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ABSTRACT 23 

Osteoclasts derived from hematopoietic stem cells control bone resorption. Identifying novel 24 

molecules that can epigenetically regulate osteoclastogenesis has been an important basic and 25 

clinical issue. The polycomb group (PcG) protein enhancer of zeste homologue 2 (Ezh2), a 26 

histone lysine methyltransferase is associated with epigenetic regulation of numerous cellular 27 

processes, it is not yet clear on its involvement in bone cell development and homeostasis. Here, 28 

we crossed LysM-Cre mice with Ezh2
flox/flox 

mice to delete Ezh2 in myeloid cell lineage mature 29 

macrophages. Conditional deletion of Ezh2 in macrophages resulted in significant increases in 30 

postnatal bone growth in the first 6 months of life, but tibia length and body weight gains were 31 

not different in knockout mice compared with their wild type controls. Significantly decreased 32 

osteoclastogenesis but increased bone mass without osteopetrosis were found in Ezh2 33 

conditional knockout (CKO) mice. In contrast to female mice, one floxed Ezh2 gene copy 34 

recombinant with LysM-Cre
+
 (Ezh2

flox/+
LysM-Cre

+
) produced increased bone mass in young 35 

adult male mice compared with control mice (Ezh2
flox/flox

, LysM-Cre
+
 and wild type). 36 

Inflammatory milieu in bone was significantly lower in both male and female
 
CKO mice 37 

compared with their respective controls. Deletion of Ezh2 in macrophages triggered increased 38 

gene expression of osteoclast suppressors, IRF8, MafB and Arg1 due to decreased Ezh2-induced 39 

trimethylation of H3K27me3. Conversely, NFATc1 and Cathepsin k expression were decreased. 40 

These findings suggest that pre-osteoclastic cell differentiation is under epigenetic control of 41 

osteoclast suppressive gene expression via an Ezh2-dependent mechanisms.     42 
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Introduction 44 

Osteoclasts derived from hematopoietic stem cells and during early development, monitor 45 

osteoblasts to control bone resorption and to shape newly formed bone (Siddiqui & Partridge, 46 

2016; Bethel et al, 2011; Zaidi et al, 2018). While osteoclastic bone resorption is an important 47 

cellular function in the development and physiology of the skeleton, suppressing 48 

osteoclastogenesis is considered an effective therapeutic approach for bone destructive or 49 

resorptive diseases, such as osteoporosis and rheumatoid arthritis (Hirayama et al, 2002; Tanaka, 50 

2018). On the other hand, defective osteoclastic bone resorption leads to accumulation of bone 51 

with altered architecture, resulting in osteopetrotic bone susceptible to fractures (Stattin et al, 52 

2017). Receptor activator of NF-κB ligand (RANKL) and macrophage colony-stimulating factor 53 

(M-CSF) (Feng & Teitelbaum, 2013) have been characterized as two crucial factors that 54 

influence the formations of osteoclasts. Moreover, it is also known that many inflammatory 55 

factors such as TNF-α mediates osteoclast formation, although the role of those inflammatory 56 

factors including TNF-α signaling in osteoclastogenesis remains poorly understood (Cao et al, 57 

2017). Myeloid hematopoietic cells are thought to be precursors for osteoclasts, other cell 58 

lineages derived from hematopoietic stem cells share similar differentiation signaling pathways, 59 

it is not yet clear how to target specific osteoclastogenic signaling for intervening persistently 60 

increased osteoclastic cell differentiation and bone resorption. Therefore, identifying novel 61 

molecules that can regulate, especially epigenetically control osteoclastogenesis has been an 62 

important basic and clinical issue.  63 

As pathologies of osteoporosis or rheumatoid arthritis are not characterized by common 64 

targetable genetic alterations, epigenetic mechanisms and strategies for preventions might be 65 

relevant and promising options. Indeed, epigenetic regulation of osteoclastic cell differentiation 66 

and activity has been increasingly investigated (Yasui et al, 2011; Kyung-Hyun, 2019). Recent 67 

cell culture studies suggested that generalized accumulation of methylation at the CpG island in 68 

the mouse RANKL promoter may result in the recruitment of histone deacetylase and chromatin 69 

condensation, leading to the stable epigenetic silencing of RANKL (Kitazawa & Kitazawa, 70 

2007). Moreover, DNA methyltransferase 3a (DNMT3a) has been reported an important 71 

function in promoting osteoclastogenesis by increasing DNA methylation of anti-72 

osteoclastogenic genes (Nishikawa et al, 2015). DNA methylation in the NFATc1 has profound 73 

effects on osteoclast differentiation and activity (Kurotaki et al, 2020; Yasui et al, 2011). These 74 
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studies are somewhat limited in mainly being performed in vitro, and often focus on a few genes 75 

without determining upstream factors (Akimzhanov et al, 2008). Furthermore, DNA methylation 76 

is not an isolated event, but also affects and is itself affected by other gene regulatory 77 

mechanisms, such as gene silencing via histone modification (methylation or acetylation). While 78 

there is a dearth of evidence on epigenetic regulation of bone cell development in association 79 

with changes of life styles during early growth, we have previously hypothesized that high fat 80 

diet (HFD)-induced obesity may alter enhancer of zeste (Ezh) polycomb repressive complex 81 

subunit expression to epigenetically control osteoclastogenesis and therefore bone resorption 82 

(Chen et al, 2018). Such regulation may be through activation of Ezh2 to promote 83 

osteoclastogenesis by downregulating IRF8, a negative regulator of osteoclastogenesis (Fang et 84 

al, 2016).  85 

Ezh2, a histone lysine methyltransferase associated with transcriptional repression 86 

(Donaldson-Collier et al, 2019), catalyzes the addition of methyl groups to histone H3 at Lys 27 87 

(H3K27me3) in target genes involved in numerous cellular processes, predominantly leading to 88 

gene repression (Lavarone et al, 2019). Loss or inhibition of Ezh2 leads to enhanced osteogenic 89 

but inhibited adipogenic differentiation of bone marrow-derived mesenchymal stem cells 90 

(BMSCs) both from rodents and humans (Hemming et al, 2017), as well as in murine pre-91 

osteoblastic cell line MC3T3 (Dudakovic et al, 2020). Expression of Ezh2 suppresses the 92 

osteogenic genes and ligand-dependent signaling pathways (e.g., WNT, PTH, and BMP2) to 93 

favor adipogenic differentiation (Wang et al, 2010). Several studies have shown that inhibition 94 

of Ezh2 prevents estrogen deficiency-induced bone loss in animal models (Dudakovic et al, 95 

2016).  Despite evidence for a role of Ezh2 in bone cell differentiation, it is not known if this 96 

system is involved in maternal HFD-obesity-associated offspring programming of bone 97 

development. Depend on different Cre mouse models were used, deletion of Ezh2 in osteoblastic 98 

cell lineage resulted in unclear bone developmental patterns (Chen et al, 2020). We recently 99 

reported that, using Osterix Cre mouse model, although deletion of Ezh2 in osteoblast precursors 100 

resulted in clear osteogenic gene higher expression in bone, bone mass evaluated by peripheral 101 

quantitative CT scan showed obscure phenotype when conditional Ezh2 deletion mice compared 102 

with Osterix Cre or Ezh
flox/flox

 mice as controls (Levaot et al, 2015). Bone development and 103 

remodeling are not separated osteoblastic events, two other types of bone cells, osteoclasts and 104 

osteocytes are also involved. Our interests in determining the role of Ezh2 during osteoclast 105 
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differentiation and bone resorption derived from the evidence that Ezh2 might be involved in 106 

bone osteoblastic cell activity and differentiation.    107 

In the present report, we set to examine if deletion of Ezh2 gene in osteoclast precursors 108 

would result in changes of bone mass phenotype in young and adult mice, and what is the pattern 109 

of post-natal skeletal development after deletion of Ezh2 gene in osteoclast precursors. In 110 

addition, we present if Ezh2 gene expression in pre-osteoclasts plays different roles in bone 111 

homeostasis in different sex of mice, and inform if Ezh2 gene controls or modifies specific 112 

osteoclast gene expression to epigenetically regulate bone resorption.    113 

 114 

Results 115 

Changes of Ezh2 and osteoclast suppressive gene expression during bone cell and post-natal 116 

bone development.  117 

We determined Ezh2 and osteoclast suppressive gene expressions during bone development of 118 

wild type C57Bl mice post weaning (30 days old) to 6 months old, and during osteoclast and 119 

osteoblast differentiation. We found that, although Ezh2 mRNA was abundantly expressed in 120 

bone (total RNA was isolated from spine L4), there were no significant differences among those 121 

male wild type mice of 30 days old, 56 days old and 6 months old groups (Fig 1A). Expression 122 

of RIF8, a key osteoclast suppressive gene, was highest in bone from 56 days old mouse group 123 

compared with two other age groups (Fig 1B). However, the osteoblast bone formation marker 124 

osteocalcin (Fig 1C) and osteoclast bone resorption marker Cathepsin K (Fig 1D) mRNA 125 

expression were both significantly lower in 6 months old group compared with either 30 or 56 126 

days old mouse group, indicating bone remodeling in 6 months old young adult mice is lower 127 

than in younger mice. The protein expression of Ezh2 (Fig 1E) in bone was lower in mice 30 128 

days old compared with those of 56 days and 6 months old mice, but IRF8 and Arg1 (another 129 

osteoclast suppressive factor) expression were significantly lower in 6 month old mice compared 130 

with those of either 30 days or 56 days old mouse groups (Fig 1E). On the other hand, NFATc1 131 

(a positive osteoclastogenic regulator) protein expression was significantly higher in 6 month old 132 

mice compared with two other age groups, indicating osteoclastogenesis increase with age 133 

(regardless of lower bone remodeling). Since RNA and protein isolated from L4 bone were 134 

mixed with other cell types, we took murine osteoclastic and osteoblastic cell lines to investigate 135 

those gene expressions during bone cell differentiation. In the presence of RANKL, it took about 136 
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5 days to differentiate osteoclast precursors to mature multi-nuclear mature osteoclasts marine 137 

cell line RAW264.7 osteoclastic cell cultures (Fig 1F). During osteoclast differentiation, Ezh2 138 

gene expression significantly dropped from day 3 to day 5 (Fig 1G) compared with its expression 139 

in osteoclastic cells on day 1. On the other hand, mRNA expression of IRF8 and MafB (another 140 

negative osteoclast regulator), two osteoclast inhibitory genes, were significantly increased at 141 

day 3 and day 5 compared with their expression in day 1 (Fig 1G), indicating Ezh2 and 142 

osteoclast inhibitory gene expression has inverse association. In osteoblast stromal cell line ST2 143 

cell cultures, it took 7 days for ST2 cells to differentiate into ALP positive mature osteoblast in 144 

the presence of osteoblast culture medium (Fig 1H). During this period, Ezh2 mRNA expression 145 

was significantly lower on day 3 and 7 compared to day 1 (Fig 1I). Bone specific ALP mRNA 146 

expression was significantly increased on day 3 and 7 compared with on day 1, indicating Ezh2 147 

and ALP expression has an inverse relationship during osteoblast differentiation. However, 148 

osteocalcin mRNA expression was significantly lower on day 3 and 7 compared with its 149 

expression on day 1 (Fig 1I). These data indicated that Ezh2 expression is higher during both 150 

osteoclast and osteoblast early differentiation compared with their later differentiation stages, 151 

and Ezh2 is inversely associated with either osteoclast suppressive gene or osteoblastic marker 152 

gene expression.  153 

Ezh2 gene expression in osteoclastic cells is not required for maintaining better bone mass in 154 

6 months old young adult mice.  155 

The inverse association between Ezh2 and osteoclast inhibitory gene expression during 156 

osteoclast differentiation triggered us to investigate the role of Ezh2 gene on controlling 157 

osteoclastogensis in vivo and postnatal bone development. We have used a large amount of 158 

mouse numbers and created substantial amount of data to determine postnatal bone mass in 159 

osteoclastic cell specific Ezh2 gene knockout mice. Bone structures were assessed using micro-160 

CT, we first show those results in 6 months old male and female mice. As shown in 161 

representative scans of tibia of male mice in Fig 2A, among parameters which were analyzed on 162 

trabecular bone, we present percentage of trabecular bone volume BV/TV (bone volume / total 163 

tissue volume), actual bone volume (BV), bone surface (BS), BS/TV, trabecular number (Tb.N), 164 

trabecular separation (Tb.Sp) from Ezh2
flox/flox

/LysM-Cre
+
 (CKO, conditional knockout), 165 

Ezh2
flox/flox

 (f/f, flox control), LysM-Cre
+
 (Cre

+
, Cre

+
 control), Ezh2

flox/+
/LysM-Cre

+
 (f/+ Cre

+
,
 

166 

Ezh2 one copy floxed with LysM-Cre positive), Ezh2
flox/+

/LysM-Cre
-
 (f/+ Cre

-
,
 
Ezh2 one copy 167 
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floxed with LysM-Cre negative) and wild type (Wt) control mice in Fig 1B. One-way analysis of 168 

variance (ANOVA) followed by Tukey’s multiple comparison analysis was performed, there was 169 

no significant difference of BV/TV between CKO and f/+ Cre
+
 mouse groups, but it was 170 

significantly higher in those two groups compared with any other four different genotypic 171 

control groups of mice (f/f, Cre
+
,
 
f/+ Cre

-
 and Wt) (Fig 2B). There were no significant 172 

differences among those four different genotype control groups of mice on BV/TV. Like BV/TV, 173 

other parameters of BV, BS, BS/TV and Tb.N showed similar patterns among CKO and other 174 

four groups (Fig 2B). In contrast, Tb.Sp was significantly lower in CKO and f/+ Cre
+
 mouse 175 

groups compared with all other genotypes (Fig 2B). In females, as shown in representative scans 176 

of tibia from all genotypic mouse groups in Fig 2C, we found BV/TV was significantly higher in 177 

CKO group compared to other genotypic and wild type mouse groups (Fig 2D). It was not like 178 

we observed in males that there were no differences between CKO and f/+ Cre+ mouse groups 179 

on such as BV/TV, we found that BV, BS, BS/TV and Tb.N were all significantly higher, but 180 

Tb.Sp was significantly lower only in CKO mice compared with those from any other genotypic 181 

and wild type mouse groups (Fig 2D). Micro-CT was also performed on vertebrae (L5), as 182 

shown in representative scans of L5 of male mice in Fig 3A, BV/TV was significantly higher in 183 

CKO and f/+ Cre+ mouse groups compared with any other four genotypic mouse groups (Fig 184 

3B), but BV/TV was also significantly higher in CKO mice compared with f/+ Cre+ mice (Fig 185 

3B). Significant difference of BV was only found between CKO and f/f mice (Fig 3B). BS and 186 

BS/TV results were similar to those of the tibia (Fig 3B). Tb.N was significantly higher in CKO 187 

compared with all other groups (Fig 3B). Tb.Sp in CKO mice was significantly lower compared 188 

with f/f, Cre+, f/+ Cre- and Wt mice, but was not different when compared to f/+ Cre+ mice (Fig 189 

3B). In females, as shown in micro-CT representative L5 scans in Fig 3C, BV/TV in CKO mice 190 

had significantly higher than in any other genotypic mouse groups (Fig 3D). BV in CKO and f/+ 191 

Cre+ mice were significantly different than in f/f and f/+ Cre- mice (Fig 3D). BS/TV and Tb.N 192 

were significantly higher in CKO mice compared with any other groups (Fig 3D), but BS and 193 

Tb.Sp were not significantly different across groups (Fig 3D). We found no differences of mouse 194 

body weights and tibia lengths among groups and additional micro-CT data of tibia trabecular of 195 

6 months old male mice in Supplemental Table 1 and female mice in Supplemental Table 2. 196 

Moreover, micro-CT tibia cortical parameters were also analyzed, those significantly changed 197 
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parameters in CKO mice compared with other genotypic mouse groups can be found in 198 

Supplemental Table 3 for males and in Supplemental Table 4 for females.  199 

Postnatal bone growth is faster in Ezh2
flox/flox

/LysM-Cre
+
 CKO mice. We performed and 200 

analyzed micro-CT on 30 days old (right after weaning) tibia trabecular bone of all those 201 

genotypic male and female mice. As shown in representative tiabia scans of 30 –day old male 202 

mice in Supplemental Fig 1A, among parameters which were analyzed on trabecular bone, we 203 

found  BV/TV, BS/TV and Tb.N were significantly higher in CKO mice compared with f/+ Cre
-
 204 

and Wt control mice in Supplemental Fig 1B. BV/TV showed significantly higher in f/+ Cre
+ 

205 

mice compared with f/+ Cre
-
 and Wt control mice in Supplemental Fig 1B. Tb.Sp showed 206 

significantly lower in CKO mice compared with f/+ Cre
+ 

and
 
Wt

 
control mice in Supplemental 207 

Fig 1B. We did not observe differences of any other parameters in tibia trabecular (Supplemental 208 

Table 5), and tibia cortical parameters (Supplemental Table 6). In females, none of those micro-209 

CT parameters were different from the tibia trabecular compartment among groups in 210 

Supplemental Fig 1C and 1D and Supplemental Table 7, and there were not statistically different 211 

to micro-CT tibia cortical parameters among groups in Supplemental Table 8. We also analyzed 212 

micro-CT on 56 days old tibia trabecular bone. In males, BV/TV showed significantly higher in 213 

CKO mice compared with f/f, Cre+ and Wt control mice (Supplemental Fig 2A and 2B). BS/TV 214 

was significantly higher in CKO mice compared with Wt mice (Supplemental Fig 2B). Tb,N was 215 

significantly higher in CKO mice compared with Cre+, f/+ Cre+, f/+ Cre- and Wt mice, but 216 

Tb.Sp was significantly lower in CKO mice compared with Cre+ and Wt control mice 217 

(Supplemental Fig 2B). Other trabecular micro-CT parameters and cortical parameters were 218 

presented in Supplemental Table 9 and 10. In females, BV/TV was significantly lower in CKO 219 

mice compared with Cre+, f/+ Cre+, f/+ Cre- and Wt control mice (Supplemental Fig 2C and 220 

2D). In this age of female mice, we found more micro-CT parameters in both trabecular 221 

(Supplemental Table 11) and cortical (Supplemental Table 12) in CKO mice to be significantly 222 

different compared with other genotypic control mouse groups. From 30 days old young to 6 223 

months old young adults, we did not observe differences on body weight gains between CKO 224 

mice and two other control groups (f/f and Cre+) in either males or females (Fig 4A and 4B). 225 

The growth of tibia length was also tightly matched in those three groups of mice in both males 226 

and females (Fig 4A and 4B). However, in male trabecular bone, BV/TV in CKO mice steadily 227 

increased from 30-days-old to 6-months-old, but it went down after 56 days- in f/f and Cre+ 228 
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control mice (Fig 4C). The changes of TV with age were no differences between CKO and two 229 

control mouse groups (Fig 4C). BV and Tb.N were found increased from 30 days old to 56 days 230 

old in all three groups, they significantly declined from 56 days old to 6 months old, but such 231 

significant declines did not happen in CKO mice (Fig 4C). With regards to cortical bone, the 232 

change in BV/TV, BV, B.Ar and Cs.Th from 30 days old to 6 months old were similar across all 233 

three groups (Fig 4C). In females, BV/TV gradually increased from 30 days old to 6 months old 234 

in CKO mice, however, it increased from 30 days old to 56 days old, and significantly declined 235 

from 56 days old to 6 months old in f/f and Cre+ two control mouse groups (Fig 4D). While the 236 

differences at 6 months old were described above, the pattern of changes of BV, TV and Tb.N 237 

from 30 days old to 56 days to 6 months old were not significantly different among three mouse 238 

groups (Fig 4D). On cortical side, the changes of BV/TV, BV, B.Ar and Cs.Th from 30 days old 239 

to 6 months old were found similar to we observed in male mice with no differences among all 240 

three groups (Fig 4D).   241 

Deceased inflammatory milieu and osteoclast numbers in bone of Ezh2
flox/flox

/LysM-Cre
+
 CKO 242 

mice at 6 months old. We isolated total proteins from the spine (L4) of CKO, and f/f and Cre+ 243 

two control mouse groups at 6 months old, and inflammatory antibody array analysis was 244 

performed. In males, almost half of the inflammatory factors measure were significantly lower in 245 

CKO mice compared with those from f/f mice (Fig 5A). Among those, M-CSF was significantly 246 

lower in CKO mice compared with f/f mice (Fig 5A), notice that M-CSF is a key positive 247 

regulator for osteoclast activation and differentiation. When CKO was compared with Cre+ 248 

mice, we found more than two third (60%) of those inflammatory factors were significantly 249 

lower in CKO mice (Fig 5A). Among those factors, CSFs were also significantly lower in CKO 250 

mice compared with Cre+ control mice (Fig 5A). In females, there were 14 out of 40 of those 251 

inflammatory factors were significantly lower in CKO mice compared with f/f mice (Fig 5B), 252 

and 24 out of 40 (60%) of those inflammatory factors were significantly lower in CKO mice 253 

compared with Cre+ control mice (Figure 5B). Notably, in addition to CSF TNFα was also 254 

significantly lower in CKO mice compared either f/f or Cre+ control mice (Fig 5B). While the 255 

significant differences of expression of some inflammatory factors between CKO and control 256 

mice were not profound, these data strongly indicated that inflammatory milieu in bone of both 257 

male and female CKO mice was lower compared with their respective control mice, and 258 

suggested that octeoclast activity or differentiation is affected by deletion of Ezh2 in osteoclastic 259 
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cells. We next performed bone histomorphometric analysis to evaluate cellular changes in bone 260 

of CKO mice compared with their controls. As shown in Fig 6A, trabecular number and bone 261 

area (Fig 6B) were significantly higher in CKO mice compared with either f/f or Cre+ control 262 

mice. Bone from CKO mice had less TRAPase positive staining compared with samples from f/f 263 

and Cre+ control mice (Fig 6A). Osteoclast number (Fig 6C) and osteoclast surface (Fig 6D) 264 

were significantly lower in CKO mice compared with f/f and Cre+ control mice, consistent with 265 

findings of the inflammatory array data. Unexpectedly, osteoblast number in bone of Ezh2 266 

osteoclastic cell specific knockout CKO mice significantly higher than it in bone from f/f and 267 

Cre+ mice (Fig 6E), suggesting deletion of Ezh2 in osteoclastic cells indirectly affecting on 268 

osteoblastogenesis. Consistent to the results we found in males, data from female mice were 269 

presented in Supplemental Fig 3. Indeed, when we used Ezh2 and IRF8 antibody double staining 270 

on proximal tibia section from CKO and Cre+ mice, we found inverse association between Ezh2 271 

and IRF8 expression on the bone surface of osteoclastic cells (Fig 6F).    272 

Ezh2 controls osteoclast suppressive gene expression regulating osteoclastogenesis. Western 273 

blots were performed using total protein isolated from L4 of CKO and f/f and Cre+ mice at 6-274 

monthof age. Two osteoclast bone resorptive markers Cathepsin K and MMP9 weresignificantly 275 

lower of their protein expression in CKO mice compared with f/f or Cre+ control mice (Fig 7A). 276 

On the other hand, protein levels of osteoclast suppression markers including IRF8, MafB and 277 

Arg1 were significantly higher in bone from CKO mice compared with f/f or Cre+ mice (Fig 278 

7A). Unexpectedly, the protein levels of the osteoblastic bone formation markers osteocalcin and 279 

Col1 were significantly higher in bone from CKO mice compared with f/f and Cre+ mice (Fig 280 

7A). Serum bone remodeling marker measurements were performed using ELISA. Serum CTX1 281 

and TRAP-5b levels were significantly lower in CKO mice compared with f/f and Cre+ mice 282 

(Fig 7B). On the other hand, serum P1NP and osteocalcin levels were significantly higher in 283 

CKO mice compared with f/f and Cre+ control mice (Fig 7B). These Western blot and serum 284 

bone remodeling marker measurement results found in males were consistent with results found 285 

in female mice (Supplemental Fig 4). Indeed, when we isolated total RNA from bone, real-time 286 

PCR showed that NFATc1 and Cathepsin K mRNA expression were significantly lower in CKO 287 

mice compared with f/f and Cre+ mice (Fig 7C). On the other hand, IRF8, MafB and Arg1 those 288 

osteoclast inhibitory factor mRNA and osteocalcin mRNA expression were significantly higher 289 

in CKO mice compared with f/f and Cre+ mice (Fig 7C). Moreover, using genomic DNA and 290 
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chromatins isolated andprecipitated from bone of CKO, f/f and Cre+ mice, we performed 291 

H3K27me3 and Ezh2 ChIP analysis. We found that IRF8, MafB and Arg1 those osteoclast 292 

inhibitory factors were significantly associated with H3K27me3 in CKO mice compared with f/f 293 

and Cre+ mice, but less associated with Ezh2 (Fig 7D). Notice that CKO mice were Ezh2 gene 294 

deleted only in osteoclastic cell population, chromatins were precipitated from multi mixed cell 295 

types.  296 

We used pharmacologic inhibitors of Ezh2 to investigate osteoclastogenesis and inverse 297 

association of Ezh2 and IRF8 expression using in ex vivo bone marrow non-adherent 298 

hematopoietic cell and RAW246.7 cell cultures. We used commercially available Ezh2 inhibitors 299 

GSK126, GSK343 and DZNep which inhibited osteoclastogenesis in ex vivo non-adherent bone 300 

marrow hematopoietic cell cultures in a dose dependent manner (Fig 8A and 8B). GSK343 at a 301 

concentration of 0.5 µM did inhibit Ezh2 expression (Fig 8C and 8D), when we looked at a 302 

single osteoclastic cell which Ezh2 was inhibited (Figure 8C), but IRF8 mRNA expression was 303 

significantly higher in RAW246.7 cell cultures (Fig 8D). These data once again indicated that 304 

Ezh2 and osteoclast inhibitory factors has inverse relationships of their expression and osteoclast 305 

inhibitory factor expression is under epigenetic control through Ezh2 to regulate 306 

osteoclastogenesis and bone resorption.  307 

 308 

Discussion  309 

In our current report, we have determined that deletion of Ezh2 gene in osteoclast precursors 310 

increases bone mass in both male and female mice. Densitometric and structural analysis on 311 

cortical compartment showed bone was not osteopetrotic in Ezh2 CKO mice, indicating that 312 

Ezh2 is not essential for late stage of osteoclast differentiation, but it significantly contributes to 313 

controlling osteoclstogenesis and bone resorption in young adult mice. Postnatal bone accretion 314 

was accelerated in mice lacking Ezh2. In addition, Ezh2 deletion differential influences bone 315 

mass acquisition and bone homeostasis in weanling and adult mice. Moreover, we provide 316 

evidence of sxual dimorphism with regards to Ezh2 function in bone development and turnover. 317 

In males, not only CKO mice but also Ezh2
flox/+

/LysM-Cre+ genotypic mice showed increased 318 

bone mass, while in females only CKO mice had increased bone mass phenotype compared with 319 

other genotypic young adult control mice.  320 
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Our study provide new mechanistic data concerning the role of Ezh2 in osteoclast function 321 

and bone mass accretion. Specifically, in the absence or inactivated Ezh2 in pre-osteoclasts, 322 

osteoclastic suppressive genes are activated leading to suppression of osteoclastogenesis and 323 

osteoclast activity. This suggests that osteoclastogenesis and bone resorption are under 324 

epigenetic regulation through Ezh2. On the other hand, deletion of Ezh2 in osteoclast precursors 325 

also inhibited genes of those known as osteoclastogenic or required for osteoclast differentiation 326 

and activity, but indirectly activated osteoblast markers. These data suggest that Ezh2 gene 327 

expression plays a key role in governing osteoclast signaling, thereby altering the balance 328 

between bone resorption and bone formation. An altered profile of inflammatory markers in pre-329 

osteoclastic cells from mice lacking Ezh2 may provide an environmental signal for osteoclast 330 

and osteoblast differentiation and activity. Collectively, our data identify Ezh2 as a potential 331 

target for strategies aimed at treating both osteoclastic bone resorptive disorders such as 332 

osteoporosis and rheumatoid arthritis. 333 

Modification of osteoclast gene expression through histone modification during 334 

osteoclastogenesis might be a good approach to control osteoclast differentiation or activity and 335 

thus alter osteoclastic bone resorption (Yi et al, 2019). Osteoclasts are large multinucleated cells 336 

with ruffled membranes, and they are differentiated from mononuclear cells of the hematopoietic 337 

stem cell lineage by fusing those monocytes to form tartrate-resistant acid phosphatase (TRAP)-338 

positive cells (Levaot et al, 2015). It has been known for many years that two factors, 339 

macrophage colony-stimulating factor (M-CSF) and receptor activator of nuclear factor kappa-B 340 

ligand (RANKL) stimulate osteoclast differentiation, and RANKL is essential for the formation, 341 

fusion, activation and survival of osteoclasts (Asagiri & Takayanagi, 2007). Now, there is a 342 

growing body of evidence suggested that histone methyltransferase is involved in bone cell 343 

differentiation (Cakouros & Gronthos, 2019). Ezh2 has been reported to suppress 344 

osteoblastogenesis via H3K27me3 methylation on the promoters of osteoblast-related genes 345 

(Wei et al, 2011). On the other hand, in vitro studies have shown that Ezh2 promotes 346 

osteoclastogenesis by downregulating IRF8, a negative regulator of osteoclastogenesis (Adamik 347 

et al, 2020). Studies have also shown that H3 monomethylation at lysine 27 by G9a is essential 348 

for the enzymatic activity of MMP-9 and facilitates osteoclast differentiation (Shin et al, 2019), 349 

and DOT1L a histone methyltransferase of H3K79me suppressed osteoclast differentiation (Gao 350 

& Ge, 2018).  In our current report, we have successfully generated a pre-osteoclast, macrophage 351 
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specific Ezh2 gene deletion mouse model. Before mice reach to 56 days old, bone development 352 

of those CKO mice seem to be no significantly different compared with their control littermates. 353 

Compared with all other genotypic littermates generated by in-bred breeding, Ezh2 deletion in 354 

pre-osteoclastic LysM-Cre positive cells promotes bone mass accretion. Indeed, we provide clear 355 

evidence in vivo that deletion of Ezh2 in pre-osteoclastic cells inhibits osteoclastogenesis in 356 

young adult mice (Chen et al, 2020).  357 

 Ezh2 is known as a histone lysine methyltransferase associated with predominantly 358 

transcriptional or gene repression (Nutt et al, 2020), it catalyzes the addition of methyl groups to 359 

H3K27me3 in target genes involved in numerous cellular processes. We have originally showed 360 

evidence that Ezh2 might be involved in bone cell differentiation in the context of maternal or 361 

early life diet-induced obesity (Chen et al, 2016). Although our current studies focused on 362 

determining the role of Ezh2 in osteoclastogenesis and bone resorption, we have previously 363 

investigated the role of Ezh2 in the function of osteoblastic cells. These data suggest that 364 

maternal HFD-induced obesity increases Ezh2 expression in fetal osteoprogenitors, while 365 

increased Ezh2 activity suppressed expression of osteoblastic marker genes such as SATB2. 366 

Ezh2 facilities association of H3K27me3 with SATB2 in fetal cells from both obese dams in 367 

rodents and obese mothers in human (Chen et al, 2020). We described that deletion of Ezh2 gene 368 

in osteoblastic specific cell lineage increased bone density, especially trabecular bone density 369 

and bone mineral content, and increased SATB2 expression in bone (Chen et al, 2020). Together 370 

with data presented in our current report, these results clearly demonstrats that Ezh2 expression 371 

controls both osteoblast and osteoclast differentiation and activity. Repressive H3K27me3 and 372 

active H3K27ac are epigenetic marks that control gene expressions associated with them, some 373 

of them are essential in controlling osteoclast and osteoblast differentiation (Yi et al, 2019), 374 

however, there are only few studies offer little and inconsistent insight on how epigenetic 375 

remodeling of bone-specific chromatin maintains bone cell development and bone mass in vivo.  376 

Genetic inactivation of Ezh2 in calvarial bones using Ezh2
flox/flox

 and Prrx1-Cre model enhanced 377 

expression of osteogenic genes (Dudakovic et al, 2020). Evidence from several other studies also 378 

support a role for Ezh2inhibition in stimulating bone accretion (Ferguson et al, 2018). It has been 379 

shown that loss or inhibition of Ezh2 not only resulted in enhanced osteogenesis, but also 380 

inhibited adipogenic differentiation of mesenchymal stem cells from both human and rodents 381 

(Hemming et al, 2014; Lui et al, 2016). These were interesting evidence describing the role of 382 
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Ezh2 on bone cell development, however, bone development and modeling are controlled by 383 

both osteoblastic and osteoclastic cells, therefore, to determine how Ezh2 controls osteoclast 384 

development in vivo is important. However, we have only seen few evidence from in vitro or in 385 

ex vivo studies demonstrated the role of Ezh2 during osteoclastogenesis (Adamik et al, 2020). 386 

We have shown that deletion of Ezh2 in pre-osteoclastic cells resulted in reduced trimethylation 387 

in those genes that play suppressive functions on osteoclast differentiation. Interestingly, for 388 

those genes that are responsible for stimulating osteoclast were down-regulated.  389 

Osteoclastic suppressive genes have been identified such as IRF8 (interferon regulatory factor 390 

8), MafB (V-mad musculoaponeurotic fibrosarcoma oncogene homologue B) and Arg1 391 

(Arginase 1), IRF8 has received significant attention lately due to its role in inhibiting osteoclast 392 

differentiation (Thumbigere-Math et al, 2019). It has recently been reported that both homo and 393 

heterozygous of IRF8 gene mutations promote osteoclastogenesis and increased osteoclast 394 

activity, which is accompanied by increased NFATc1 expression (Izawa et al, 2019). IRF8 plays 395 

critical roles in the regulation of lineage commitment and in myeloid cell maturation including 396 

the decision for a common myeloid progenitor to differentiate into a monocyte precursor cell 397 

(Das et al, 2020). The LysM-Cre mouse model used in our current study has a nuclear-localized 398 

Cre recombinase inserted into the first coding ATG of the lysozyme 2 gene (Lyz2); both 399 

abolishing endogenous Lyz2 gene function and placing NLS-Cre expression under the control of 400 

the endogenous Lyz2 promoter/enhancer elements (The Jackson Laboratory). These LysM-Cre 401 

mice were generated to be used for Cre-lox studies of the myeloid cell lineage (monocytes, 402 

mature macrophages and granulocytes) and the innate immune response. Therefore, we expected 403 

that Ezh2 gene deletion in the myeloid cell lineage could interfere with IRF8 expression and 404 

function. We have showed that Ezh2 gene deletion resulted in increased IRF8 gene expression, 405 

therefore osteoclastogenesis and bone resorption were inhibited. Indeed, ChIP assay indicated 406 

that Ezh2 and IRF8 are highly associated, and Ezh2 controls IRF8 gene trimethylation are 407 

obviously through H3k27me3. Further, overexpression of Ezh2 in osteoclastic cells (murine 408 

macrophage cell line RAW264.7) suppresses IRF8 expression, and osteoclastogenesis was 409 

increased. These data suggest that Ezh2 and IRF8 axis in the myeloid cell lineage is at least one 410 

of mechanisms of how Ezh2 controls osteoclastogenesis and bone resorption. 411 

Deletion of Ezh2 in pre-osteoclasts resulted in a significant reduction in activities of 412 

inflammatory factors within bone. We do not have explanation for why Ezh2 deletion alters the 413 
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bone inflammasome, we only speculate that inflammatory signatures in macrophages in bone can 414 

be programmed through Ezh2 expression. Although decreased osteoclastogenesis and increased 415 

bone mass in 6 months old Ezh2 lacking male and female mice are clear, the postnatal bone 416 

modeling and growth in young CKO mice were more ambiguous. However, we did not observe 417 

obvious differences of bone mass in 30 days old CKO mice compared with all other genotypic 418 

and wild type mice in both males and females. Since bone mass in young adult CKO mice was 419 

significantly greater than control mice, overall bone growth in CKO mice was faster from 30 420 

days old to 6 months old. The reason for why 30 days old CKO mice showed no obvious  bone 421 

phenotypic changes compared to control may be because, 1) Ezh2 deletion is in pre-osteoclastic 422 

cells, 2) 30 days old mice were just after weaning, osteoblastic bone formation is a dominate 423 

event for rapid bone growth during this age of mice (Chen et al, 2017). Moreover, the function of 424 

osteoclasts during rapidly growing phase are probably to make the bone in a good shape (Chen et 425 

al, 2017), but not much on bone mass. This is supported by our data, although overall there were 426 

no statistically different among groups on bone density, but trabecular centroid (x) in 30 days old 427 

CKO mice was significantly different compared to their control littermates (Cre+ mice) in both 428 

sexes. We stated that CKO mice were notosteopetrotic. Osteopetrosis is defined by increased 429 

bone density due to a defect in bone resorption by osteoclasts. In mice laking Ezh2, we did not 430 

observe clear differences in the cortical bone compartment by micro-CT analysis, and there were 431 

still osteoclasts in bone of CKO mice. Therefore, our determination is that in CKO mice, 432 

osteoclastic bone resorption was decreased but not completely abolished. Lastly, we have shown 433 

that in males, not only CKO mice but also Ezh2
flox/+

/LysM-Cre+ genotypic mice showed 434 

increased bone mass, while in females only CKO mice had increased bone mass phenotype 435 

compared with control mice (compared with either flox, Cre and wild type control) in young 436 

adult mice. This observation suggests a potential role for sex hormones or Ezh2 interfered with X 437 

chromosome in bone accretion and modeling, which warrants further investigation.   438 

In summary, we show that Ezh2 deletion in osteoclast precursors increased postnatal bone 439 

development as well as bone mass in young adult mice. Our data demonstrate a role for Ezh2 in 440 

osteoclast gene expression, modulating the bone inflammasome, as well as controlling bone 441 

resorption. We suggest that manipulation of Ezh2 expression may be a viable strategy to alter 442 

bone development or manage bone resorptive disorders such as osteoporosis and rheumatoid 443 

arthritis. 444 
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Materials and Methods 445 

Animals and diets. C57BL/6J mouse background myeloid cell-specific targeted mutant LysMcre 446 

(LysM-Cre
+
) mice (Stock No: 004781) and loxP sites flanking exons 14-15 of the zeste homolog 447 

2 (Ezh2) gene Ezh2
flox/flox 

mice (stock no. 022616) were purchased from the Jackson Laboratory 448 

(Bar Harbor, ME). To delete targeted gene of Ezh2 in the myeloid cell lineage of osteoclast 449 

precursors, including monocytes, mature macrophages, and granulocytes, LysM-Cre
+
 mice were 450 

crossed with Ezh2
flox/flox 

mice. Male Ezh2
flox/+

/LysM-Cre
+
 and female Ezh2

flox/+
/LysM-Cre

-
 451 

offspring were intercrossed to generate the LysM-Cre
+
 (Cre-positive control); Ezh2

flox/flox 
/LysM-452 

Cre
+
 mice (CKO) and others Ezh2

flox/+
/LysM-Cre

-
, Ezh2

flox/flox
/LysM-Cre

-
 (flox control), 453 

Ezh2
flox/+

/LysM-Cre
+
, and wild type (Wt) mice. A staggering mouse breeding strategy was used 454 

and all mice were fed standard rodent chow diet. Experiments involved 30 days old, 56 days old 455 

and 6 months old littermates of male and female CKO and their corresponding genotypic and 456 

wild type control male and female mice (8-12 per group) for bone phenotyping studies. Mice 457 

were weighed, randomized by their weights, and housed 5 per cage in mouse small shoe box 458 

cages. All animal procedures were approved by the Institutional Animal Care and Use 459 

Committee at University of Arkansas for Medical Sciences (AUP#3595 UAMS, Little Rock, 460 

AR), and housed in animal facility at the Arkansas Children’s Research Institute with constant 461 

humidity and lights on from 06:00-18:00 hrs at 22°C. At the end of the studies, mice were 462 

anesthetized by injection with 100 mg Nembutal/kg body weight (Avent Laboratories). Blood 463 

was collected via cardiac puncture, which was followed by decapitation, femur, tibia and 464 

vertebrae bones were collected and stored in -80 ºC.  465 

Bone analyses. Micro-computed tomography (micro-CT) measurements of the trabecular and 466 

cortical compartments from the left tibial and L5 spine bone were evaluated using SkyScan μCT 467 

scanner (recently upgraded SkyScan 1272, Bruker.com) at 8 μm pixel size with X-ray source 468 

power of 60 kV and 166 μA and integration time of 950 ms. The trabecular compartment 469 

included a 0.9 mm region extending distally 0.03 mm from the physis. The grayscale images 470 

were processed by using a filter (=Al, σ=0.5, mm) to remove noise, and a fixed threshold of 125 471 

was used to extract the mineralized bone from the soft tissue and marrow phase. Cancellous bone 472 

was separated from the cortical regions by semi-automatically drawn contours. A total of 120 473 

slices starting from about 0.1 mm distal to growth plate, constituting 0.80 mm length, were 474 

evaluated for trabecular bone structure, bone volume fraction (BV/TV, %), trabecular thickness 475 
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(Tb.Th, mm), trabecular separation (Tb.Sp, mm), trabecular number (Tb.N, 1/mm), Degree of 476 

anisotropy (DA) were calculated based on description by Bouxsein et al. (Bouxsein et al, 2010), 477 

and by using software provided by SkyScan, Bruker. For cortical bone, the cortical compartment 478 

was a 0.6 mm region extending distally starting 5 mm proximal to the tibia-fibula junction. Total 479 

cross-sectional area (CSA, mm
2
), medullary area (MA, mm

2
) and cortical thickness (Ct.Th, mm) 480 

were assessed. 481 

Bone histology. Mouse right tibia samples were embedded, cut and TRAPase stained by 482 

Histology Special Procedures at the Arkansas Children’s Nutrition Center Histology Core. 483 

TRAPase staining kit was utilized according to the manufacturer’s protocols (Sigma-Aldrich, 484 

Acid phosphatase leukocyte, procedure No. 386). TRAPase positive pink-purple-stained cells 485 

were visualized with a digitizing morphometry system, which consists of an epifluorescent 486 

microscope (model BH-2, Olympus), a color video camera, and a digitizing pad (Numonics 487 

2206) coupled to a computer (Sony) (OsteoMetrics, Inc.).  488 

Measurements of bone turnover markers in bone marrow plasma and in serum. Bone marrow 489 

plasma were prepared at the time of tissue harvest. Bone marrow was flushed out from femur 490 

using 300 µl of PBS, vortexed and spun (1700 g) for collecting supernatant as bone marrow 491 

plasma. Serum bone resorption marker C-terminal telopeptides of type I collagen (CTX-1) was 492 

measured by Rat-Laps
TM

 ELISA from Nordic Biosciences Diagnostic (Herlev, Denmark). The 493 

serum P1NP (Procollagen 1 N-terminal Propeptide) levels were measured by direct 494 

immunoassay P1NP assay Kit. The P1NP level measurement ELISA kit was purchased from 495 

Mybiosource.com (Catalog No: MBS2500076) and measurement procedure followed the 496 

manufacturer’s recommendations. According to the protocol, pre-coated with total-P1NP 497 

antibody, total-P1NP present in the sample is added and binds to antibodies coated on the wells, 498 

and then biotinylated total-P1NP antibody is added and binds to total-P1NP in the sample. Then, 499 

streptavidin-HRP is added and binds to the biotinylated total-P1NP antibody. After incubation 500 

unbound streptavidin-HRP is washed away during a washing step, substrate solution is then 501 

added and color develops in proportion to the amount of total-P1NP. ELISA for serum 502 

osteocalcin and TRAP-5b were performed according to procedure from manufactory. The 503 

reaction is terminated by addition of acidic stop solution and absorbance is measured at 450 nm. 504 

Cell cultures. Murine osteoclast cell line RAW264.7 cells (from ACCT) and non-adherent bone 505 

marrow cells were cultured in 96-well plates (2×10
4 
cells/well) in the presence or absence of 30 506 
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ng/ml of RANKL, in α-MEM supplemented with 10% fetal bovine serum (FBS) (Hyclone, 507 

Logan, UT), penicillin (100 Units/ml), streptomycin (100 µg/ml), and glutamine (4 mM). These 508 

cell cultures were previously described in our laboratory (Chen et al, 2020). After 5 days for 509 

bone marrow cell cultures, the cells were fixed with 4% paraformaldehyde and stained for 510 

TRAPase activity using a TRAPase staining kit according to the manufacturer’s protocols 511 

(Sigma-Aldrich, Acid phosphatase leukocyte, procedure No. 386). TRAP-positive cells 512 

containing >3 nuclei in each well were counted as osteoclasts under an epifluorescent 513 

microscope (model BH-2, Olympus, Imaging America Inc.; Center Valley, PA). For RNA and 514 

protein expression study, non-adherent bone marrow cells were seeded in triplicate in 6-well 515 

collagen-coated plates (BD Biosciences) at a density of 1×10
5
 cells/well, and cells were treated 516 

with Ezh2 inhibitors GSK126, GSK343 and DZNep at four different concentrations in the 517 

presence of 30 ng/ml RANKL for 5 days. Murine bone marrow mesenchymal stromal cell line 518 

ST2 cells were culture in the osteoblast differentiation medium.  519 

RNA isolation, real-time reverse transcription-polymerase chain reaction. Bone and cell RNA 520 

isolation was performed using TRI Reagent (MRC Inc., Cincinnati, OH) according to the 521 

manufacturer’s recommendations followed by DNase digestion and column cleanup using 522 

QIAGEN mini columns
 
(Chen et al, 2018). Reverse transcription was carried out using an iScript 523 

cDNA synthesis kit from Bio-Rad (Hercules, CA). All primers for real-time PCR analysis used 524 

in this report were designed using Primer Express software 2.0.0 (Applied Biosystems).   525 

Western blotting. Total protein extracts from L4 and culture cells were prepared using 526 

radioactive immunoprecipitation assay (RIPA) buffer (Solarbio). Western blots were performed 527 

using standard protocols
 
(Chen et al, 2018). The protein lysates were quantified and separated by 528 

sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to polyvinylidene 529 

fluoride membranes (Millipore). This was followed by immunoblotting with primary antibodies 530 

NFATc1 (SAB2101576, Sigma-Aldrich, St. Louis, MO, USA), MMP9 (sc-6840, Santa Cruz, 531 

Dallas, TX, USA), Cathepsin K (sc-48353, Santa Cruz, Dallas, TX, USA), Ezh2 (Cell Signaling, 532 

#9346), IRF8 (Invitrogen, #39-8800), Arg1 (Cell Signaling, #93668), MafB (Bethyl, A700-046), 533 

Osteocalcin (Millipore, AB10911), Col1 (C2456, Sigma-Aldrich, St. Louis, MO, USA) and β-534 

Actin (A1978, Sigma-Aldrich, St. Louis, MO, USA); 1:1000 dilution and then by the 535 

corresponding horseradish peroxidase conjugated secondary antibodies. Blots were developed 536 

using chemiluminescence (PIERCE Biotechnology) according to the manufacturer’s 537 
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recommendations. Bands of interest were visualized and imaged under chemiluminescent 538 

detection using a FluorChem E System (ProteinSimple, San Jose, CA). Quantitation of the 539 

intensity of the bands in the autoradiograms was performed using a VersaDocTM imaging 540 

system (Bio-Rad).  541 

Chromatin-immunoprecipitation (ChIP). The procedure for standard ChIP assay using Ezh2 542 

(Cell Signaling, #9346) and H3K27me antibody (ChIP grade from Cell Signaling, #07-449) has 543 

been described previously (Chen et al, 2018), and information for all primers used for ChIP 544 

assay and real-time PCR were designed using Primer Express software 2.0.0 (Applied 545 

Biosystems). The procedure for standard ChIP assay using H3K27me3 and Ezh2 (Cell 546 

Signaling) antibodies was described previously (Chen et al, 2018).  547 

Inflammatory antibody array. Simultaneous detection of multiple cytokines undoubtedly 548 

provides a powerful tool to study cell signaling pathways. RayBio C-Series mouse (#AAM-INF-549 

1-8, RayBiotech, Inc) inflammatory antibody arrays were performed for the semi-quantitative 550 

detection of 40 mouse proteins in cell lysate according to protocols provided by the company. L4 551 

vertebra bone tissue proteins were extracted using a cell lysate buffer as described previously 552 

(Chen et al, 2016). Total protein 50 µg from each sample which the original lysate concentration 553 

ranged 1-5 mg/ml was loaded. According to description provided by the company, this array can 554 

detect IL-2 at concentration of 25 to 250,000 pg/ml, a range of 10,000-fold, and as determined by 555 

densitometry, as little as 4 pg/ml of MCP-1 can be detected, the inter-array Coefficient of 556 

Variation (CV) of spot signal intensities is 5-10%. Quantitation of the intensity of the bands in 557 

the autoradiograms was performed using a VersaDoc
TM

 imaging system (Bio-Rad).  558 

Statistics. Numerical variables were expressed as means ± SD (Standard Deviation), and n 559 

represents the number of samples/group. For in vitro and ex vivo experiments, differences within 560 

groups were evaluated using t test or one-way ANOVA followed by Tukey’s post hoc test. 561 

P<0.05 was considered significant. Cell culture experiments were conducted at least three 562 

independent times, and representative images (including bone scan images) are displayed. Dose 563 

or time response was assessed using Cruick’s non-parametric test for trend. For in vivo animal 564 

experiments, comparisons among groups were performed with the nonparametric Kruskall-565 

Wallis test followed by a Dunnett’s test comparing each genotype group to the control or CKO 566 

group. The nonparametric Wilcoxon rank-sum test was used to compare CKO to individual 567 
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LysM-Cre positive or Ezh2 flox and other genotypic and wild type mouse groups. Values were 568 

considered statistically significant at p<0.05. 569 
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Figures and Figure Legends 709 

Figure 1 710 

Figure 1. Ezh2 expression in bone and in bone cells during their differentiation. Total RNA 711 

was isolated from spine L4 of male 30-days-old, 56-days-old and 6-months-old wild type mice, 712 

real-time PCR determined Ezh2 (A), IRF8 (B), osteocalcin (C) and Cathepsin K (D) mRNA 713 

expression. (E) Total protein was isolated from spine L3 of male 30-days-old, 56-days-old and 6-714 

months-old wild type mice, Western blots determined Ezh2, IRF8, Arg1 and NFATc1 protein 715 

expression, samples were pooled 5 per group to load to mini-gels. (F) Representative cell culture 716 

pictures of TRAPase staining of RAW264.7 cells in the presence of 30 ng/ml of RANKL on day 717 

1, day 3 and day 5. (G) Real-time PCR determined Ezh2, IRF8 and MafB mRNA expression in 718 

RAW264.7 cells cultured in presence of 30 ng/ml of RANKL on day 1, day 3 and day 5, six 719 

culture wells of 12-well culture plates per group. (H) Representative cell culture pictures of ALP 720 

staining of ST2 cells in the osteoblast differentiation medium on day 1, day 3 and day 7. (I) Real-721 

time PCR determined Ezh2, ALP and osteocalcin mRNA expression in ST2 cells cultured in 722 

osteoblast differentiation medium on day 1, day 3 and day 7, six culture wells of 12-well culture 723 

plates per group. * p<0.05 by one-way ANOVA followed by Tukey’s post hoc test.  724 

725 
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Figure 2  726 

 727 

Figure 2. Micro-CT bone phenotype of tibia of 6 months old male and female 728 

Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control mice. (A) 729 

Representative micro-CT images of male proximal tibia from one sample from each group of 730 

mice, upper panel shows sagittal view and lower panel shows transverse view, white lines and 731 

dots indicates trabecular or cortical bone tissues. (B)  Micro-CT measures of six parameters from 732 

trabecular tibias from CKO (Ezh2
flox/flox

/LysM-Cre
+
, n=10), f/f (Ezh2

flox/flox
 control, n=8), Cre

+
 733 

(LysM-Cre
+
 control, n=8), f/+Cre

+
 (Ezh2

flox/+
/LysM-Cre

+
, n=9), f/+Cre

-
 (Ezh2

flox/+
/LysM-Cre

-
, 734 

n=7) and Wt (wild type control, n=9) male mice. BV/TV, bone volume/total tissue volume; BV, 735 

bone volume; BS, bone surface; BS/TV, bone surface density; Tb.N, trabecular number; Tb.Sp, 736 

trabecular separation. (C) Representative micro-CT images of female proximal tibia from one 737 

sample from each group of mice, upper panel shows sagittal view and lower panel shows 738 

transverse view, white lines and dots indicates trabecular or cortical bone tissues. (D)  Micro-CT 739 

measures of six parameters from trabecular tibias from CKO (n=9), f/f (n=8), Cre
+
 (n=7), f/+Cre

+
 740 

(n=8), f/+Cre
-
 (n=8) and Wt (n=8) female mice. Parameter BV/TV, BV, BS, BS/TV, Tb.N and 741 

Tb.Sp were presented. Data are expressed as mean ± SD, analyzed by one-way ANOVA, 742 

additionally, * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001 by Tukey’s multiple 743 

comparison. 744 

 745 
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Figure 3  747 

 748 

Figure 3. Micro-CT bone phenotype of spine L5 of 6 months old male and female 749 

Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control mice. (A) 750 

Representative micro-CT images of male L5 from one sample from each group of mice, upper 751 

panel shows sagittal view and lower panel shows transverse view, white lines and dots indicates 752 

trabecular or cortical bone tissues. (B)  Micro-CT measures of six parameters from trabecular L5 753 

from CKO (Ezh2
flox/flox

/LysM-Cre
+
, n=10), f/f (Ezh2

flox/flox
 control, n=8), Cre

+
 (LysM-Cre

+
 754 

control, n=8), f/+Cre
+
 (Ezh2

flox/+
/LysM-Cre

+
, n=9), f/+Cre

-
 (Ezh2

flox/+
/LysM-Cre

-
, n=7) and Wt 755 

(wild type control, n=9) male mice. BV/TV, bone volume/total tissue volume; BV, bone volume; 756 

BS, bone surface; BS/TV, bone surface density; Tb.N, trabecular number; Tb.Sp, trabecular 757 

separation. (C) Representative micro-CT images of female L5 from one sample from each group 758 

of mice, upper panel shows sagittal view and lower panel shows transverse view, white lines and 759 

dots indicates trabecular or cortical bone tissues. (D)  Micro-CT measures of six parameters from 760 

trabecular L5 from CKO (n=9), f/f (n=8), Cre
+
 (n=7), f/+Cre

+
 (n=8), f/+Cre

-
 (n=8) and Wt (n=8) 761 

female mice. Parameter BV/TV, BV, BS, BS/TV, Tb.N and Tb.Sp were presented. Data are 762 

expressed as mean ± SD, analyzed by one-way ANOVA, additionally, * p<0.05, ** p<0.01, *** 763 

p<0.001, **** p<0.0001 by Tukey’s multiple comparison.   764 

765 
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Figure 4  766 

 767 

Figure 4. Body weight, tibia length and bone growth from weaning to young adult of male 768 

and female Ezh2
flox/flox

/LysM-Cre
+
 CKO and Ezh2

flox/flox
 (Flox/Flox) and LysM-Cre

+
 (Cre) 769 

control mice. (A) Body weight and tibia length changes from 30 days old to 56 days old to 6 770 

months old of CKO, Flox/Flox and Cre control male mice. (B) Body weight and tibia length 771 

changes from 30 days old to 56 days old to 6 months old of CKO, Flox/Flox and Cre control 772 

female mice. (C) Changes of micro-CT trabecular parameter BV/TV, BV, TV and Tb.N, and 773 

cortical parameter BV/TV, BV, B Ar (bone area) and Cs Th (cortical thickness) from 30 days old 774 

to 56 days old to 6 months old of CKO, Flox/Flox and Cre control male mice. (D) Changes of 775 

micro-CT trabecular parameter BV/TV, BV, TV and Tb.N, and cortical parameter BV/TV, BV, 776 

B Ar (bone area) and Cs Th (cortical thickness) from 30 days old to 56 days old to 6 months old 777 

of CKO, Flox/Flox and Cre control female mice. Mouse numbers were used: 30 days old, male: 778 

CKO n=9, Flox/Flox n=7, Cre n=9; female: CKO n=8, Flox/Flox n=8, Cre n=8. 56 days old, 779 

male: CKO n=9, Flox/Flox n=10, Cre n=10; female: CKO n=10, Flox/Flox n=10, Cre=10. 6 780 

months old, male: CKO n=10, Flox/Flox n=8, Cre n=8; female: CKO n=9, Flox/Flox n=8, Cre 781 

n=7.    782 

783 
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Figure 5 784 

 785 
 786 

Figure 5. Decreased inflammation in bone from 6 months old male and female 787 

Ezh2
flox/flox

/LysM-Cre
+
 (f/f Cre

+
, CKO) compared with Ezh2

flox/flox
 (f/f) and LysM-Cre

+
 788 

(Cre
+
) control mice. (A) Inflammatory antibody array analysis showing decreased inflammatory 789 

factor expression in male f/f CKO of 6 months old mouse group in total proteins isolated from 790 

spine L3 vertebrae compared with those from 6-months-old male f/f and Cre
+
 control mouse  791 

groups, the heat map analysis on left side for comparison of all factors. Data are expressed as 792 

mean ± SD of blot intensity with samples from each group were pooled to 3 per group, ttest was 793 

performed with red showing significance at p<0.05. (B) Inflammatory antibody array analysis 794 

showing decreased inflammatory factor expression in female f/f CKO of 6 months old mouse 795 

group in total proteins isolated from spine L3 vertebrae compared with those from 6-months-old 796 

female f/f and Cre
+
 control mouse  groups, the heat map analysis on left side for comparison of 797 

all factors. Data are expressed as mean ± SD of blot intensity with samples from each group were 798 

pooled to 3 per group, ttest was performed with red showing significance at p<0.05. 799 

800 
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Figure 6  801 

 802 

 803 

Figure 6. Histomorphometric analysis of tibia of 6 months old male Ezh2
flox/flox

/LysM-Cre
+
 804 

(f/f Cre
+
, CKO) compared with Ezh2

flox/flox
 (f/f Cre

-
) and LysM-Cre

+
 (Cre

+
) control mice. 805 

(A) Top panel showing Masson staining of proximal tibia below growth plate of representative 806 

pictures from each group, green color indicating trabecular and cortical bone; middle panel 807 

showing TRAPase staining of proximal tibia below growth plate of representative pictures from 808 

each group, dark purple color indicating TRAPase positively stained cells; bottom panel showing 809 

TRAPase staining in highest magnification (40x) of one typical osteoclast active area (red circled 810 

and arrow pointed) of bone from each group. (B), (C), (D) and (E) Parameters of 811 

histomorphometric analysis of tibia from f/f Cre
+
 (CKO), f/f and Cre

+
 control mice. B Ar, bone 812 

area, N Oc/B Pm, number of osteoclast per bone parameter, Oc S/BS, osteoclast surface per bone 813 

surface, N Ob/B Pm, number of osteoblast per bone parameter. Red box bar, CKO group; pink 814 

box bar, f/f control group; light pink box bar, Cre control group. Data are expressed as mean ± 815 

SD, analyzed by one-way ANOVA, additionally, * p<0.05, ** p<0.01, *** p<0.001, **** 816 

p<0.0001 by Tukey’s multiple comparison.  Real-time PCR shows β-Catenin and Runx2 mRNA 817 

expression in bone from male and female separated samples. (F) Ezh2 and IRF8 antibody 818 

immune-counterstaining of a representative sample of tibia from either CKO or Cre mouse, 40x 819 

on one osteoclast active area white circled.  820 

821 
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Figure 7.  822 

 823 

Figure 7. Increased osteoclast suppressive gene expression and decreased bone resorption 824 

in 6 months old male Ezh2
flox/flox

/LysM-Cre
+
 (f/f Cre

+
, CKO) compared with Ezh2

flox/flox
 (f/f 825 

Cre
-
) and LysM-Cre

+
 (Cre

+
) control mice. (A) Western blots showing cathepsin K, MMP9, 826 

IRF8, MafB, Arg1, osteoclalcin and Col1 (collagen 1a) expression in total protein isolated from 827 

L3 of f/f Cre
+
 CKO, and f/f Cre

-
 and Cre

+
 control mice, samples from each group were pooled to 828 

5 per group. (B) Serum ELISA for bone remodeling markers P1NP, osteocalcin, CTX1 and 829 

TRAP-5b of f/f Cre
+
 CKO, and f/f Cre

-
 and Cre

+
 control mice. (C) Real-time PCR for mRNA 830 

expression of IRF8, MafB, Agr1, NFATc1, Cathepsin K and Col1 in bone of total RNA isolated 831 

from L3 of f/f Cre
+
 CKO, and f/f Cre

-
 and Cre

+
 control mice. Data are expressed as mean ± SD, 832 

analyzed by one-way ANOVA, additionally, * p<0.05, ** p<0.01, *** p<0.001 by Tukey’s 833 

multiple comparison. (D) Standard ChIP analysis, chromatin from bone was immune-834 

precipitated (IP) by Ezh2 and H3K27me3 and then their associations with IRF8, MafB and Agr1. 835 

Samples were pooled to 3 per group. (E) Fold changes of IRF8, MafB and Agr1 associated with 836 

Ezh2 and H3K27me3 precipitations from standard ChIP assay.  837 

838 
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Figure 8  839 

 840 

Figure 8. Ezh2 inhibitors suppress osteoclastogenesis. (A) Bone marrow non-adherent 841 

hematopoietic cells were isolated from 4-weeks-old wild type male mice. Cells were treated with 842 

three different Ezh2 inhibitors GSK126, GSK343 and DZNep with four different concentrations 843 

in the presence of 30 ng/ml of RANKL for 5 days. Representative pictures are TRAPase 844 

stringing of osteoclast morphology of each Ezh2 inhibitor of each concentration triplicates. (B) 845 

Multi-nuclear osteoclast numbers were counted. (C) RAW246.7 cells were treated with or 846 

without 0.5 µM of GSK343 in the presence of 30 ng/ml of RANKL for 5 days, cells were then 847 

immune counter-stained with Ezh2 (red) and IRF8 (green) antibodies. Upper pane yellow arrow 848 

showing Ezh2 red stained osteoclast, low panel is DAPI staining. (D) RAW246.7 cells were 849 

treated with or without 0.5 µM of GSK343 in the presence of 30 ng/ml of RANKL for 5 days. 850 

RNA was isolated for real-time PCR of Ezh2 and IRF8 mRNA expression. * p<0.05 ttest. 851 

 852 

 853 

 854 

 855 

 856 

 857 

 858 

 859 

 860 
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 862 

Supplemental Table 1. Body weight and tibia length and micro-CT bone parameters of tibia of 863 

6 months old male Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control mice. 864 

CKO (Ezh2
flox/flox

/LysM-Cre
+
, n=10), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), Cre+ (LysM-865 

Cre
+
 control, n=8), f/+Cre+ (Ezh2

flox/+
/LysM-Cre

+
, n=9), f/+ Cre- (Ezh2

flox/+
/LysM-Cre

-
, n=7) 866 

and Wt (wild type control, n=9) male mice. Data are expressed as mean ± SD, p value was 867 

analyzed by ttest, CKO versus other genotypic mouse groups. 868 

869 
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 870 

Supplemental Table 2. Body weight and tibia length and micro-CT bone parameters of tibia of 871 

6 months old female Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control 872 

mice. CKO (Ezh2
flox/flox

/LysM-Cre
+
, n=9), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), Cre+ 873 

(LysM-Cre
+
 control, n=7), f/+Cre+ (Ezh2

flox/+
/LysM-Cre

+
, n=8), f/+ Cre- (Ezh2

flox/+
/LysM-Cre

-
, 874 

n=8) and Wt (wild type control, n=8) male mice. Data are expressed as mean ± SD, p value was 875 

analyzed by ttest, CKO versus other genotypic mouse groups.  876 

 877 
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 880 

 881 

Supplemental Table 3. Micro-CT cortical bone parameters of tibia of 6 months old male 882 

Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control mice. CKO 883 

(Ezh2
flox/flox

/LysM-Cre
+
, n=10), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), Cre+ (LysM-Cre

+
 884 

control, n=8), f/+Cre+ (Ezh2
flox/+

/LysM-Cre
+
, n=9), f/+ Cre- (Ezh2

flox/+
/LysM-Cre

-
, n=7) and Wt 885 

(wild type control, n=9) male mice. Data are expressed as mean ± SD, p value was analyzed by 886 

ttest, CKO versus f/f control. 887 

888 
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 889 

Supplemental Table 4. Micro-CT cortical bone parameters of tibia of 6 months old female 890 

Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control mice. CKO 891 

(Ezh2
flox/flox

/LysM-Cre
+
, n=9), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), Cre+ (LysM-Cre

+
 892 

control, n=7), f/+Cre+ (Ezh2
flox/+

/LysM-Cre
+
, n=8), f/+ Cre- (Ezh2

flox/+
/LysM-Cre

-
, n=8) and Wt 893 

(wild type control, n=8) female mice. Data are expressed as mean ± SD, p value was analyzed by 894 

ttest, CKO versus other genotypic mouse groups. 895 
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 897 

 898 

Supplemental Table 5. Body weight and tibia length and micro-CT trabecular bone parameters 899 

of tibia of 30 days old male Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type 900 

control mice. CKO (Ezh2
flox/flox

/LysM-Cre
+
, n=10), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), 901 

Cre+ (LysM-Cre
+
 control, n=8), f/+Cre+ (Ezh2

flox/+
/LysM-Cre

+
, n=9), f/+ Cre- (Ezh2

flox/+
/LysM-902 

Cre
-
, n=7) and Wt (wild type control, n=9) male mice. Data are expressed as mean ± SD, p value 903 

was analyzed by ttest, CKO versus other genotypic mouse groups. 904 

905 
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 906 

 907 

Supplemental Table 6. Micro-CT cortical bone parameters of tibia of 30 days old male 908 

Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control mice. CKO 909 

(Ezh2
flox/flox

/LysM-Cre
+
, n=10), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), Cre+ (LysM-Cre

+
 910 

control, n=8), f/+Cre+ (Ezh2
flox/+

/LysM-Cre
+
, n=9), f/+ Cre- (Ezh2

flox/+
/LysM-Cre

-
, n=7) and Wt 911 

(wild type control, n=9) male mice. Data are expressed as mean ± SD, p value was analyzed by 912 

ttest, CKO versus other genotypic and control mouse groups. 913 
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 915 

Supplemental Table 7. Body weight and tibia length and micro-CT trabecular bone parameters 916 

of tibia of 30 days old female Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type 917 

control mice. CKO (Ezh2
flox/flox

/LysM-Cre
+
, n=9), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), 918 

Cre+ (LysM-Cre
+
 control, n=7), f/+Cre+ (Ezh2

flox/+
/LysM-Cre

+
, n=8), f/+ Cre- (Ezh2

flox/+
/LysM-919 

Cre
-
, n=8) and Wt (wild type control, n=8) female mice. Data are expressed as mean ± SD, p 920 

value was analyzed by ttest, CKO versus other genotypic mouse groups. 921 
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 923 

 924 

Supplemental Table 8. Micro-CT cortical bone parameters of tibia of 30 days old female 925 

Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control mice. CKO 926 

(Ezh2
flox/flox

/LysM-Cre
+
, n=10), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), Cre+ (LysM-Cre

+
 927 

control, n=8), f/+Cre+ (Ezh2
flox/+

/LysM-Cre
+
, n=9), f/+ Cre- (Ezh2

flox/+
/LysM-Cre

-
, n=7) and Wt 928 

(wild type control, n=9) female mice. Data are expressed as mean ± SD, p value was analyzed by 929 

ttest, CKO versus other genotypic and control mouse groups. 930 
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 933 

Supplemental Table 9. Body weight and tibia length and micro-CT trabecular bone parameters 934 

of tibia of 56 days old male Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type 935 

control mice. CKO (Ezh2
flox/flox

/LysM-Cre
+
, n=9), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), 936 

Cre+ (LysM-Cre
+
 control, n=7), f/+Cre+ (Ezh2

flox/+
/LysM-Cre

+
, n=8), f/+ Cre- (Ezh2

flox/+
/LysM-937 

Cre
-
, n=8) and Wt (wild type control, n=8) male mice. Data are expressed as mean ± SD, p value 938 

was analyzed by ttest, CKO versus other genotypic mouse groups. 939 
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 943 

 944 

Supplemental Table 10. Micro-CT cortical bone parameters of tibia of 56 days old male 945 

Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control mice. CKO 946 

(Ezh2
flox/flox

/LysM-Cre
+
, n=10), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), Cre+ (LysM-Cre

+
 947 

control, n=8), f/+Cre+ (Ezh2
flox/+

/LysM-Cre
+
, n=9), f/+ Cre- (Ezh2

flox/+
/LysM-Cre

-
, n=7) and Wt 948 

(wild type control, n=9) male mice. Data are expressed as mean ± SD, p value was analyzed by 949 

ttest, CKO versus other genotypic and control mouse groups. 950 

 951 
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 954 

 955 

Supplemental Table 11. Body weight and tibia length and micro-CT trabecular bone parameters 956 

of tibia of 56 days old female Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type 957 

control mice. CKO (Ezh2
flox/flox

/LysM-Cre
+
, n=9), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), 958 

Cre+ (LysM-Cre
+
 control, n=7), f/+Cre+ (Ezh2

flox/+
/LysM-Cre

+
, n=8), f/+ Cre- (Ezh2

flox/+
/LysM-959 

Cre
-
, n=8) and Wt (wild type control, n=8) female mice. Data are expressed as mean ± SD, p 960 

value was analyzed by ttest, CKO versus other genotypic mouse groups. 961 
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 964 

 965 

Supplemental Table 12. Micro-CT cortical bone parameters of tibia of 56 days old female 966 

Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control mice. CKO 967 

(Ezh2
flox/flox

/LysM-Cre
+
, n=10), Ezh2

f/f
 (Ezh2

flox/flox
, f/f Cre

-
 ,control, n=8), Cre+ (LysM-Cre

+
 968 

control, n=8), f/+Cre+ (Ezh2
flox/+

/LysM-Cre
+
, n=9), f/+ Cre- (Ezh2

flox/+
/LysM-Cre

-
, n=7) and Wt 969 

(wild type control, n=9) female mice. Data are expressed as mean ± SD, p value was analyzed by 970 

ttest, CKO versus other genotypic and control mouse groups. 971 
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 974 

 975 
Supplemental Figure 1. Micro-CT bone phenotype of tibia of 30 days old male and female 976 

Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control mice. (A) 977 

Representative micro-CT images of male proximal tibia from one sample from each group of 978 

mice, upper panel shows sagittal view and lower panel shows transverse view, white lines and 979 

dots indicates trabecular or cortical bone tissues. (B)  Micro-CT measures of six parameters from 980 

trabecular tibias from CKO (Ezh2
flox/flox

/LysM-Cre
+
, n=10), f/f (Ezh2

flox/flox
 control, n=8), Cre

+
 981 

(LysM-Cre
+
 control, n=8), f/+Cre

+
 (Ezh2

flox/+
/LysM-Cre

+
, n=9), f/+Cre

-
 (Ezh2

flox/+
/LysM-Cre

-
, 982 

n=7) and Wt (wild type control, n=9) male mice. BV/TV, bone volume/total tissue volume; BV, 983 

bone volume; BS, bone surface; BS/TV, bone surface density; Tb.N, trabecular number; Tb.Sp, 984 

trabecular separation. (C) Representative micro-CT images of female proximal tibia from one 985 

sample from each group of mice, upper panel shows sagittal view and lower panel shows 986 

transverse view, white lines and dots indicates trabecular or cortical bone tissues. (D)  Micro-CT 987 

measures of six parameters from trabecular tibias from CKO (n=9), f/f (n=8), Cre
+
 (n=7), f/+Cre

+
 988 

(n=8), f/+Cre
-
 (n=8) and Wt (n=8) female mice. Parameter BV/TV, BV, BS, BS/TV, Tb.N and 989 

Tb.Sp were presented. Data are expressed as mean ± SD, analyzed by one-way ANOVA, 990 

additionally, * p<0.05, ** p<0.01 by Tukey’s multiple comparison. 991 
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 995 

 996 
 997 

Supplemental Figure 2. Micro-CT bone phenotype of tibia of 56 days old male and female 998 

Ezh2
flox/flox

/LysM-Cre
+
 CKO and other genotypic and wild type control mice. (A) 999 

Representative micro-CT images of male proximal tibia from one sample from each group of 1000 

mice, upper panel shows sagittal view and lower panel shows transverse view, white lines and 1001 

dots indicates trabecular or cortical bone tissues. (B)  Micro-CT measures of six parameters from 1002 

trabecular tibias from CKO (Ezh2
flox/flox

/LysM-Cre
+
, n=10), f/f (Ezh2

flox/flox
 control, n=8), Cre

+
 1003 

(LysM-Cre
+
 control, n=8), f/+Cre

+
 (Ezh2

flox/+
/LysM-Cre

+
, n=9), f/+Cre

-
 (Ezh2

flox/+
/LysM-Cre

-
, 1004 

n=7) and Wt (wild type control, n=9) male mice. BV/TV, bone volume/total tissue volume; BV, 1005 

bone volume; BS, bone surface; BS/TV, bone surface density; Tb.N, trabecular number; Tb.Sp, 1006 

trabecular separation. (C) Representative micro-CT images of female proximal tibia from one 1007 

sample from each group of mice, upper panel shows sagittal view and lower panel shows 1008 

transverse view, white lines and dots indicates trabecular or cortical bone tissues. (D)  Micro-CT 1009 

measures of six parameters from trabecular tibias from CKO (n=9), f/f (n=8), Cre
+
 (n=7), f/+Cre

+
 1010 

(n=8), f/+Cre
-
 (n=8) and Wt (n=8) female mice. Parameter BV/TV, BV, BS, BS/TV, Tb.N and 1011 

Tb.Sp were presented. Data are expressed as mean ± SD, analyzed by one-way ANOVA, 1012 

additionally, * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001 by Tukey’s multiple 1013 

comparison. 1014 
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 1018 

 1019 

Supplemental Figure 3. Histomorphometric analysis of tibia of 6 months old female 1020 

Ezh2
flox/flox

/LysM-Cre
+
 (f/f Cre

+
, CKO) compared with Ezh2

flox/flox
 (f/f Cre

-
) and LysM-Cre

+
 1021 

(Cre
+
) control mice. (A) Top panel showing Masson staining of proximal tibia below growth 1022 

plate of representative pictures from each group, green color indicating trabecular and cortical 1023 

bone; bottom panel showing TRAPase staining of proximal tibia below growth plate of 1024 

representative pictures from each group (10x), dark purple color indicating TRAPase positively 1025 

stained cells; (B), (C), (D) and (E) Parameters of histomorphometric analysis of tibia from f/f 1026 

Cre
+
 (CKO), f/f and Cre

+
 control mice. B Ar, bone area, N Ob/B Pm, number of osteoblast per 1027 

bone parameter, N Oc/B Pm, number of osteoclast per bone parameter, Oc S/BS, osteoclast 1028 

surface per bone surface, Red box bar, CKO group; pink box bar, f/f control group; light pink 1029 

box bar, Cre control group. Data are expressed as mean ± SD, analyzed by one-way ANOVA, 1030 

additionally, * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001 by Tukey’s multiple 1031 

comparison.   1032 
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 1035 

 1036 
 1037 

Supplemental Figure 4. Increased osteoclast suppressive protein expression and decreased 1038 

bone resorption in 6 months old female Ezh2
flox/flox

/LysM-Cre
+
 (f/f Cre

+
, CKO) compared 1039 

with Ezh2
flox/flox

 (f/f Cre
-
) and LysM-Cre

+
 (Cre

+
) control mice. (A) Western blots showing 1040 

cathepsin K, MMP9, Col1 (collagen 1a), osteoclalcin (OC), IRF8, MafB, Arg1 expression in 1041 

total protein isolated from L3 of f/f Cre
+
 CKO, and f/f Cre

-
 and Cre

+
 control mice, samples from 1042 

each group were pooled to 5 per group. (B) (C) (D) (E) Serum ELISA for bone remodeling 1043 

markers P1NP, CTX, osteocalcin and TRAP-5b of f/f Cre
+
 CKO, and f/f Cre

-
 and Cre

+
 control 1044 

mice. Data are expressed as mean ± SD, analyzed by one-way ANOVA, additionally, * p<0.05, 1045 

** p<0.01, *** p<0.001 by Tukey’s multiple comparison.  1046 
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