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Abstract 

Osteoclasts are the principle bone-resorbing cells. Precise control of balanced osteoclast 
activity is indispensable for bone homeostasis. Osteoclast activation mediated by 
RANK-TRAF6 axis has been clearly identified. However, a negative regulation-machinery in 
osteoclast remains unclear. TRAF family member-associated NF-κB activator (TANK) is 
induced by about 10 folds during osteoclastogenesis, according to a genome-wide analysis of 
gene expression before and after osteoclast maturation, and confirmed by western blot and 
quantitative RT-PCR. Bone marrow macrophages (BMMs) transduced with lentivirus carrying 
tank-shRNA were induced to form osteoclast in the presence of RANKL and M-CSF. Tank 
expression was downregulated by 90% by Tank-shRNA, which is confirmed by western blot. 
Compared with wild-type (WT) cells, osteoclastogenesis of Tank-silenced BMMs was in-
creased, according to tartrate-resistant acid phosphatase (TRAP) stain on day 5 and day 7. 
Number of bone resorption pits by Tank-silenced osteoclasts was increased by 176% com-
pared with WT cells, as shown by wheat germ agglutinin (WGA) stain and scanning electronic 
microscope (SEM) analysis. Survival rate of Tank-silenced mature osteoclast is also increased. 
However, acid production of Tank-knockdown cells was not changed compared with control 
cells. IκBα phosphorylation is increased in tank-silenced cells, indicating that TANK may 
negatively regulate NF-κB activity in osteoclast. In conclusion, Tank, whose expression is 
increased during osteoclastogenesis, inhibits osteoclast formation, activity and survival, by 
regulating NF-κB activity and c-FLIP expression. Tank enrolls itself in a negative feedback loop 
in bone resorption. These results may provide means for therapeutic intervention in diseases 
of excessive bone resorption. 
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INTRODUCTION 
Osteoclasts are large, multinucleated, 

TRAP-positive cells which are derived from the 
monocyte/macrophage lineage[1]. Receptor activator 

of NF-κB (RANKL) and macrophage-colony stimu-
lating factor (M-CSF), mainly secreted by osteoblasts, 
are the two major cytokines that drive osteoclasto-
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genesis. Binding with their receptors, RANK and 
c-Fms, in the membrane of pre-osteoclast, RANKL 
and M-CSF[2] induces the activation of transcription 
factors (eg. c-Fos[3], NF-κB[4], Nfatc1[5, 6]) and the 
expression of osteoclast specific genes (eg. TRAP, cal-
citonin R[7], DC-STAMP[8]).  

There are two pathways for NF-κB signaling: 
canonical and non-canonical. In the canonical NF-κB 
pathway, activation of RelA/p65-p50 heterodimer 
requires the phosphorylation and degaration of IkB 
by IKK complex. p50 is generated from NF-κB1/p105 
fragments. In the noncanonical NF-kB pathway, 
Nf-kB2/p100 is processed into p52, which dimerizes 
with RelB to form active complex. An essential role of 
NF-κB in osteoclast formation was discovered unex-
pectedly when NF-κB1 and NF-κB2 double-knockout 
mice were generated, displaying severe osteopetrosis 
due to the defective osteoclasts [9, 10]. This confirms 
the importance of NF-κB signaling in controlling bone 
homeostasis. NF-κB has also been implicated in the 
induction of c-fos and NFATc1[11]. 

RANKL, a major NF-κB activator in osteoclas-
togenesis, binds to its receptor RANK, a member of 
the tumor necrosis factor (TNF) receptor superfamily. 
After activation, RANK recruit TRAF family E3 ubiq-
uitin ligases, such as TRAF2, TRAF5, and TRAF6 [12]. 
TRAF6, in particular, has a vital role in the RANK 
signaling to NF-κB. TRAF6 Deficiency results in se-
vere osteopetrosis similar to that observed in RANKL- 
and RANK-deficient mice[13-15]. Overall, it has been 
suggested that RANKL-RANK interactions and the 
TRAF6 signaling that follows are important in osteo-
clast differentiation. 

TNF receptor associated factors (TRAF) family 
member-associated NF-κB activator (TANK)has been 
shown to bind with TRAF1, TRAF2, TRAF3, TRAF5, 
and TRAF6 [16-19], to act as a regulator for 
TRAF-mediated signaling. Controversial roles of tank 
in regulating NF-κB signaling have been reported in a 
number of papers. TANK has been described as an 
NF-κB activator, by interacting with IKK complex[20]. 
TANK has also been described as an NF-κB inhibitor 
by competitively interacting with TRAF2[21]. TANK 
deficient mice develop autoimmune nephritis, with 
hyperactive NF-κB activity observed in B cells and 
macrophages[22]. In TANK-/-B cells and macro-
phages, TRAF6 ubiquitination and activation induced 
by TLRs is increased compared with WT cells [22]. 
Because of this controversy, more study must be done 
to further our understanding of the role that TANK 
plays in NF-κB signaling. 

 In this study, we examined the effect of Tank on 
osteoclasts, by silencing tank expression in 
pre-osteoclast, using lentivirus carrying Tank-shRNA. 

We found that TANK knockdown promoted osteo-
clast differentiation, activation and survival, while 
having no effect on osteoclast acidification. 

MATERIALS AND METHODS 
Cell culture and In vitro Analysis of osteoclas-

togenesis. In vitro osteoclast differentiation and anal-
ysis were performed as previously described[23, 24]. 
Isolated BMMs from C57BL/6 mice were plated at a 
density of 1X105cells/cm2, and cultured in α-MEM 
(Gibco) (pH6.9) supplemented with 10% FBS, 
100u/ml penicillin-100ug/ml streptomycin, 10ng/ml 
recombinant RANKL (R&D) and 10ng/ml recombi-
nant M-CSF (R&D) for 5 days or 7 days. Mature oste-
oclasts were then characterized by staining for 
TRACP activity using a commercial kit (sigma). 

GeneChip analysis. Human osteoclasts were 
obtained as described[25]. Human peripheral blood 
mononuclear cells (PBMCs) were cultured for 7 days 
with human RANKL and human M-CSF. GeneChip 
data were analyzed using Affymetrics scanner and 
accompanying gene expression software as de-
scribed[26, 27]. Three individual samples were used.  

Lentivirus production and transduction. Five 
PLKO.1 vectors encoding short hairpin RNAs 
(shRNAs) targeting the mRNA of mouse Tank 
(NM_011529) were purchased from sigma-aldrich, 
with the sense strand insert sequences of  
5’-CCGGCGTACAGAGAATAACAGACAACTCGA
GTTGTCTGTTATTCTCTGTACGTTTTTG -3’, 5’-CCG 
GCGGCATCTTAATACACACTTTCTCGAGAAAGT
GTGTATTAAGATGCCGTTTTTG -3’, 5’- CCGGCCC 
AGGCTAAAGATGATATAACTCGAGTTATATCAT
CTTTAGCCTGGGTTTTTG -3’ (referred as 
‘shRNA-1’), 5’-CCGGCCATCCTTTATAGTGATGC 
TACTCGAGTAGCATCACTATAAAGGATGGTTTT
TG -3’, 5’-CCGGGCATCACGAAAGGGATAATATC 
TCGAGATATTATCCCTTTCGTGATGCTTTTTG-3’ 
(referred as ‘shRNA-2’). A PLKO.1 vector encoding 
scrambled shRNA sequence was also purchased as 
negative control (referred as ‘control’ in the paper). 
Lentivirus was produced and transduced as previ-
ously described[26, 27]. Lentivirus was produced by 
co-transfecting three plasmids, PLKO.1, dr8.9 and 
vsvg, together into HEK-293T cells and harvesting 
supernatants 48-56hrs after transfection. BMMs were 
transduced with lentivirus supertanant in the pres-
ence of 8ug/ml polybrene (sigma) for 24hrs, on D0 
(the first day when BMMs were cultured in medium 
with both RANKL and M-CSF). Cells were harvested 
72 hrs after transfection for tank expression analysis.  

Bone resorption pit assays and scanning elec-
tron microscopy. Bone resorption pit was analyzed by 
WGA-lectin stain as previously described[28]. A con-
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sistent number of BMM cells were cultured on bovine 
cortical bone slices in 24-well plates (2X105cells/well). 
The bone slices were harvested after 6 days. Cells 
adhering to the bone slices were subsequently re-
moved by sonication in PBS. The slices were then in-
cubated with 20 mg/ml peroxidase-conjugated 
WGA-lectin (Sigma) for 30–60 min at room tempera-
ture and then with DAB Peroxidase Substrate Kit 
(vector laboratories Inc, SK-4100). Resorption pits will 
be stained brown. Pictures of resorption pits on bone 
slides were also taken by a Philips 515 SEM (Depart-
ment of Materials Science and Engineering, UAB). The 
assays were performed in triplicate and a representa-
tive view from each assay shown. The data were 
quantified by measuring the percentage of the areas 
resorbed in three random resorption sites, as deter-
mined using the ImageJ analysis software. 

Immunofluorescence stain and confocal mi-
croscopy. We performed immunofluorescence analy-
sis as outlined previously[23]. Primary antibodies, 
goat-anti-TANK (C-20) (sc-1997) (1:200) and 
mouse-anti-Cathepsin K (E-7) antibody (sc-48353) 
(1:200), were purchased from santa cruz. Secondary 
antibodies, FITC donkey-anti-goat antibody was 
purchased from Jackson ImmunoResearch and 
TR-goat-anti-mouse antibody was purchased from 
santa cruz Inc. Data was documented using epifluo-
rescence on a Zeiss Axioplan microscope in the De-
velopmental Neurobiology Imaging and Tissue Pro-
cessing Core at the UAB Intellectual and Disabilities 
Research Center. Nuclei were visualized with 1 
μg/ml DAPI (4’,6-diamidino-2-phenylindole; Sigma). 
The experiments were performed in triplicate.  

Immunohistochemistry stain (IHC). Paraffin 
sections were prepared from decalcified one-month 
old mice femur and were used for IHC stain. IHC 
analysis was performed as outlined previously[23]. 
Primary antibodies, goat-anti-TANK (C-20) (sc-1997) 
(1:400) were purchased from santa cruz. 
VECTASTAIN Elite ABC Kit (Goat IgG) (Vector Labs 
Inc) and DAB Peroxidase Substrate Kit (SK-4100, 
Vector Labs Inc) were applied to detect primary an-
tibodies. Then the sections were conterstained by fast 
green. 

Western blotting analysis. Western blotting, 
performed as previously outlined[24, 29], was visual-
ized and quantified using a Fluor-S Multi-Imager 
with Multi-Analyst software (Bio-Rad). 
Goat-anti-TANK (C-20) (sc-1997) and 
mouse-anti-β-actin (C-4) (sc-47778) anbibodies were 
purchased from santa cruz Inc. Rabbit-anti-p-IκB 
(2859) and rabbit-anti-IκB (4812) were purchased from 
cellsignaling Inc. Horseradish peroxidase 

(HRP)-goat-anti-mouse and HRP-goat-anti-rabbit 
antibodies were purchased from Jackson Immu-
noResearch. 

Quantitative RT-PCR (qRT-PCR). mRNA was 
prepared as described[27]. Quantitative PCR 
(qRT-PCR) was performed with Sybr Green reagents 
(invitrogen, 4309155) and using Step One realtime 
PCR system (A&B), according to the manufactures 
instructions. Primers used for PCR were as follow-
ings, Bcl-xl 5'-AGGCTGGCGATGAGTTTGAA-3', 
5'-CGGCTCTCGGCTGCTGCATT-3'. Cellular 
FLICE-like inhibitory protein (c-flip) 5'-GCTGCTGT 
GGTTCTGAACATG-3', 5'-CTTTGACTGTCACGGT 
ATTCCAC-3', IAP-1 5'-GCTTGCAAGTGCTGGAT 
T-3', 5'-CAAGAAGATGAGGATATCTAGCT-3'. 

Statistical analysis and data quantification 
analysis. Experimental data are reported as mean ± 
SD of triplicate independent samples. Data were an-
alyzed with the two-tailed Student's t-test. P values 
<0.05 were considered significant. Data quantification 
analyses were performed using the NIH ImageJ Pro-
gram as described [23, 24]. 

TUNEL Stain. TUNEL staining was performed 
using an in situ cell death detection kit, AP (Roche) 
according to the manufacturer’s instructions. The kit 
catalyzes an immune complex conjugated with alka-
line phosphatase (AP) to the end of single strand 
DNA breaks. AP activity was detected using a Leu-
kocyte Alkaline Phosphatase Kit (sigma) according to 
the manufacturer’s instructions. 

RESULTS 
Expression of TANK is induced by RANKL.  

Our lab performed GeneChip to look for genes 
whose expression were induced by RANKL during 
osteoclastogenesis, as previously described[26, 27]. 
We found expression of Tank is induced 10 folds by 
RANKL, which is significant, compared with other 
well-known osteoclastogenesis relative signaling 
proteins, including c-fos, JunD, Nf-kb2, MITF, RGS10 
and NFAT2 (Fig. 1A). Then we confirmed Tank ex-
pression profile in osteoclast by western blot and 
semi-quantitative RT-PCR. We performed 
semi-quantitative RT-PCR using mRNA from cells 
derived from BMMs under RANKL induction har-
vested on different time points (Day/D0, D1, D2, D3, 
D4, D5) (Fig. 1B). We also performed western blot 
using cells derived from BMMs under RANKL in-
duction harvested on D0-5 (Fig. 1C) and quantified 
the results (Fig. 1D). TANK protein expression in 
mature osteoclasts is ~12 folds higher than that in 
BMMs.  
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Figure 1. Expression of TANK is induced by RANKL. (A) Induction folds of expression level of TANK and other osteoclast marker 
genes by RANKL, based on GeneChip data. (B) Time course analysis of TANK transcription level by semi-quantitative RT-PCR in RANKL 
and M-CSF stimulated bone marrow macrophages (BMMs) on Day(D)0, D1, D2, D3, D4 and D5. (C) Western blot analysis of 
time-dependent TANK protein expression level in RANKL and M-CSF stimulated bone marrow macrophages (BMMs) on Day(D)0, D1, 
D2, D3, D4 and D5. (D) Quantification of western blot results in B. Data is expressed as mean ± sd (n=5). 

 

Expression of TANK in tissues  
In order to examine the expression of TANK in 

vitro, we used immunofluorescence staining, IHC 
stain and RT-PCR analysis. We took frozen femur 
sections from 10-day-old mice and tested TANK and 
Cathepsin K expression using immunofluorescence 
staining (Fig. 2A). Tank (green) and Cathepsin K (red) 
were partially merged, implicating that tank expres-
sion can be detected in osteoclasts in vivo. We then 
analyzed TANK transcription levels in heart, brain, 
lung, bone marrow, liver, spleen, and bone tissues 
using semi-quantitative RT-PCR (Fig. 2B) and quanti-
fied the results (Fig. 2C). IHC stain shows that tank is 
expressing in both bone and bone marrow (marked by 
arrow), but not in growth plates (Fig. 2D&E). Mean-
while, it seems that higher Tank expression can be 
found on the surface of trabecular bone (marked by 
star) (Fig. 2E). Generally, Tank is ubiquitously ex-
pressing, including bone marrow. 

shRNA-1 efficiently depletes Tank expression 
and promoted osteoclast differentiation by 
promoting NF-κB activity. 

We examine the effect of Tank in osteoclast by 

loss-of-function experiment. 5 lentivirus encoding 
shRNA targeting Tank mRNA were produced and 
transduced into pre-osteoclasts on D1. Western blot 
analysis was performed with lyses from cells 48hrs 
post-transfection. We found that Tank expression was 
reduced by 90% in shRNA-1 group (BMMs which 
were transduced with lentivirus carrying shRNA-1), 
50% in shRNA-2 group (BMMs which were trans-
duced with lentivirus carrying shRNA-1), compared 
with control group (BMMs which were transduced 
with lentivirus carrying control shRNA) and mock 
group (BMMs which were not transduced with lenti-
virus) (Fig. 3A & B). Mature osteoclasts were stained 
for TRACP activity on D5 (Fig. 3C,D upper row) and 
D7 (Fig. 3C,D bottom row). And TRAP+ multi-nuclei 
cells (≥3 nuclei) number per random view from each 
of the four groups on days 5 and 7 were quantified 
(Fig. 3E). We found that TRAP+ multi-nuclei cells 
were increased to 1.3 folds on D5 and to 1.8 folds on 
D7 in shRNA-1 group, compared with mock group, 
implicating promoted osteoclastogenesis after deple-
tion the expression of Tank. NF-κB signaling is essen-
tial for osteoclast differentiation [30-32], while the role 
of Tank in NF-κB signaling is controversial as re-
ported[16, 17, 20, 22]. Thus, we are especially inter-
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ested in the role of Tank in NF-κB activation in osteo-
clasts. In the canonical NF-κB pathway, NF-κB activa-
tion depends on IκBα phosphorylation and degrada-
tion. In our results, IκBα phosphorylation sustained 
longer in tank depleted cells compared with mock 
and WT cells (Fig. 3F).  

TANK-depleted osteoclasts have normal acid-
ification but promoted bone resorption. 

To detect the effect of TANK depletion on osteo-
clast function, we performed acridine orange stain 
and bone resorption pit assay with mature osteoclasts. 
Acridine orange stain shows that acidification doesn’t 

vary between mock, control and tank-knockdown 
groups (Fig. 4A). Osteoclasts from shRNA-1, mock 
and control group were cultured on cattle bone slides 
and the bone slices were subjected to SEM detection 
(Fig. 4B) and WGA stain (Fig. 4C). Both results show 
more bone resorption pits in shRNA-1 group. Based 
on the quantification of the SEM results (Fig. 4D), 
bone resorption pits were increased to about two 
folds(p≤0.05) in the tank-shRNA-1 group. These re-
sults indicate that TANK knockdown has no effect on 
osteoclast acidification, but that it promotes bone re-
sorption.  

 

 
Figure 2. Expression of TANK in vivo. (A) Immunofluorescence staining of frozen femur sections from 10 day old mice shows that 
tank expression (green) and Cathepsin K expression (red) are partially merged. (B) Analysis of tank transcription levels in different tissues 
by semi-quantitative RT-PCR. (C) Quantification of RT-PCR results in B. (D,E) Immunohistochemistry staining of paraffin sections from 
femur of 1 month old mice shows TANK is expressed in both bone (marked by arrow) and bone marrow (arrow). And high expression 
can be detected on the surface of trabecular bone (marked by star). 
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Figure 3. TANK knock-
down in BMM promotes 
osteoclast differentiation. 
(A) Western blot analysis of 
BMMs (mock), BMMs infected 
with lentivirus carrying 
scrambled shRNA (control), 
BMMs which were infected by 
lentivirus carrying shRNA 
targeting tank expression 
(tank-shRNA-1 and 
tank-shRNA-2) and treated 
with M-CSF to confirm the 
knockdown of TANK. (B) 
Quantification of TANK 
protein expression level in 
osteoclasts with and without 
viral infection. (C, D) TRAP 
staining of mature osteoclasts 
from the mock group, the 
control-shRNA group, the 
tank-shRNA-1 group, and the 
tank-shRNA-2 group on Day 
5 (upper row) and on Day 7 
(bottom row). (E) Quantifica-
tion of the number of TRAP+ 
multiple nucleic (≥3 nuclei) 
cells per random view on days 
5 and 10. (F) Detection of 
IκBα phosphorylation in BMM 
induced by RANKL by west-
ern blot. 1, mock; 2, control; 3, 
shRNA-1; 4, shRNA-2. Data is 
expressed as mean ± sd (n=5). 
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Figure 4. TANK knockdown in BMM doesn’t influence osteoclast acidification but promotes bone resorption. (A) Acri-
dine orange staining of osteoclasts from mock group, control-shRNA group, and tank-shRNA-1 group. (B, C) Osteoclasts from mock, 
control-shRNA, and tank-shRNA-1 groups were cultured on cattle bone slides and analyzed for bone resorption activity through scanning 
electron microscopy (SEM) (B) and wheat germ agglutinin (WGA) staining (C). (D) Quantification of bone resorption area per view area 
in B. Data is expressed as mean ± sd (n=15). *p≤0.05. 

 
 

TANK depletion promotes osteoclast survival 
through regulating c-FLIP expression. 

In order to determine whether TANK 
knock-down influences osteoclast survival, we elon-
gated osteoclast culture to Day 10 and also performed 
Tunel stain. We continued osteoclast culture until day 
10 without medium change after day 5. On day 10, 
lots of positive trap stain could still be observed in 
shRNA-1 group, while almost no stain in mock group. 
(Fig. 5A). This phenomenon hinted us that tank de-
pletion may elongate osteoclast survival. To confirm 

the effect of Tank in osteoclast apoptosis, we deprived 
mature osteoclast from serum and cytokine for 8 
hours, harvested mRNA for pro-sruvival genes ex-
pression detection (Fig. 5B) and examined cell apop-
tosis by Tunel stain (Fig. 5C & D). Three pro-survival 
genes (c-FLIP, Bc1-x1, and c-IAP) were examined. 
Tunel stain showed there was less osteoclast apopto-
sis observed in the tank-shRNA group when com-
pared to the control-shRNA group, which indicates 
that TANK depletion inhibits osteoclast apoptosis 
(Fig. 5C, D & E).  
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Figure 5. TANK knock-down promotes osteoclast survival through promoting Nf-κB signaling. (A) TRAP staining of os-
teoclasts from the mock group, the control-shRNA group, and the tank-shRNA group on Day 5 and Day 10. (B) Mature osteoclasts from 
the mock group, the control-shRNA group, and the tank-shRNA group were cytokine and serum starved for 8hrs. mRNA was derived for 
analysis of pro-survival genes c-FLIP, Bc1-x1, and c-IAP expression by RT-PCR. (C-D) Mature osteoclasts from the mock group, the 
control-shRNA group, and the tank-shRNA group were cytokine and serum starved for 8hrs and apoptosis cells (red nuclei) were 
detected by TUNEL staining. (E) quantification of C&D. Data is expressed as mean ± sd (n=5). *p≤0.05.  

 

DISCUSSION 
Bone resorption by osteoclast and ossification by 

osteoblast are two processes that are responsible for 
the maintenance of bone homeostasis. Activation and 
inactivation of osteoclast must be kept in balance by 
delicate machineries so as to avoid pathological de-
fects such as osteoporosis. In this study, we found that 
RANKL simultaneously induces osteoclastogenesis 
and upregulates TANK expression, which induces 
osteoclast apoptosis and inhibits osteoclast formation 
and bone resorption, through inhibiting NF-κB sig-

naling and regulating c-FLIP expression, which po-
tentially functions as a negative feedback loop. 

Tank was characterized as one of our genes of 
interest firstly by GeneChip, in which Tank expres-
sion is increased 10 folds with RANKL induction. 
Then we confirmed Tank expression level during os-
teoclastogenesis by western blot and RT-PCR. We 
found that TANK expression levels increased over 
time (Fig. 1). We also found that Tank is expressing in 
bone marrow tissue by RT-PCR, and Tank expression 
partially overlapped with Ctsk, a mature osteoclast 
marker, by immunofluorescence stain (Fig. 2). Ex-
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pression pattern of Tank in vivo and in vitro impli-
cates the possibility that Tank may have a function in 
bone resorption. 

We found that TANK depletion promotes osteo-
clast formation (Fig. 3) and bone resorption activity 
(Fig. 4). Knock-down of Tank promoted the formation 
of multinuclear osteoclast to 1.3 folds on D5 and to 1.8 
folds on D7, and increased bone resorption area to 
1.76 folds.  

IκBα phosphorylation sustained longer in Tank 
shRNA-1 group (Fig. 3). In the NF-κB canonical 
pathway, IκBα is phosphorylated by IKK complex, 
ubiquitylated and degraded, so as to release and ac-
tivate p50-p65 (NF-κB ) complex[35]. NF-κB signaling 
is essential for osteoclast differentiation. Thus, Tank 
may negatively regulate osteoclast differentiation by 
inhibiting NF-κB activity, through inhibiting IκB 
phosphorylation. Dual functions in regulating NF-κB 
activity by Tank have been identified[16, 17, 20, 22]. 
As a negative regulator, Tank has been reported to 
compete with TRAF2 for the interaction with receptor 
[21]. Tank has also been reported to inhibit the 
ubiuititylation of RANK, which is essential for sig-
naling transduction of RANK-TRAF6 axis. Both may 
serve for the mechanism underlying Tank negatively 
regulates osteoclasts survival and function [22].  

NF-κB signaling is also involved in osteoclast 
survival. We found that Tank depletion promotes 
osteoclast survival (Fig. 5). We detected the expres-
sion of several pro-survival geneBcl-xl[36], c-FLIP[37, 
38] and c-IAP[36]. We found that c-FLIP expression is 
increased in Tank knock-down group (Fig. 5). c-FLIP 
is a major resistance factor and critical anti-apoptotic 
regulator that inhibits tumor necrosis factor-alpha 
(TNF-alpha), Fas-L, and TNF-related apopto-
sis-inducing ligand (TRAIL)-induced apoptosis as 
well as chemotherapy-triggered apoptosis in malig-
nant cells. c-FLIP binds to FADD and/or caspase-8 or 
-10 in a ligand-dependent and-independent fashion, 
which in turn prevents death-inducing signaling 
complex (DISC) formation and subsequent activation 
of the caspase cascade[39]. Interestingly, c-FLIP ex-
pression has been reported to be regulated by 
Nf-κB[37, 38]. Tank may inhibit osteoclast survival by 
regulating c-FLIP expression, which may also be due 
to modified NF-κB activity.  

We first reported the negative role of Tank in 
osteoclast function in ASBMR 2011 annual meet-
ing[33]. Recently, Maruyama K. and colleagues also 
characterized Tank as a negative regulator of osteo-
clastogenesis using TANK-/- mice[34]. Severe tra-
becular bone loss is observed in TANK-/- mice due to 
increased bone resorption. Osteoclastogenesis is in-
creased in TANK-/- BMMs and decreased in Tank 

over-expression BMMs[34]. The current manuscript 
not only confirmed some of these findings reported 
by Maruyama K et al, but also provided more new 
information regarding the role of TANK in osteoclast 
formation and resorption, as well as on NF-κB activa-
tion. We showed TANK expression in osteoclasts both 
in vitro and in vivo. We found more osteoclast re-
maining on bone slides after extended cultured for 
five days without medium change and Less apoptosis 
after cytokine deprivation in tank-deficient mature 
osteocalsts. We demonstrated that negatively regu-
lated bone resorption without change of osteoclast 
medicated acidification. Most importantly, we re-
vealed a role of Tank in osteoclast survival by Tunel 
assay and pro-survival genes expression analysis 
which was un-reported. These new information and 
new findings provided further insight into the 
mechanism underlying Tank negatively regulating 
bone resorption. 

 In summary, we found that TANK is ubiqui-
tously expressed in a number of different tissues, in-
cluding bone marrow. Tank is expressed in BMMs 
and the expression is induced by RANKL by ~12 
times. We efficiently knocked down TANK by 90% 
(Fig. 3) using TANK-shRNA-1. Tank depletion 
doesn’t affect osteoclast acid production, but pro-
motes osteoclast differentiation, survival and bone 
resorption, perhaps by activating NF-κB activity and 
c-FLIP expression. 
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