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INTRODUCTION 
 

Multiple myeloma (MM) is an incurable malignant 

plasma cell disease and is the second most common 

hematology malignant tumor [1]. Numerous advances 

are available for the treatment of MM, such as 

immunomodulators drugs (IMiDs), proteasome 

inhibitors (PI), monoclonal antibodies, autologous 

stem-cell transplantation (ASCT), and chimeric antigen 

receptor T(CAR-T) cell therapy, [2–4]. The utilization 

of these therapies has dramatically improved the 

overall survival of MM patients. However, almost  

all of the patients ultimately relapse and drug 

resistance [5]. To understand this issue, a great many 
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ABSTRACT 
 

Multiple myeloma (MM) is a disease in which abnormal plasma cells proliferate and secrete monoclonal 
immunoglobulin in the bone marrow. The main characteristic of plasma cells is the expression of the cell 
surface antigen syndecan-1 (CD138). However, the expression of CD138 is limited to terminally differentiated 
plasma cells during B cell development. A small subpopulation (2~5%) of human MM cells that lack CD138 
expression has been shown to possess enormous proliferation potential in vitro experiment and in animal 
models, and they also can differentiate into CD138+ plasma cells. Thus, this small subset of MM cells was 
regarded as myeloma cancer stem cell (MCSC). However, its characteristics associated with the pathogenesis of 
MM remain unclear. In this study, we analyzed the gene expression data of CD138 cell lines downloaded from 
Gene Expression Omnibus (GEO) database. Limma package in RStudio was used to identify differentially 
expressed genes (DEGs). Genes enrichment and protein-protein interaction (PPI) network analysis were 
performed on DAVID and STRING databases. Furthermore, overall survival (OS) analysis in MM patient was 
utilized to screen out the hub-genes closely associate with the MM pathogenesis process. Hub-genes expression 
validation and receiver operating characteristic curve (ROC) analysis was performed in different stages of 
plasma cell disorder diseases. Finally, we verified these findings in MM patient samples. Through integrated 
bioinformatics analysis of MM CD138- and CD138+ cell lines, we found that CDC7, CDK1, and CHK1 are highly 
expressed in CD138- MM cells. These genes are crucial in the G2/M phase of the cell cycle pathway, which is 
closely related to the malignant proliferation in various tumor cells. Of note, we found that patients with high 
expression of CDC7, CDK1, and CHK1 had shorter overall survival time. The expression of CHK1 was significantly 
increased in MM cells compared with normal plasma cell (NPC) and MGUS. More importantly, we further 
clarified that the expression of CHK1 in release/refraction MM (R/R MM) has obviously increased compared 
with new diagnosed MM (ND MM). 
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works have been devoted to explore the oncogenesis of 

MM [6]. 

 

MM cells have obvious genetic heterogeneity. Only a 

small number of myeloma cells have the ability of 

pathogenicity and tumorigenic. These cells are called 

multiple myeloma "stem cells" [7]. It is currently 

believed that these “stem cells” should responsible for 

the initiation, maintenance, and relapse of MM. The 

character of plasma cells is the expression of syndecan-

1 (CD138), but the expression is highly specific both in 

MM cells and plasma cells of patient specimens. 

Moreover, during normal B cell development, CD138 is 

only expressed on end-stage differentiated normal 

plasma cells, but not in highly proliferating plasma cells 

and all early stages B cell [8, 9]. Previous studies have 

detected that, when compared to CD138- MM plasma 

cells, the proliferation of CD138+ plasma cells are 

inefficient. Furthermore, CD138- MM plasma cells have 

the ability of carcinogenic and drug resistance, 

meanwhile these CD138- plasma cells can differentiate 

into CD138+ plasma cells [7, 10]. However, some 

scholars have different opinions, H. Svachova et al. 

showed that CD138+ MM plasma cells express Nestin 

protein, which is the hallmark of cancer stem cell. 

Subsequently, they proved that the expression of Nestin 

in CD138+ cells throughout multistep pathogenesis of 

MM [11, 12]. Therefore, a better understanding of the 

distinction between CD138- and CD138+ MM plasma 

cellular characterization will help to develop new 

targets and strategies for the prognosis and treatment of 

MM.  

 

In this study, though integrated bioinformatics we found 

the differential expression of genes in CD138- and 

CD138+ MM cell lines. Furthermore, we validated our 

findings in MM patient samples which provided new 

therapeutic targets to MM. 

 

RESULTS 
 

Screening of DEGs in CD138- and CD138+ cell lines 

 

In the present study, integrated bioinformatics analysis 

was performed on the GSE31305 dataset, which 

contains CD138- and CD138+ human MM cell lines. 

After systematic data standardization, 18892 DEGs 

were identified which included 8608 up-regulated genes 

and 10284 down-regulated genes. Among these DEGs, 

1318 up-regulated and 48 down-regulated genes were 

significant (| log2 FC |> 1 and p <0.05) (Figure 1A).  

 

Functional analysis of differential genes 
 

To understand biological function roles of the above 

identified DEGs, the online biological tools DAVID 

database and KEGG database were used for enrichment 

analysis. Top enriched GO terms and KEGG pathways 

were listed in Table 1 and Table 2 (Supplementary 

Table 2). In molecular function analysis (Figure 2A), 

differential genes are mainly concentrated in protein 

binding. In KEGG analysis (Figure 2B), it was found 

that differential genes are mainly involved in cell cycle 

pathways. The volcano map of all differentially 

expressed genes in cell cycle pathway is shown in 

Figure 1B (Supplementary Table 1). 

 

PPI network analysis and hub-gene selection 

 

The STRING online database was used analyze the 

DEGs contained in the cell cycle pathway. This 

pathway contains 30 nodes and 172 edges, average node 

degree:11.5. Network nodes represent genes and edges 

represent protein-protein associations. Cytoscape 

software were used to visualization [13] (Figure 3). 

 

Overall survival analysis  
 

GSE24080 was selected for overall survival analysis by 

using survival package in Rstudio, 313 MM patient 

samples with clinical and overall survival information 

were divided into high expression group and low 

expression group according to the average expression of 

each gene. The result suggested that the expression of 

cell division cycle 7 (CDC7), cyclin-dependent kinase 1 

(CDK1), and checkpoint kinase 1 (CHK1) genes among 

cell cycle pathway were closely related with the overall 

survival time of patients, and the OS of the low-

expression group was significantly prolonged than that 

of the high-expression group (CDC7, P = 0.032, CDK1, 

P = 0.003; CHK1, P = 0.011) (Figure 4A–4C). 

However, due to the lack of risk stratification of MM 

patients in the GSE24080 dataset, the relationship 

between these three genes and MM risk stratification 

cannot be calculated.  

 

Expression of hub-genes in different plasma cell 

diseases  
 

The GSE47552 dataset was selected to verify the 

expression of CDC7, CDK1, and CHK1 at different 

stages of plasma cell diseases. The results showed that 

there was no significant difference between them when 

compared MM with NPC and MGUS, but the 

expression of CHK1 has statistically significant 

difference compared MM with NPC and MGUS (Figure 

5A–5C). 

 

Receiver operating characteristic curve analysis 
 

we subsequently analyzed the ROC of MGUS and MM. 

As shown in the Figure 6, in the MGUS, the area under 
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the curve (AUC) of CDC7, CDK1, and CHK1 are 

0.600, 0.630, and 0.500 (Figure 6A). In MM, the AUC 

of CDC7, CDK1, and CHK1 are 0.546, 0.610, and 

0.728 (Figure 6B). That means the diagnostic value of 

CDC7 and CDK1 in MGUS and MM is not 

significantly different, while CHK1 has an apparent 

difference between MGUS and MM. 

 

The expression of CHK1 in MM patients 

 

To verify our findings, we tested the MM patients 

mRNA expression of CHK1 and found that there was 

no statistical difference between HC and ND MM, but 

there are significant statistical differences when 

compared R/R MM with HC (P=0.0009) and ND MM 

(P=0.0267, Figure 7A). Then we measured the protein 

expression of CHK1 between ND MM and R/R MM. 

The results showed that the expression of CHK1 in the 

R/R MM was obviously increased than that of ND MM 

(P<0.0001, Figure 7B, 7C). 

 

DISCUSSION 
 

Multiple myeloma (MM) is characterized by 

proliferation of plasma cells, which secret a great many 

of monoclonal immunoglobulins [14]. The expression 

of cell surface antigen CD138 is the feature of plasma 

cells. However, CD138 is expressed in the terminal 

differentiation stage of plasma cells, but lost in the early 

stages of B cell and highly clonal plasma cells [15, 16]. 

Furthermore, recently study by Akhmetzyanova et al. 

shows that CD138+ cells are mainly related to the 

proliferation and enhance the sensitivity of IL-6 

receptor, and CD138- myeloma cells are mainly 

 

 
 

Figure 1. (A) Volcanic map of DEGs distribution. The abscissa of volcano map is the logarithmic value of the fold change (FC) of each 
sample, and the ordinate is the logarithm of 10 corresponding to the P value of the corresponding sample Negative values, the red and blue 
dots respectively represent genes that are up-regulated and down-regulated, and the grey dots represent genes that are not significantly 
different. (B) The expression heat map of the genes in cell cycle pathway. Red represents high gene expression and blue represents low gene 
expression. 
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Table 1. List of top enriched gene ontology terms of up-regulated and down-regulated DEGs. 

Direction Category Term Description Count PValue 

Upregulated BP GO:0007062 sister chromatid cohesion 35 9.29E-15 

Upregulated BP GO:0007067 mitotic nuclear division 53 1.05E-12 

Upregulated BP GO:0051301 cell division 65 1.86E-12 

Upregulated BP GO:0015031 protein transport 69 6.70E-12 

Upregulated BP GO:0051436 
negative regulation of ubiquitin-protein ligase 

activity involved in mitotic cell cycle 
22 1.13E-08 

Upregulated MF GO:0005515 protein binding 808 6.68E-31 

Upregulated MF GO:0044822 poly(A) RNA binding 158 1.85E-17 

Upregulated MF GO:0019003 GDP binding 16 3.02E-06 

Upregulated MF GO:0003723 RNA binding 67 1.16E-05 

Upregulated MF GO:0005524 ATP binding 145 5.32E-05 

Upregulated CC GO:0005829 cytosol 407 6.62E-36 

Upregulated CC GO:0005654 nucleoplasm 326 4.82E-24 

Upregulated CC GO:0005739 mitochondrion 159 6.60E-12 

Upregulated CC GO:0005783 endoplasmic reticulum 112 9.03E-12 

Upregulated CC GO:0016020 membrane 231 3.10E-11 

Downregulated BP GO:0050911 
detection of chemical stimulus involved in 

sensory perception of smell 
9  2.29E-07 

Downregulated MF GO:0004984 olfactory receptor activity 9 1.25E-07 

Downregulated MF GO:0004930 G-protein coupled receptor activity 9 5.39E-06 

Downregulated CC GO:0045095 keratin filament 6 6.82E-07 

 

Table 2. List of top enriched KEGG terms of up-regulated and down-regulated DEGs. 

Direction Category Term Description Count PValue 

Upregulated KEGG hsa04110 cell cycle 30 1.01E-06 

Upregulated KEGG hsa04141 Protein processing in endoplasmic reticulum 34 1.15E-04 

Upregulated KEGG hsa03013 RNA transport 30 1.38E-04 

Upregulated KEGG hsa03050 proteasome 13 1.57E-04 

Upregulated KEGG hsa04114 oocyte meiosis 22 2.07E-04 

Downregulated KEGG hsa04740 olfactory transduction 8 1.29E-06 

 

involved in the migration process. The expression of 

CD138 in myeloma can be shed and recycled 

according to the different serum nutritional 

environment, so as to facilitate the adaptation of 

myeloma cells to the environment during the initiation 

and migration process [17]. Thus, it is necessary to 

further study the difference between CD138+ and 

CD138- MM cells. CD138- cells account for a small 

proportion of MM cells, and their characteristics of 

tumor stem cells in MM have been reported in 

previous study. Reghunathan et al found that CD138- 

cells have many common characteristics with normal 

hematology stem cells, including self-renewal, 

increase the activation of aldehyde dehydrogenase 1 

(ALDH1) and differentiated into CD138+ plasma cells 

[18]. Such a small number cells owning the 

characteristics of tumor stem cells were also found  

in many other hematology malignity diseases, such  

as chronic myelogenous leukemia (CML), acute 

myeloid leukemia (AML), and acute lymphocytic 
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Figure 2. Functional analysis of differential genes. (A) Molecular function analysis of differential genes. (B) KEGG signal pathway of 
differential genes. 

 

 
 

Figure 3. Protein-protein interaction network. Each node represents a gene; Node size represents the degree value; Edge size 
represents the combined score; Low value to blue and high value to red. 
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leukemia (ALL) [19–22]. Therefore, studying the 

differences in gene expression and biological functions 

of CD138- and CD138+ MM cell lines can help us 

further understand the progress of MM.  

 

In order to identify the characteristics of CD138- MM 

malignant profiling cells, integrated bioinformatics 

analysis has been performed with the GEO datasets, 

GSE24080 dataset, containing CD138+ and CD138- 

cell lines. First of all, based on the gene expression 

profiles of the above datasets, 3756 significantly 

DEGs were identified, then GO and KEGG enrichment 

analysis found that these DEGs were mainly 

concentrated in the cell cycle related pathways. 

Subsequently, we analyzed biological functional and 

PPI of the DEGs in the cell cycle. Through overall 

survival analysis, three hub-genes in cell cycle 

pathways were filtered out, including CDC7, CDK1, 

and CHK1. The analysis of OS of above hub-genes in 

MM patients showed that patients with high 

expression of CDC7, CDK1 and CHK1 had a poor 

overall survival time. 

 

Because of MGUS can progress to MM, and there are 

overlaps in cancer related genes between MGUS  

and MM [23]. In order to further explore the relationship 

among different states of plasma cells disorder, the 

expression of CDC7, CDK1 and CHK1 was verified in 

the gene expression dataset of NPC, MGUS, and MM. 

The results showed that the expression of CHK1 in MM 

patients increased compared with NPC and MGUS but p 

= 0.084, which may be due to insufficient sample size in 

GSE47552. We will further expand the sample size for 

verification in the following experiments. Subsequently, 

the ROC analysis of CDC7, CDK1, and CHK1 in 

MGUS and MM were conducted. The result suggested 

that CHK1 could act as a reliable prognosis indicator in 

MM. In order to verify these findings from datasets,  

we validated our results in MM patient samples, and the 

results showed that the expression of CHK1 in 

 

 
 

Figure 4. Kaplan-Meier survival curves of MM patient. (A) Kaplan-Meier analysis for overall survival of CDK1; (B) Kaplan-Meier analysis 
for overall survival of CDC7; (C) Kaplan-Meier analysis for overall survival of CHK1. 

 

 
 

Figure 5. Expression validation of the hub genes in NPC (5), MGUS (20) and MM (41). (A) expression of CDC7; (B) expression of 
CDK1; (C) expression of CHK1. 
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Figure 6. (A) ROC of CDC7, CDK1 and CHK1 in MGUS, (B) ROC of CDC7, CDK1 and CHK1 in MM. 
 

 
 

Figure 7. Verification of CHK1 expression in HC, ND MM, and R/R MM samples. (A) mRNA expression of CHK1 in HC, NDMM and 
R/R MM samples were analyzed using qRT-PCR. The mRNA expression level of CHK1 was showed by relative expression level. (B) Western 
blot analysis of the protein expression of CHK1 in ND MM, and R/R MM samples. (C) Results of western blot analysis showing a drastic 
increase in R/R MM. P< 0.05 was considered statistically significant (*p<0.05, **P<0.01, ***P<0.001, ****P<0.0001). 
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mRNA and protein was obviously increased in R/R MM 

than ND MM. 

 

Through the above analysis, it was found that the high 

expression of CHK1 in CD138- cells may play an 

essential role in the pathogenesis and maintenance of 

MM. CHK1 protein kinase regulates the G2/M phase 

transition in the cell cycle pathway, which is significant 

in gene replication and transcription. The transmission 

of genetic information is critical for cell survival, not 

only does it require the accurate transmission of genetic 

information, but it also needs to respond and repair in 

time when DNA is damaged [24]. Genomic instability 

is a common feature of cancer cells and contributes to 

the accumulation of oncogenic mutations [25]. DNA 

damage response (DDR) is a crucial factor in the 

development and treatment of various cancers. DNA 

damage causes cell cycle delay, mainly in G1/S and 

G2/M transitions, and causes a decrease in the rate of 

DNA synthesis [25]. Cell responses to DNA damage are 

mainly coordinated by two different protein kinase 

signal transducers Ataxia Telangiectasia Mutated 

(ATM) and Ataxia Telangiectasia and Rad3-Related 

kinase (ATR). ATM-CHK2 pathway primarily responds 

to DNA double-strand breaks (DSBs), whereas the 

ATR-Chk1 pathway recognizes extensive DNA 

abnormalities such as single-stranded DNA (ssDNA), 

DSBs end resection, DNA replication inhibition, and 

inter-strand DNA crosslinking [26]. In ATR-CHK1 

signaling pathway, ATR activates CHK1 by 

phosphorylation, and the activation of CHK1 further 

phosphorylates downstream Cdc25A, limits its ability to 

drive progression during the S phase. CHK1 also can 

causes Cdc25B/C phosphorylation, to degrade or 

release the nucleus, thereby preventing the activation of 

CDK1 and CDK2, inactivating CDK2 and CDK1 

causes G1/S and G2/M phase cell cycle arrest (Figure 8) 

[26–28]. Cells undergo DNA repair and maintain 

genome integrity and stable promote cell survival. 

Similar to the ATR, ATM controls the phosphorylation 

of p53, BRCA1, and CHK2, which play a crucial role in 

the ATM-CHK2 pathway [29–31]. CHK1 and CDK1 

 

 
 

Figure 8. ATR-CHK1 and ATM-CHK2 in the cell cycle pathway. 
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are hub genes in the ATR-CHK1 pathway. Consistent 

with our findings, the expression of these two genes in 

both CD138 cell lines and patient specimens are 

statistically significant, which further confirmed that 

this pathway was closely related to the initiation and 

maintenance of MM. 

 

CHK1 protein kinase can mediate cellular DNA damage 

response and repair. On the one hand, for normal cells, 

it does reduce the risk of malignant cell proliferation 

caused by DNA mutations. On the other hand, for tumor 

cells, CHK1 protein kinase also can repair DNA 

damage caused by various anticancer therapies [32]. 

High expression of CHK1 has been detected in 

numerous human tumors. Including breast cancer, 

colorectal cancer, cervical cancer, etc. [33–35]. It was 

also found that the higher expression of CHK1 is 

closely related to the relapse and drug resistance in 

tumors [36] and targeting CHK1 with specific inhibitor 

has been shown pro-apoptotic effect on CD138+ 

myeloma cells, but not unapparent in CD138- myeloma 

cells [37]. In short, the high expression of CHK1 makes 

tumor cells highly resistant to DNA damage induced by 

chemotherapy drugs and the severe tumor micro-

environment. Eventually, these tumor cells dominate the 

body, creating clonal tumors that are more malignant 

and resistant. 

 

Collectively, we identified a dramatical distinction gene 

expression between CD138- and CD138+ plasma cells. 

These DEGs are mainly concentrated in the ATR-

CHK1 cell cycle pathway, which is closely related to 

the clonal proliferation characteristics of CD138- MM 

plasma cells. Multiple myeloma cells expressed high 

levels of CHK1, which correlated to overall survival 

time in MM patient. These findings provide clues for 

subsequent research, and also provide new targets for 

MM prognosis and treatment. 

 

MATERIALS AND METHODS 
 

Patients and samples 

 

Bone marrow specimens were obtained from newly 

diagnosed MM (ND MM) and refractory/relapse MM 

(R/R MM) patients at the department of hematology, 

Second Affiliated Hospital of Xi’an Jiaotong 

University, from 2019 to 2020. This study was 

approved by the Medical Ethics Committee of the 

Second Affiliated Hospital of Xi’an Jiaotong University 

and written informed consent was obtained from all 

parents or guardians. The diagnosis, stage and risk 

status of MM were made in accordance with the 

National Comprehensive Cancer Network (NCCN) 

(2020 version 4) and mSMART 3.0. Heathy donor bone 

marrow mononuclear cells (BMNCs) samples were 

used as health control (HC). All samples were isolated 

using lymphocyte separation liquid to harvest total 

cellular RNA, then stored at -80°C.  

 

Selection of GEO datasets and data processing  

 

The gene expression profiles of CD138 cell lines were 

downloaded from the GEO database (http://www. 

ncbi.nlm.nih.gov/geo/). The microarray data with 

accession number GSE31305 was based on the GPL570 

platform (Affymetrix Human Genome U133 Plus2.0 

Array, Affymetrix, Santa Clara, CA, USA). GSE31305 

dataset contains two kinds of human MM cell lines: 

RPMI-8226 and NCI-H929, both of them included 

CD138- and CD138+ MM cell lines and have two 

replicates. When multiple expression levels 

corresponded to one specific gene, take an average of 

all expression-levels for that gene. 

 

Identification of DEGs 

 

To investigate DEGs among CD138- and CD138+ cell 

lines, the Limma package [38] in RStudio (Version 

1.2.1335) was used to identify differential expressed 

genes, |log2 FC (fold change) |> 1 and P <0.05 were 

used as the cut-off criteria. 

 

GO and KEGG pathway enrichment analysis 
 

To identify the significant biological roles of these 

DEGs, Gene ontology (GO) enrichment analysis was 

performed using DAVID Bioinformatics Resources 6.8 

[39]. Pathway enrichment analysis was performed on 

the Kyoto Encyclopedia of Genes and Genomes 

(KEGG; http://www.Genome.Jp/keg), meaningful 

enrichment of biological process (BP), molecular 

function (MF), and cellular component (CC), and 

KEGG pathway was selected with a cut-off of false 

discovery rate (FDR) <0.05.  

 

PPI network analysis  
 

PPI network analysis of all the DEGs in cell cycle 

pathway on the STRING online database (http://string-

db.org) [13]. The PPI correlation coefficient was imported 

into Cytoscape 3.5.1 for visualization [40]. Each node in 

Cytoscape represents a gene, the edges width between the 

nodes represent the interaction between them, and the 

degree represents the number of edges.  

 

Overall survival analysis based on MM patient  
 

GSE24080 dataset was selected as the validation 

dataset, which includes clinical and overall survival 

information of 313 (IgG) patients. The details of this 

dataset as below: a. total number: 313 newly diagnosed 

http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
http://www.genome.jp/keg
http://string-db.org/
http://string-db.org/
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Table 3. The primer sequences of CHK1 and GAPDH. 

Name  Forward primer (5′-3′)  Reverse primer (5′-3′) 

CHK1 ACCAGATGCTCAGAGATTCTTCCA TGAGGTTATCCCTTTCATCCAACAG 

GAPDH ACAACTTTGGTATCGTGGAAGG  GCCATCACGCCACAGTTTC  

 

MM patients; b. gender (male/female): 195/118; c. 

median age: 57.75 (29.70~76.50). The expression level 

of each hub-gene was divided into high expression group 

and low expression group according to the mean value. 

Finally, GraphPad Prism 8 (version 8.2.1) was used to 

make the Kaplan-Meier Survival Curve. Log-Rank test 

was used to calculate the OS of above MM patients. The 

difference was statistically significant at P <0.05. 

 

Hub-genes expression validation and ROC analysis 
 

Due to GSE24080 dataset lack of NPC and MGUS 

patient specimen, GSE47552 dataset, 5 Normal Plasma 

Cells (NPC) as health control, 20 MGUS patients, and 

41 MM patients, all patient samples are newly 

diagnosed without treatment, was used for the hub-

genes expression validation and ROC analysis. The area 

under the curve (AUC) is a key indicator to reflect the 

accuracy and specificity of the diagnoses. 

 

Validation of CHK1 expression by real-time 

quantitative reverse transcription polymerase chain 

reactions (qRT-PCR) 
 

To measure the gene expression of CHK1, we detected 

the expression of CHK1 MM bone marrow 

mononuclear cells (BMNCs) samples using qRT-PCR, 

including 13 HC, 15 newly diagnosed MM, and 15 R/R 

MM samples. Total RNA was extracted from BMSCs 

samples of HC and MM using TRIzol reagent 

(Invitrogen, Germany) and stored at −80 °C until use. 

RNA purity and concentration were determined by 

Thermo Scientific Multiskan GO. RNA samples were 

reversely transcribed into cDNA using a Primescript RT 

master mix with Oligo dT primers and random primers 

in accordance with manufacturer's protocols (CWBIO). 

Then, the qRT-PCR was performed by SYBR Premix 

Ex Taq™ II (CWBIO) and StepOne Software v2.1 

according to manufacturer's instructions. Primers of 

detected CHK1 and GAPDH were designed and 

synthesized by Tsingke (Shanghai, China). And the 

primer sequences were as shown in Table 3. 2-ΔΔCt 

value was used to reflect the expression level of CHK1. 

 
Western blotting analysis 

 
To validate the protein expression of CHK1, immuno-

blot analysis was adopted to evaluate the differential 

expression of CHK1 in 3 ND MM and 3 R/R MM and 

every single sample repeat three times. BMNCs samples 

obtained from ND MM and R/R MM patients and 

immediately frozen in liquid nitrogen and stored at -80 

°C. Then The samples were centrifuged at 12,000 rpm 

at 4 °C for 30 min. The supernatants were collected and 

protein amounts were quantified by BCA method. 

Lysates containing 20 μg of protein was boiled at 95 °C 

in SDS sample buffer for 10 min, electrophoresed on 

12% SDS PAGE gels, and transferred to 

polyvinyldifluoridine membranes. Subsequently 

membranes blocked in 5% (w/v) skimmed milk solution 

for 2h at room temperature and incubated overnight at 4 

°C with primary antibody. Anti-CHK1 mouse 

monoclonal antibody (diluted 1:1000, Cell Signaling 

Technology, USA) and anti-GAPDH rabbit monoclonal 

antibody (diluted 1:1000, Beyotime Biotechnology, 

China) were used. After three washings for 30 min in 

TBST buffer, membranes were incubated at room 

temperature for 1h, horseradish peroxidase-conjugated 

goat anti-mouse or anti-rabbit IgG (diluted 1:1000; 

Beyotime Biotechnology, China) was used as a 

secondary antibody and washed three times for 30 min 

with TBST buffer. Then membranes were developed 

with ECL reagents and the chemiluminescence signal 

was imaged using a MiniChemiTM (Sagecreation, 

China). Immunoblots were quantified using quantity-

one software (Bio-Rad, USA). 
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Supplementary Tables 
 

 

Supplementary Table 1. DEGs analysis result. 

NO. genesymbol ID logFC AveExpr t P.Value adj.P.Val B 

2660 CDC7 7902913 1.20992275 5.37396213 2.78602574 0.02154565 0.1726192 -3.2848305 

2701 CDK1 7927710 1.1229915 6.12909975 2.94803956 0.01658302 0.16063097 -3.0362356 

2965 CHEK1 7945014 1.25384825 8.16880263 4.37013511 0.0018745 0.09430518 -0.9544463 

 

Supplementary Table 2. Kegg pathway. 

Term Count PValue Genes 
Fold 

Enrichment 
Bonferroni Benjamini FDR 

hsa04110:Cell 

cycle 
27 1.01E-06 

YWHAZ, E2F5, ANAPC13, PRKDC, 

ANAPC10, CHEK1, CDC16, CCNE2, 

RAD21, STAG2, CDC7, CDC6, CDK1, 

RBL2, ANAPC4, RBL1, YWHAB, SMAD4, 

CDC23, CDK6, SMAD2, RB1, ATM, 

SMC3, MCM6, HDAC2, MAD2L1 

2.898047493 1.71E-04 1.71E-04 0.001229924 

hsa03050:Prot

easome 
13 1.15E-04 

PSMA2, PSMA1, PSMC6, PSMD14, 

PSMB1, PSMD12, PSMA5, PSMA4, 

PSMC2, PSMA3, PSMD1, POMP, PSMD6 

3.711053725 0.019301519 0.009697783 0.139771344 

hsa04114:Ooc

yte meiosis 
21 1.38E-04 

CDK1, YWHAZ, ANAPC13, ANAPC4, 

YWHAB, PPP3R1, CDC23, ANAPC10, 

CDC16, PPP1CC, PPP1CB, SMC3, CCNE2, 

MAPK1, MAD2L1, SLK, PPP2CA, 

PPP2CB, PPP3CB, FBXO5, PPP3CA 

2.561405613 0.023147852 0.007776264 0.167929275 

hsa04120:Ubi

quitin 

mediated 

proteolysis 

24 1.57E-04 

XIAP, UBE3A, ANAPC13, VHL, UBE2G1, 

ANAPC4, CDC23, UBA6, HERC4, 

ANAPC10, CDC16, UBE2H, BIRC2, CUL3, 

CUL2, CUL5, FBXW7, UBE2K, UBA2, 

UBA3, UBE2W, RCHY1, UBE2D1, TRIP12 

2.350403482 0.026260353 0.006630747 0.190790462 

hsa03018:RN

A degradation 
14 2.07E-04 

DIS3, PAPOLA, EXOSC8, CNOT8, 

CNOT6L, LSM5, CNOT2, LSM3, CNOT7, 

MPHOSPH6, LSM1, HSPA9, C1D, DDX6 

3.295375642 0.034576002 0.007012874 0.252202896 

hsa03022:Basa

l transcription 

factors 

10 7.81E-04 
TAF11, TAF2, TAF13, GTF2A1, GTF2A2, 

TAF9B, GTF2H3, GTF2B, TBPL1, GTF2H1 
3.833396155 0.124452204 0.021907392 0.949245571 

hsa00563:Glyc

osylphosphatid

ylinositol(GPI)

-anchor 

biosynthesis 

7 
0.0085312

7 

PIGK, PIGF, PIGY, PIGX, PIGW, PIGB, 

PIGN 
3.756728232 0.766958304 0.187855372 9.92491482 

hsa00520:Ami

no sugar and 

nucleotide 

sugar 

metabolism 

9 
0.0143405

69 

PGM2, PGM3, GNPDA2, GFPT1, 

GNPNAT1, HEXB, UGDH, FPGT, UGP2 
2.744363157 0.914183677 0.264307654 16.15657625 

hsa00510:N-

Glycan 

biosynthesis 

9 
0.0185504

64 

STT3B, MAN1A2, ALG10B, DPM1, ALG5, 

ALG6, MAN1A1, ALG11, ALG8 
2.625043019 0.958547035 0.297906315 20.42243587 

hsa04914:Prog

esterone-

mediated 

oocyte 

maturation 

13 
0.0241788

03 

CDK1, GNAI3, PIK3CB, ANAPC13, 

ANAPC4, CDC23, ANAPC10, CDC16, 

PPP1CB, MAPK1, MAD2L1, MAPK14, 

MAPK9 

2.028134012 0.984406552 0.340379394 25.81453929 
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hsa00620:Pyru

vate 

metabolism 

8 
0.0260811

66 

ME1, LDHB, ME2, PDHA1, DLAT, 

ACAT1, ALDH9A1, MDH1 
2.683377309 0.988808972 0.335301738 27.55979969 

hsa04210:Apo

ptosis 
13 

0.0262406

81 

CFLAR, XIAP, PIK3CB, PPP3R1, BIRC2, 

ATM, IRAK4, CASP6, CASP3, PRKAR1A, 

PPP3CB, PPP3CA, CHUK 

2.004822127 0.989116299 0.313883203 27.70441471 

hsa05120:Epit

helial cell 

signaling in 

Helicobacter 

pylori 

infection 

11 
0.0273671

52 

ATP6V1C1, ATP6V1A, CASP3, ADAM10, 

LYN, MAPK14, MAP2K4, MAPK9, 

ATP6V1B2, ATP6V1D, CHUK 

2.170378706 0.991060391 0.304320642 28.71814593 

hsa00970:Ami

noacyl-tRNA 

biosynthesis 

8 
0.0295170

08 

TARS, NARS, DARS, RARS, NARS2, 

GARS, SEPSECS, FARSB 
2.617929082 0.993863117 0.304981642 30.61670827 

hsa00270:Cyst

eine and 

methionine 

metabolism 

7 
0.0368781

77 

LDHB, CTH, MTAP, AHCYL1, MAT2B, 

ENOPH1, AMD1 
2.762300171 0.99831807 0.346788431 36.77138752 

hsa05014:Am

yotrophic 

lateral 

sclerosis 

(ALS) 

9 
0.0401657

89 

CASP3, DERL1, MAPK14, RAB5A, 

PPP3CB, PPP3R1, PPP3CA, CAT, SOD1 
2.278339224 0.999059501 0.353103365 39.35473238 

hsa00280:Vali

ne, leucine and 

isoleucine 

degradation 

8 
0.0416151

94 

ACADSB, ACADM, OXCT1, ACAT1, 

HIBADH, PCCA, ALDH9A1, HADHB 
2.439433917 0.999272578 0.346268819 40.46256723 

hsa04140:Reg

ulation of 

autophagy 

7 
0.0418312

21 

GABARAPL2, ATG4C, ATG5, BECN1, 

ATG4A, PRKAA1, ATG3 
2.683377309 0.999299928 0.332071236 40.62608511 

hsa04130:SN

ARE 

interactions in 

vesicular 

transport 

7 
0.0591096

94 

VAMP7, STX16, BET1, VTI1B, VAMP3, 

GOSR1, SNAP23 
2.471531732 0.999968258 0.420246165 52.44675687 

hsa04720:Lon

g-term 

potentiation 

10 
0.0628031

14 

MAPK1, NRAS, PPP3CB, PPP3R1, 

PPP1R12A, RAP1A, RAP1B, PPP3CA, 

PPP1CC, PPP1CB 

1.973071551 0.999983735 0.423814781 54.67467678 

hsa00071:Fatt

y acid 

metabolism 

7 
0.0726774

68 

ACADSB, ACADM, ACSL4, ACSL3, 

ACAT1, ALDH9A1, HADHB 
2.347955145 0.999997313 0.457092772 60.16898459 

hsa00640:Prop

anoate 

metabolism 

6 
0.0847276

55 

LDHB, ACADM, SUCLG2, ACAT1, PCCA, 

ALDH9A1 
2.515666227 0.999999709 0.49546768 66.0436841 

hsa00900:Terp

enoid 

backbone 

biosynthesis 

4 
0.0951248

64 
HMGCR, IDI1, ACAT1, PDSS2 3.577836412 0.999999958 0.522323875 70.46147324 

 


