPs across GSN in 2,286 unrelated Caucasians (Cohort 4) and 1,627 Chinese (Cohort

5), and tested association with hip BMD in the females and males, respectively.

We discovered and validated that GSN protein expression level in PBM was down-regulated 3.0-

fold in low vs. high BMD subjects (P<0.05). Down-regulation of GSN in PBM in low BMD

subjects was also observed at mRNA level in both Cohorts 2 and 3. We identified that SNP

rs767770 was significantly associated with hip BMD in female Caucasians (P=0.0003) only.
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Integrating analyses of the datasets at DNA, RNA, and protein levels from female Caucasians

substantiated that GSN is highly significant for hip BMD (P=0.0001).

We conclude that GSN is a significant gene influencing hip BMD in female Caucasians.
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Osteoporosis is a worldwide public health problem. It is characterized by low bone mineral

density (BMD) and high risk to osteoporotic fractures. Hip osteoporotic fracture is the most

serious consequence of osteoporosis, which is associated with significant morbidity and

mortality [1–4]. White population has higher hip fracture rate than Asian and Black

populations [3, 5]. Prevalence of osteoporosis and incidence of osteoporotic fracture are

much higher in women than in men [6].

BMD is a gold standard for diagnosing osteoporosis [3, 7]. Heritability of BMD is estimated

to be 0.5–0.9 [8–11]. Extensive genetic and genomic studies, conducted over the past

decade, identified a number of genes associated with BMD variation in humans.

Collectively, however, these implicated genes explain no more than 10% of BMD variation

in any individual human population. So the basis for the majority of variation in BMD that is

genetically determined still awaits identification.

In humans, BMD increases with age till around 25 when peak BMD is attained and

maintained thereafter until around 50 (or menopause in females). Then, BMD decreases

gradually with aging. Peak BMD level is a strong predictor of BMD value and osteoporosis

risk in later life.

Osteoporosis is attributed to bone resorption by osteoclasts exceeding bone formation by

osteoblasts [12–14]. Peripheral blood monocyte (PBM) can serve as precursors of

osteoclasts, migrate from circulation to bone surface, subsequently fuse into immature

multinuclear osteoclasts and be activated into mature osteoclasts to resorb bone [15–18].

PBM also secretes cytokines participating in bone metabolism, like interleukin-1,

interleukin-6, tumor necrosis factor-α and transforming growth factor-α [19–21]. Therefore,

studies on PBM in vivo in humans may provide novel insight into pathophysiology of

osteoporosis.

Proteins are major executors of gene functions in biological organisms. Alteration of cellular

protein expression levels may reflect changes in physiological conditions. Quantitative

proteomic study, through identifying and quantifying proteins at a proteome-wide scale, has

proved as a novel, powerful, and promising method to discover disease biomarkers in bone

field [22].

Utilizing the quantitative proteomics methodology, and a strategy of multi-disciplinary and

integrative studies, the present work aims to identify proteins (genes) important to

osteoporosis in humans. Specifically, identification of genes important to osteoporosis was
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based on studies at three molecule levels (protein, RNA, and DNA) and based on evidence

from multiple independent study cohorts.

MATERIALS AND METHODS

Human subjects

The study was approved by appropriate Institutional Review Boards. Signed informed-

consent documents were obtained from all study participants. Basic characteristics of the

five study cohorts involved in the present work was summarized in Table 1. Strict criteria

were applied to exclude non-genetic factors that might affect bone metabolism and BMD

determination. The exclusion criteria include chronic disorders involving vital organs (heart,

lung, liver, kidney, and brain), serious metabolic diseases (such as diabetes, hypo- or hyper-

parathyroidism, hyperthyroidism), other skeletal diseases (such as Paget’s disease,

osteogenesis imperfecta, rheumatoid arthritis), chronic use of drugs affecting bone

metabolism (such as corticosteroid therapy, anticonvulsant drugs, estrogens, thyroid

hormone), and malnutrition conditions (such as chronic diarrhea, chronic ulcerative colitis).

For cohorts 1–3, we adopted additional exclusion criteria to minimize effects of any known

disorders or conditions that might affect gene expression of PBM. Those disorders and

conditions include influenza (within one week of recruitment), autoimmune or autoimmune-

related diseases (such as systemic lupus erythematosus), and immune-deficiency conditions

(such as AIDS), hematopoietic, and lymphoreticular malignancies (such as leukemia), etc.

Cohort 1 for protein expression study—Based on archived database of Caucasian

populations in Kansas City, Missouri and Omaha, Nebraska in the Midwestern area of

United States, we recruited 34 unrelated premenopausal Caucasian women with extremely

discordant BMD. They were composed of 17 subjects with high hip BMD and 17 subjects

with low hip BMD (Z-score: 1.3 ± 0.5 vs. −1.0 ±0.3; Mean ± S.D.), from top- and bottom-

20% of BMD distribution.

Cohorts 2 and 3 for mRNA expression study

Cohort 2: Based on an archived dataset of Caucasian population from Kansas City and its

vicinity areas in the Midwest of US, we recruited 29 unrelated premenopausal Caucasian

women with extremely discordant BMD. They were composed of 15 subjects with high hip

BMD and 14 subjects with low hip BMD (Z-score: 1.6 ± 0.5 vs. −0.9 ± 0.4; Mean ± S.D.),

from top- and bottom- 20% of BMD distribution.

Cohort 3: Based on an archived dataset of Caucasian population from Omaha, Nebraska in

the US, we recruited 40 unrelated premenopausal Caucasian women with extremely

discordant BMD. They were composed of 20 subjects with high hip BMD and 20 subjects

with low hip BMD (Z-score: 1.3 ± 0.7 vs. −1.1 ± 0.5; Mean ± S.D.), from top- and bottom-

20% of BMD distribution.

Cohorts 4 and 5 for SNP association study—Cohort 4 is composed of 2,286 (1,728

females, 558 males) unrelated adult Caucasians recruited from Kansas City, Missouri and

Omaha, Nebraska and their surrounding areas in United States. This cohort includes 798
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premenopausal women and 930 postmenopausal women. The age of menopause ranged

from 19–62 yrs, with an average of 48.3 (6.2, S.D.) yrs. Forty-nine percent of the

postmenopausal women had not become menopausal until after 50 yrs.

Cohort 5 is composed of 1,627 (825 females, 802 males) unrelated adult Chinese recruited

from the cities of Xi’an and Changsha and their surrounding areas in China. This cohort

includes 608 premenopausal women and 217 postmenopausal women.

BMD measurement

Total hip BMD (g/cm2) was measured with Hologic QDR 4500 dual energy X-ray

absorptiometer scanners (Hologic, Waltham, MA, USA). It is a combined value at femoral

neck, trochanter, and intertrochanter. The machines were calibrated daily with a control

vertebral phantom. The coefficient of variation for repeated total hip BMD measurements

was about 1.34%.

Peripheral blood monocyte (PBM) isolation

For cohorts 1–3, 30–60 ml peripheral blood was drawn from each subject by certificated

phlebotomist. EDTA was used as anti-coagulant. The fresh blood samples were processed

instantly for PBM isolation by experienced technicians. First, peripheral blood mononuclear

cells (PBMC) were isolated from whole blood using density gradient centrifugation with

Histopaque-1077 (Sigma-Aldrich, Cat. No.10771). Then, PBM isolation was performed

with the Monocyte Isolation Kit II (Miltenyi Biotec, Cat. No. 130-091-153) following

manufacturer’s recommendation. Flow cytometry analyses showed that the purity of isolated

monocyte samples is >90%.

PBM protein extraction and proteome-wide protein expression profiling

For each subject in cohort 1, PBM total proteins were extracted using ProteoExtract™

Complete Mammalian Proteome Extraction Kit (Calbiochem, Cat. No.539779). Each total

protein sample (20 μg) was precipitated with ProteoExtract® Protein Precipitation Kit

(Calbiochem, Cat. No. 539180), and digested to peptides by trypsin with routine procedure

[23]. Peptides solution were concentrated to approximately 20μl, and mixed with 4μl of

0.5% formic acid (FA) and 16μl of 100 fmol yeast alcohol dehydrogenase I digest standard

(ADH1, Waters, Cat. No.186002328).

PBM proteomes were profiled using a method of LC-nano-ESI-MSE [24], through

nanoAcquity Ultra Performance Liquid Chromatographer coupled with Synapt High

Definition Mass Spectrometer (HDMS) (Waters Corporation). Proteome data acquisition

was controlled by MassLynx 4.1 software (Waters). Briefly, the protein digests (~ 500 ng)

were injected into a BEH C18 75 μm × 150 mm analytical column (Waters), and separated

by solvent A (water with 0.1% FA) and solvent B (acetonitrile with 0.1% FA) at a flow rate

of 0.3 μl/min using a gradient of 2-hours as follows: 3% B initial, 10% B at 1.0 min, 30% B

at 75 min, 40% B at 90 min, 95% B at 91 min, 95% B at 95 min, 3% B at 96 min, equilibrate

thereafter till 120 min. The eluate was analyzed by HDMS under positive ion V-mode. The

following parameters were set for data acquisition: collision energy: 5 volts for MS and
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ramp 15–40 volts for MSE; scan time: 0.6 second per scan. The HDMS machine was

calibrated daily to ensure high accuracy (2.0 ppm for lock mass of m/z 785.8426).

For each PBM proteome digest sample, triplicate LC-nano-ESI-MSE datasets were acquired.

Then, the MSE data were processed with ProteinLynx Global Server v2.3 (Waters) using

default parameters. Based on the alternating low- and elevated- energy nature of MSE data,

properties of each ion (mass-to-charge ratio, retention time, intensity, etc.) were determined,

and a list of all precursor and product ions was produced. Specifically, the ion’s intensity

was derived from the areas of both chromatographic and mass spectrometric peaks. The

precursor ion intensity threshold was set to be above 1,000 counts. Human protein database

International Protein Index v3.56 (153,078 protein entries) was searched by using the

following parameters: enzyme specificity: trypsin; number of missed cleavages permitted: 1;

fixed modification: Carbamidomethyl C; variable modifications: Acetyl N-TERM,

Deamidation N, Deamidation Q, and Oxidation M; mass tolerance for precursor ions: 15

ppm; mass tolerance for product ions: 30 ppm; minimum peptide matches per protein: 1;

minimum fragment ion matches per protein: 7; minimum fragment ion matches per peptide:

3; false positive rate: limited to 4% per randomized database searching.

To further control false positive protein identification, proteins identified in only one of the

triplicate LC-nano-ESI-MSE analyses were filtered. Consequently, proteins identified

repeatedly retained. Total ion counts of the three most intense matched peptides were used

to quantify each protein. With the standard ADH1 as references, protein quantification level

was exported in femtomol and nanogram. Mean values from triplicate analyses were used to

represent protein expression levels in each PBM sample.

Western blotting

Western blotting experiments were conducted to validate differentially expressed proteins

(DEPs) discovered by LC/MS method. Protein samples were the same as used for discovery.

Due to limited amount of protein sample, only two DEPs (GSN and ITGA2B, picked by

random) were subject to the validation. About 10 μg of total protein per sample was loaded.

For target protein GSN specifically, mouse anti-human gelsolin primary antibody (Abnova,

Cat. No. MAB0786) and horseradish peroxidase (HRP)-conjugated rabbit anti-mouse IgG-

H&L polyclonal secondary antibody (Abcam, Cat. No. ab6728) was used. In addition, HRP-

conjugated mouse anti-human beta actin primary antibody (Abcam, Cat. No. ab20272) was

used to detect internal control protein beta-actin. Blot images were obtained through X-ray

exposure developed using ChemiGlow West Chemiluminescence Substrate Kit

(Cellbiosciences, Cat. No.60-12596-00). Protein bands were analyzed by a VersaDoc MP

4000 System (Bio-Rad Laboratories, Inc.), and quantified using QuantityOne software (Bio-

Rad Laboratories, Hercules). Western blotting experiments were conducted in triplicate. For

each sample, protein band quantity was normalized against beta-actin band quantity.

Normalized data was subject to statistical analyses.

PBM total RNA extraction and GSN mRNA expression assay

For cohorts 2 and 3, PBM total RNA was extracted using Qiagen RNeasy Mini Kit (Qiagen,

Inc., Valencia, CA) [25]. The mRNA expression level of GSN gene was mined from
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datasets acquired with Affymetrix Human Exon 1.0 ST Arrays (Cohort 2) and Affymetrix

Human Genome U133A Array (Cohort 3). Robust Multiarray Average (RMA) algorithm

was used to transform the probe-level data into gene expression data [26]. Compared with

other algorithms, RMA provides the most reproducible results and shows the highest

correlation coefficients with RT-PCR data [27, 28].

DNA extraction and GSN SNP genotyping

For cohorts 4 and 5, genomic DNA was extracted from 30 ml peripheral blood using a DNA

isolation kit (Gentra systems, Minneapolis, MN, USA). DNA concentration was assessed by

a DU530 UV/VIS spectrophotometer (Beckman Coulter Inc.). DNA quantification was

double-checked using PicoGreen® dsDNA Reagent and Kits (Invitrogen). Genotypes for a

total of 42 SNPs within 20-kb upstream and 20-kb downstream of the target gene GSN were

mined from datasets acquired with Affymetrix GeneChip Human Mapping SNP 6.0 arrays.

Statistical analyses

Protein differential expression analyses in cohort 1—Based on PBM proteome

profiles for cohort 1, student’s t-test was used to compare mean expression levels and to

identify proteins differentially expressed between the two groups of subjects with high vs.

low BMD. Specifically, raw protein expression levels were normalized against internal

control protein beta-actin. Herein, only proteins detected in at least five PBM samples in

both high and low BMD groups were subject to the comparative analyses. For Western

blotting verification, student t-test was used to compare normalized expression levels

between the high vs. low BMD groups of subjects.

mRNA differential expression analyses in cohorts 2 and 3—Based on mRNA

expression data transformed by the RMA algorithm, student’s t-test was conducted to

compare probe-level mean expression signals for the target gene GSN between the two

groups of subjects with high BMD vs. low BMD.

SNP association analyses in cohorts 4 and 5—To correct for population

stratification in association analyses in cohorts 4 and 5, respectively, EIGENSTRAT

program was employed to perform principal component (PC) analyses with genome wide

SNP data in subjects with genome-wide SNP call rate >95%. Covariates, including age,

age2, menopause status (for the females only), height, weight, and PC1-10 generated by

EIGENSTRAT[29], were tested for their significance of effect on hip BMD. Significant

covariates were then used to adjust raw BMD values [30]. PLINK [31, 32] was used to

perform genotypic association analyses by comparing mean hip BMD values among carriers

of different genotypes at each SNP site.

In the female Caucasians from cohort 4, 33 among the total 42 examined SNPs across GSN

gene passed QC check (i.e., minor allele frequency, MAF>0.01; Hardy-Weinberg

equilibrium test, P>0.001). We tested the 33 SNPs for association with hip BMD in the

female Caucasians. Then, SNPs associated with hip BMD in the female Caucasians were

further tested for association with hip BMD in the male Caucasians, and in the female and

male Chinese, respectively.

Deng et al. Page 6

Bone. Author manuscript; available in PMC 2015 June 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Integration analyses for GSN with DNA, RNA, and protein-level data—To

evaluate the overall significance of GSN gene to hip BMD in female Caucasians, we

performed integration analyses using the method proposed by Tyekucheva et al [33] to

combine evidence from multi-level data (designated as X), i.e., SNP genotype, RNA

expression, and protein expression data, in female Caucasians from cohorts 1–4. Briefly, the

analysis procedure is divided into two stages. Stage I Individual Analysis: we carried out t-

test for cohorts 1, 2 and 3 and females only for cohort 4 and computed score t (X, BMD) to

capture the relationship between X and hip BMD. Stage II Integrated Analysis: scores

computed in stage I for GSN gene (designated as g) were integrated into one score T (g) by:

where, d represents data at multiple levels, and ωd is the weight of d-th data in score T(g).

We have two datasets for mRNA level data. Thus, we set the weights as 1.0, 0.5, 0.5, and

1.0 for cohorts 1 to 4, respectively. Considering that different statistics were generated from

different data, we adopted Wang’s method [34] to adjust for the impacts of different

statistics on the integrated score. Statistical significance testing of the integrated score was

done by permutation-based procedure [33].

RESULTS

GSN protein was significantly down-regulated in PBM in vivo in low BMD subjects

In cohort 1, we identified a total of 2,083 PBM-expressed proteins. Among the 2083

proteins, 759 proteins were detected in at least five PBM samples in both high and low

BMD groups of subjects. Figure 1 illustrates the relative protein expression levels for the

759 proteins in low BMD and high BMD subjects. Based on normalized protein expression

levels, we identified 57 DEPs between high vs. low BMD subjects (P≤0.05, Supplemental

Table 1). Among the 57 proteins, eight proteins (IPI00641047.5, GSN; IPI00010491.3,

RAB27B; IPI00816182.1, RAP1B; IPI00219682.6, STOM; IPI00385519.1 and

IPI00747241.1, ITGA2B; IPI00794605.1, GAPDH; IPI00796349.1, RAP1B) showed

differential expression by raw expression data analyses.

Differential expression of GSN protein was validated by Western Blotting method

Due to limited amount of protein sample remained for subjects in cohort 1, only two DEPs

(GSN and ITGA2B) were subject to validation by Western blotting. Western blotting

validated differential expression for GSN (Figure 2), but not for ITGA2B. Specifically, per

beta-actin normalized data, gelsolin protein was down-regulated 3.0-fold in low vs. high

BMD subjects.

GSN mRNA was significantly down-regulated in PBM in vivo in low BMD subjects

As shown in Table 2, significant down-regulation of GSN gene expression in PBM in low

BMD subjects was replicated at mRNA level in both cohort 2 (as reflected by probe

3187711) and cohort 3 (as reflected by both probes 200696_s_at and 214040_s_at), further

implying relevance of GSN gene function to bone metabolism.
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GSN SNP was associated with hip BMD in female Caucasians

In the female Caucasians, an intronic SNP rs767770 in GSN was found associated with hip

BMD (P=0.0003), which is significant even after correcting for multiple testing using the

highly conservative Bonferroni method. SNP rs767770 was not associated with hip BMD in

the Chinese females or in the two ethnic groups of males (P>0.5). In the female Caucasians,

the minor allele (A) frequency for SNP rs767770 is 0.04. Specifically, the homozygous GG

carriers (N=1530), on average, have lower hip BMD than the heterozygous AG carriers

(N=132) (0.94±0.14 vs. 0.97±0.31, Mean ± S.D.).

GSN was significantly associated with hip BMD in integration analysis

Integrating evidence from DNA, RNA, and protein levels, by simultaneously employing the

above study datasets collected from female Caucasians in cohorts 1–4, showed that GSN is

highly significantly associated with hip BMD in female Caucasians (P=0.0001).

DISCUSSION

The present work represents our continuous effort to identify osteoporosis risk genes for

female Caucasians using a proteomics-based multi-disciplinary and integrative study

strategy. We employed state-of-art quantitative proteomics methodology to profile

proteome-wide protein expression in in vivo PBM in subjects with discordant hip BMD,

hence to discover proteins thus genes that are functionally relevant to osteoporosis. Among a

list of DEPs identified, we validated that PBM-expressed GSN was significantly down-

regulated in premenopausal Caucasians with low vs. high hip BMD.

Furthermore, down-regulation of GSN in PBM in low BMD subjects was also replicated at

mRNA level in another two independent cohorts of premenopausal Caucasian women. The

findings stress functional relevance of PBM-expressed GSN gene to hip BMD in female

Caucasians. Through gender-stratified SNP association analyses, we identified an intronic

SNP significantly associated with hip BMD in female Caucasians, specifically. The DNA-

level findings warrant the significance of GSN to hip BMD in female Caucasians.

Meanwhile, the results imply that the effect of GSN on hip BMD is probably modified by

gender-related factors.

We would point out that, in the discovery sample, the two group of subjects with discordant

BMD have significant difference in body weight as well (P <0.05). Thus, there is a

possibility that genes discovered in cohort 1 are related to body weight instead of BMD. To

ascertain the relationship between GSN and body weight, we tested association between

GSN SNPs and body weight in the female Caucasians. However, no evidence of association

was observed (P>0.05). In contrast, we observed significant association for SNP rs767770

and hip BMD, after adjusting for the covariate effect of body weight. Therefore, GSN is

most likely related to BMD itself rather than body weight. Evidence showed that the

expression of gelsolin was regulated by androgen in prostate cancer cell line LNCaP [35].

Whether GSN expression in PBM is regulated by androgen or not has yet to be studied.

Previous studies suggest that gelsolin protein plays an important role in regulating androgen-

mediated effects on osteoclastogenesis and bone resorption. Testosterone, as a steroid
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hormone from androgen group, circulates and affects bone metabolism in females [36]. In

purified human peripheral blood CD14+ monocytes, testosterone, via binding to androgen

receptor (AR) directly, inhibit osteoclast formation and bone resorption at physiological

concentrations [37]. Furthermore, testosterone exerts significant growth inhibition effect and

pro-apoptotic effects on monocytes, as observed in cultured human monocytic THP-1 cells

[38, 39]. It was known that the effects of androgen are mediated through AR, which

regulates expression of downstream target genes [40–42]. AR expression was observed on

monocytes [39] as well. It contains two transcriptional activation functions: activation

function 1 (AF-1) in the NH2-terminal domain and activation function 2 (AF-2) in the

ligand binding domain [43–46]. Interestingly, C terminal of gelsolin can bind to AF-2

domain, in the presence of androgen, to facilitate AR nuclear translocation [47]. Therefore,

gelsolin is a co-regulator of AR transactivation [47].

Based on the above functional evidences and the findings of the present study, we proposed

that gelsolin, through interaction with AR, may enhance androgen-induced AR

transactivation thus promote growth inhibition and pro-apoptosis of monocytes. Reduced

precursor cells of bone-resorbing osteoclasts, i.e., monocytes, may attenuate osteoclast

formation and bone resorption. Consequently, higher level of gelsolin expression in PBM,

through enhancing PBM growth inhibition and pro-apoptosis, may decrease osteoclast

formation and bone resorption activity, and eventually lead to higher level of BMD. This

proposed mechanism is consistent with and explains the associations observed in the cohorts

1–3, i.e., the higher the gelsolin expression level, the higher the BMD level. In-depth studies

are needed to test the regulatory effect of gelsolin on osteoclastogenesis, to explore the

interaction effect of gelsolin and androgen on BMD, and to verify the proposed mechanism.

To be mentioned, GSN is an actin filament severing and capping protein involved in actin

cytoskeletal organization [48–50]. Previous studies showed that it plays an important role in

osteoclasts. GSN deficiency blocks assembly and motility of podosome in mouse osteoclasts

[51], reduces bone resorption in vivo and produce increased bone mass and strength in mice

[49, 51]. The present study represents the first evidence showing that lower gelsolin level in

human PBM in vivo is associated with DECREASED BMD. Although the above findings in

mice and human look controversial, the discrepancy might be partially attributed to the

following reasons. Firstly, the study cell types are different. One is osteoclast, the other is

peripheral blood monocyte. These two cell types have significantly different internal

environments. Secondly, the study species are different. One is mice, the other is humans.

The physical conditions in the two biological systems are dramatically different. Protein

functions not only depend on the protein expression levels, but also depend on protein-

protein interactions, external signals, and cell-environment interaction. Therefore, it is not

surprising that the same molecule will exert diverse cellular and biological functions in

different cell types and biological systems. However, how GSN expression level in PBM in

vivo in humans is regulated by internal environment, such as circulating hormone level, and

how it interacts with other molecules to affect bone metabolism still await further

investigation.

In summary, through differential expression studies in premenopausal Caucasian women

with extremely discordant hip BMD, we identified, validated, and replicated that GSN is
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significantly down-regulated in low vs. high BMD subjects. Through SNP association

studies, we identified a SNP in GSN significantly associated with hip BMD in female

Caucasians, specifically. Based on the supportive evidences from both individual and

integrative studies, we conclude that GSN is a significant gene influencing hip BMD, and

PBM-expressed gelsolin is involved in pathogenesis of osteoporosis in female Caucasians.

Additionally, our findings would await replication in other cohorts. Whether GSN is

associated with osteoporotic fractures or BMD at other skeletal sites, and whether PBM-

expressed gelsolin is associated with male osteoporosis still need investigation in future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Peripheral blood monocytes (PBM) are precursor cells of bone-resorbing osteoclasts.

A proteomic study discovered that PBM-expressed gelsolin is 3.0-fold up-regulated

in premenopausal Caucasians with extremely high vs. low hip BMD.

The same trend of differential expression was observed at PBM-expressed GSN

mRNA level in another two independent study cohorts.

SNP rs767770 in GSN was found significantly associated with hip BMD in female

Caucasians (P=0.0003), specifically.

Integrative analyses of the above DNA, RNA, and protein datasets substantiated that

GSN is highly significant for hip BMD.
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Figure 1. Relative Proteome Expression in PBM in Low vs. High BMD Subjects
Presented are mean protein expression levels in subjects with high BMD and low BMD,

respectively. Three panels are presented at different scales, for a clear view. Fig 1A is a full

view of all identified proteins. Fig 1B and Fig 1C are zoomed-in presentation.

Approximately 500 ng PBM total proteins were analyzed using LC-nano-ESI-MSE method.

Circled in Fig 1B and Fig 1C are eight DEPs (IPI00641047.5, GSN; IPI00010491.3,

RAB27B; IPI00816182.1, RAP1B; IPI00219682.6, STOM; IPI00385519.1 and

IPI00747241.1, ITGA2B; IPI00794605.1, GAPDH; IPI00796349.1, RAP1B), suggested by
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normalized data analyses, as well as raw data analyses. Due to limited protein amount per

sample, Western Blotting experiments were conducted for GSN (circled in red) and

ITGA2B proteins only.
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Figure 2. Verification of GSN Up-regulation in High BMD Subjects by Western Blot
A: Presented are representative blot of triplicate experiments.

B: Student t-test was used to compare gelsolin expression levels in the two groups of

subjects.
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Table 2

Differential Expression of GSN at Protein and mRNA Levels in High vs. Low BMD Subjects

ID P-value Trend Sample

Protein IPI00641047.5 *2.2E-02 ↑ Cohort 1

mRNA (probe set)

3187711 4.5E-02 ↑ Cohort 2

200696_s_at 5.6E-04 ↑
Cohort 3

214040_s_at 2.2E-04 ↑

Note: The mRNA expression levels were mined from datasets acquired with Affymetrix Human Exon 1.0 ST Arrays (cohort 2) and Affymetrix
Human Genome U133A Arrays (cohort 3), respectively. RMA algorithm was used to transform probe-level intensity data to gene expression data.
Student’s t-test was used to compare the mean expression levels in the two groups of subjects.

*
P-value of student’s t-test using beta-actin-normalized data.

↑: up-regulation in high vs. low BMD subjects.
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