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Abstract. – OBJECTIVE: Myeloma poses a se-
rious risk for people’s health and life quality. Mo-
lecular targeted treatment of myeloma emerges 
as a promising therapy. This study aimed to de-
termine the effect of Sirtuin 6 on myeloma KM-
HM_(31) cell aging and provide evidence for clin-
ical treatment. 

MATERIALS AND METHODS: Myeloma KM-
HM_(31) cell aging model induced by Carbamide 
peroxide (CP) was generated. Cells were trans-
fected with Sirtuin 6 over-expression plasmid 
and specific siRNA. Western blot was used to 
study Sirtuin 6 expression, P53, P16, and Hippo 
in KM-HM_(31) cells. β-galactosidase assay was 
applied to measure cell aging. Verteporfin inhib-
ited Hippo signal pathway and measured aging 
of KM-HM_(31) cells. 

RESULTS: The levels of Sirtuin 6, aging pro-
tein P53, and P16 were remarkably elevated 
while Hippo expression was significantly inhib-
ited in CP-induced KM-HM_(31) cells. Transfec-
tion of Sirtuin 6 over-expression plasmid en-
hanced Sirtuin 6 expression in KM-HM_(31) cells 
and potentiated cell aging with downregulation 
of Hippo protein. In contrast, a block of Sirtu-
in 6 resulted in the opposite effect. Moreover, 
Verteporfin inhibited Hippo signal pathway and 
enhanced CP-induced KM-HM_(31) cell aging, 
which contributed similar effect as Sirtuin 6 did.

CONCLUSIONS: We showed that sirtuin 6 fa-
cilitates CP-induced myeloma cell KM-HM_(31) 
aging via suppressing Hippo.
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Introduction

Myeloma and other hematological diseases 
emerge as important factors of death, with hi-
gher incidence1. However, the pathogenesis me-
chanism of myeloma is still unknown yet. It was 
shown that myeloma cell growth and proliferation 
potentiation, decreased cell apoptosis or aging 

are important reasons2. Cell aging has been paid 
attention in the treatment strategy for myeloma 
recently3,4.

Cells aging leads to the decreasing potency of 
cell growth, proliferation or differentiation with 
cell cycle progresses5,6. The growth and activity 
of cancer cells, however, reverses the cell aging 
process by over-proliferation of cells to cause can-
cer7,8. Current researches9,10 showed that Sir-re-
lated enzymes (Sirtuin) family members play 
critical roles in cell aging process. Sirtuin 6 fa-
mily members have highly conserved amino acid 
sequence and share similar structures and fun-
ctions. However, the exact functions in different 
Sirtuin family members vary to some extent11,12. 
For instance, Sirtuin 2 decreases cell proliferation 
velocity, whilst Sirtuin 1 is closely correlated with 
lung cancer metastasis13,14, indicating the possible 
involvement of Sirtuin 6 in myeloma occurrence 
and progression15. Therefore, this research utili-
zed myeloma cell line KM-HM_(31) as an in vi-
tro model, to investigate the possible mechanism 
of Sirtuin 6 in myeloma cells, in order to provide 
evidence for selection of treatment targets of mye-
loma.

Materials and Methods

Myeloma Cell Model and Reagents
Myeloma cell model KM-HM_(31) cell line 

was purchased from ATCC (Manassas, VA, 
USA). Cell aging assay reagent was obtained from 
Solarbio (Beijing, China). Liposome transfection 
reagent was collected from Invitrogen (Waltham, 
MA, USA). Cell culture medium related antibioti-
cs, culture medium and fetal bovine serum (FBS) 
were bought from Beyotime (Beijing, China). 
The antibody was purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA). siRNA of 
Sirtuin 6 (5’-UGCUGACUCCAAAGCUCUG-3’, 
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and 5’-CAGAGCUUUGGAGUCAGCA-3’), and 
Sirtuin 6 over-expression plasmid were purchased 
from Gimma (Shanghai, China).

Cell Culture and Generation of Carbam-
ide Peroxide (CP) Induced Myeloma Cell 
Line KM-HM_(31) Aging Model

Myeloma KM-HM_(31) cells were resusci-
tated and re-suspended into normal Dulbecco’s 
Modified Eagle’s Medium (DMEM) medium for 
continuous culture16. CP-induced myeloma KM-
HM_(31) aging model was generated by adding 
1 μl (10 μg/μl) CP into the culture medium for 
further experiments.

Liposome Transfection
Liposome reagent was used to transfect small 

interfering ribonucleic acid (siRNA) Sirtuin 6 and 
controlled siRNA, or Sirtuin 6 over-expression 
plasmid into myeloma cell line KM-HM_(31) as 
previously reported17. In brief, KM-HM_(31) cel-
ls were cultured at 90% confluence, followed by 
the addition of 1 μl (1 μg/μl) siRNA Sirtuin 6 or 
controlled siRNA. Sirtuin 6 over-expression pla-
smid was re-suspended in liposome transfection 
reagent lipo2000. Culture medium was changed 
after 48 h for further experiments.

Cell Aging Assay
Liposome reagent was used to transfect siR-

NA Sirtuin 6 or controlled siRNA, or Sirtuin 6 
over-expression plasmid into myeloma KM-HM_
(31) cells. β-galactosidase assay measured cell 
aging, and results were recorded under the micro-
scope for analysis, as previously recorded18.

Western Blot Assay 
Protein concentration in the cell lysate was 

quantified for Western blot. Electrophoresis was 
performed under 60 V for 30 min firstly, followed 
by 120 V for 120 min. After electrophoresis, pro-
teins were transferred to NC membrane under 
300 mA for 180 min. The membrane was blocked 
using 5% defatted milk powder for 60 min incu-
bation at room temperature. Mouse anti-human 
Sirtuin 6 and Hippo antibodies (1:1000 dilution 
for both) were added for 120 min room tempera-
ture incubation. After rinsing in Phosphate-Buf-
fered Saline Tween 20 (PBST) for three times, the 
membrane was developed using electrochemilu-
minescence (ECL) system for exposure after three 
times of PBST rinsing. An automatic gel imaging 
system was used to analyze expression level of 
target proteins Sirtuin 6 and Hippo for comparing 

levels between all groups of KM-HM_(31) cells 
(Bio-Rad, Hercules, CA, USA).

To test the effect of Sirtuin 6 interference or 
over-expression on myeloma cell line KM-HM_
(31), cells after transfection were collected and 
analyzed in Western blot as abovementioned15.

Statistical Analysis 
Data were analyzed by SPSS 19.0 software and 

were presented as mean±standard error of means 
(SEM). The Student t-test was used for between 
groups while one-way ANOVA was performed in 
comparison of data among multiple groups fol-
lowed by the Tukey’s post hoc test. A significance 
level was defined as p<0.05.

Results

Enhanced Sirtuin 6 Expression and 
Suppression of Hippo Signal Pathway 
in KM-HM_(31) Cell Aging Model

In the myeloma cell KM-HM_(31), CP treated 
cell and increased levels of aging proteins P53 and 
P16, indicating the establishment of a successful 
aging model for further studies (Figure 1). 

We further observed that in cell aging model, 
Sirtuin 6 level was apparently increased, indicating 
the possible role of Sirtuin 6 to CP-induced myelo-
ma cell KM-HM_(31) aging. Also, the evident re-
duction of Hippo was found in myeloma cell aging 
model compared to normal control (Figure 1).

Transfection of Sirtuin 6 Over-Expression 
Plasmid or siRNA Increased or Decreased 
Sirtuin 6 Level in KM-HM_(31) Cells, 
Enhanced or Suppressed Cell Aging, and 
Weakened or Potentiated Hippo Signal 
Pathway

As shown in Figure 2, we further determi-
ne the effect of Sirtuin 6 in cell aging, through 
over-expressing and down-regulating level of Sir-
tuin 6. Of note, the increase of Sirtuin 6 appa-
rently up-regulated the expression of P53, while 
reduced the level of Hippo. However, the block of 
Sirtuin 6 contributed to the opposite effect on P53 
and Hippo, indicating that Sirtuin 6 participated 
in CP-induced myeloma cell KM-HM_(31) aging 
and might regulate the level of Hippo (Figure 2).

Verteporfin Inhibited KM-HM_(31) 
Cell Aging

To identify the effect of Hippo on cell aging, 
Verteporfin, the inhibitor of the Hippo signaling 
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pathway, was used. Importantly, the Hippo was 
inhibited by Verteporfin, resulting in that rising 
expression of P53 and suppression of cell aging by 
the detection of the β-galactosidase assay. Consi-
stently, the overexpression of Sirtuin 6 also ser-
ved a similar function on the modulation of P53 
expression and cell aging as Verteporfin did, indi-
cating that Sirtuin 6 promoted CP-induced mye-
loma cell KM-HM_(31) aging via suppression of 
Hippo (Figure 3).

Discussion

Data showed that transfection of Sirtuin 6 
enhanced expression level of aging molecules 
in human myeloma cell line KM-HM_(31), cau-
sing cell aging, as consistent with previous re-
sults, supporting the participation of Sirtuin 6 
in cell growth and aging19, 20. However, the exact 
mechanism of Sirtuin 6 modulates myeloma cell 
growth, and aging is still unclear yet3. Sirtuin 2 
decreases tumor cell proliferation, whilst Sirtuin 
1 is correlated with tumor metastasis21,22. These 
results indicate that Sirtuin 6 may also regulate 

myeloma occurrence and progression23-25. The 
previous study26 showed that Hippo protein ser-
ved as a cell aging inhibitor. This investigation 
showed that Sirtuin 6 transfection suppressed 
Hippo level, and increased the aging rate of mye-
loma cell line KM-HM_(31). Whilst the inhibitor 
of Hippo signal pathway enhanced CP-induced 
KM-HM_(31) cell aging. By over-expression or 
interference of Sirtuin 6 level, Hippo expression 
was correspondingly modulated, further sugge-
sting the important role of Hippo in CP-induced 
myeloma cell KM-HM_(31) aging.

In this work, we found elevated Sirtuin 6 level 
in CP-induced myeloma cell line KM-HM_(31) 
aging model, whilst aging protein P53 and P16 
expression levels were also increased with sup-
pression of Hippo signal pathway. The change of 
Sirtuin 6 regulated the cell aging while affected 
the level of Hippo. Furthermore, verteporfin sup-
pressed Hippo and enhanced CP-induced myelo-
ma cell line KM-HM_(31) aging, confirming the 
relation of Hippo to cell aging. These results indi-
cated that Sirtuin 6 participated in the regulation 
of Hippo proteins during the process of CP-indu-
ced myeloma cells KM-HM_(31) aging. Targeting 
Sirtuin 6 or Hippo proteins may be a novel stra-
tegy for clinical treatment of myeloma26. Current-
ly, Hippo has been shown to suppress cancer cell 
aging in other malignant tumors21,23-28. Previous 
evidence29 showed that Yes-Associated Protein 
(YAP) is a transcriptional co-activator that acts 
downstream of the Hippo signaling pathway and 
regulates multiple cellular processes. Hippo-Yap 
is the novel signaling pathway which plays an im-
portant role in gastric cancer tumor development 

Figure 1. Enhanced Sirtuin 6 expression and suppression 
of Hippo signal pathway in KM-HM_(31) cell aging model. 
A, Western blot test results; B, β-galactosidase staining for 
cell aging.

Figure 2. Transfection of Sirtuin 6 over-expression plas-
mid or siRNA increased or decreased Sirtuin 6 level in 
KM-HM_(31) cells, enhanced or suppressed cell aging, and 
weakened or potentiated Hippo signal pathway. A, Western 
blot results; B, β-galactosidase staining for cell aging.
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and progression. As a tumor promoter, Hippo-Yap 
preserved Sirtuin 1 (SIRT1) activity and partici-
pated in gastric cancer survival and migration via 
activation of the SIRT1/Mfn2/mitophagy axis30. 
Combined with the previous evidence, our resul-
ts suggested that Sirtuin 6 induced KM-HM_(31) 
cell aging via suppressing Hippo pathway. A li-
mitation in our study is that in vivo assay with 
an animal model of myeloma needs to adopted to 
validate further the efficacy of Sirtuin 6/Hippo on 
the treatment of myeloma, which provides alter-
native leads besides recent finding of Epigalloca-
techin gallate on inhibiting the growth of myelo-
ma cells31.

Conclusions

Our data unraveled that Sirtuin 6 facilitated 
CP-induced myeloma cell KM-HM_(31) aging 
via suppressing Hippo signal pathway, providing 
a potential novel strategy for treating myeloma.
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