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The Functional Analysis of MLKs-JNK Pathways in Osteoclast Formation

Sun Young Ji‘”, Zheng Ting‘”, A Long Sae mi Noh, Miran Moon, Mijung Yim'

College of Pharmacy, Sookmyung Women's University, Seoul, Korea

Objectives: Osteoclasts (OCs) are bone-resorbing multinucleated cells derived from hematopoietic progenitors of the
monocyte-macrophage lineage. OC precursors, such as bone marrow-derived macrophages (BMMs), are formed in
the presence of macrophage colony-stimulating factor (M-CSF) and differentiate into OCs in response to M-CSF and
receptor activator of nuclear factor kB ligand (RANKL). In this study, we investigated the role of mixed lineage
kinases (MLKs)-c-Jun amino-terminal kinase (JNK) pathways in OC formation.
Methods: We performed an OC formation assay and reverse transcription polymerase chain reaction (RT-PCR)
analysis.
Results: We first explored the role of JNK on osteoclst formation using mouse bone marrow (BM) culture system.
We found that OC formation was impaired when the JNK inhibitor was added either in early or late stage, suggesting
the requirement for JNK activation during OC formation. MLKs are serine/threonine kinases that regulate signaling
by the JNK. Since the JNK activity is specifically required for osteoclastogenesis, we examined the messenger
ribonucleic acid (mRNA) levels of MLKs in BMs, BMMs and OCs by RT-PCR. Among MLKs, the level of MLK3
mRNA expression is highest in BMs, BMMs and OCs. Moreover, we found that the mRNA expression of MLK2
and MLK3 is increased with the differentiation of BMs to BMMs, and is sustained in OCs. Finally we investigated
the role of MLK3 in OC differentiation using gene knock-down techniques. The silencing of MLK3 in BMMs partly
attenuated RANKL-induced OC differentiation.
Conclusions: These data suggest that JINK and MLK3 may positively regulate OC formation.
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The Functional Analysis of MLKs-JNK Pathways in Osteoclast Formation

Table 1. Primer sequences for RT-PCR

Primer name Sequence

MLKI 5-CCTGGTAGATGGATACAA-3'

sense

MLK] 5-CGGGTAGAGTTGCATTCA-3'

antisense

MLK2 5-GAGCCTTCTCCTTGTGTT-3'

sense

MLK2 5-GCCCTCCATGTCCATGT-3'

antisense

MLK3 5-CGGTCCCGCATGGATGAA-3'

sense

MLK3 5-CCTGGGCACCCATGTCTT-3'

antisense

Sce‘gslgb 5_CTTAAAGCTCTTCTGGTCACAGCC-3'

CDI1b , .
_ 5-GTATTCTCCTTGCAGTTTTGGTGC-3

antisense

F4/30 . .

o 5-GAATCTTGGCCAAGAAGAGAC-3

F4/30 , .
. 5-GAATTCTCCTTGTATATCATCAGC-3

antisense

CTR , :

o S-TTTCAAGAACCTTAGCTGCCAGAG-3

CTR . .
_ 5-CAAGGCACGGACAATGTTGAGAAG-3

antisense

Sceal‘lt?:psmK 5-CTTCCAATACGTGCAGCAGA-3'

CathepsinK. 5, \ 0 GCACCAATATCTTGCACC-3'

antisense

E;‘l‘s’tem 5" TGTGATGGTGGGAATGGGTCAG-3'

p-actin S-TTTGATGTCACGCACGATTTCC-3'

antisense

MLK, mixed lineage kinase; CTR, calcitonin receptor; RT-PCR,
reverse transcription polymerase chain reaction
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3. Reverse transcription polymerase chain reaction
(RT-PCR) £44

Total ribonucleic acid (RNA) &2 easy-Blue (iINtRON
Biotechnology, Sungnam, Korea)E ©|-25}%it}l. Comple-
mentary deoxyribonucleic acid (cDNA)+= 1 mg@] total RNA
= oligo(dT) primer, 10 mM deoxyribonucleotide triphosphate
(dNTP), 1 unit RNase inhibitor 12|37 4 unit Script reverse
transcriptase (Fermentas, York, UK)2 42 CoJ|4 605 2|25}
o et &, 70°CoA 102 7FEte =M BEg-5 T4 Al
7t} PCRE Table 10 HAJE Zefo|nj5 ARESIo] 94C
3BZF A3k &, 94T 30%, 58T 45%, 72°C 189 114
2 328) w 285] (Bactin) WRESIICE PCR ¥, ZEH
cDNA*= 1% agarose gelof|x] E2|51% 1L ethidium bromide
&2 HAIsto] ultraviolet (UV) ZdollA] -2ksGiTt.

4. Small interfering RNA (sSiRNA)E 0|28t MLK3 SX1IX}
2 Xt

o2 MLK3 siRNAs (Cat. no. SI01299893)+= Qiagen
GmbH (Hilden, Germany)o|A] -5}t 2+ siRNA
2+ Allstars Negative Control siRNA (Cat. no. 1027280)
(Qiagen GmbH, Hilden, Germany)& A3}t BMM A
320 siRNA (20 nM)Z Lipofectamine™ 2000 CD (Cat. no.
12566-014; Invitrogen, Carlsbad, USA)Z E=JA|Z oW, 315
52 ket & RT-PCR 243 shmAaz P4 Aol ARg-
SFA:

5. SAEA
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Fig. 1. Effects of JNK inhibitor on osteoclatstogenesis. (A)
Schematic design for treatment of JNK inhibitor. (B) Bone marrow
cells were cultured with 10 ng/mL M-CSF overnight. Non-adherent
cells were harvested and cultured with 30 ng/mL M-CSF in the
absence or presence of SP for 3 days. Floating cells were removed
and adherent cells were used as BMMs (D). BMMs were cultured
with 30 ng/mL M-CSF and 200 ng/mL RANKL in the absence or
presence of SP for 4 days (). Cultured cells were fixed and
stained for TRAP. TRAP+ multinucleated cells containing more
than three nuclei were counted as osteoclasts. Data represent means
=+ SD of triplicate samples in a representative experiment. *P <
0.05 versus vehicle. (JNK, c-Jun amino-terminal kinase; M-CSF,
macrophage colony-stimulating factor; SP, SP600125 [a JNK
inhibitor] BMM, bone marrow-derived macrophage; RANKL,
receptor activator of nuclear factor kB ligand; TRAP, tartrate-
resistant acid phosphatase; MNC, multinucleated cells)
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Fig. 2. The mRNA expression levels of MLKs in BMs, BMMs and OCs. Whole cell lysates were harvested from cultured cells. Total
RNA were then isolated from the cells and cDNA templates prepared. The mRNA expression level was determined by RT-PCR using
specific primers designed for MLK1, MLK2 and MLK3. Data represent means £ SD of three independent experiments. (mRNA,
messenger ribonucleic acid; MLK, mixed lineage kinase; BM, bone marrow; BMM, bone marrow-derived macrophage; OC, Osteoclast;
c¢DNA, complementary deoxyribonucleic acid; RT-PCR, reverse transcription polymerase chain reaction)
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Fig. 3. Expression pattern of MLKSs in BM and BMM. (A, B) Whole cell lysates were harvested from cultured cells and analyzed by
RT-PCR. Data represent means £ SD of three independent experiments. *P < 0.05 versus BM. (N.S., non-significant; MLK, mixed
lineage kinase; BM, bone marrow; BMM, bone marrow-derived macrophage; RT-PCR, reverse transcription polymerase chain reaction)
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Fig. 4. Expression pattern of MLKs in BMM and OC. (A, B) Whole cell lysates were harvested from cultured cells and analyzed by
RT-PCR. Data represent means + SD of three independent experiments. *P < 0.05 versus BMM. (N.S., non-significant; CRT, calcitonin
receptor, MLK, mixed lineage kinase; BMM, bone marrow-derived macrophage; OC, Osteoclast; RT-PCR, reverse transcription polymerase

chain reaction)
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Fig. 5. Effects of MLK3 knock-down on osteoclatstogenesis. (A, B) BMMs were transfected with non-targeting siRNA or siRNA specific
for MLK3. (A) Transfected BMMs were harvested from cultured cells and analyzed by RT-PCR. (B) Transfected BMMs were cultured for
4 days with 30 ng/mL M-CSF and 200 ng/mL RANKL. Cultured cells were fixed and stained for TRAP. TRAP-positive (+) multinucleated
cells (MNCs) having more than 3 (n > 3) or 10 (n > 10) nuclei were counted. Data represent means £ SD of triplicate samples in a
representative experiment. *P < 0.05 versus siNT. scale bar =200 pM. (siNT, small interfering non-targeting; MLK, mixed lineage kinase;
TRAP, tartrate-resistant acid phosphatase; MNC, multinucleated cells; siRNA, small interfering ribonucleic acid; BMM, bone marrow-
derived macrophage; RT-PCR, reverse transcription polymerase chain reaction; M-CSF, macrophage colony-stimulating factor; RANKL,
receptor activator of nuclear factor kB ligand; TRAP, tartrate-resistant acid phosphatase)
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