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 10 

Abstract: SAA is an acute phase protein that elevates under inflammatory circumstance. The serum 11 
level of SAA was associated with the progression of inflammation in numerous diseases. However, 12 
little attention was paid to the correlation between SAA and ONFH. In this study, SAA was found 13 
risen in the femoral head of osteonecrosis patients through proteomics analysis and further 14 
confirmed by ELISA. Furthermore, SAA was proven affecting bone metabolism in rBMSCs. It 15 
facilitated the proliferation of rBMSCs whereas it suppressed the osteogenic differentiation of 16 
rBMSCs and accelerated the adipogenic differentiation of rBMSCs. Thus, we deem that serum 17 
amyloid A, which is a vital acute phase protein in inflammation, affected bone metabolis and plays 18 
an imperative role in the pathophysiological process of ONFH. 19 
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1. Introduction 22 
ONFH was widely known as a disabling and progressive skeletal disorder, lacking of effective 23 

treatment, which can ultimately lead to total hip replacement[1]. The pathogenesis of ONFH remains 24 
unclear. Previous studies indicated that progression of ONFH was correlated with ischemia, 25 
reduction of osteogenesis, fat embolism which subsequently cause the femoral head collapse[2]. 26 
Previous studies suggested the risk factors of ONFH, including glucocorticoid, alcohol, trauma, 27 
smoking, various chronic diseases and genetic predilection, were still complicated[3-7]. In the light 28 
of recent research, the pathogenesis of ONFH was linked with the severe degradation of bone 29 
tissue[8], the disruption of balance between osteogenesis and adipogenesis of BMSCs[9-11] and the 30 
acceleration of osteoblast/osteocyte apoptosis[12]. However, the underlying molecular mechanism of 31 
ONFH which has studied for years has not been completely elucidated yet. 32 

SAA, a common terminology for a family of acute-phase proteins which is induced by cytokine 33 
and synthesized primarily in liver, is coded for by various genes which have a high degree of allelic 34 
variation and mammalian homology[13]. Clinically, SAA is thought as a crucial marker of 35 
inflammation and a precursor protein of amyloidosis which serves for cellular cholesterol 36 
homeostasis, promotion signalling cascades and modulation of intercellular calcium levels[14-17]. 37 
Past studies showed that the increase of SAA level was found in broad spectrum of disease as 38 
infection, atherosclerosis, COPD, rheumatic arthritis, tumour et al[18-22] . Since SAA harboured the 39 
capability of inducing cell migration and adhesion, it played a crucial role in inflammation.[23] In 40 
addition, It was also proved producing by inflamed synovial tissue[24] and inducing the destruction 41 
of bone and cartilage[25]. Furthermore, studies on SAA and bone metabolism proposed that SAA 42 
inhibits RANKL-induced differentiation of BMMs to osteoclast and maintaining macrophage 43 
function [26, 27]. 44 
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In addition, proteomics, which has been long used to authenticate novel proteins from diseased 45 
tissues, sera and biofluids[28-30], was performed to screen out the variation of proteome expression 46 
correlated to rheumatoid arthritis, osteoarthritis ,osteoporosis and ONFH[31-34]. However, 47 
proteomic research in investigating the mutative expression of sera proteins in ONFH patients was 48 
still under-researched. 49 

In this study, the serum proteome technology was carried out to assess the difference of sera 50 
proteins’ expression between ONFH patients and healthy volunteers. In accordance with the 51 
proteomics’ result, SAA was hypothesized that harboured correlations with ONFH and the 52 
assumption was confirmed using ELISA. Then the influence of SAA on the osteogenic and adipogenic 53 
differentiation of BMSCs was projected to confirm the link between SAA and ONFH. This work will 54 
help us to find in-depth knowledge of SAA induced bone metabolism disorder and the pathogenesis 55 
of ONFH. 56 

2. Results 57 
2.1. Ascending levels of SAA in patients with ONFH 58 

Protein profiles from the sera of 11 steroid-induced ONFH patients and from the sera of 11 59 
healthy volunteers were analyzed by 2-DE and stained with silver. 21 proteins spots were found 60 
prominently and accordantly different between the two groups, among which 3 proteins upregulated 61 
in steroid-induced ONFH patients and 18 proteins downregulated in steroid-induced ONFH patients 62 
(Fig 1). The spots determinated in the steroid-induced ONFH group and health control group were 63 
replicable. The spots of interest were then digested and analyzed. On the ground of data shown in 64 
Table 1, the no.21 spot which upregulated in steroid-induced ONFH patients was identified as serum 65 
amyloid A protein. The mass spectrometric characteristics of the other identified proteins were 66 
summarized in supplementary materials (Table A2). Subsequently, the serum level of SAA was 67 
measured by ELISA of which the result indicated that the SAA serum level ascended in the steroid, 68 
alcohol and trauma induced ONFH patients, compared with the health controls. However, no 69 
remarkable distinction was able to calculate among the three ONFH groups. 70 

 71 
Figure 1. A pair of representative 2-DE gels from the human sera of 11 healthy controls (a) compared with those 72 
of 11 steroid-induced ONFH patients (b). The circles in the images indicated the spots showed significant and 73 
consistent difference between two groups and SAA protein was pointed out by the arrows. 74 
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Table 1. The proteins that changed significantly in the sera of steroid-induced ONFH patients compared with 
healthy controls. 

Spot 
no. 

PI MW Protein 
score 

Accession 
No. 

Protein name 

21 6.28 13580.5 292 IPI00552578 SAA1; SAA2 Serum amyloid A protein 

 75 
Figure 2. SAA serum level of steroid-induced, alcohol-induced, trauma-induced ONFH patients and healthy 76 
volunteers. 77 
2.2. SAA facilitates the proliferation of rBMSCs 78 

To examine the effect of SAA on the proliferative rate of rBMSCs, the CCK-8 assay was 79 
performed at day1, day3 and day7. By comparison of the absorbance measured at 450nm, the ability 80 
of SAA on promoting rBMSCs’ proliferation was shown by Figure 3. After 3 days’ incubation with 81 
variable concentration of SAA, the rBMSCs treated with 1μg/ml or 0.1μg/ml SAA showed more 82 
intense proliferation comparing with the control group, rBMSCs treated with normal culture 83 
medium. Furthermore, the proliferative rate of rBMSCs exposed to concentration gradient was 84 
enhanced obviously at day 7. Additionally, the peak in the proliferative rate at day1, day3 and day7 85 
was observed at the concentrations of 0.1μg/ml. Together, these results indicate that the proliferation 86 
of rBMSCs is facilitated by SAA. 87 
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 88 
Figure 3. Cell viability of rBMSCs co-cultured with 0μg/ml, 1μg/ml, 0.1μg/ml or 0.01μg/ml SAA. *p<0.05, all 89 
experiments were performed in triplicate.) 90 
2.3. SAA inhibits the osteogenic differentiation of rBMSCs in vitro 91 

During the osteogenic induction, rBMSCs were treated with different concentration of SAA. 92 
After 14 days’ incubation, the alizarin red staining and quantification analysis were performed to 93 
evaluate the mineralization of cells. As Fig 4a and 4b shown that rBMSCs conditioning with co-94 
incubation of SAA presented feeblish mineralization than cells cultured without SAA, which 95 
demonstrated the depressor effect of SAA on osteogenic differentiation. In agreement with the result 96 
of alizarin staining, the BCIP/NBT staining equally revealed that the bluish coloration of rBMSCs 97 
cultured with SAA was sparser than that without SAA (Fig 4c). Then the the mechanism behind the 98 
inhibitory effect of SAA on osteogenesis was investigated using western blot analysis which turned 99 
out that the phosphorylation of GSK3β decreased which downregulated the expression of β-catenin 100 
due to the addition of SAA, which further proved the result before (Fig 4d). Real time RT-PCR was 101 
performed to monitor the expression of osteogenesis related genes, of which the result indicated that 102 
the feebler expression of ALP, Runx2, OCN and COL-1 was observed among the groups treated with 103 
SAA than the normal osteogenic induction group (Fig 4e-h). Furthermore, little difference was found 104 
among different groups, different concentration of SAA. 105 
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 106 
Figure 4. Osteogenic markers were attenuated by SAA. a. Alizarin red staining. b. Quantification of Alizarin 107 
staining. c. NBT/BCIP staining. d. The stable cell lines were subjected to Western blot and detected for GSK3β, 108 
p-GSK3β and β-Catenin, normalized to GAPDH. The expression of (e) ALP, (f) Runx2, (g) COL-1 and (h) OCN 109 
at the mRNA level. *p<0.05, all experiments were performed in triplicate. 110 
2.4. SAA promotes the adipogenic differentiation of rBMSCs in vitro 111 

The expression of aP2, PPARγ and Adipoq of rBMSCs which experienced adipogenic induction 112 
and treated with various doses of SAA, was measured by Real time RT-PCR. As the Fig 5a-c shown 113 
clearly, the expression of the biomarkers mentioned before was upregulated by the stimulation of 114 
SAA obviously. Erk, one of the MAPK family, was well established that played an important role in 115 
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adipogenesis. In the light of Fig 5d and 5e, the phosphorylation of Erk1/2 reduced with the addition 116 
of SAA, which acted as the goad to the increase of the expression of PPARγ. For visualization of the 117 
promoting effect, the oil red staining was performed and as the result turned out in Fig 5f that the 118 
red stained lipids droplets of rBMSCs which were co-cultured with different concentration of SAA 119 
were more numerous than those of the general adipogenic induced group. 120 

 121 
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Figure 5. Adipogenic markers were reinforced by SAA. The expression of (a) Adipoq, (b) aP2 and (c) PPARγ at 122 
the mRNA level. d. The stable cell lines were subjected to Western blot and detected for Erk1/2, p-Erk1/2 and 123 
PPARγ, normalized to GAPDH. e. The intensity of relative proteins. f. Oil red O staining. *p<0.05, all experiments 124 
were performed in triplicate. 125 

3. Discussion 126 
Since the discovery and identification of ONFH, the underlying molecular mechanism of the 127 

disease is still an enigma. Although MRI has made a massive contribution to the early diagnosis of 128 
ONFH, the failure to evaluate the activity status and prognosis of the disease results in that numbers 129 
of patients miss the opportunities for timely treatment. The proteomics technology has been used to 130 
analyze the sera proteins levels which altered in ONFH patients, of which the aim is to explore the 131 
biomarkers of ONFH[35]. Previous studies have established the relationship between matrix protein, 132 
angiogenic molecule and the occurrence of ONFH in experimental animal models[36, 37]. However, 133 
lack of proteomic research in investigating the mutative expression of sera proteins in ONFH patients 134 
still exists.  135 

In the present study, the proteomic analysis was performed to evaluate the changed expression 136 
level of proteins. To significantly improved the reproducibility, sensitivity and objectivity of the 137 
researchs, the sample selection criteria were strictly followed, and high abundance proteins were 138 
removed to avoid masking mask the low abundance proteins. According to the result, 21 proteins 139 
were found varied in steroid-induced ONFH patients compared with healthy volunteers. Although 140 
18 proteins of those were identified, the stress of this study was laid on serum amyloid A which 141 
showed upregulation in the serum of patients with steroid-induced ONFH than that of normal 142 
subjects. 143 

SAA is present in the blood of healthy individuals at a low expression level, generally found at 144 
20-50 mcg/ml, but can increase to about 1000-fold in 24h after the onset of acute-phase response (ARP) 145 
which includes a series of physiologic changes that occurs as a consequence of infection, 146 
inflammation, trauma and other events[38-40]. Initially, the liver was considered as the sole source 147 
of SAA, but the SAA proteins’ synthesis was found in the other tissues as macrophages, adipocytes, 148 
kidney and lung[41]. And the transcription of SAA was also discovered in synovial cells and 149 
mammary gland[42-44]. In the pre-clinical and early stage of ONFH, the necrosis of bone marrow 150 
and osteocytes, the absorption of necrotic area and the synovial inflammation all can cause focal 151 
inflammation[24, 45], which can induce the up-regulation of SAA. Furthermore, the over-active 152 
cytokines induced by steroid, alcohol and trauma[46-48] can also achieve the same effect, which 153 
explained our datum of ELISA in this study which suggested that SAA proteins upward expressed 154 
in all the three groups of ONFH patients.  155 

In previous study, the adipogenesis and osteogenesis of BMSCs was proved to be a significant 156 
factor which affected osteonecrosis tremendously. The inhibition of osteogenic differentiation 157 
following with the increasing lipid generation decreased the bone formation. Moreover, the blood 158 
circulation in femoral head was wrecked by the accumulation of fatty tissue, which eventually result 159 
in ONFH[49]. The influence of SAA on bone metabolism was also investigated in this study to explore 160 
the role of SAA in the balance between osteogenesis and adipogenesis of BMSCs. In line accordance 161 
with our results in this study, SAA proteins harboured the capability of promoting proliferation, 162 
curbing osteogenesis and facilitating adipogenesis.  163 

For osteogenic differentiation, Wnt/β-catenin signal pathway was considered as a mediator[50, 164 
51]. The restraint of β-catenin expression, which is in line with GSK3β phosphorylation, inhibits ALP 165 
activity and mineralization[52]. In this study, the inhibitory effect on osteogenesis of SAA was 166 
initially assessed by using BCIP/NBT staining and alizarin red staining as qualitative determination. 167 
And then the molecular mechanism of the inhibitory effect was probed and discovered that the 168 
addition of SAA proteins down-regulated the phosphorylation of GSK3β, which repressed the 169 
expression of β-catenin from the downstream of the signal pathway. Simultaneously, the expression 170 
of ALP, Runx2, OCN and COL-1, which were thought as the biomarkers of osteogenic 171 
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differentiation[53-55], was also down-regulated due to the addition of SAA proteins according to the 172 
PCR results.  173 

For adipogenic differentiation, the Wnt families are also vital mediators for BMSCs commitment 174 
to produce preadipocytes[56]. The conversion of BMSCs to preadipocytes that differentiate into 175 
adipocytes is triggered by the enforced expression of PPARγ which is regulated by both the 176 
MAPK/PPARγ signal pathway and Wnt/β-catenin signal pathway[57, 58]. Scilicet, the decreased 177 
phosphorylation of GSK3β and Erk1/2 proteins precipitate the up-regulation of PPARγ protein and 178 
facilitate the adipogenic differentiation ultimately, which was demonstrated in this study. 179 
Nevertheless, the expression of adipogenesis related genes, not only PPARγ but also aP2 and 180 
Adipoq[53, 59, 60], was detected to further confirmed the promotion effect of SAA on BMSCs’ 181 
adipogenic differentiation.  182 

In this study, we only confirmed the relevance between SAA and ONFH. Whether SAA was 183 
inducing factor or aggravating factors of ONFH remains to be detected. Furthermore, the vivo test of 184 
SAA effect on bone metabolism was unperformed, which will be implemented in future study. To 185 
cooperate the vivo experiment, we used rBMSCs but not hBMSCs in this study. 186 

4. Materials and Methods  187 
4.1. Proteomics analysis 188 
4.1.1 Patients 189 

The study was approved by the Institutional Review Board of Shanghai No.6 Hospital in 190 
accordance with the principles of Declaration of Helsinki and the informed consent was obtained 191 
from each patient (the relevant accession number will be provided during review). For proteome 192 
analysis, the steroid-induced ONFH group was consist of 11 patients which received cure of 193 
corticosteroid medication, was diagnosed as ONFH with MRI findings and taken no treatment of 194 
ONFH. Meanwhile, 11 healthy volunteers matched with gender and age were included as the control 195 
group. The clinical features and demographic information of the steroid-induced ONFH group and 196 
the control group were summarized in the Table 1. For ELISA, twenty patients with steroid-induced 197 
ONFH, twenty with alcohol-induced ONFH, twenty with trauma-induced ONFH and twenty 198 
healthy volunteers were enrolled in the study. The clinical features and demographic information of 199 
the patients and volunteers were summarized in the appendix A (Table A1). 200 

Table 1. Clinical features and demographic information of healthy volunteers and steroid-induced 
ONFH patients 

Clinical features Numbers 
Healthy volunteers  
Mean age (range, years) 34.00±7.54 (21-45) 
Gender (male/female) 5/6 
Health status Good 
Total 11 
  
Steroid-induced ONFH patients 
  Mean age (range, years) 35.45±8.35 (25-56) 
  Gender (male/female) 7/4 
Location  
  Left 1 (9.1%) 
  Right 2 (18.2%) 
  Bilateral 8 (72.7%) 
Total 11 

 201 
4.1.2 Preparation of serum samples 202 

5ml of peripheral venous blood was drawn from patients and healthy volunteers on the section 203 
of outpatient or in the operation room before general anaesthesia. The blood samples were then 204 
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coagulated at 37℃ for 15 min and centrifuged at 2000×g for 15 min. Subsequently, the supernatant 205 
was collected as serum and stored at -80℃. 206 

 207 
4.1.3 Elimination of high abundance proteins and quantification 208 

The serum samples were thawed and attenuated at 37℃. Then the attenuated serum samples 209 
were percolated with filter membranes with 0.22μm pore size. The 14 highest abundance proteins 210 
were depleted form plasma using the MARS (Agilent Technologies spin columns, US) according to 211 
the manufacturer’s protocol. Depleted sample was then exchanged into 50 mM ammonium 212 
bicarbonate using a VivaSpin concentrator (5000 molecular weight cutoff, Satorius Group, Germany). 213 
The proteins of the processed serum samples were quantified by using protein assay reagent kit (Bio-214 
Rad Laboratories Inc, Hercules, CA) and stored at -80℃.  215 

 216 
4.1.4 Two-dimensional gel electrophoresis 217 

The serum samples were proceeding to perform on Two-dimensional gel electrophoresis. 218 
Briefly, 100μg of each serum samples were loaded onto the IPG strips (GE Amersham, UK), of which 219 
pH varied from 3 to 10. The first dimensional isoelectric focusing was implemented as follow: 30v for 220 
12h, 500v for 1h, 1000v for 1h, 8000v for 8h and 500v for 4h, using Ettan IPGphor Isoelectric Focusing 221 
System (GE Amersham, UK). The proteins after iso-electrophoresis were subsequently spread by 222 
second dimensional sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE), using 223 
Hofer SE 600 (GE Amersham, UK). The second-dimension gel electrophoresis was performed on the 224 
12.5% SDS-polyacrylamide slab gels under the condition of 15mA for 30min and 30mA until the trace 225 
of bromophenol blue was 0.5cm from the bottom of the gel. 226 

 227 
4.1.5 Silver staining 228 

The silver staining of the gels after electrophoresis was performed according to the modified 229 
silver-staining protocol with the Silver Stain PlusOne kit (GE Amersham, UK). The gels were 230 
disposed as follow: fixed with 50% methanol and 5% ethylalcohol for 1h, sensitized with sensitizing 231 
solution which was consist of 0.2% sodium thiosulphate, 30% methanol and 68g/L sodium acetate for 232 
5 min, washed thrice with distilled water for 5min, incubated with 0.25% silver nitrate for 20 min, 233 
rinsed thrice with distilled water for 1min, developed with 0.04% formaldehyde and 2% sodium 234 
carbonate by intensively shaking and terminated with 5% acetic acid till the coloration was moderate. 235 

 236 
4.1.6 Gel imaging 237 

The silver-stained gels were then scanned by UMax Powerlook 2110XL (GE Amersham, UK) and 238 
the spots patterns of the gels’ images were matched using Image Master 2D system (Amersham 239 
Biosciences). The densities of all the spots matched were standardized with the total protein amount 240 
in the gel. 241 

 242 
4.1.7 Destaining and trypsin digestion 243 

Then different groups of spots were excised from the gel and rinsed with de-ionized water. The 244 
washed gommures were destained with 50μl of solution which was composed of 30mmol/L K3Fe 245 
(CN)6:100mmol/L Na2S2O3=1:1. After lyophilization, the digestion was performed with 5μl of trypsin 246 
(Promega, USA) at 37℃ for 20 hours. The enzymatic hydrolysate was extracted subsequently, the 247 
residua were added with 100μl of 60% ACN /0.1%TFA, ultrasonic washed for 15 minutes and the 248 
cleaned solution was obtained and merged with the enzymatic hydrolysate. The collected fluid was 249 
then desalted with Ziptip (Millipore, USA) and frozen dried. 250 

 251 
4.1.8 Matrix-assisted laser desorption ionization time-of-flight mass spectrometry 252 

The dried samples were dissolved in 2μl of 20% acetonitrile and added with the supersaturated 253 
CHCA matrix solution of which the solvent was composed of 0.5% TFA and 50% acetonitrile after 254 
desiccation of the menstruum. All the samples were then analyzed on 4800 Plus MALDI TOF/TOFTM 255 
Analyzer (Applied Biosystems, USA) of which the scan range was set from 800Da to 4000Da with UV 256 
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light at 355 nm from a Nd:YAG laser. The further data were searched against the ipi human protein 257 
database with Mascot search engine. 258 

 259 
4.1.9 ELISA 260 

The serum level of the identified protein, serum amyloid A, was gauged with ELISA which was 261 
performed using the Human SAA ELISA Kit (Anogen, Canada) according to the manufacturer’s 262 
instructions. The patients and volunteers were enrolled in the study and the sera samples were 263 
obtained as mentioned before. 264 

 265 
4.2 Vitro test 266 
4.2.1 Isolation and culture of BMSCs 267 

rBMSCs were obtained from Sprague-Dawley male rats. Briefly, the marrow from the femur and 268 
tibia of the male rats was flushed under aseptic conditions. For isolating rBMSCs, the cell suspension 269 
was sifted by a 400-mesh filter. After that the filtered cell suspension was centrifuged for 5 minutes 270 
at 4℃. The floating fractions were discarded, and the enriched cells were treated with erythrocyte 271 
lysis buffers. Afterwards, rBMSCs were suspended and transferred to culture flasks, in which 272 
rBMSCs were cultured with α-MEM (Hyclone, USA), supplemented with 10% FBS (Gibco, USA) and 273 
1/100 penicillin-streptomycin (Gibco). The condition of cells keeping was humidified atmosphere 274 
containing 5% CO2 at 37°C, and the culture medium was replaced every 2 days. After 3-5 passages, 275 
rBMSCs were used for subsequent experiments. For osteogenic differentiation, rBMSCs were 276 
incubated in a culture medium supplemented with 10−2 M β-sodium glycerophosphate, 50 μg/ml L-277 
ascorbic acid and 10−7 M dexamethasone for 14 days. For adipogenic differentiation, the cells were 278 
incubated with the adipogenic induction culture medium (Cyagen, China) for 2 weeks. The 279 
experimental protocol was approved by the Research Ethics Committee of the Shanghai Sixth 280 
People’s Hospital-affiliated Shanghai Jiao Tong University and conducted in compliance with 281 
regulations of the Helsinki Declaration. 282 
 283 
4.2.2 CCK-8 assay 284 

Direct cell counting was performed to compare the proliferative rate of rBMSCs and the SAA 285 
(Peprotech, USA) treated rBMSCs. An amount of 1×104 rBMSCs were implanted on a 96-wells plate 286 
and treated with different concentration of SAA (0μg/ml, 1μg/ml, 0.1μg/ml and 0.01μg/ml). After a 287 
certain time of co-culture, the toxicity and proliferation of cells was detected by CCK-8 kit (Beyotime, 288 
China). At each time point (1day, 3days and 7days), the proliferative rate of rBMSCs was assessed 289 
according to the manufacturer’s instructions. 290 

 291 
4.2.3 BCIP/NBT staining 292 

To visualize the ALP activity, the BCIP/NBT staining was used. rBMSCs were seeded into a 24-293 
wells plate at 1×105. rBMSCs were cultured with osteogenic induction culture medium and incubated 294 
with various concentration of SAA (0μg/ml, 1μg/ml, 0.1μg/ml and 0.01μg/ml) for 7 days. The culture 295 
medium was renewed every 2 days. At the time point, the cells were washed with PBS and fixed with 296 
4% paraformaldehyde for 20min at room temperature. Then the fixed cells were re-washed with PBS 297 
for three times and treated with BCIP/NBT solution (Beyotime, China) light-resistantly for 1h at 37℃298 
. All the images were observed and acquired using a microscope (Leica, Germany) and a digital 299 
camera (Canon, Japan). 300 

 301 
4.2.4 Alizarin red staining and quantification 302 

Alizarin red staining was widely used to evaluate the osteogenic differentiation of cells 303 
according to the calcium deposition in the extracellular matrix which was thought as a marker of 304 
early osteogenesis. After co-cultured with osteogenic induction culture medium and SAA for certain 305 
days (14days), rBMSCs were fixed with 4% paraformaldehyde for 20 minutes and washed with PBS 306 
for three times at 37℃. Then the cells were stained with Alizarin red solution (Cyagen, China) for 30 307 
minutes. The images of general view were captured by a digital camera (Canon, Japan) and the 10x 308 
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magnification view was acquired by using a microscope (Leica, Germany). For quantification, the 309 
stained Alizarin red was extracted using 10% cetylpyridinium chloride. The extracted solution was 310 
added to a 96-wells plate and the absorbance at 584nm was measured on. 311 

 312 
4.2.5 Oil Red O staining 313 

Oil red O staining was performed after 14 days’ treatment with adipogenic induction culture 314 
medium (Cyagen, China), during which different concentration of SAA (0μg/ml, 1μg/ml, 0.1μg/ml 315 
and 0.01μg/ml) was added. The cells, after 20 minutes’ fixing with 4% paraformaldehyde, were rinsed 316 
thrice with PBS and stained with Oil Red O which was consist of PBS and 0.5% oil red O stock 317 
solution. The neutral lipids were stained red, which was thought as biomarker of adipogenesis. A 318 
microscope (Leica, Germany) was used to take stock of the stained cells and obtain the images of 10x 319 
magnification view. 320 

 321 
4.2.6 Western Blot Analysis 322 

The rBMSCs cells were plated into a 6-wells plate and cultured until nearly 90% confluence. 323 
After that, the cells were inducted with suitable culture medium (osteogenesis culture medium or 324 
adipogenesis culture medium) and incubated certain concentration of SAA, as mentioned before, for 325 
7 days. Subsequently, the proteins were collected from the combinations of cells lysis buffer, 326 
phosphorylation inhibitor and proteinase inhibitor, of which the concentration was quantified using 327 
a BCA Protein Assay Kit (Cell Signaling Technology, Shanghai, China). Then equal amounts of 328 
proteins (20 micrograms) were separated on SDS-PAGE gels by electrophoresis and transferred to 329 
PVDF membranes. The membranes were sealed with blocking buffer for 1h and incubated with the 330 
corresponding primary antibody at room temperature. After washing with TBST thrice, the 331 
membranes were incubated with HRP-conjugated polyclonal goat antibodies, treated as secondary 332 
antibodies, β-actin and GAPDH were treated as internal reference. The erk1/2, phosphor-erk1/2, 333 
GSK3β, phosphor-GSK3β and Phospho-Smad1/5 antibodies were purchased from Cell Signaling 334 
Technology (Shanghai, China), the BMP-2, β-catenin and β-actin antibodies were purchased from 335 
abcam (United Kingdom) and the PPARγ and GAPDH antibodies were purchased from Servicebio 336 
(Wuhan, China).  337 

 338 
4.2.7 Real time reverse transcription-polymerase chain reaction (Real time RT-PCR) 339 

The mRNA expression of osteogenic differentiation relative gene (ALP, OCN, Runx2 and COL-340 
1) and adipogenic differentiation relative gene (aP2, Adipoq and PPARγ) was assessed by Real time 341 
RT-PCR. After 7 days’ incubation with appropriate induction culture medium and stimulation with 342 
various concentration of SAA, the total RNA was extracted from cells using EZ-press RNA 343 
purification Kit (EZ Bioscience, China) and reverse transcribed to generate complementary DNA 344 
using 4×Reverse Transcription Master Mix (EZ Bioscience, China). The forward and reverse primers 345 
(BioTNT, China) of cDNAs were designed as Table 2. Then 10μl per well of mixture which was consist 346 
of 1μl of cDNA, 0.3μl of forward primers, 0.3μl of reverse primers, 5μl of qPCR SuperMix (BioTNT, 347 
China) and 3.4μl of distillation-distillation H2O was loaded onto a 384-wells plate and the Real time 348 
RT-PCR was performed on the 7900HT Fast Real-Time PCR System (Thermo Fisher Scientific, US). 349 
The expression of relative gene was normalized to β-actin. 350 

Table 2. List of forward and reverse primers used for RT-PCR 
Primer Forward Reverse 

Alp 
5' CGT TGA CTG TGG TTA CTG 
CTG 3' 

5' CTT CTT GTC CGT GTC GCT 3' 

OCN 
5' CAG ACA AGT CCC ACA CAG 
CA 3' 

5' CCA GCA GAG TGA GCA GAG 
AGA 3' 

COL-1 5' TGT GCG ATG GCG TGC TAT 
3' 

5' CCT ATG ACT TCT GCG TCT 
GGT G 3' 

Runx2 5' ATC ATT CAG TGA CAC CAC 
CAG 3' 

5' GTA GGG GCT AAA GGC AAA 
AG 3' 
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PPARγ 5' CCT CTC TGT GAT GGA TGA 
CCA 3' 

5' ACA TCC CGT TCA CAA GAG 
CT 3' 

aP2 
5' TGA AAC TGA CGA TCA CAC 
AGG 3' 

5' ACA GAA CTC ACT GGG ACC 
TGG 3' 

Adipoq 
5' ATG ATA CCA ACT GAC TGC 
CAC T 3' 

5' TTG CTT ACT TTG AGG GTT 
CTG A 3' 

β-actin 5' CCT CTA TGC CAA CAC AGT 
3' 

5' AGC CAC CAA TCC ACA CAG 3' 

 351 
4.3 Statistical analysis 352 

SPSS was applied to analyze the data, and the means±standard deviation (S.D.) was used to 353 
express all the data. Comparisons between different groups were assessed by one-way analysis of 354 
variance (ANOVA). P < 0.05 was considered as statistically significant. 355 

5. Conclusions 356 
In this study, SAA was first proved to be one of the proteins whose expression enhanced in 357 

steroid-induced ONFH patients comparing with healthy individuals through the proteomic research.  358 
We demonstrated that SAA facilitated the proliferation of rBMSCs, promotion of adipogenesis 359 

and inhibition of osteogenesis by co-cultured with rBMSCs. The suppression of Wnt/β-catenin signal 360 
pathway and activation of MAPK/PPARγ signal pathway participated in the effect of SAA on bone 361 
metabolism.  362 

In summary, SAA can be considered as a kind of particular protein which affects the bone 363 
metabolism and played an important role in the pathological process of ONFH. 364 
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Abbreviations 375 
SAA Serum amyloid A 
ONFH Osteonecrosis of the femoral head 
BMM Bone marrow-derived macrophage 
MRI Magnetic resonance imaging 
ELISA Enzyme linked immunosorbent assay 
MARS Multiple affinity removal columns system 
IPG Immobilized pH gradient 
BMSCs Bone marrow-derived mesenchymal stem cells 
CCK-8 Cell Counting Kit-8 
BCIP/NBT 5-bromo-4-chloro-3-indolyl-phosphate /nitro blue tetrazolium 
ALP Alkaline phosphatase 
α-MEM α-Modified Eagle Medium 
FBS Fetal bovine serum 
PBS Phosphate buffer saline 
PVDF Polyvinylidene difluoride 
HRP Horseradish peroxidase 
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aP2 Fatty acid binding protein 
PPARγ Peroxisome proliferator-activated receptor γ 
Erk Extracellular regulated protein kinase 
MAPK Mitogen-activated protein kinase 

Appendix A 376 
Table A1. Clinical features and demographic information of steroid-induced ONFH patients, alcohol-

induced ONFH patients, trauma-induced ONFH and healthy volunteers. 
Clinical features Numbers 
Healthy volunteers  
Mean age (range, years) 34.95±8.86 (21-54) 
Gender (male/female) 10/10 
Health status Good 
Total 20 
  
Steroid-induced ONFH patients  
Mean age (range, years) 36.20±8.56 (22-55) 
Gender (male/female) 13/7 
Location  
  Left 2 (10%) 
  Right 1 (5%) 
  Bilateral 17 (85%) 
Total 20 
  
Alcohol-induced ONFH patients  
Mean age (range, years) 39.70±8.45 (26-55) 
Gender (male/female) 20/0 
Location  
  Left 1 (5%) 
  Right 3 (15%) 
  Bilateral 16 (80%) 
Total 20 
  
Trauma-induced ONFH patients  
Mean age (range, years) 21.35±10.73 (12-54) 
Gender (male/female) 15/5 
Location  
  Left 11 (55%) 
  Right 9 (45%) 
  Bilateral 0 (0%) 
Total 20 
 

Table A2. The proteins that changed significantly in the sera of steroid-induced ONFH patients 
compared with healthy controls. 

Spot 
no. 

PI MW Protein 
score 

Accession No. Protein name 

1 6.67 86847 424 IPI00921523 
CFB Isoform 1 of Complement factor 

B (Fragment) 

2 6.41 109332.8 71 IPI00879709 
C6 Complement component C6 

precursor 
4 6.55 52384.6 87 IPI00022488 HPX Hemopexin 
5 8.48 31673 582 IPI00431645 HPR 31 kDa protein 
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6 6.13 38940.5 693 IPI00478493 HPR haptoglobin isoform 2 
preproprotein 

7 6.13 38940.5 439 IPI00478493 
HPR haptoglobin isoform 2 

preproprotein 

8 6.32 41816.7 164 IPI00479708 
IGHM Full-length Cdna clone 

CS0DD006YL02 of Neuroblastoma of 
Homo sapiens 

9 7.38 38766.4 140 IPI00011264 CFHR1 Complement factor H-related 
protein 1 

10 7.38 38766.4 232 IPI00011264 
CFHR1 Complement factor H-related 

protein 1 

11 7.38 38766.4 326 IPI00011264 
CFHR1 Complement factor H-related 

protein 1 
13 6.89 194170.1 78 IPI00418163 C4B complement C4-B preproprotein 

14 5.64 71474.7 404 IPI00019568 
F2 Prothrombin 

(Fragment) 
15 4.86 78174.4 242 IPI00017696 C1S Complement C1s subcomponent 
17 6.13 45860.8 237 IPI00641737 HPR Haptoglobin 
18 6.13 45860.8 268 IPI00641737 HPR Haptoglobin 
19 6.13 45860.8 227 IPI00641737 HPR Haptoglobin 

20 6.13 38940.5 467 IPI00478493 
HPR haptoglobin isoform 2 

preproprotein 

References 377 

1. Mont, M. A.; Cherian, J. J.; Sierra, R. J.; Jones, L. C.; Lieberman, J. R., Nontraumatic Osteonecrosis of the 378 
Femoral Head: Where Do We Stand Today? A Ten-Year Update. Journal of Bone & Joint Surgery American 379 
Volume 2006, 88, (5), 1117-32. 380 

2. Jones, L. C.; Hungerford, D. S., Osteonecrosis: etiology, diagnosis, and treatment. Current Opinion in 381 
Rheumatology 2004, 16, (4), 443-449. 382 

3. Ehlinger, M.; Moser, T.; Adam, P.; Bierry, G.; Gangi, A.; Mathelin, M. D.; Bonnomet, F., Early prediction 383 
of femoral head avascular necrosis following neck fracture. Orthop Traumatol Surg Res 2011, 97, (1), 79-384 
88. 385 

4. Gangji, V.; Rooze, M.; De, M. V.; Hauzeur, J. P., Inefficacy of the cementation of femoral head collapse 386 
in glucocorticoid-induced osteonecrosis. International Orthopaedics 2009, 33, (3), 639-42. 387 

5. Wang, Y.; Yin, L.; Li, Y.; Liu, P.; Cui, Q., Preventive Effects of Puerarin on Alcohol-induced 388 
Osteonecrosis. Clinical Orthopaedics & Related Research 2008, 466, (5), 1059. 389 

6. Lee, H. J.; Choi, S. J.; Hong, J. M.; Lee, W. K.; Baek, J. I.; Kim, S. Y.; Park, E. K.; Kim, S. Y.; Kim, T. H.; 390 
Kim, U. K., Association of a polymorphism in the intron 7 of the SREBF1 gene with osteonecrosis of the 391 
femoral head in Koreans. Annals of Human Genetics 2012, 73, (1), 34-41. 392 

7. Liu, Y. F.; Chen, W. M.; Lin, Y. F.; Yang, R. C.; Lin, M. W.; Li, L. H.; Chang, Y. H.; Jou, Y. S.; Lin, P. Y.; 393 
Su, J. S., Type II collagen gene variants and inherited osteonecrosis of the femoral head. New England 394 
Journal of Medicine 2005, 352, (22), 2294. 395 

8. Weinstein, R. S.; Nicholas, R. W.; Manolagas, S. C., Apoptosis of osteocytes in glucocorticoid-induced 396 
osteonecrosis of the hip. Journal of Bone & Mineral Research the Official Journal of the American Society for 397 
Bone & Mineral Research 2000, 85, (8), 2907-2912. 398 

9. Wu, R. W.; Wang, F. S.; Ko, J. Y.; Wang, C. J.; Wu, S. L., Comparative serum proteome expression of 399 
osteonecrosis of the femoral head in adults. Bone 2008, 43, (3), 561-566. 400 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 October 2018                   doi:10.20944/preprints201810.0207.v1

http://dx.doi.org/10.20944/preprints201810.0207.v1


 15 of 18 

 

10. Lee, J. S.; Lee, J. S.; Roh, H. L.; Kim, C. H.; Jung, J. S.; Suh, K. T., Alterations in the differentiation ability 401 
of mesenchymal stem cells in patients with nontraumatic osteonecrosis of the femoral head: 402 
comparative analysis according to the risk factor. Journal of Orthopaedic Research Official Publication of the 403 
Orthopaedic Research Society 2010, 24, (4), 604-609. 404 

11. Motomura, G.; Yamamoto, T.; Miyanishi, K.; Yamashita, A.; Sueishi, K.; Iwamoto, Y., Bone marrow fat-405 
cell enlargement in early steroid-induced osteonecrosis--a histomorphometric study of autopsy cases. 406 
Pathology - Research and Practice 2005, 200, (11), 807-811. 407 

12. Calder, J. D. F.; Buttery, L.; Revell, P. A.; Pearse, M.; Polak, J. M., Apoptosis – a significant cause of bone 408 
cell death in osteonecrosis of the femoral head. Journal of Bone & Joint Surgery 2004, 86, (8), 1209-1213. 409 

13. Uhlar, C. M.; Burgess, C. J.; Sharp, P. M.; Whitehead, A. S., Evolution of the Serum Amyloid A (SAA) 410 
Protein Superfamily. Genomics 1994, 19, (2), 228-235. 411 

14. Husebekk, A.; Skogen, B.; Husby, G.; Marhaug, G., Transformation of amyloid precursor SAA to 412 
protein AA and incorporation in amyloid fibrils in vivo. Scandinavian Journal of Immunology 2010, 21, 413 
(3), 283-287. 414 

15. Badolato, R.; Johnston, J. A.; Wang, J. M.; Mcvicar, D.; Xu, L. L.; Oppenheim, J. J.; Kelvin, D. J., Serum 415 
amyloid A induces calcium mobilization and chemotaxis of human monocytes by activating a pertussis 416 
toxin-sensitive signaling pathway. Journal of Immunology 1995, 155, (8), 4004-4010. 417 

16. IN, B.; TG, V.; AV, B.; R, K.; Z, C.; ML, K.; AT, R.; G, C.; F, T.; TL, E.; AP, P., Serum amyloid A binding 418 
to CLA-1 (CD36 and LIMPII analogous-1) mediates serum amyloid A protein-induced activation of 419 
ERK1/2 and p38 mitogen-activated protein kinases. Journal of Biological Chemistry 2005, 280, (9), 8031-420 
8040. 421 

17. Artl, A.; Marsche, G.; Lestavel, S.; Sattler, W.; Malle, E., Role of Serum Amyloid A During Metabolism 422 
of Acute-Phase HDL by Macrophages. Arterioscler Thromb Vasc Biol 2000, 20, (3), 763-772. 423 

18. Urielishoval, S.; Linke, R. P.; Matzner, Y., Expression and function of serum amyloid A, a major acute-424 
phase protein, in normal and disease states. Current Opinion in Hematology 2000, 7, (1), 64-69. 425 

19. Rosenthal, C. J.; Sullivan, L. M., Serum amyloid A to monitor cancer dissemination. Annals of Internal 426 
Medicine 1979, 91, (3), 383-390. 427 

20. King, V. L.; Thompson, J.; Tannock, L. R., Serum amyloid A in atherosclerosis. Current Opinion in 428 
Lipidology 2011, 22, (4), 302-307. 429 

21. Bozinovski, S.; Uddin, M.; Vlahos, R.; Thompson, M.; Mcqualter, J. L.; Merritt, A. S.; Wark, P. A.; 430 
Hutchinson, A.; Irving, L. B.; Levy, B. D., Serum amyloid A opposes lipoxin A₄ to mediate 431 
glucocorticoid refractory lung inflammation in chronic obstructive pulmonary disease. Proc Natl Acad 432 
Sci U S A 2012, 109, (3), 935-940. 433 

22. Vallon, R.; Freuler, F.; Destatsedu, N.; Robeva, A.; Dawson, J.; Wenner, P.; Engelhardt, P.; Boes, L.; 434 
Schnyder, J.; Tschopp, C., Serum amyloid A (apoSAA) expression is up-regulated in rheumatoid 435 
arthritis and induces transcription of matrix metalloproteinases. Journal of Immunology 2001, 166, (4), 436 
2801-2807. 437 

23. Badolato, R.; Wang, J. M.; Murphy, W. J.; Lloyd, A. R.; Michiel, D. F.; Bausserman, L. L.; Kelvin, D. J.; 438 
Oppenheim, J. J., Serum amyloid A is a chemoattractant: induction of migration, adhesion, and tissue 439 
infiltration of monocytes and polymorphonuclear leukocytes. Journal of Experimental Medicine 1994, 180, 440 
(1), 203-209. 441 

24. O'Hara, R.; Murphy, E. P.; Whitehead, A. S.; Fitzgerald, O.; Bresnihan, B., Local expression of the serum 442 
amyloid A and formyl peptide receptor-like 1 genes in synovial tissue is associated with matrix 443 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 October 2018                   doi:10.20944/preprints201810.0207.v1

http://dx.doi.org/10.20944/preprints201810.0207.v1


 16 of 18 

 

metalloproteinase production in patients with inflammatory arthritis. Arthritis & Rheumatology 2010, 50, 444 
(6), 1788-1799. 445 

25. Lee, M. S.; Yoo, S. A.; Cho, C. S.; Suh, P. G.; Kim, W. U.; Ryu, S. H., Serum amyloid A binding to formyl 446 
peptide receptor-like 1 induces synovial hyperplasia and angiogenesis. Journal of Immunology 2006, 177, 447 
(8), 5585-5594. 448 

26. Oh, E.; Lee, H. Y.; Kim, H. J.; Park, Y. J.; Seo, J. K.; Park, J. S.; Bae, Y. S., Serum amyloid A inhibits 449 
RANKL-induced osteoclast formation. Experimental & Molecular Medicine 2015, 47, (11), e194. 450 

27. Kim, J.; Yang, J.; Park, O. I.; Kang, S. E.; Yun, C.; Han, S. H., Serum amyloid A inhibits osteoclast 451 
differentiation to maintain macrophage function. Journal of Leukocyte Biology 2015, 99, (4), 595. 452 

28. Zapico, M. E.; Mora, B. J.; Blanco, V. F., [Early cancer diagnosis through proteomics of serum: fiction or 453 
fact?]. Medicina Clínica 2005, 124, (5), 181-5. 454 

29. Veenstra, T. D.; Conrads, T. P.; Hood, B. L.; Avellino, A. M.; Ellenbogen, R. G.; Morrison, R. S., 455 
Biomarkers: mining the biofluid proteome. Molecular & Cellular Proteomics 2005, 4, (4), 409-418. 456 

30. Pan, S.; Zhang, H.; Rush, J.; Eng, J.; Zhang, N.; Patterson, D.; Comb, M. J.; Aebersold, R., High 457 
throughput proteome screening for biomarker detection. Molecular & Cellular Proteomics 2005, 4, (2), 458 
182. 459 

31. Liao, H.; Wu, J.; Kuhn, E.; Chin, W.; Chang, B.; Jones, M. D.; O'Neil, S.; Clauser, K. R.; Karl, J.; Hasler, 460 
F., Use of mass spectrometry to identify protein biomarkers of disease severity in the synovial fluid and 461 
serum of patients with rheumatoid arthritis. Arthritis & Rheumatism 2014, 50, (12), 3792-3803. 462 

32. Hermansson, M.; Sawaji, Y.; Bolton, M.; Alexander, S.; Wallace, A.; Begum, S.; Wait, R.; Saklatvala, J., 463 
Proteomic analysis of articular cartilage shows increased type II collagen synthesis in osteoarthritis and 464 
expression of inhibin betaA (activin A), a regulatory molecule for chondrocytes. Journal of Biological 465 
Chemistry 2004, 279, (42), 43514-43521. 466 

33. Pastorelli, R.; Carpi, D.; Airoldi, L.; Chiabrando, C.; Bagnati, R.; Fanelli, R.; Moverare, S.; Ohlsson, C., 467 
Proteome analysis for the identification of in vivo estrogen-regulated proteins in bone. Proteomics 2010, 468 
5, (18), 4936-4945. 469 

34. Zhang, H.; Zhang, L.; Wang, J.; Ma, Y.; Zhang, J.; Mo, F.; Zhang, W.; Yan, S.; Yang, G.; Lin, B., Proteomic 470 
analysis of bone tissues of patients with osteonecrosis of the femoral head. Omics-a Journal of Integrative 471 
Biology 2009, 13, (6), 453-466. 472 

35. Chen, Y.; Zeng, C.; Hua, Z.; Zhang, R.; Zhiqiang, Y. E.; Xing, B.; Kunhua, H. U.; Mingtao, L. I.; Zhang, 473 
C. D., Comparative serum proteome expression of the steroid-induced femoral head osteonecrosis in 474 
adults. Experimental & Therapeutic Medicine 2015, 9, (1), 77-83. 475 

36. Radke, S.; Battmann, A.; Jatzke, S.; Eulert, J.; Jakob, F.; Schütze, N., Expression of the angiomatrix and 476 
angiogenic proteins CYR61, CTGF, and VEGF in osteonecrosis of the femoral head. Journal of 477 
Orthopaedic Research 2010, 24, (5), 945-952. 478 

37. Kato, S.; Yamada, H.; Terada, N.; Masuda, K.; Lenz, M. E.; Morita, M.; Yoshihara, Y.; Henmi, O., Joint 479 
biomarkers in idiopathic femoral head osteonecrosis: comparison with hip osteoarthritis. Journal of 480 
Rheumatology 2005, 32, (8), 1518-23. 481 

38. Kushner, I., THE PHENOMENON OF THE ACUTE PHASE RESPONSE *. Annals of the New York 482 
Academy of Sciences 2010, 389, (1), 39-48. 483 

39. Gabay, C.; Kushner, I., Acute-phase proteins and other systemic responses to inflammation. New 484 
England Journal of Medicine 1999, 340, (6), 448-54. 485 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 October 2018                   doi:10.20944/preprints201810.0207.v1

http://dx.doi.org/10.20944/preprints201810.0207.v1


 17 of 18 

 

40. Yoo, J. Y.; Desiderio, S., Innate and acquired immunity intersect in a global view of the acute-phase 486 
response. Proceedings of the National Academy of Sciences of the United States of America 2003, 100, (3), 1157-487 
1162. 488 

41. Urielishoval, S.; Cohen, P.; Eisenberg, S.; Matzner, Y., Widespread expression of serum amyloid A in 489 
histologically normal human tissues. Predominant localization to the epithelium. Journal of 490 
Histochemistry & Cytochemistry 1998, 46, (12), 1377-1384. 491 

42. Jr, S. G.; Zink, M. C., Serum amyloid A gene transcription in synovial cells during retroviral arthritis. 492 
American Journal of Pathology 1992, 141, (3), 525-9. 493 

43. Tucker, P. C.; Jr, S. G., Expression of serum amyloid A genes in mouse brain: Unprecedented response 494 
to inflammatory mediators. Faseb Journal Official Publication of the Federation of American Societies for 495 
Experimental Biology 2001, 15, (12), 2241. 496 

44. Larson, M. A.; Wei, S. H.; Weber, A.; Weber, A. T.; Mcdonald, T. L., Induction of human mammary-497 
associated serum amyloid A3 expression by prolactin or lipopolysaccharide ☆ ☆☆. Biochemical & 498 
Biophysical Research Communications 2003, 301, (4), 1030-1037. 499 

45. Li, Z. R., Guideline for Diagnostic and Treatment of Osteonecrosis of the Femoral Head. Orthopaedic 500 
Surgery 2015, 7, (3), 200-7. 501 

46. Mencin, A.; Kluwe, J.; Schwabe, R. F., Toll-like receptors as targets in chronic liver diseases. Gut 2009, 502 
58, (5), 704-720. 503 

47. Marsche, G.; Frank, S.; Raynes, J.; Kozarsky, K.; Sattler, W.; Malle, E., The lipidation status of acute-504 
phase protein serum amyloid A determines cholesterol mobilization via scavenger receptor class B, 505 
type I. Biochemical Journal 2007, 402, (1), 117. 506 

48. Loi, F.; Cã³Rdova, L. A.; Pajarinen, J.; Lin, T. H.; Yao, Z.; Goodman, S. B., Inflammation, fracture and 507 
bone repair. Bone 2016, 86, 119-130. 508 

49. Cui, Q.; Wang, Y.; Saleh, K. J.; Wang, G. J.; Balian, G., Alcohol-induced adipogenesis in a cloned bone-509 
marrow stem cell. Journal of Bone & Joint Surgery 2006, 88, (3), 148-154. 510 

50. Luo, Z.; Liu, M.; Sun, L.; Rui, F., Icariin recovers the osteogenic differentiation and bone formation of 511 
bone marrow stromal cells from a rat model of estrogen deficiency-induced osteoporosis. Molecular 512 
Medicine Reports 2015, 12, (1), 382-388. 513 

51. Chen, B.; Li, X. D.; Liu, D. X.; Wang, H.; Xie, P.; Liu, Z. Y.; Hou, G. Q.; Chang, B.; Du, S. X., Canonical 514 
Wnt signaling is required for Panax notoginseng saponin-mediated attenuation of the RANKL/OPG 515 
ratio in bone marrow stromal cells during osteogenic differentiation. Phytomedicine 2012, 19, (11), 1029-516 
1034. 517 

52. Ni, T.; Song, W. X.; Luo, J.; Luo, X.; Jin, C.; Sharff, K. A.; Yang, B.; He, B. C.; Huang, J. Y.; Zhu, G. H., 518 
BMP-9-induced osteogenic differentiation of mesenchymal progenitors requires functional canonical 519 
Wnt/β-catenin signalling. Journal of Cellular & Molecular Medicine 2010, 13, (8b), 2448-2464. 520 

53. Lee, H. J.; Koh, J. M.; Hwang, J. Y.; Choi, K. Y.; Lee, S. H.; Park, E. K.; Kim, T. H.; Han, B. G.; Kim, G. S.; 521 
Kim, S. Y., Association of a RUNX2 Promoter Polymorphism with Bone Mineral Density in 522 
Postmenopausal Korean Women. Calcif Tissue Int 2009, 84, (6), 439-445. 523 

54. Heo, J. S.; Lee, S. Y.; Lee, J. C., Wnt/β-catenin signaling enhances osteoblastogenic differentiation from 524 
human periodontal ligament fibroblasts. Molecules & Cells 2010, 30, (5), 449-454. 525 

55. Satija, N. K.; Sharma, D.; Afrin, F.; Tripathi, R. P.; Gangenahalli, G., High Throughput Transcriptome 526 
Profiling of Lithium Stimulated Human Mesenchymal Stem Cells Reveals Priming towards 527 
Osteoblastic Lineage. Plos One 2013, 8, (1), e55769. 528 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 October 2018                   doi:10.20944/preprints201810.0207.v1

http://dx.doi.org/10.20944/preprints201810.0207.v1


 18 of 18 

 

56. Tang, Q. Q.; Lane, M. D. J. A. R. o. B., Adipogenesis: from stem cell to adipocyte. 2012, 81, (81), 715-736. 529 
57. Kang, S.; Bennett, C. N.; Gerin, I.; Rapp, L. A.; Hankenson, K. D.; Macdougald, O. A. J. J. o. B. C., WNT 530 

signaling stimulates osteoblastogenesis of mesenchymal precursors by suppressing c/EBPα and 531 
PPARγ. 2007. 532 

58. Gierloff, M.; Petersen, L.; Oberg, H. H.; Quabius, E. S.; Wiltfang, J.; Açil, Y. J. J. o. P. R.; Surgery, A., 533 
Adipogenic differentiation potential of rat adipose tissue-derived subpopulations of stromal cells. 2014, 534 
67, (10), 1427-1435. 535 

59. Tokuzawa, Y.; Yagi, K.; Yamashita, Y.; Nakachi, Y.; Nikaido, I.; Bono, H.; Ninomiya, Y.; 536 
Kanesakiyatsuka, Y.; Akita, M.; Motegi, H. J. P. G., Id4, a New Candidate Gene for Senile Osteoporosis, 537 
Acts as a Molecular Switch Promoting Osteoblast Differentiation. 2010, 6, (7), e1001019. 538 

60. Muruganandan, S.; Roman, A. A.; Sinal, C. J. J. C.; Sciences, M. L., Adipocyte differentiation of bone 539 
marrow-derived mesenchymal stem cells: cross talk with the osteoblastogenic program. 2009, 66, (2), 540 
236-253. 541 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 October 2018                   doi:10.20944/preprints201810.0207.v1

http://dx.doi.org/10.20944/preprints201810.0207.v1

