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INTRODUCTION 
 

As a hematologic malignancy, Multiple myeloma 

(MM) accounts for 1.3% of all malignancies and 15% 

of hematologic neoplasms, with an incidence of 4.5 to 

6 cases per 100,000 inhabitants [1]. As a malignant 

clonal plasma cell disease, MM originates in the  

bone marrow and the main clinical manifestations are 

the accumulation of clonal plasma cells predominantly 

in bone marrow, triggering the overproduction  

of nonfunctional intact immunoglobulins or immuno-

globulin chains [2–4]. With improved understanding 

of MM and the application of new drugs and 

treatments, MM patient survival has increased in 
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ABSTRACT 
 

Background: Multiple myeloma (MM) is a malignant hematopoietic disease that is usually incurable. However, the 
ubiquitin-proteasome system (UPS) genes have not yet been established as a prognostic predictor for MM, despite 
their potential applications in other cancers. 
Methods: RNA sequencing data and corresponding clinical information were acquired from Multiple Myeloma 
Research Foundation (MMRF)-COMMPASS and served as a training set (n=787). Validation of the prediction 
signature were conducted by the Gene Expression Omnibus (GEO) databases (n=1040). To develop a prognostic 
signature for overall survival (OS), least absolute shrinkage and selection operator regressions, along with Cox 
regressions, were used. 
Results: A six-gene signature, including KCTD12, SIAH1, TRIM58, TRIM47, UBE2S, and UBE2T, was established. 
Kaplan-Meier survival analysis of the training and validation cohorts revealed that patients with high-risk 
conditions had a significantly worse prognosis than those with low-risk conditions. Furthermore, UPS-related 
signature is associated with a positive immune response. For predicting survival, a simple to use nomogram and the 
corresponding web-based calculator (https://jiangyanxiamm.shinyapps.io/MMprognosis/) were built based on the 
UPS signature and its clinical features. Analyses of calibration plots and decision curves showed clinical utility for 
both training and validation datasets. 
Conclusions: As a result of these results, we established a genetic signature for MM based on UPS. This genetic 
signature could contribute to improving individualized survival prediction, thereby facilitating clinical decisions in 
patients with MM. 
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recent years [2]. Despite recent progress in treatment, 

MM remains incurable with high recurrence rates and 

drug resistance rates, with a median survival time of 

only 5-6 years [5], and the pathogenesis has not been 

elucidated [6]. Therefore, it is vital to research the 

complex biology and heterogeneous clinical course of 

MM, and research novel biomarker to better predict 

MM patients’ prognosis. 

 

The ubiquitin proteolysis system (UPS) plays a crucial 

role in regulating targeted protein degradation in 

eukaryotes, thus is essential for maintenance of protein 

homeostasis at the level of protein degradation. The 

UPS consists of numerous proteins, including 

ubiquitin-activating enzymes (E1), ubiquitin-

conjugating enzymes (E2), and ubiquitin ligases (E3) 

[7]. In the biochemical physiology, the enzymes E1 

and E2 prepare ubiquitin for conjugation, while E3 is 

responsible for recognizing the specific substrate 

before catalyzing the transfer of activated ubiquitin to 

it [8]. Recently, there is accumulating evidence that 

ubiquitylation plays a crucial role in cancer patho-

genesis and that targeting ubiquitylation may provide a 

very promising therapeutic approach in a variety of 

cancers [9–12]. For instance, the NF-κB pathway, 

which is frequently altered in MM, is highly regulated 

by ubiquitination. Thus, the UPS provides many 

opportunities for pharmacologic intervention. In the 

past two decades, proteasome inhibitors have emerged 

as one of the most important classes of agents for 

treating MM [13]. There are several downstream 

effects of inhibiting the proteasome, including the 

inhibition of NF-κB signaling, etc. UPS related genes 

are the key regulators of ubiquitin proteolysis system 

[14]. So far, the clinical significance of UPS genes  

has not been systematically investigated in patients 

with MM.  

 

In the present study, we established and validated a UPS 

gene signature for predicting MM patient outcomes, and 

then built a nomogram by classifying patients based on 

UPS signature risk score and other clinicopathological 

factors to improve our ability to predict the survival of 

MM cases, and could guide comprehensive MM 

therapeutic strategies. The visualization model was 

created using a web-based calculator, and the estimation 

performance was assessed based on discrimination, 

calibration, and clinical value.  

 

MATERIALS AND METHODS 
 

Data collection 

 
The transcriptome and clinical data, including survival 

information, are publicly available through the Multiple 

Myeloma Research Foundation (MMRF) CoMMpass 

data (https://research.themmrf.org) and Gene Expression 

Omnibus (GEO) database (https://www.ncbi. 

nlm.nih.gov/geo/). MMRF- CoMMpass dataset which 

contains 787 cases with MM was set as the training set. 

Three independent datasets, GSE2658 (n=559), 

GSE136377 (n=426), and GSE57317 (n=55) were set as 

the validation sets. GSE118985 included bone marrow 

samples from 68 normal controls and 460 newly 

diagnosed patients with MM and 132 MM patients in 

complete remission. A list of 804 UPS genes 

(Supplementary Table 1) were identified in the previous 

studies and used as the basis of our evaluations in the 

current study [15, 16]. 

 

Construction prognostic UPS signature 

 

To narrow the range of candidate prognostic UPS 

genes, we first performed univariate Cox analyses based 

on MMRF-COMMPASS and GSE2658 by the 

“survival” package. The overlapping prognostic genes 

in MMRF-COMMPASS and GSE2658 was selected for 

subsequent studies. By using the R packages “glmnet” 

and “survival,” the LASSO regression analysis was 

carried out to screen potential genes based on variable 

screening and complexity adjustment. Finally, we 

conducted multivariate Cox regression analyses to 

identify highly correlated genes and construct the UPS 

gene signature on the basis of the following equation for 

risk scores: 
 

i

i 0

Risk score Risk score ( xp )
N

iE
=

= =   

 

In this equation, βi denotes the regression coefficient, i 

denotes the UPS genes used to construct the signature, 

Exp denotes the relative expression value of each UPS 

gene in the signature, whereas N signifies the sum of 

genes within the signature. Patients were divided into 

two groups according to their median risk scores:  

low-risk and high-risk, and the “survivalROC” 

package in R was used to create the receiver operating 

characteristic (ROC) curves. To evaluate the predictive 

power of the UPS gene signature, AUC values were 

calculated. 

 

Gene set variation analysis (GSVA) 

 

We use “GSVA” package calculate the concentration 

of each sample in the gene enrichment of scoring, and  

then predefined gene rank. Specifically, we first use of 

gene expression profile, Using Hanzelmann et al. 

method and obtained Molecular Signatures Database 

to download the c2. Cp. Kegg. V7.4. symbols.gmt and 
c6.all.v7.4.symbols.gmt collections [17], which were 

used to evaluate related pathways and molecular 

mechanisms. The minimum gene set was set as 5, and 
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the maximum gene set was set as 5000. The 

enrichment score of each sample in each gene set was 

calculated. 

 

Construction and evaluation of the nomogram 

 

We used univariate and multivariate Cox regression 

analyses to evaluate the independent prognostic value 

of the risk score. In the training set, a nomogram was 

developed based on independent risk factors, and risk 

scores were calculated for each patient [18, 19]. 

Training and validation sets were used to estimate the 

accuracy of the nomogram model. The web-based 

calculator for was built through package “DynNom”. 

 

Immune cell infiltration 

 

The immune cell infiltration in the high- and low-risk 

groups was calculated by the Cell-type Identification 

by Estimating Relative Subsets of RNA Transcripts 

(https://cibersort.stanford.edu/) [20]. Differences in 

the relative proportions of 22 types of immune cells 

between the high- and low-risk groups was calculated 

based on the absolute mode between the low- and 

high-risk groups.  

 

Statistical analysis 

 

Kaplan-Meier (KM) curves were plotted when median 

risk scores were used as cutoffs for comparing high-risk 

and low-risk survival rates. Statistics were considered 

significant for results with p values less than 0.05. R 

software version 4.2.1 is used for all analyses, with the 

exception of instructions performed with special 

parameters. 

 

Availability of data and materials 

 

All the data were obtained from the MMRF-

CoMMpass data (https://research.themmrf.org) and 

GEO database (https://www.ncbi.nlm.nih.gov/geo/). 

 

RESULTS 
 

Construction of UPS risk signature 

 

We evaluated the expression profile of UPS genes 

associated with MM prognosis through a univariate  

Cox regression analysis. Based on the analysis of 

MMRF-COMMPASS data, we identified 490 UPS 

genes related to overall survival (OS) (Supplementary 

Table 2). In addition, we identified 141 UPS genes 

related to OS in GSE2658 (Supplementary Table 3). 

The 97 intersections of the overall survival related  

UPS genes were selected for the subsequent analysis 

(Figure 1A). Then, the Lasso-Cox proportional hazards 

regression and tenfold cross-validation were 

performed based on the 97 genes to generate the best 

gene model, and 20 candidate UPS genes were 

ultimately selected (Figure 1B, 1C). Furthermore, a 

multivariate Cox regression was performed to 

construct the UPS gene risk signature, and six genes 

were finally selected as predictors of OS (Figure 1D). 

Figure 1E shows the mRNA levels of the 6 identified 

genes. The weights assigned to each gene are shown in 

Figure 1F. 

 

Evaluation the reliability of the risk signature 

 

Based on the UPS signature was established to predict 

MM survival according to the formula: risk score = 

(KCTD12 × 0.09469841) + (SIAH1 × 0.375796476) + 

(TRIM47 × 0.123243103) + (TRIM58 × 0.187060727) 

+ (UBE2S × 0.22107747) + (UBE2T × 0.37637129). In 

MMRF-COMMPASS training set, each patient’s risk 

score was calculated. The median was used to 

categorize the patients as either high-risk or low-risk. 

Figure 2A summarizes the distribution of risk scores, 

the survival status of patients, and the expression of 

UPS genes in the training set. A time-dependent ROC 

analysis showed the AUC value were 0.70, 0.75, and 

0.81 for 1-, 3-, and 5-years OS (Figure 2B). 

Additionally, survival analysis demonstrated that low-

risk MM patients have significantly longer OS as 

compared with high-risk MM patients (Figure 2C).  

 

Diagnostic value of UPS genes 

 

As a first step, we compared the UPS genes expression 

in normal and tumor tissues in GSE118985 dataset. It 

was found that the expression level of KCTD12, 

SIAH1, TRIM58, UBE2S, and UBE2T were 

significantly decreased in tumor tissue compared with 

the normal tissue, but TRIM47 was upregulated 

(Figure 3A). We further investigated the diagnostic 

effectiveness of the six identified UPS genes. As 

displayed in the ROC analysis, the diagnostic ability of 

each gene to distinguish MM from the normal samples 

shows a superior diagnostic efficiency (Figure 3B). 

 

GSVA 

 

We explored biological processes and KEGG 

pathways associated with risk signature using GSVA. 

As shown in Figure 4A, volcano map showed the 

enriched biological processes terms between low- and 

high- risk groups. Top five enriched biological 

processes terms were shown in Figure 4B. As shown 

in Figure 4C, volcano map showed the enriched 
KEGG pathways between low- and high- risk groups. 

Top five enriched KEGG pathways were shown in 

Figure 4D. 

https://cibersort.stanford.edu/
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Validation the UPS signature 

 

Risk scores were calculated for each patient in the 

validation sets, including GSE2658, GSE136377, and 

GSE57317, and the median was used to categorize the 

patients as either high-risk or low-risk.  

 

For GSE2658 validation set, Figure 5A summarizes 

the distribution of risk scores, the survival status  

of patients, and the expression of UPS in the training 

set. A time- dependent ROC analysis showed the  

AUC value were 0.70, 0.71, and 0.71 for 1-, 3-, and 5-

years OS (Figure 5B). Additionally, survival analysis 

demonstrated that low-risk MM patients have 

significantly longer OS as compared with high-risk 

MM patients (Figure 5C).  

 

For GSE136377 validation set, Figure 6A summarizes 

the distribution of risk scores, the survival status of 

patients, and the expression of RBP in the training set. 

A time-dependent ROC analysis showed the AUC value 

were 0.63, 0.64, 0.66, 0.67, and 0.72 for 1-, 3-, 5-, 7-, 

and 9-years OS (Figure 6B). Additionally, survival 

analysis demonstrated that low-risk MM patients have 

significantly longer OS as compared with high-risk MM 

patients (Figure 6C).  

 

 
 

Figure 1. Selection of robust biomarkers to establish a prognostic UPS gene signature. (A) The 97 intersections of the OS related 
genes in MMRF-COMMPASS and GSE2658. (B) The LASSO coefficient profiles of the candidate OS-related UPS genes with nonzero 
coefficients. (C) A dotted vertical line represents the optimal value of the parameter (lambda) used in the LASSO model. (D) Multivariate Cox 
regression was used to establish the UPS gene signature, and six genes were finally selected as predictors of OS. (E) The mRNA levels of the 6 
identified genes in training set (MMRF-COMMPASS). (F) Coefficient distribution of the gene signature. 
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For GSE57317 validation set, Figure 7A summarizes 

the distribution of risk scores, the survival status of 

patients, and the expression of RBP in the training set. 

A time-dependent ROC analysis showed the AUC value 

were 0.78 and 0.85 for 1-, and 3-years OS (Figure 7B). 

Additionally, survival analysis demonstrated that low- 

risk MM patients have significantly longer OS as 

compared with high-risk MM patients (Figure 7C). 

 

Immune cell infiltration estimation 

 

To further study immune characteristics in MM with a 

different immune risk score. We investigated the 

infiltrating immune cells by using the CIBERSORT 

algorithm. Supplementary Figure 1A illustrates the 

percentage of immune cells infiltrating the tumor. A 

comparison was made between high-risk and low-risk 

groups in terms of immune infiltration levels of a 

variety of immune infiltrating cells. The results showed 

High-risk participants had higher proportions of plasma 

cells, T cells CD8, T cells CD4 memory resting, NK 

cells activated, Dendritic cells activated, and Eosinophils 

(Supplementary Figure 1B). 

 

Independent prognostic factor 

 

In order to identify independent risk factors for MM, a 

univariate and multivariate Cox regression analyses was 

performed as described above. The results indicated that 

age, stage, and risk score were the independent 

prognostic indicator in both MMRF-COMMPASS 

(Supplementary Figure 2A, 2B). Moreover, age, stage, 

and risk score also served as the independent prognostic 

indicators in GSE136377 (Supplementary Figure 2C, 2D). 

 

Construction of a prognostic nomogram 
 

Based on the training set, we established a nomogram 

for accurate clinical prediction of MM survival, by 

independent prognostic factors, including age, stage,  

 

 
 

Figure 2. Evaluation the reliability of the risk signature in the training set (MMRF-COMMPASS). (A) summarizes the distribution 

of risk scores, the survival status of patients, and the expression of UPS genes in the training set. (B) A time-dependent ROC analysis for 1-, 3-, 
and 5-years OS prediction. (C) Survival analysis between low-risk and high-risk MM patients. 
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Figure 3. Diagnostic value of the identified UPS genes for MM. (A) The expression level of KCTD12, SIAH1, TRIM58, TRIM47, UBE2S, 

and UBE2T in tumor normal tissue. (B) ROC analysis showed the diagnostic ability of KCTD12, SIAH1, TRIM58, TRIM47, UBE2S, and UBE2T to 
distinguish MM from the normal samples (**P<0.01 and ****P<0.0001). 
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and risk score (Figure 8A). The C-index values were 

0.76 in OS nomogram. The calibration plots based on 

the training set showed good agreement between 

predictions and observations (Figure 8B). Time-

dependent ROC analysis showed the AUC value were 

0.75, 0.79, and 0.86 for 1-, 3-, and 5-years OS (Figure 

8C). Additionally, survival analysis demonstrated that 

low-risk MM patients have significantly longer OS as 

compared with high-risk MM patients (Figure 8D). The 

results also showed MM exhibited a greater mortality 

risk with an increasing risk score (Figure 8E). Further, a 

decision curve analysis (DCA) was conducted for age, 

stage, signature risk score, and nomogram, and showed 

that nomogram were clinically useful (Figure 8F–8H). 

 

In addition, we also performed a validation of the 

prognostic nomogram in the validation set (GSE136377). 

Time-dependent ROC analysis showed the AUC value 

 

 
 

Figure 4. GSVA analysis between low- and high- risk groups. (A) Volcano map showed the enriched biological processes terms 
between low- and high- risk groups. (B) Top 50 enriched biological processes terms. (C) Volcano map showed the enriched KEGG pathways 
terms between low- and high- risk groups. (D) Top 50 enriched KEGG pathways terms. 



www.aging-us.com 9958 AGING 

were 0.80, 0.73, and 0.74 for 1-, 3-, and 5-years OS 

(Figure 9A). Survival analysis demonstrated that low-

risk MM patients have significantly longer OS as 

compared with high-risk MM patients (Figure 9B). The 

results also showed MM exhibited a greater mortality 

risk with an increasing risk score (Figure 9C). 

 

Establishment of a web-based calculator 

 

In order to make our findings more practical, we 

developed a web calculator (https://jiangyanxiamm. 

shinyapps.io/MMprognosis/) to predict the OS of MM 

according to the nomogram (Supplementary Figure 3A–

3C). By drawing a perpendicular line from the total 

point axis to the outcome axis, we can estimate the odds 

of survival time. 

 

DISCUSSION 
 

In the last decade, patients with MM have had 

significantly better outcomes and survival rates  

[21, 22]. As MM is complicated in its etiology  

and is difficult to predict in terms of prognosis. 

Improve the prognosis prediction of patients with  

MM through the development of new methods is  

also essential for making informed treatment 

decisions. In this study, we analyzed RNA-seq 

transcriptome profiles to develop a comprehensive 

UPS gene expression signature for MM prognosis.  

As far as we know, this is the first study to develop a 

UPS signature and nomogram for MM prognosis 

prediction. 

 

In the current study, we developed an UPS-based 

signature of 6 genes, including KCTD12, SIAH1, 

TRIM58, TRIM47, UBE2S, and UBE2T. In the training 

set, the AUC value was 0.70, 0.75, and 0.81 for 1-, 3-, 

and 5-years OS prediction. Furthermore, we established 

a model based on independent prognosis factor. The 

multivariable model based on three features (age, stage, 

and risk score) showed promising predictive power in 

both training and validation sets. Based on our findings, 
 

 

 

Figure 5. Validation the reliability of the risk signature in the validation set (GSE2658). (A)  summarizes the distribution of risk 
scores, the survival status of patients, and the expression of UPS genes in the training set. (B) A time-dependent ROC analysis 
for 1-, 3-, and 5-years OS prediction. (C) Survival analysis between low-risk and high-risk MM patients. 

https://jiangyanxiamm.shinyapps.io/MMprognosis/
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this signature and model can be used to predict MM 

prognosis and assist in clinical decision-making. 

 

Among the identified UPS genes, most of the genes 

were first identified as diagnostic and prognostic 

genes in MM. KCTD12 has been reported to be a 

prognostic biomarker of colorectal cancer and breast 

cancer [23, 24]. However, relevant research focused 

on MM remains limited. We found the downregulated 

KCTD12 expression and was associated worse 

outcome in MM. SIAH1, an E3 ubiquitin ligase, has 

been the topic of a range of investigations due to its 

varied functions both physiologically and 

pathologically, and its numerous new functions that 

have been identified [25]. There are a growing 

number of SIAH1 substrate proteins, which are mostly 

associated with fundamental cellular processes, 

including hypoxia responses, DNA damage responses, 

and cell division within cells [26–29]. There are 

reports that TRIM58 plays a role in a variety of 

cancers. Previous study reported that TRIM58 

suppresses the tumor growth in tumor by inactivation 

of β-catenin signaling via ubiquitination [30]. There 

are, however, still questions regarding the expression 

level and functional role of TRIM58 in MM. A 

member of the TRIM family, TRIM47 plays an 

essential role in many cellular processes, including 

cell proliferation. It has been demonstrated that 

TRIM47 has E3 ligase activity, which is likely to play 

a role in tumor occurrence and prognosis [31]. 

Research shows tumor tissues express TRIM47 at a 

higher level than normal tissue [32], which is 

consistent with our findings. UBE2S is a ubiquitin-

conjugating enzyme that is essential for the proper 

functioning of cellular processes [33]. The UBE2S 

gene is associated with a poor prognosis for cancers 

such as breast and gliomas, liver, and other malignant 

tumors [34]. UBE2T belongs to the E2 family of 

ubiquitin proteasomes. A variety of cellular functions 

are impacted by UBE2T, including DNA damage, 

genome instability, proliferation, and differentiation 

[35–37]. 

 

 
 

Figure 6. Validation the reliability of the risk signature in the validation set (GSE136377). (A) summarizes the distribution of 
risk scores, the survival status of patients, and the expression of UPS genes in the training set. (B) A time-dependent ROC 
analysis for 1-, 3-, 5-, 7-, and 9-years OS prediction. (C) Survival analysis between low-risk and high-risk MM patients. 
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The UPS plays an important role in regulating immune 

cell function and response [38]. A comparison of 

immune cells types between low- and high-risk MM 

groups was performed here. The results showed High-

risk participants had higher proportions of plasma cells, 

T cells CD8, T cells CD4 memory resting, NK cells 

activated, Dendritic cells activated, and Eosinophils. 

These results implied that these immune cells are 

associated with poor prognosis.  

 

Nomograms are simple tools that create a visual 

representation of risk; they are extensively used in 

clinical settings to estimate risk. Clinical practitioners 

can use this tool to diagnose and estimate the prognosis 

of various patient groups since it has several key 

features. Our study used a nomogram to estimate the 

survival rate of MM patients based on their UPS risk 

score and other clinical features. Besides the classic 

nomogram, we developed a dynamic nomogram for 

estimating patient prognosis through web page 

operations. It may be more accurate to use a dynamic 

nomogram rather than previous nomograms that 

calculated an estimate. 

 

A comprehensive analysis of UPS genes related to MM 

prognosis was conducted in our study. In this study, we 

developed a six-gene signature to predict patient 

outcomes with satisfactory prediction performance, but 

we encountered some limitations as well. First, since 

LUAD has a high degree of heterogeneity, some 

important clinical variables were not available from the 

public datasets. Therefore, greater number of clinical 

variables should therefore be included in future studies. 

Second, A deeper understanding of the mechanisms 

underlying the prognostic ability of the UPS genes in 

MM is required. Third, more independent MM cohorts 

should be used to validate the identified prognostic UPS 

genes. 

 

In conclusion, our study developed and validated a 

prognostic model that includes the UPS signature as 

well as other clinical features in patients with MM, 

 

 
 

Figure 7. Validation the reliability of the risk signature in the validation set (GSE57317). (A) summarizes the distribution of risk 
scores, the survival status of patients, and the expression of UPS genes in the training set. (B) A time-dependent ROC analysis for 1- and 3-
years OS prediction. (C) Survival analysis between low-risk and high-risk MM patients. 
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Figure 8. Construction of a prognostic nomogram in the training set based on the independent risk factors. (A) Nomogram 
based on the age, stage, and UPS signature. (B) Calibration plot of the nomogram for the prediction of OS. (C) A time-dependent ROC analysis 
for 1-, 3-, and 5-years OS prediction. (D) Survival analysis between low-risk and high-risk MM patients. (E) The relative proportion of alive and 
death cases between two groups. (F) DCA of the nomogram for the prediction of 1-year OS. (G) DCA of the nomogram for the prediction of 3-
year OS. (H) DCA of the nomogram for the prediction of 5-year OS. 
 

 
 

Figure 9. Validation the prognostic nomogram in the validation set (GSE136377). (A) A time-dependent ROC analysis for 1-, 3-, and 

5-years OS prediction. (B) Survival analysis between low-risk and high-risk MM patients. (C)The relative proportion of alive and death cases 
between two groups. 
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which performed well in predicting the survival of MM 

patients. It may be useful in determining treatment 

strategies and potential outcomes for MM using this 

model. 

 

Abbreviations 
 

MM: Multiple myeloma; UPS: ubiquitin-proteasome 

system; MMRF: Multiple Myeloma Research 

Foundation; GEO: Gene Expression Omnibus; OS: 

overall survival; ROC: receiver operating characteristic; 

GSVA: Gene Set Variation Analysis. 
 

AUTHOR CONTRIBUTIONS 
 

JD, LY and SW collected and analyzed the data; SQ 

analyzed and interpreted the data; CG, SZ, and JY 

conceived the study. 

 

CONFLICTS OF INTEREST 
 

The authors declare that they have no conflicts of interest. 

 

FUNDING 
 

This work was supported by the National Natural  

Science Foundation of China (No. 82060043, 

81760040). The Science Funds of the Department of 

Science and Technology in Jiangxi Province 

(no.20192BAB205074).The Department of Health of 

Jiangxi Province Project (no.202310235). 

 

REFERENCES 
 
1. Huang J, Chan SC, Lok V, Zhang L, Lucero-Prisno DE 3rd, 

Xu W, Zheng ZJ, Elcarte E, Withers M, Wong MCS, and 
Non-communicable Disease Global Health Research 
Group, Association of Pacific Rim Universities. The 
epidemiological landscape of multiple myeloma: a 
global cancer registry estimate of disease burden, risk 
factors, and temporal trends. Lancet Haematol. 2022; 
9:e670–7. 

 https://doi.org/10.1016/S2352-3026(22)00165-X 
PMID:35843248 

2. Raje NS, Anaissie E, Kumar SK, Lonial S, Martin T, Gertz 
MA, Krishnan A, Hari P, Ludwig H, O’Donnell E, Yee A, 
Kaufman JL, Cohen AD, et al. Consensus guidelines and 
recommendations for infection prevention in multiple 
myeloma: a report from the International Myeloma 
Working Group. Lancet Haematol. 2022; 9:e143–61. 

 https://doi.org/10.1016/S2352-3026(21)00283-0 
PMID:35114152 

3. Jiang Y, Ding J, Li J, Chen G. Effects of microRNA-125b 
on multiple myeloma cell growth in vitro and in vivo. 
Oncol Rep. 2018; 40:2864–75. 

 https://doi.org/10.3892/or.2018.6668  
PMID:30226579 

4. Jiang Y, Luan Y, Chang H, Chen G. The diagnostic and 
prognostic value of plasma microRNA-125b-5p in 
patients with multiple myeloma. Oncol Lett. 2018; 
16:4001–7. 

 https://doi.org/10.3892/ol.2018.9128  
PMID:30128020 

5. Eichner R, Fernández-Sáiz V, Targosz BS, Bassermann F. 
Cross Talk Networks of Mammalian Target of 
Rapamycin Signaling With the Ubiquitin Proteasome 
System and Their Clinical Implications in Multiple 
Myeloma. Int Rev Cell Mol Biol. 2019; 343:219–97. 

 https://doi.org/10.1016/bs.ircmb.2018.06.001 
PMID:30712673 

6. Moreau P, Kumar SK, San Miguel J, Davies F, Zamagni 
E, Bahlis N, Ludwig H, Mikhael J, Terpos E, Schjesvold F, 
Martin T, Yong K, Durie BGM, et al. Treatment of 
relapsed and refractory multiple myeloma: 
recommendations from the International Myeloma 
Working Group. Lancet Oncol. 2021; 22:e105–18. 

 https://doi.org/10.1016/S1470-2045(20)30756-7 
PMID:33662288 

7. Steger M, Demichev V, Backman M, Ohmayer U, Ihmor 
P, Müller S, Ralser M, Daub H. Time-resolved in vivo 
ubiquitinome profiling by DIA-MS reveals USP7 targets 
on a proteome-wide scale. Nat Commun. 2021; 
12:5399. 

 https://doi.org/10.1038/s41467-021-25454-1 
PMID:34518535 

8. Kleiger G, Mayor T. Perilous journey: a tour of the 
ubiquitin-proteasome system. Trends Cell Biol. 2014; 
24:352–9. 

 https://doi.org/10.1016/j.tcb.2013.12.003 
PMID:24457024 

9. Hoeller D, Dikic I. Targeting the ubiquitin system in 
cancer therapy. Nature. 2009; 458:438–44. 

 https://doi.org/10.1038/nature07960 PMID:19325623 

10. Lipkowitz S, Weissman AM. RINGs of good and evil: 
RING finger ubiquitin ligases at the crossroads of 
tumour suppression and oncogenesis. Nat Rev Cancer. 
2011; 11:629–43. 

 https://doi.org/10.1038/nrc3120 PMID:21863050 

11. Harrigan JA, Jacq X, Martin NM, Jackson SP. 
Deubiquitylating enzymes and drug discovery: 
emerging opportunities. Nat Rev Drug Discov. 2018; 
17:57–78. 

 https://doi.org/10.1038/nrd.2017.152 PMID:28959952 

12. Senft D, Qi J, Ronai ZA. Ubiquitin ligases in oncogenic 
transformation and cancer therapy. Nat Rev Cancer. 
2018; 18:69–88. 

 https://doi.org/10.1038/nrc.2017.105 PMID:29242641 

https://doi.org/10.1016/S2352-3026(22)00165-X
https://pubmed.ncbi.nlm.nih.gov/35843248
https://doi.org/10.1016/S2352-3026(21)00283-0
https://pubmed.ncbi.nlm.nih.gov/35114152
https://doi.org/10.3892/or.2018.6668
https://pubmed.ncbi.nlm.nih.gov/30226579
https://doi.org/10.3892/ol.2018.9128
https://pubmed.ncbi.nlm.nih.gov/30128020
https://doi.org/10.1016/bs.ircmb.2018.06.001
https://pubmed.ncbi.nlm.nih.gov/30712673
https://doi.org/10.1016/S1470-2045(20)30756-7
https://pubmed.ncbi.nlm.nih.gov/33662288
https://doi.org/10.1038/s41467-021-25454-1
https://pubmed.ncbi.nlm.nih.gov/34518535
https://doi.org/10.1016/j.tcb.2013.12.003
https://pubmed.ncbi.nlm.nih.gov/24457024
https://doi.org/10.1038/nature07960
https://pubmed.ncbi.nlm.nih.gov/19325623
https://doi.org/10.1038/nrc3120
https://pubmed.ncbi.nlm.nih.gov/21863050
https://doi.org/10.1038/nrd.2017.152
https://pubmed.ncbi.nlm.nih.gov/28959952
https://doi.org/10.1038/nrc.2017.105
https://pubmed.ncbi.nlm.nih.gov/29242641


www.aging-us.com 9963 AGING 

13. Ferguson ID, Lin YT, Lam C, Shao H, Tharp KM, Hale M, 
Kasap C, Mariano MC, Kishishita A, Patiño Escobar B, 
Mandal K, Steri V, Wang D, et al. Allosteric HSP70 
inhibitors perturb mitochondrial proteostasis and 
overcome proteasome inhibitor resistance in multiple 
myeloma. Cell Chem Biol. 2022; 29:1288–302.e7. 

 https://doi.org/10.1016/j.chembiol.2022.06.010 
PMID:35853457 

14. Behl T, Kumar S, Althafar ZM, Sehgal A, Singh S, 
Sharma N, Badavath VN, Yadav S, Bhatia S, Al-Harrasi 
A, Almoshari Y, Almikhlafi MA, Bungau S. Exploring the 
Role of Ubiquitin-Proteasome System in Parkinson’s 
Disease. Mol Neurobiol. 2022; 59:4257–73. 

 https://doi.org/10.1007/s12035-022-02851-1 
PMID:35505049 

15. Wang J, Li J, Zhang L, Qin Y, Zhang F, Hu R, Chen H, Tian 
Y, Liu Z, Tian Y, Zhang X. Comprehensive analysis of 
ubiquitin-proteasome system genes related to 
prognosis and immunosuppression in head and neck 
squamous cell carcinoma. Aging (Albany NY). 2021; 
13:20277–301. 

 https://doi.org/10.18632/aging.203411 
PMID:34398824 

16. Tang Y, Guo Y. A Ubiquitin-Proteasome Gene Signature 
for Predicting Prognosis in Patients With Lung 
Adenocarcinoma. Front Genet. 2022; 13:893511. 

 https://doi.org/10.3389/fgene.2022.893511 
PMID:35711913 

17. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, 
Ebert BL, Gillette MA, Paulovich A, Pomeroy SL, Golub 
TR, Lander ES, Mesirov JP. Gene set enrichment 
analysis: a knowledge-based approach for interpreting 
genome-wide expression profiles. Proc Natl Acad Sci 
USA. 2005; 102:15545–50. 

 https://doi.org/10.1073/pnas.0506580102 
PMID:16199517 

18. Yang D, Su Y, Zhao F, Chen C, Zhao K, Xiong X, Ding Y. A 
Practical Nomogram and Risk Stratification System 
Predicting the Cancer-Specific Survival for Patients 
With Advanced Hepatocellular Carcinoma. Front Oncol. 
2022; 12:914192. 

 https://doi.org/10.3389/fonc.2022.914192 
PMID:35903694 

19. Song Y, Wang X, Lang K, Wei T, Luo J, Song Y, Yang D. 
Development and Validation of a Nomogram for 
Predicting 28-Day Mortality on Admission in Elderly 
Patients with Severe Community-Acquired Pneumonia. 
J Inflamm Res. 2022; 15:4149–58. 

 https://doi.org/10.2147/JIR.S369319 PMID:35903289 

20. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, 
Xu Y, Hoang CD, Diehn M, Alizadeh AA. Robust 
enumeration of cell subsets from tissue expression 
profiles. Nat Methods. 2015; 12:453–7. 

 https://doi.org/10.1038/nmeth.3337  
PMID:25822800 

21. Bao A, Zhao Q, Merritt E, Bumma N, Devarakonda S, 
Khan AM, Umyarova E, Rosko AE, Benson DM, Cottini 
F. Racial differences as predictors of outcomes in 
young patients with multiple myeloma. Blood Cancer J. 
2022; 12:114. 

 https://doi.org/10.1038/s41408-022-00708-3 
PMID:35896527 

22. Dragoș ML, Ivanov IC, Mențel M, Văcărean-Trandafir 
IC, Sireteanu A, Titianu AA, Dăscălescu AS, Stache AB, 
Jitaru D, Gorgan DL. Prognostic Value of Association of 
Copy Number Alterations and Cell-Surface Expression 
Markers in Newly Diagnosed Multiple Myeloma 
Patients. Int J Mol Sci. 2022; 23:7530. 

 https://doi.org/10.3390/ijms23147530 
PMID:35886877 

23. Ye RY, Kuang XY, Zeng HJ, Shao N, Lin Y, Wang SM. 
KCTD12 promotes G1/S transition of breast cancer cell 
through activating the AKT/FOXO1 signaling. J Clin Lab 
Anal. 2020; 34:e23315. 

 https://doi.org/10.1002/jcla.23315  
PMID:32207860 

24. Li L, Duan T, Wang X, Zhang RH, Zhang M, Wang S, 
Wang F, Wu Y, Huang H, Kang T. KCTD12 Regulates 
Colorectal Cancer Cell Stemness through the ERK 
Pathway. Sci Rep. 2016; 6:20460. 

 https://doi.org/10.1038/srep20460 PMID:26847701 

25. Zhang H, Wang J, Ge Y, Ye M, Jin X. Siah1 in cancer and 
nervous system diseases (Review). Oncol Rep. 2022; 
47:35. 

 https://doi.org/10.3892/or.2021.8246 PMID:34958110 

26. Qi J, Kim H, Scortegagna M, Ronai ZA. Regulators and 
effectors of Siah ubiquitin ligases. Cell Biochem 
Biophys. 2013; 67:15–24. 

 https://doi.org/10.1007/s12013-013-9636-2 
PMID:23700162 

27. Okabe H, Satoh S, Furukawa Y, Kato T, Hasegawa S, 
Nakajima Y, Yamaoka Y, Nakamura Y. Involvement of 
PEG10 in human hepatocellular carcinogenesis through 
interaction with SIAH1. Cancer Res. 2003; 63:3043–8. 

 PMID:12810624 

28. Lim S, Cho HY, Kim DG, Roh Y, Son SY, Mushtaq AU, 
Kim M, Bhattarai D, Sivaraman A, Lee Y, Lee J, Yang 
WS, Kim HK, et al. Targeting the interaction of AIMP2-
DX2 with HSP70 suppresses cancer development. Nat 
Chem Biol. 2020; 16:31–41. 

 https://doi.org/10.1038/s41589-019-0415-2 
PMID:31792442 

29. Buchwald M, Pietschmann K, Brand P, Günther A, 
Mahajan NP, Heinzel T, Krämer OH. SIAH ubiquitin 
ligases target the nonreceptor tyrosine kinase ACK1 for 

https://doi.org/10.1016/j.chembiol.2022.06.010
https://pubmed.ncbi.nlm.nih.gov/35853457
https://doi.org/10.1007/s12035-022-02851-1
https://pubmed.ncbi.nlm.nih.gov/35505049
https://doi.org/10.18632/aging.203411
https://pubmed.ncbi.nlm.nih.gov/34398824
https://doi.org/10.3389/fgene.2022.893511
https://pubmed.ncbi.nlm.nih.gov/35711913
https://doi.org/10.1073/pnas.0506580102
https://pubmed.ncbi.nlm.nih.gov/16199517
https://doi.org/10.3389/fonc.2022.914192
https://pubmed.ncbi.nlm.nih.gov/35903694
https://doi.org/10.2147/JIR.S369319
https://pubmed.ncbi.nlm.nih.gov/35903289
https://doi.org/10.1038/nmeth.3337
https://pubmed.ncbi.nlm.nih.gov/25822800
https://doi.org/10.1038/s41408-022-00708-3
https://pubmed.ncbi.nlm.nih.gov/35896527
https://doi.org/10.3390/ijms23147530
https://pubmed.ncbi.nlm.nih.gov/35886877
https://doi.org/10.1002/jcla.23315
https://pubmed.ncbi.nlm.nih.gov/32207860
https://doi.org/10.1038/srep20460
https://pubmed.ncbi.nlm.nih.gov/26847701
https://doi.org/10.3892/or.2021.8246
https://pubmed.ncbi.nlm.nih.gov/34958110
https://doi.org/10.1007/s12013-013-9636-2
https://pubmed.ncbi.nlm.nih.gov/23700162
https://pubmed.ncbi.nlm.nih.gov/12810624
https://doi.org/10.1038/s41589-019-0415-2
https://pubmed.ncbi.nlm.nih.gov/31792442


www.aging-us.com 9964 AGING 

ubiquitinylation and proteasomal degradation. 
Oncogene. 2013; 32:4913–20. 

 https://doi.org/10.1038/onc.2012.515  
PMID:23208506 

30. Liu X, Long Z, Cai H, Yu S, Wu J. TRIM58 suppresses the 
tumor growth in gastric cancer by inactivation of β-
catenin signaling via ubiquitination. Cancer Biol Ther. 
2020; 21:203–12. 

 https://doi.org/10.1080/15384047.2019.1679554 
PMID:31747856 

31. Han Y, Tian H, Chen P, Lin Q. TRIM47 overexpression is 
a poor prognostic factor and contributes to 
carcinogenesis in non-small cell lung carcinoma. 
Oncotarget. 2017; 8:22730–40. 

 https://doi.org/10.18632/oncotarget.15188 
PMID:28186994 

32. Wang Y, Liu C, Xie Z, Lu H. Knockdown of TRIM47 
inhibits breast cancer tumorigenesis and progression 
through the inactivation of PI3K/Akt pathway. Chem 
Biol Interact. 2020; 317:108960. 

 https://doi.org/10.1016/j.cbi.2020.108960 
PMID:31981573 

33. Wu T, Merbl Y, Huo Y, Gallop JL, Tzur A, Kirschner MW. 
UBE2S drives elongation of K11-linked ubiquitin chains 
by the anaphase-promoting complex. Proc Natl Acad 
Sci USA. 2010; 107:1355–60. 

 https://doi.org/10.1073/pnas.0912802107 
PMID:20080579 

34. Ayesha AK, Hyodo T, Asano E, Sato N, Mansour MA, Ito 
S, Hamaguchi M, Senga T. UBE2S is associated with 
malignant characteristics of breast cancer cells. 
Tumour Biol. 2016; 37:763–72. 

 https://doi.org/10.1007/s13277-015-3863-7 
PMID:26245992 

35. Machida YJ, Machida Y, Chen Y, Gurtan AM, Kupfer 
GM, D’Andrea AD, Dutta A. UBE2T is the E2 in the 
Fanconi anemia pathway and undergoes negative 
autoregulation. Mol Cell. 2006; 23:589–96. 

 https://doi.org/10.1016/j.molcel.2006.06.024 
PMID:16916645 

36. Kelsall IR, Langenick J, MacKay C, Patel KJ, Alpi AF. The 
Fanconi anaemia components UBE2T and FANCM are 
functionally linked to nucleotide excision repair. PLoS 
One. 2012; 7:e36970. 

 https://doi.org/10.1371/journal.pone.0036970 
PMID:22615860 

37. Alpi AF, Chaugule V, Walden H. Mechanism and 
disease association of E2-conjugating enzymes: lessons 
from UBE2T and UBE2L3. Biochem J. 2016;  
473:3401–19. 

 https://doi.org/10.1042/BCJ20160028 PMID:27729585 

38. Çetin G, Klafack S, Studencka-Turski M, Krüger E, 
Ebstein F. The Ubiquitin-Proteasome System in 
Immune Cells. Biomolecules. 2021; 11:60. 

 https://doi.org/10.3390/biom11010060 
PMID:33466553 

  

https://doi.org/10.1038/onc.2012.515
https://pubmed.ncbi.nlm.nih.gov/23208506
https://doi.org/10.1080/15384047.2019.1679554
https://pubmed.ncbi.nlm.nih.gov/31747856
https://doi.org/10.18632/oncotarget.15188
https://pubmed.ncbi.nlm.nih.gov/28186994
https://doi.org/10.1016/j.cbi.2020.108960
https://pubmed.ncbi.nlm.nih.gov/31981573
https://doi.org/10.1073/pnas.0912802107
https://pubmed.ncbi.nlm.nih.gov/20080579
https://doi.org/10.1007/s13277-015-3863-7
https://pubmed.ncbi.nlm.nih.gov/26245992
https://doi.org/10.1016/j.molcel.2006.06.024
https://pubmed.ncbi.nlm.nih.gov/16916645
https://doi.org/10.1371/journal.pone.0036970
https://pubmed.ncbi.nlm.nih.gov/22615860
https://doi.org/10.1042/BCJ20160028
https://pubmed.ncbi.nlm.nih.gov/27729585
https://doi.org/10.3390/biom11010060
https://pubmed.ncbi.nlm.nih.gov/33466553


www.aging-us.com 9965 AGING 

SUPPLEMENTARY MATERIALS  

Supplementary Figures 

 

 

 
 

Supplementary Figure 1. Immune cell infiltration differences between low-risk groups and high-risk groups of MM in MMRF-
COMMPASS. (A) Relative proportions of immune cells between different groups. (B) Vioplot visualization of significantly different 
proportions of immune cells between different groups (*<0.05, **<0.01, and ***<0.001). 
 



www.aging-us.com 9966 AGING 

 
 

Supplementary Figure 2. Identification of independent risk factors for MM based on univariate and multivariate analysis.  
(A) Univariate analysis for MMRF. (B) Multivariate analysis for MMRF. (C) Univariate analysis for GSE136377. (D) Multivariate analysis for 
GSE136377.  
 



www.aging-us.com 9967 AGING 

 
 

Supplementary Figure 3. Predicting OS of MM patients via a web-based dynamic nomogram 
(https://jiangyanxiamm.shinyapps.io/MMprognosis/). (A) Web survival rate calculator. (B) 95% confidence interval of the survival 
probability. (C) Numerical summary of different cases. 

https://jiangyanxiamm.shinyapps.io/MMprognosis/
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Supplementary Tables 
 

Please browse Full Text version to see the data of Supplementary Tables 1–3. 

 

Supplementary Table 1. Ubiquitin proteasome system genes. 

Supplementary Table 2. Survival related ubiquitin-proteasome genes in MMRF-COMPASS.  

Supplementary Table 3. Survival related ubiquitin-proteasome genes in GSE2658.  

 


