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Alizarin red staining 

(bone nodule formation) 
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Cell Depletion 

=> monocytes are responsible 
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=> cell contact leads to production 

of soluble mediators 
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=> cell contact leads to production 

of soluble mediators 
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Signaling Pathways 

Runx2, Osterix 

OB differentiation  

????? 
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STAT 3 Activation 

MSCs cultured in the presence of OSM showed phosphorylation

of STAT3 within 10 minutes as observed by western blot

(Figure 4E). Conversely, the addition of OSM neutralizing

antibodies in MSC/ monocyte co-cultures abrogated the ALP

induction in a dose dependent manner verifying OSM as a

monocyte-derived factor with osteogenic activity (Figure 4F). The

ability of OSM to stimulate bone formation in vivowas assessed by

injecting mOSM over calvariae of 5-week-old male C57BL/ 6

mice. Calvarial thickness, inter-label width (Ir.L.W.) and mineral

apposition rate (M.A.R.) were all significantly increased by mOSM

treatment compared to PBS (Figure 4G–J). Thus, OSM produced

after monocyte/ MSC interactions is responsible for increased

osteogenesis through the activation of STAT3 signaling which in

addition acts as positive feedback to enhance the effects of OSM

on MSCs by up-regulating the OSM and LIF receptors.

Discussion

Previously there has been limited evidence regarding the direct

regulation of OB differentiation by immune cells. Earlier studies

suggested a possible role for activated T cells in influencing OB

differentiation through soluble factors[55,56], and haematopoietic

stem cells have also been shown to regulate OB differentiation

through the production of BMP2 and BMP6 [57]. More recently,

resident macrophage populations found in bone have been

demonstrated to serve as critical regulators of bone homeostasis

osteogenic media (OM) and then lysed (E). MSCs alone in CM and OM were used as controls. MSClysates (10 mg per condition) were subjected to WB
for detection of IkBa, p-p38, pERKs, p-JNKs and pSTAT3. Anti-b-Tubulin was used as a loading control. The levels of IL-1b, IL-10, TNFa, IL-6, IL6Rand IL-
8 were measured in culture media from MSC or monocyte alone cultures or 10:1 monocyte:MSC co-cultures (F). Phase contrast pictures (10X) are
representative of three independent experiments performed. Graphs show means 6 SEM of at least three independent experiments performed in
triplicate. *p# 0.05, **p# 0.01, ***p# 0.001 Blots are representative of three independent experiments performed.
doi:10.1371/journal.pone.0039871.g002

Figure 3. OSM mediates monocyte osteogenic effect through STAT3 signaling. The levels of pSTAT3 and STAT3 were assessed using WBin
MSCs infected either with STAT3C (50 M.O.I.) or STAT3DN (100 M.O.I.) adenoviruses in osteogenic media. GFP adenoviral infection was used as a
control (100 M.O.I.) (A). MSC ALP activity was measured 7 days after infection either with STAT3DN, STAT3C or AdGFP (B). MSC infected with the
STAT3Cor AdGFPviruses were also kept for 21 days in osteogenic media when bone nodule formation was assessed using Alizarin Red Sstaining (C).
MSC infected with either the STAT3DN, STAT3C or AdGFP were kept with or without conditioned supernatant from separate monocyte:MSC co-
cultures (10:1 s/n) for 7 days when ALP activity was quantified (D). Blots are representative of three independent experiments performed. Graphs
show means 6 SEM of three independent experiments performed in triplicate. Phase contrast pictures (10X) are representative of three independent
experiments performed. *p# 0.05, ***p# 0.001.
doi:10.1371/journal.pone.0039871.g003
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Microarray Analysis 

Illumina human HAT-12 v.30 Expression Bead Chip 

STAT3C  

AdGFP 

STAT3DN 5 differentially 

regulated 

314 up-regulated 

165 down-regulated 

Relation to OB differentiation: 

- BMPs 

- TGFß 

- ALP 

- Runx2 

- Oncostatin 

- Dkk1 (wnt signalling inhibitor) 
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Oncostatin M 
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In vivo 

Calvarial thickness Inter-label width Mineral apposition rate 
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Conclusion 

- Monocytes induce osteogenic differentiation of human MSCs 

- Production of OSM, activation of STAT 3 

- Phosphorylation of STAT3 in MSCs upregulates RUNX2 and 

ALP expression, downregulates Dkk1 


