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Abstract. – OBJECTIVE: Myeloma severely 
threatens public health, and molecular targeting 
treatment becomes the future perspective. Du-
al specificity phosphatases (DSUP) protein has 
multiple functions including modulating cell pro-
liferation, differentiation, aging, and apoptosis. 
Whether DUSP can regulate myeloma cell is un-
clear. This study thus aimed to investigate the 
effect of DUSP on myeloma cell line RPMI8226 
cell aging and provide evidence for the clinical 
treatment of myeloma. 

MATERIALS AND METHODS: H2O2-induced ag-
ing model of myeloma cell line RPMI8226 was gen-
erated. DUSP over-expression plasmid or specific 
siRNA was transfected by liposome. Western blot 
was used to detect the expression of DUSP in RP-
MI8226 cells. Cell aging condition was evaluated 
by β-galactosidase assay. Aging proteins P53 and 
P16 expression levels, the activation of TLR4 sig-
nal pathway were tested by immunoblotting. TLR4 
signal pathway was then suppressed by Vertepor-
fin for testing RPMI8226 cell aging. 

RESULTS: Growing levels of DUSP, aging pro-
teins P53 and P16, with inhibition of TLR4 signal 
pathway were found in the H2O2-induced aging 
model of myeloma cell line RPMI8226. Transfec-
tion of DUSP over-expression plasmid or siR-
NA potentiated or inhibited the aging of RP-
MI8226 cells induced by H2O2 and suppressed 
or enhanced TLR4 signal pathway, respectively. 
Verteporfin, an inhibitor of TLR4, increased the 
level of P53 and aging of RPMI8226 cells. 

CONCLUSIONS: DUSP facilitates H2O2-in-
duced aging of myeloma cell line RPMI8226 and 
suppresses TLR4 expression, which provides 
academic basis for clinical intervention.
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Introduction

Myeloma and other hematological diseases are 
major factors causing death in hematology can-
cers with prevalent incidence1. However, the me-

chanism of myeloma is not clear yet. A previous 
study2 showed that enhanced growth/proliferation 
of myeloma cells, and decreased cell apoptosis/
aging were major reasons for myeloma. Molecular 
targeting therapy represents the future direction 
for treating myeloma. Currently major treatment 
strategies for myeloma mainly target cell apopto-
sis, whilst few studies focus on cell aging3,4.

Cell aging refers to a process of continuous we-
akening of cell growth, proliferation and differen-
tiation potency with cell cycle progression being 
prolonged5,6. Growth and activity of cancer cells, 
however, are not impaired with normal cell activi-
ty, thus causing cell over-proliferation and tumori-
genesis7,8. Therefore, the study of cell aging related 
mechanism is of critical importance for cancer pre-
vention and treatment. Current study believed that 
cell aging is the result of deposited cell damage 
caused by oxygen free radicals after metabolism.  

Current knowledge believes that Dual specificity 
phosphatases (DSUP) family member proteins play 
critical roles in cell aging9,10. DUSP is characterized 
with highly conserved amino acid sequence, with 
similar structures and functions, whilst different 
members may present unique functions11,12. DUSP 
family members contributed to a diversity of bio-
logical functions. For example, DUSP2 decreases 
cell proliferation velocity, whilst it is closely cor-
related with pulmonary carcinoma metastasis13,14, 
thus indicating possible involvement of DUSP in 
myeloma occurrence and progression15. Therefore, 
this study used myeloma cell line RPMI8226 as the 
cell model, on which possible mechanism of DUSP 
on myeloma cell line RPMI8226 was investigated.

Materials and Methods

Myeloma Cell Model and Reagents
Myeloma cell line Roswell Park Memorial In-

stitute (RPMI)8226 was purchased from ATCC 
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(Manassas, VA, USA). Cell aging test reagent was 
bought from Dingguo Biotech (Beijing, China). 
Liposome transfection reagent was obtained from 
Invitrogen (Waltham, MA, USA). Antibiotics, cell 
culture medium, and fetal bovine serum (FBS) were 
provided from Beyotime (Beijing, China). Mouse 
anti-human DUSP, TLR4, P53, p16, and β-actin 
antibody was purchased from Santa Cruz Biote-
chnology (Santa Cruz, CA, USA). siRNA-DUSP 
(5’-GGGAA ACAUU CAGAA ACUUtt-3’ and 
5’-AAGUU UCUGA AUGUU UCCCtg-3’) and 
DUSP over-expression plasmid were purchased 
from Gimma Biotechnology (Shanghai, China).

Cell Culture and Generation of H2O2-
Induced Myeloma RPMI8226 Cell Aging

Myeloma cell line RPMI8226 was resuscitated, 
precipitated and re-suspended in normal Dulbec-
co’s Modified Eagle’s medium (DMEM)16. Mye-
loma cell aging model was generated by adding 
1 μl (10 μg/μl) H2O2 into RPMI8226 cells for fur-
ther culture and assays.

Liposomal Transfection
As previously reported17, liposomal transfection 

reagent was used to transfect siRNA DUSP and 
controlled siRNA and DUSP over-expression 
plasmid into myeloma cell line RPMI8226 as 
follows: cells were firstly cultured at 90% den-
sity. 1 μl (1 μg/μl) siRNA DUSP and controlled 
siRNA or DUSP over-expression plasmid were 
re-suspended into liposomal transfection reagent 
lipo2000. After 48 h incubation, culture medium 
was changed for further studies.

Cell Aging Assay
As previously described18, liposomal reagent was 

used to transfect siRNA DUSP and controlled siR-
NA or DUSP over-expression plasmid into myeloma 
cell line RPMI8226. β-galactosidase assay was used 
to measure cell aging. Results were recorded under 
microscopy for analysis and statistics.

Western Blot for Protein Expression
After transfection with DUSP or siRNA-DUSP, 

myeloma RPMI8226 cells were collected and te-
sted for cell lysate concentration. Western blot was 
performed starting with 60 V electrophoresis for 
30 min, followed by 120 V electrophoresis for 120 
min. After electrophoresis, proteins were transfer-
red to NC membrane under 300 mA for 180 min. 
The membrane was then blocked with 5% defatted 
milk powder for 6 min at room temperature. Mou-
se anti-human DUSP, TLR4, P53, p16 and β-actin 

antibody (all diluted at 1:1000, Santa Cruz Biote-
chnology, Santa Cruz, CA, US) was added for 120 
min at room temperature incubation. After PBST 
rinsing for three times, the membrane was deve-
loped under enhanced chemiluminescence (ECL) 
chromogenic substrate, followed by exposure and 
fixation in dark box. Imaging system was used for 
capture to analyze expression levels of DUSP and 
TLR4 among all groups of myeloma RPMI8226 
cells (Bio-Rad, Hercules, CA, USA).

In measuring the effect of DUSP interference or 
overexpression on myeloma cell line RPMI8226, 
cells were collected after transfection and were 
tested as above-mentioned15.

Statistical Analysis 
All data were analyzed by SPSS 19.0 (SPSS 

Inc., Chicago, IL, USA) software and were pre-
sented as mean±standard error of means (SEM). 
The Student t-test was used for comparing among 
myeloma RPMI8226 cells. Continuous data are 
presented as means ± standard deviation (SD), 
and were analyzed by using one-way ANOVA, 
with the Tukey’s post-hoc test. Significant level 
was defined when p<0.05.

Results

Rising Expression of DUSP 
and Suppressed TLR4 Signal in 
RPMI8226 Cell Aging Model

Elevating levels of aging proteins P53 and P16 
were shown in myeloma cell line RPMI8226 after 
being induced by H2O2, indicating the establish-
ment of successful aging model for further stu-
dies (Figure 1). 

We further observed that in H2O2-induced 
myeloma cell line RPMI8226 aging model, DUSP 
level was apparently increased, suggesting the 
possible relation of DUSP to H2O2-induced mye-
loma cell aging. Also, the remarkable reduction of 
TLR4 was involved in myeloma cell aging model 
compared to normal control (Figure 1).

Transfection of DUSP Over-Expression 
Plasmid or siRNA Increased/Decreased 
DUSP Expression, Enhanced/Inhibited 
Cell Aging and Suppressed/Potentiated 
TLR4 Level in RPMI8226 Cells

To determine the effect of DUSP in cell aging, 
we over-expressed and down regulated DUSP. 
Of note, the increase of DUSP evidently elevated 
the expression of P53, while reduced the level of 
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TLR4. However, the block of DUSP reversed the 
effect on P53 and TLR4, indicating that DUSP 
participated in H2O2-induced myeloma cell line 
RPMI8226 aging and might regulate the level of 
TLR4 (Figure 2)

Verteporfin Inhibited RPMI8226 
Cell Aging

To further investigate the role of TLR4 in cell 
aging, Verteporfin, the inhibitor of TLR4 signa-
ling pathway, was used to pre-treat cells to detect 
cell aging as a control. Interestingly, the TLR4 
was inhibited by Verteporfin and, as result, the 
expression of P53 was markedly upregulated, 
while cell aging was induced by the detection of 
β-galactosidase assay. In a similar fashion, the 
growing level of DUSP also presents the same 
effect on P53 expression and cell aging, in ad-
dition to inhibition of TLR4 as Verteporfin did, 
indicating that DUSP favored H2O2-induced mye-
loma cell line RPMI8226 aging via suppression of 
TLR4 (Figure 3).

Discussion

In our study, we established myeloma cell 
line RPMI8226 by H2O2 induction as an in 
vitro model to investigate regulatory role of 
DUSP on tumor cell aging. Data showed that 
transfection of DUSP enhanced expression le-
vel of aging molecules in human myeloma cell 
line RPMI8226, as consistent with previous 
reports19,20 showing the participation of DUSP 
in cell growth and aging. It was shown that 
DUSP2 down-regulation suppressed tumor cell 

Figure 1. DUSP up-regulation and TLR4 signal pathway 
suppression in RPMI8226 cell aging model. A, Western blot 
test results. B, β-galactosidase staining for cell aging. Scale 
bar, 2 μm.

Figure 2. Transfection of DUSP over-expression plasmid 
or siRNA increased/decreased DUSP expression, enhanced/
inhibited cell aging and suppressed/potentiated TLR4 si-
gnal pathway in RPMI8226 cells. A, Western blot results. B, 
β-galactosidase staining for cell aging. 

Figure 3. TLR4 signal pathway inhibitor Verteporfin si-
gnificantly enhanced H2O2-induced myeloma cell line 
RPMI8226 aging. A, Western blot test results. B, β-galact-
osidase staining for cell aging. Scale bar, 2 μm.
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proliferation, whilst DUSP1 was proposed to 
be correlated with tumor metastasis21,22. These 
results indicated that DUSP might be involved 
in myeloma occurrence and progression23-25. 

Selman et al26 also indicated TLR4 protein 
as one inhibitory protein for cell aging. Current 
investigation believed that certain endogenous 
TLR-recognized ligands were produced during 
occurrence and progression of myeloma, indi-
cating potential roles of TLR in tumor immune 
surveillance27. Intriguingly, results from this 
work showed that transfection of DUSP down 
regulated TLR4 level, and increased aging rate 
of myeloma cell line RPMI8226. The application 
of TLR4 signal pathway inhibitor, Verteporfin, 
enhanced RPMI8226 cell aging. DUSP affected 
myeloma cell growth. TLR4 is one widely reco-
gnized cell aging inhibitor. However, whether 
DUSP can modulate RPMI8226 cell growth or 
aging via TLR4 signal pathway is still uncle-
ar27,28. Accumulative evidence showed that va-
rious factors, such as USP22, sirtuin 4, contri-
buted to the regulation of cancer cell aging via 
distinct signaling pathways29,30. Our data pro-
vided possible correlation of DUSP and TLR4 
on the regulation of cell aging. The limitation 
of our research is that extensive types of tumor 
cells as well as in vivo assay need to be used to 
validate the DUSP and TLR4 on cell aging. Mo-
reover, the downstream targets of DUSP, such 
as TLR4, or other alternatives, require further 
investigation.  

Conclusions

We showed that DUSP could promote H2O2-in-
duced myeloma cell line RPMI8226 aging and 
inhibited TLR4, which plays as a suppressor of 
cell aging. Our finding provides novel strategy for 
anti-myeloma, indicating that TLR4 might be the 
possible target for treating myeloma.

Acknowledgments
This work was supported by Sichuan education department 
research fund(18ZB0214).

Conflict of Interest
The Authors declare that they have no conflict of interest.

References

 1) Zhang W, Ren h, Xu C, Zhu C, Wu h, Liu D, Wang 
J, Liu L, Li W, Ma Q, Du L, Zheng M, Zhang C, Liu J, 
Chen Q. Hypoxic mitophagy regulates mitochon-
drial quality and platelet activation and determi-
nes severity of I/R heart injury. Elife 2016; 5. pii: 
e21407. 

 2) MaCanas-PiRaRD P, BRoekhuiZen R, gonZaLeZ a, oya-
naDeL C, eRnst D, gaRCia P, MonteCinos VP, CouRt F, 
oCQueteau M, RaMiReZ P, neRVi B. Resistance of leu-
kemia cells to cytarabine chemotherapy is media-
ted by bone marrow stroma, involves cell-surface 
equilibrative nucleoside transporter-1 removal 
and correlates with patient outcome. Oncotarget 
2017; 8: 23073-23086.

 3) Vatanen a, hou M, huang t, soDeR o, Jahnukainen 
t, kuRiMo M, oJaLa th, saRkoLa t, tuRanLahti M, 
saaRinen-PihkaLa uM, Jahnukainen k. Clinical and 
biological markers of premature aging after au-
tologous SCT in childhood cancer. Bone Marrow 
Transplant 2017; 52: 600-605.

 4) DeMaRia M, o’LeaRy Mn, Chang J, shao L, Liu s, aLi-
MiRah F, koenig k, Le C, Mitin n, DeaL aM, aLston 
s, aCaDeMia eC, kiLMaRX s, VaLDoVinos a, Wang B, 
De BRuin a, kenneDy Bk, MeLoV s, Zhou D, shaRPLess 
ne, Muss h, CaMPisi J. Cellular senescence promo-
tes adverse effects of chemotherapy and cancer 
relapse. Cancer Discov 2017; 7: 165-176.

 5) kiLPinen L, PaRMaR a, gReCo D, koRhonen M, Lehen-
kaRi P, saaVaLainen P, Laitinen s. Expansion induced 
microRNA changes in bone marrow mesenchy-
mal stromal cells reveals interplay between immu-
ne regulation and cell cycle. Aging (Albany NY) 
2016; 8: 2799-2813.

 6) yaMaguChi M. The botanical molecule p-hy-
droxycinnamic acid as a new osteogenic agent: 
insight into the treatment of cancer bone metasta-
ses. Mol Cell Biochem 2016; 421: 193-203.

 7) siMon aJ, LeV a, Zhang y, Weiss B, RyLoVa a, eyaL e, 
koL n, BaReL o. Mutations in STN1 cause Coats 
plus syndrome and are associated with genomic 
and telomere defects. J Exp Med 2016; 213: 1429-
1440.

 8) toRano eg, Bayon gF, DeL ReaL a, sieRRa Mi, gaRCia 
Mg, CaReLLa a, BeLMonte t, uRDinguio Rg, CuBiLLo i, 
gaRCia-CastRo J, DeLgaDo-CaLLe J, PeReZ-CaMPo FM, Ri-
anCho Ja, FRaga MF, FeRnanDeZ aF. Age-associated 
hydroxymethylation in human bone-marrow mesen-
chymal stem cells. J Transl Med 2016; 14: 207.

 9) shao L, Wang y, Chang J, Luo y, Meng a, Zhou D. 
Hematopoietic stem cell senescence and cancer 
therapy-induced long-term bone marrow injury. 
Transl Cancer Res 2013; 2: 397-411.

10) Luo y, Li L, Zou P, Wang J, shao L, Zhou D, Liu 
L. Rapamycin enhances long-term hematopoie-
tic reconstitution of ex vivo expanded mouse he-
matopoietic stem cells by inhibiting senescence. 
Transplantation 2014; 97: 20-29.

11) Chen X, Zhai y, yu D, Cui J, hu JF, Li W. Valproic 
Acid Enhances iPSC Induction From Human Bone 



F. Xian, X. Hu, X.-S. Hu, Q.-L. Chen, J. Qin, J. Bie

6034

Marrow-Derived Cells Through the Suppression 
of Reprogramming-Induced Senescence. J Cell 
Physiol 2016; 231: 1719-1727.

12) taBiBian-keissaR h, haZanoV L, sChiBy g, RosenthaL 
n, RakoVsky a, MiChaeLi M, shahaF gL, PiCkMan y, 
RosenBLatt k, MeLaMeD D, Dunn-WaLteRs D, MehR R, 
BaRshaCk i. Aging affects B-cell antigen receptor 
repertoire diversity in primary and secondary lym-
phoid tissues. Eur J Immunol 2016; 46: 480-492.

13) henRy CJ, Casas-seLVes M, kiM J, ZaBeReZhnyy V, aghiLi 
L, DanieL ae, JiMeneZ L, aZaM t, MCnaMee en, CLaM-
Bey et, kLaWitteR J, seRkoVa nJ, tan aC, DinaReLLo 
Ca, DegRegoRi J. Aging-associated inflammation 
promotes selection for adaptive oncogenic even-
ts in B cell progenitors. J Clin Invest 2015; 125: 
4666-4680.

14) stoCkkLausneR C, RaFFeL s, kLeRMunD J, BanDaPaLLi oR, 
BeieR F, BRuMMenDoRF th, BuRgeR F, saueR sW, hoFF-
Mann gF, LoRenZ h, tagLiaFeRRi L, noWak D, hoFMann 
Wk, BueRgeRMeisteR R, keRBeR C, RausCh t, koRBeL Jo, 
Luke B, tRuMPP a, kuLoZik ae. A novel autosomal 
recessive TERT T1129P mutation in a dyskerato-
sis congenita family leads to cellular senescence 
and loss of CD34+ hematopoietic stem cells not 
reversible by mTOR-inhibition. Aging (Albany NY) 
2015; 7: 911-927.

15) Zingoni a, CeCeRe F, VuLPis e, FionDa C, MoLFetta R, 
soRiani a, PetRuCCi Mt, RiCCiaRDi MR, FueRst D, aMen-
DoLa Mg, MytiLineos J, CeRBoni C, PaoLini R, CiPPiteL-
Li M, santoni a. Genotoxic stress induces sene-
scence-associated ADAM10-dependent release 
of NKG2D MIC ligands in multiple myeloma cells. 
J Immunol 2015; 195: 736-748.

16) touRLakis Me, Zhang s, BaLL hL, ganDhi R, Liu h, 
Zhong J, yuan Js, guiDos CJ, DuRie PR, RoMMens JM. In 
vivo senescence in the sbds-deficient murine pan-
creas: cell-type specific consequences of transla-
tion insufficiency. PLoS Genet 2015; 11: e1005288.

17) BeRenstein R, BLau o, nogai a, WaeChteR M, sLonoVa 
e, sChMiDt-hieBeR M, kunitZ a, PeZZutto a, DoeRken 
B, BLau iW. Multiple myeloma cells alter the se-
nescence phenotype of bone marrow mesenchy-
mal stromal cells under participation of the DLK1-
DIO3 genomic region. BMC Cancer 2015; 15: 68.

18) koLosa k, MotaLn h, heRoLD-MenDe C, koRsiC M, Lah tt. 
Paracrine effects of mesenchymal stem cells induce 
senescence and differentiation of glioblastoma stem-
like cells. Cell Transplant 2015; 24: 631-644.

19) aLessio n, DeL gauDio s, CaPasso s, Di BeRnaRDo g, 
CaPPaBianCa s, CiPoLLaRo M, PeLuso g, gaLDeRisi u. 
Low dose radiation induced senescence of human 
mesenchymal stromal cells and impaired the au-
tophagy process. Oncotarget 2015; 6: 8155-8166.

20) hiLPeRt M, LegRanD C, BLuteau D, BaLayn n, BeteMs 
a, BLuteau o, ViLLeVaL JL, LouaChe F, gonin P, De-
BiLi n, PLo i, VainChenkeR W, giLLes L, RasLoVa h. 

p19 INK4d controls hematopoietic stem cells in a 
cell-autonomous manner during genotoxic stress 
and through the microenvironment during aging. 
Stem Cell Reports 2014; 3: 1085-1102.

21) Fu s, Wei J, Wang g, Wang B, Wang y, Lai X, huang 
h. The key role of PML in IFN-alpha induced cel-
lular senescence of human mesenchymal stromal 
cells. Int J Oncol 2015; 46: 351-359.

22) Liu hy, huang CF, Lin tC, tsai Cy, tina Chen sy, Liu 
a, Chen Wh, Wei hJ, Wang MF, WiLLiaMs DF, Deng 
WP. Delayed animal aging through the recovery 
of stem cell senescence by platelet rich plasma. 
Biomaterials 2014; 35: 9767-9776.

23) RunDBeRg niLsson a, soneJi s, aDoLFsson s, BRyDeR 
D, PRonk CJ. Human and murine hematopoietic 
stem cell aging is associated with functional im-
pairments and intrinsic megakaryocytic/erythroid 
bias. PLoS One 2016; 11: e0158369.

24) oZCan s, aLessio n, aCaR MB, MeRt e, oMeRLi F, PeLu-
so g, gaLDeRisi u. Unbiased analysis of senescen-
ce associated secretory phenotype (SASP) to 
identify common components following different 
genotoxic stresses. Aging (Albany NY) 2016; 8: 
1316-1329.

25) BRosh RM, JR., BeLLani M, Liu y, seiDMan MM. Fan-
coni Anemia: A DNA repair disorder characterized 
by accelerated decline of the hematopoietic stem 
cell compartment and other features of aging. 
Ageing Res Rev 2017; 33: 67-75.

26) seLMan C, sinCLaiR a, PeDRoni sM, iRVine ee, MiChie 
aM, WitheRs DJ. Evidence that hematopoietic 
stem cell function is preserved during aging in 
long-lived S6K1 mutant mice. Oncotarget 2016; 7: 
29937-29943.

27) kunDRotas g, gasPeRskaJa e, sLaPsyte g, guDLeViCie-
ne Z, kRasko J, stuMBRyte a, LiuDkeViCiene R. Identity, 
proliferation capacity, genomic stability and novel 
senescence markers of mesenchymal stem cells 
isolated from low volume of human bone marrow. 
Oncotarget 2016; 7: 10788-10802.

28) MoehRLe BM, nattaMai k, BRoWn a, FLoRian MC, 
Ryan M, VogeL M, BLieDeRhaeuseR C, soLLeR k, PRoWs 
DR, aBDoLLahi a, sChLeiMeR D, WaLteR D, MiLsoM MD, 
staMBRook P, PoRteus M, geigeR h. Stem cell-spe-
cific mechanisms ensure genomic fidelity within 
HSCs and upon aging of HSCs. Cell Rep 2015; 
13: 2412-2424.

29) Zhou D, Liu P, sun DW, Chen ZJ, hu J, Peng sM, Liu 
yL. USP22 down-regulation facilitates human reti-
noblastoma cell aging and apoptosis via inhibiting 
TERT/P53 pathway. Eur Rev Med Pharmacol Sci 
2017; 21: 2785-2792.

30) Xia Xh, Xiao CJ, shan h. Facilitation of liver cancer 
SMCC7721 cell aging by sirtuin 4 via inhibiting 
JAK2/STAT3 signal pathway. Eur Rev Med Phar-
macol Sci 2017; 21: 1248-1253.


