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PSMC2 Knockdown Inhibits Multiple Myeloma Cell Proliferation and 
Enhances Apoptosis
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Abstract
Proteasome 26S subunit ATPase 2 (PSMC2) has been identified as being potentially related to certain human 

cancers. However, the expression levels and functional importance of PSMC2 in multiple myeloma are still uncertain. 
PSMC2 expression in the levels of mRNA and protein was detected by qRT-PCR and western blot assay. The present 
study concentrated on clarifying the significance of PSMC2 on multiple myeloma cell behaviors including proliferation, 
migration and apoptosis by the CCK8 assay, the transwell assay and the flow cytometry. PSMC2 knockdown caused 
by RNA interference in multiple myeloma cell lines would significantly suppress cell proliferation, migration, enhance 
apoptosis and arrest cell cycle. Our results reflected that PSMC2 knockdown could inhibit multiple myeloma cell 
proliferation and enhance apoptosis and that the inhibition of PSMC2 might be a considerable therapeutic strategy for 
the treatment of multiple myeloma.
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Introduction
have markedly improved the median overall survival of patients, 
but patients still su�er from poor prognosis and most patients will 
inevitably relapse [8]. In the past few years, the treatment of relapsed 
patients with MM improved due to the introduction of pomalidomide 
[9], immune-modifying drugs [10], monoclonal antibodies [11], the 
histone deacetylase inhibitor Panobinostat [12] and new-generation 
proteasome inhibitors car�lzomib and ixazomib [13]. To be exactly, 
the proteasome inhibitors bortezomib, car�lzomib, and ixazomib 
were approved by the FDA for the treatment of MM, revealing the 
feasibility of proteasome as an anti-tumor target [14]. However, the 
three inhibitors are all covalent inhibitors, this combination mode 
may cause poor speci�city and severe side e�ects, eventually drug 
resistance evolving limits their therapeutic success [15]. �erefore, new 
proteasome inhibitors were urgently needed to overcome the above 
problems.

�e ubiquitin-proteasome pathway is mainly characterized by 
participating in the selective degradation of proteins in eukaryotic 
cells [16]. �e 26S proteasome is one of the well-known multimeric 
proteases, which is absolutely essential for the regulation of cell 
quality and the destruction of intracellular regulatory proteins such 
as transcription factors and cell cycle regulators [17]. Beyond that, 
26S proteasome is consisted of the 19S regulatory particles and the 
20S proteasome catalytic particle [18]. �ere are three di�erent 
catalytic subunits in the 20S proteasome, namely β5, β2 and β1, which 
were reported to contribute to the degradation of tumor suppressor 
proteins, especially β5 subunit [19]. �erefore, considerable research 
has been devoted to the development of proteasome inhibitors for 
cancer therapy. For example, several potential metal complexes 
based on copper, manganese and cadmium have been discovered as 
proteasome inhibitors and are widely explored as one of the important 
cancer treatment strategies [20]. Proteasome 26S subunit, ATPase 2 
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Knockdown of PSMC2 inhibits migration of multiple 
myeloma cells

In order to verify the e�ects of PSMC2 on metastasis, the transwell 
assay was conducted to assess the migration ability of human multiple 
myeloma cells. �e results showed that the migration abilities of 
MM.1R and MM.1S cells in shPSMC2 group were decreased (P < 
0.001), (Figure 2B). �erefore, it could be concluded that PSMC2 
knockdown inhibited the migration of human multiple myeloma cells 
to a certain extent.

Knockdown of PSMC2 induces apoptosis and arrests cell 
cycle of multiple myeloma cells

A�er the transfection of lentivirus, the �ow cytometry analysis 
was performed to examine the e�ects of PSMC2 knockdown on cell 
apoptosis and cell cycle. As observed in Figure 3A, PSMC2 knockdown 
promoted the cell apoptosis of MM.1R and MM.1S cells (P < 0.001). On 
the other hand, the cell cycle analysis exhibited an increased percentage 
in G2 phase in shPSMC2 group in both cells (P < 0.001), (Figure 3B). In 
general, all above data con�rmed that the knockdown of PSMC2 could 
promote apoptosis and disrupt cell cycle of human multiple myeloma 
cells.

Discussion
Multiple myeloma is the second most common hematologic 

malignancy worldwide, representing approximately 2% of all 
malignancies and about 10% of all hematologic malignancies, 
and its incidence is on the rise [26]. Since the introduction of 
proteasome inhibitors such as bortezomib, car�lzomib and ixazomib 
[13], immunomodulators such as thalidomide, lenalidomide and 
pomalidomide [10], and monoclonal antibodies such as daratumumab 
and elotuzumab [11], the rate of life span and survival of patients with 
MM has greatly increased, but MM remains an incurable cancer.

MM.1S and MM.1R cells compared with that in RPMI 8226 cells (P < 
0.05). �us, both MM.1S and MM.1R cells were selected for subsequent 
knockdown model experiments.

Construction of PSMC2 knockdown cell models

To reveal the roles of PSMC2 in multiple myeloma, the MM.1S and 
MM.1R cells models with PSMC2 knockdown were constructed. �e 
e�ective interference targets were screened by qRT-PCR. It could be 
seen that the highest knockdown e�ciency was observed in shPSMC2-1 
group in MM.1S cells, reaching 98.1% (P < 0.001) (Figure 1B). At the 
same time, the green �uorescence, generated by the detection of the 
GFP inside the cells, was used to verify the successful transfection, 
which demonstrated > 80% transfection e�ciencies in both MM.1R 
and MM.1S cells (Figure 1C). Moreover, the knockdown e�ciency 
of PSMC2 was evaluated in both cells by qRT-PCR and western blot 
analysis. As appeared in Figure 1D, the knockdown e�ciencies in 
shPSMC2 group were 99.0% (P < 0.01) and 98.1% (P < 0.001) in the 
MM.1R and MM.1S cells, respectively. Consistently, the results of 
western blot existed similar trends in shPSMC2 group of both cells, 
which revealed the down-regulated protein level (Figure 1E). �e 
above results provided a reference for the successful establishment of 
PSMC2 knockdown cell models, which could be used in subsequent 
experiments.

Knockdown of PSMC2 inhibits proliferation of multiple 
myeloma cells

Subsequently, the e�ects of PSMC2 knockdown on proliferation 
of MM.1R and MM.1S cells were estimated by CCK8 assay. �e results 
pointed out that the fold changes of the OD value were 3.5 and 3.4 
in MM.1R and MM.1S cells, revealing that the cell proliferation rate 
exhibited signi�cantly slower in shPSMC2 group in both cell lines (P 
< 0.001), (Figure 2A). �ese results denoted that PSMC2 knockdown 
could inhibit the proliferation of human multiple myeloma cells.
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