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Abstract. – OBJECTIVE: Pathogenic mecha-
nism of multiple myeloma is still unclear yet. Ab-
normality in cell autophagy is closely correlated 
with various orthopedic diseases especially multi-
ple myeloma. Therefore, this study investigated the 
mechanism of cell autophagy abnormality in multi-
ple myeloma occurrence and clinical implications. 

MATERIALS AND METHODS: Using multiple 
myeloma cell line H929 as the model, cells were 
treated with UV irradiation. Western blot was used 
to measure the autophagy of H929 cell, expres-
sion level of autophagy molecules and activation 
of autophagy signal pathway such as Wnt. Us-
ing autophagy activator, H929 cell autophagy was 
potentiated, followed by quantification of auto-
phagy molecular expression and signal pathway 
such as Wnt activation. Agonist or antagonist of 
Wnt signal pathway was used to treat H929 cells 
followed by measuring autophagy molecules and 
Wnt pathway activation. The correlation between 
Wnt signal pathway or cell autophagy and occur-
rence of multiple myeloma was analyzed. 

RESULTS: UV irradiation treatment on multiple 
myeloma cell line H929 induced autophagy and 
Wnt signal pathway activation. The inhibitor of Wnt 
signal pathway suppressed UV-induced H929 cell 
autophagy. However, over-expression of Wnt sig-
nal pathway enhanced UV-mediated autophagy of 
H929 cells. The condition of Wnt activation and au-
tophagy level were positively correlated.

CONCLUSIONS: UV irradiation can induce au-
tophagy of multiple myeloma cells, suggesting 
that management of cell autophagy might be one 
possible treatment for multiple myeloma.
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Introduction

Multiple myeloma (MM) has a higher inciden-
ce, and affects physiological and psychological 
functions of patients1. Therefore, investigation 

of MM pathogenesis is of critical importance. 
However, the pathogenesis of MM is still unclear 
yet involving multiple governing factors such as 
chemical reagents benzopyrene, viral carcinogen, 
chronic ulcer, ionization irradiation, inflamma-
tion and high dosage of UV2-4.

Treatment strategy of MM is early diagnosis 
and treatment. Although traditional methods such 
as radiotherapy, chemotherapy and surgery have 
gained satisfactory effects, chemo- or radio-the-
rapy frequently causes internal organ bleeding, 
immune suppression and dizziness5. The impro-
vement of treatment accuracy and successful rate 
is a major challenge in medical science. In clinic, 
targeted treatment can effectively cure MM6,7, al-
though the selection of treatment target is a major 
challenge. Therefore, it is necessary to identify 
more effective molecular targets against MM. 
More importantly, treatment for MM using Wnt 
signal pathway is still lacking8,9.

Wnt signal pathway has multiple functions. For 
example, it can inhibit MM cell growth, and is 
correlated with the metastasis of malignant tu-
mors such as liver cancer or lung cancer10. These 
studies showed that Wnt signal pathway might be 
correlated with MM pathogenesis, although still 
requiring further investigation11. 

Cell autophagy is a regulatory process of cells 
via a series of autophagy related proteins and signal 
pathways12,13. Moreover, autophagy participates in 
aging related disease pathogenesis. Wnt signal pa-
thway is a widely studied pathway for facilitating 
autophagy14,15. Currently there are few drugs targe-
ting Wnt signal pathway, and the decrease of Wnt 
signal pathway protein cannot reach satisfactory 
treatment efficacy targeting tumors16,17. This study 
used MM cell line H929 as an in vitro model to 
investigate the possible regulatory role of UV on 
MM cells and related mechanisms, in order to pro-
vide evidences for selecting MM treatment targets.

European Review for Medical and Pharmacological Sciences 2018; 22: 3327-3332

Y.-S. LIU1, X.-B. LIU2, Y.-Y. QIU3, T. LAN3, Y. CHEN3

1Guangdong Medical University, Zhanjiang, Guangdong, China
2Department of Surgery, Pingshan District Maternal and Child Health Hospital, Shenzhen, 
Guangdong, China
3Department of Spinal Surgery, Second People’s Hospital, Shenzhen, Guangdong, China

Corresponding Author:	�Yang Chen, MD; e-mail: yangchettr@163.com

Molecular mechanism of Wnt signal pathway in 
multiple myeloma cell line H929 cell autophagy



Y.-S. Liu, X.-B. Liu, Y.-Y. Qiu, T. Lan, Y. Chen

3328

Materials and Methods

Cell Model and Reagents
MM cell line H929 was purchased from Ame-

rican Microbe Bank (Manassas, VA, USA). Test 
kits for cell autophagy were purchased from 
Beyotime (Shanghay, China). Fetal bovine serum 
(FBS) and Dulbecco’s Modified Eagle’s Medium 
(DMEM) culture medium were purchased from 
Hualan Bio (Shanghai, China). Other reagents 
were purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA).

Cell Culture
MM cell line H929 was resuscitated and re-su-

spended in high-glucose DMEM medium for cul-
ture18.

Wnt Signal Pathway Activity Assay
Wnt signal pathway activity assay kit was 

used to test the activity of MM cell line H92919. 
In brief, cells were cultured and treated with UV 
irradiation. 2 mg/ml Wnt signal activity assay 
reagent (Beyotime, Nantong, China) was added 

into each well for 4 h culture. Dimethyl sulfoxide 
(DMSO) was added to treat cells for 5 min. After 
quenching the reaction, 24-well containing MM 
H929 cells was placed on the microplate reader 
for testing optical absorbance (A) values at a wa-
velength of 560 nm20. 

Western Blot for Cell Autophagy
MM cell line H929 after UV or Wnt signal pa-

thway inhibitor/activator treatment was extracted 
for total protein suspension following the manual 
instruction. Protein concentration was quantified 
by BCA kit. Cell lysate was extracted and quan-
tified by microplate reader to separate proteins by 
centrifugation. Equal volume of protein suspen-
sion containing 20 μg proteins was firstly boiled 
for 10 min, followed by Western blot analysis in 
12% separation gel. Electrophoresis was perfor-
med under 60 V for 30 min, followed by 120 V 
for 90 min. After electrophoresis, the protein was 
transferred to the membrane under 90 mA for 180 
min. The membrane was then blocked using 5% 
defatted milk powder for 60 min room temperature 
incubation. Primary antibody (mouse anti-human 

Figure 1. UV irradiation on MM cell line H929 induced cell autophagy and Wnt signal pathway activation. (A) Western blot 
results for cell autophagy; (B) Confocal images reflecting cell autophagy. Blue indicates DAPI staining for nucleus, green 
indicates LC3 staining for cell autophagy.
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Wnt monoclonal antibody or mouse anti-human 
actin monoclonal antibody as the internal control) 
was added for 4°C overnight incubation (1:1000 
dilution). After Tris-buffered saline and tween 20 
(TBST) rinsing, horseradish peroxidase conju-
gated secondary antibody (1:2500) was added for 
37°C reaction for 3 hr, followed by TBST rinsing 
and development/exposure using ECL reagent. 
Gel imaging apparatus was used to analyze pro-
tein expression level to compare Wnt signal pa-
thway expression level in MM cell lines among all 
groups21.

Immune Fluorescent Analysis of Cell 
Autophagy 

MM cell line H929 treated with UV or Wnt si-
gnal pathway inhibitor/activator followed by analy-
sis of autophagy level by immune fluorescent assay.

Statistical Analysis
SPSS 15.0 (SPSS Inc., Chicago, IL, USA) was 

used for data analysis. Student t-test was used for 
comparison among all groups of H929 cells. A si-
gnificant difference was defined when p < 0.05 in 
replicated experiments. 

Results

UV Irradiation on MM cell Line H929 
Induced Cell Autophagy and Wnt Signal 
Pathway Activation

UV irradiation on MM cells H929 led to activa-
tion of Wnt signal pathway, as Wnt activity levels 
were 1.0 and 8.3 ± 0.4 in control and UV irradiation 
group, respectively (Figure 1). Cell autophagy was 
also enhanced after UV irradiation, as demonstra-
ted by immune fluorescent analysis showing the 
relative autophagy levels was 0 and 79.3 ± 10.2% 
in control and UV group, respectively.

Wnt Signal Pathway Activator LiCl 
Enhanced UV Induced Autophagy MM 
Cell line H929

Wnt signal pathway activator LiCl enhanced 
UV induced autophagy of MM cell line H929 by 
about 61% (Figure 2).

Wnt Signal Pathway inhibitor DKK 
Suppressed UV Induced Autophagy MM 
Cell Line H929

Wnt signal pathway inhibitor DKK effectively 
suppressed UV induced cell autophagy of MM 
cell line H929 (Figure 3).

Correlation Between Wnt Signal 
Pathway Activation and Autophagy 
Level

Activation of Wnt signal pathway in MM cells 
was significantly positively correlated with au-
tophagy level (p=0.011, correlation coefficient 
R=83.7%) (Figure 4).

Discussion

MM severely threatens patients’ life quality 
and health. This study used MM cell line H929 as 
the model, in which regulatory role of UV on MM 
cells H929 and possible mechanisms are studied 
from molecular and protein levels. UV is a com-
mon autophagy inducer, and is correlated with 
hematological diseases such as leukemia. We thus 
selected UV as the approach to induce autopha-
gy. Data showed that UV enhanced autophagy of 
human MM cells H929 line, as consistent with 
previous study showing the involvement of UV in 
cell autophagy22. Cell autophagy abnormality is 
also related with various diseases such as aging, 
cardiovascular disorder, neural degenerative dise-
ases and MM4. However, the signal transduction 

Figure 2. Activator of Wnt signal pathway enhanced UV induced autophagy MM cell line H929. (A) Western blot results for 
cell autophagy; (B) Confocal images reflecting cell autophagy. Blue indicates DAPI staining for nucleus, green indicates LC3 
staining for cell autophagy.
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pathway of autophagy in MM occurrence is still 
unclear yet. This study investigated the role of 
Wnt signal pathway induced cell autophagy in 
MM and potential clinical values.

Treatment strategy of MM is early diagnosis 
and treatment. Although traditional methods such 
as radiotherapy, chemotherapy and surgery have 
gained satisfactory effects, chemo- or radio-the-
rapy frequently causes internal organ bleeding, 
immune suppression and dizziness5. The impro-
vement of treatment accuracy and successful rate 
is a major challenge in medical science. In clinic, 
targeted treatment can effectively cure MM6,7, al-
though the selection of treatment target is a major 
challenge. Therefore, it is necessary to identify 
more effective molecular targets against MM. 
More importantly, treatment for MM using Wnt 
signal pathway is still lacking8,9.

How does UV regulate growth and autophagy 
of MM cells is still unclear23. Wnt signal pathway 

can suppress MM growth, whilst Wnt signal pa-
thway is correlated with tumor metastasis24, sug-
gesting its potential involvement in MM occur-
rence and progression25.

Wnt signal pathway participates in cell au-
tophagy. In current study, whether this pathway is 
under regulation of UV for further mediating au-
tophagy of MM cell line H929 is still unclear26,27. 
This study showed that UV enhanced Wnt signal 
pathway level. After pre-treatment with Wnt si-
gnal pathway activator, MM cells H929 had ele-
vated autophagy rate, whilst Wnt signal pathway 
inhibitor suppressed UV induced autophagy of 
MM cell line H929. These results showed con-
sistent role of Wnt signal pathway in autophagy 
as demonstrated by a previous study10, which 
showed that Wnt signal pathway could facilitate 
autophagy occurrence.

In this study, the role of Wnt signal pathway 
in UV-induced autophagy of MM cells H929 
can be proved from three perspectives. Firstly, 
data showed significantly enhanced Wnt signal 
pathway protein in MM cell line H929 after UV 
irradiation. Secondly, after pre-treatment with 
Wnt signal pathway activator, UV irradiation on 
H929 cells resulted in enhanced cell autophagy. 
Thirdly, after pre-treatment using Wnt signal 
pathway, UV irradiation on MM cell line H929 
showed suppressed cell autophagy. These resul-
ts showed the role of Wnt signal pathway protein 
in UV induced autophagy of MM cell line H929. 
Targeting Wnt signal pathway proteins might be 
a new strategy for molecular targeted treatment 
of MM26. Currently, Wnt signal pathway has been 
shown to suppress tumor cell autophagy in other 
cancers27. Our results showed that UV could indu-
ce the autophagy of MM cell line H929 possibly 
via enhancing Wnt signal pathway.

Figure 3. Wnt signal pathway inhibitor DKK suppressed UV induced autophagy MM cell line H929. (A) Western blot results 
for cell autophagy; (B) Confocal images reflecting cell autophagy. Blue indicates DAPI staining for nucleus, green indicates 
LC3 staining for cell autophagy.

Figure 4. Correlation analysis between Wnt signal pa-
thway activation and autophagy level.
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This work has some limitations. Firstly, we did 
not collect MM tumor tissues and adjacent tissue 
samples from patients, making it impossible to 
explore the direct relationship between Wnt sig-
nal pathway and MM. Secondly, this study lacked 
MM tumor tissues after treatment, and cannot in-
vestigate the correlation between Wnt signal path-
way and MM prognosis. Thirdly, no MM animal 
model was employed in this study for UV irradi-
ation in vivo, lacking the UV targeted treatment 
efficacy on MM from the whole body level.

Conclusions

We showed that UV can induce MM tumor 
cell autophagy possibly via Wnt signal pathway, 
suggesting that modulation of Wnt signal pathway 
activation status might help to manage autophagy 
level of MM.

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

Acknowledgments
This work was supported by Basic research project of Shen-
zhen science and Technology Innovation Committee, Grant 
(No. JCYJ20140415114640316).

References

  1)	 van Andel H, Ren Z, Koopmans I, Joosten SP, Kocemba 
KA, de Lau W, Kersten MJ, de Bruin AM, Guikema 
JE, Clevers H, Spaargaren M, Pals ST. Aberrant-
ly expressed LGR4 empowers Wnt signaling in 
multiple myeloma by hijacking osteoblast-derived 
R-spondins. Proc Natl Acad Sci U S A 2017; 114: 
376-381.

  2)	 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: 

  3)	 Xu X, Liu J, Shen C, Ding L, Zhong F, Ouyang Y, 
Wang Y, He S. The role of ubiquitin-specific pro-
tease 14 (USP14) in cell adhesion-mediated drug 
resistance (CAM-DR) of multiple myeloma cells. 
Eur J Haematol 2017; 98: 4-12.

  4)	 van Andel H, Kocemba KA, de Haan-Kramer A, Mel-
link CH, Piwowar M, Broijl A, van Duin M, Sonneveld 
P, Maurice MM, Kersten MJ, Spaargaren M, Pals ST. 
Loss of CYLD expression unleashes Wnt signaling 
in multiple myeloma and is associated with aggres-
sive disease. Oncogene 2017; 36: 2105-2115.

  5)	 Kamihara Y, Takada K, Sato T, Kawano Y, Murase K, 
Arihara Y, Kikuchi S, Hayasaka N, Usami M, Iyama S, 
Miyanishi K, Sato Y, Kobune M, Kato J. The iron che-
lator deferasirox induces apoptosis by targeting 
oncogenic Pyk2/beta-catenin signaling in human 
multiple myeloma. Oncotarget 2016; 7: 64330-
64341.

  6)	 Chen KK, He ZM, Ding BH, Chen Y, Zhang LJ, Yu 
L, Gao J. [HSP90 Inhibitor 17-AAG inhibits multi-
ple myeloma cell proliferation by down-regulating 
Wnt/beta-catenin signaling pathway]. Zhongguo 
Shi Yan Xue Ye Xue Za Zhi 2016; 24: 117-121.

  7)	 Delgado-Calle J, Anderson J, Cregor MD, Hiasa M, 
Chirgwin JM, Carlesso N, Yoneda T, Mohammad KS, 
Plotkin LI, Roodman GD, Bellido T. Bidirectional 
notch signaling and osteocyte-derived factors 
in the bone marrow microenvironment promote 
tumor cell proliferation and bone destruction in 
multiple myeloma. Cancer Res 2016; 76: 1089-
1100.

  8)	 Qiao M, Wu D, Carey M, Zhou X, Zhang L. Mul-
ti-scale agent-based multiple myeloma cancer 
modeling and the related study of the balance 
between osteoclasts and osteoblasts. PLoS One 
2015; 10: e0143206.

  9)	 Xu Y, Yang Z, Yuan H, Li Z, Li Y, Liu Q, Chen J. 
PCDH10 inhibits cell proliferation of multiple mye-
loma via the negative regulation of the Wnt/be-
ta-catenin/BCL-9 signaling pathway. Oncol Rep 
2015; 34: 747-754.

10)	 Grigson ER, Ozerova M, Pisklakova A, Liu H, Sullivan 
DM, Nefedova Y. Canonical Wnt pathway inhibitor 
ICG-001 induces cytotoxicity of multiple myelo-
ma cells in Wnt-independent manner. PLoS One 
2015; 10: e0117693.

11)	 Vogl DT, Raje N, Jagannath S, Richardson P, Hari P, 
Orlowski R, Supko JG, Tamang D, Yang M, Jones SS, 
Wheeler C, Markelewicz RJ, Lonial S. Ricolinostat, 
the first selective histone deacetylase 6 inhibitor, 
in combination with bortezomib and dexametha-
sone for relapsed or refractory multiple myeloma. 
Clin Cancer Res 2017; 23: 3307-3315.

12)	 Roy M, Liang L, Xiao X, Peng Y, Luo Y, Zhou W, 
Zhang J, Qiu L, Zhang S, Liu F, Ye M, Liu J. Lycorine 
downregulates HMGB1 to inhibit autophagy and 
enhances bortezomib activity in multiple myelo-
ma. Theranostics 2016; 6: 2209-2224.

13)	 Bong IP, Ng CC, Fakiruddin SK, Lim MN, Zakaria Z. 
Small interfering RNA-mediated silencing of ni-
cotinamide phosphoribosyltransferase (NAMPT) 
and lysosomal trafficking regulator (LYST) induce 
growth inhibition and apoptosis in human multiple 
myeloma cells: A preliminary study. Bosn J Basic 
Med Sci 2016; 16: 268-275.

14)	 Riz I, Hawley TS, Marsal JW, Hawley RG. Nonca-
nonical SQSTM1/p62-Nrf2 pathway activation 
mediates proteasome inhibitor resistance in 
multiple myeloma cells via redox, metabolic and 
translational reprogramming. Oncotarget 2016; 7: 
66360-66385.

15)	 Amodio N, Stamato MA, Gulla AM, Morelli E, Ro-
meo E, Raimondi L, Pitari MR, Ferrandino I, Misso G, 



Y.-S. Liu, X.-B. Liu, Y.-Y. Qiu, T. Lan, Y. Chen

3332

Caraglia M, Perrotta I, Neri A, Fulciniti M, Rolfo C, 
Anderson KC, Munshi NC, Tagliaferri P, Tassone P. 
Therapeutic targeting of miR-29b/HDAC4 epige-
netic loop in multiple myeloma. Mol Cancer Ther 
2016; 15: 1364-1375.

16)	 Rosebeck S, Alonge MM, Kandarpa M, Mayampurath 
A, Volchenboum SL, Jasielec J, Dytfeld D, Maxwell 
SP, Kraftson SJ, McCauley D, Shacham S, Kauff-
man M, Jakubowiak AJ. Synergistic myeloma cell 
death via novel intracellular activation of caspa-
se-10-dependent apoptosis by carfilzomib and 
selinexor. Mol Cancer Ther 2016; 15: 60-71.

17)	 Willenbacher W, Thangavadivel S, Greil R, Willenba-
cher E, Weger R, Manzl C, Johrer K, Brunner A. Low 
Beclin-1 expression predicts improved overall 
survival in patients treated with immunomodula-
tory drugs for multiple myeloma and identifies au-
tophagy inhibition as a promising potentially drug-
gable new therapeutic target: an analysis from 
The Austrian Myeloma Registry (AMR). Leukemia 
Lymphoma 2016; 57: 2330-2341.

18)	 Dykstra KM, Allen C, Born EJ, Tong HX, Holstein 
SA. Mechanisms for autophagy modulation by 
isoprenoid biosynthetic pathway inhibitors in mul-
tiple myeloma cells. Oncotarget 2015; 6: 41535-
41549.

19)	 Toscani D, Palumbo C, Dalla Palma B, Ferretti M, 
Bolzoni M, Marchica V, Sena P, Martella E, Mancini 
C, Ferri V, Costa F, Accardi F, Craviotto L, Aversa F, 
Giuliani N. The proteasome inhibitor bortezomib 
maintains osteocyte viability in multiple myeloma 
patients by reducing both apoptosis and autopha-
gy: a new function for proteasome inhibitors. J 
Bone Miner Res 2016; 31: 815-827.

20)	 Frassanito MA, De Veirman K, Desantis V, Di Marzo 
L, Vergara D, Ruggieri S, Annese T, Nico B, Menu E, 
Catacchio I, Ria R, Racanelli V, Maffia M, Angelucci 
E, Derudas D, Fumarulo R, Dammacco F, Ribatti D, 
Vanderkerken K, Vacca A. Halting pro-survival au-
tophagy by TGFbeta inhibition in bone marrow 
fibroblasts overcomes bortezomib resistance in 
multiple myeloma patients. Leukemia 2016; 30: 
640-648.

21)	 Liu ZQ, Xu JD, He J, Liu H, Lin P, Wan XH, Navone 
NM, Tong Q, Kwak LW, Orlowski RZ, Yang J. Mature 
adipocytes in bone marrow protect myeloma cells 
against chemotherapy through autophagy activa-
tion. Oncotarget 2015; 6: 34329-34341.

22)	 Jin YL, Dong BX, Xu L, Tang HL, Gao GX, Gu HT, 
Shu MM, Chen XQ. [Valproic acid represses au-
tophagy and enhances the anti-myeloma activity 
of DNA-damaging drugs]. Zhongguo Shi Yan Xue 
Ye Xue Za Zhi 2015; 23: 718-721.

23)	 Jagannathan S, Abdel-Malek MAY, Malek E, Vad 
N, Latif T, Anderson K, Driscoll JJ. Pharmacolo-
gic screens reveal metformin that suppresses 
GRP78-dependent autophagy to enhance the an-
ti-myeloma effect of bortezomib. Leukemia 2015; 
29: 2184-2191.

24)	 Milan E, Perini T, Resnati M, Orfanelli U, Oliva L, 
Raimondi A, Cascio P, Bachi A, Marcatti M, Ciceri 
F, Cenci S. A plastic SQSTM1/p62-dependent 
autophagic reserve maintains proteostasis and 
determines proteasome inhibitor susceptibility 
in multiple myeloma cells. Autophagy 2015; 11: 
1161-1178.

25)	 Morelli E, Leone E, Cantafio ME, Di Martino MT, 
Amodio N, Biamonte L, Gulla A, Foresta U, Pitari 
MR, Botta C, Rossi M, Neri A, Munshi NC, Anderson 
KC, Tagliaferri P, Tassone P. Selective targeting of 
IRF4 by synthetic microRNA-125b-5p mimics in-
duces anti-multiple myeloma activity in vitro and 
in vivo. Leukemia 2015; 29: 2173-2183.

26)	 Munoz-Galvan S, Gutierrez G, Perez M, Carnero A. 
MAP17 (PDZKIP1) Expression determines sensi-
tivity to the proteasomal inhibitor bortezomib by 
preventing cytoprotective autophagy and NFkap-
paB activation in breast cancer. Mol Cancer Ther 
2015; 14: 1454-1465.

27)	 Mishima Y, Santo L, Eda H, Cirstea D, Nemani N, Yee 
AJ, O’Donnell E, Selig MK, Quayle SN, Arastu-Kapur 
S, Kirk C, Boise LH, Jones SS, Raje N. Ricolinostat 
(ACY-1215) induced inhibition of aggresome for-
mation accelerates carfilzomib-induced multiple 
myeloma cell death. Br J Haematol 2015; 169: 
423-434.


