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Abstract. – OBJECTIVE: The study aimed to
identify potential therapeutic biomarkers and
agents in multiple myeloma (MM) based on
bioinformatics analysis.

MATERIALS AND METHODS: The microarray
data of GSE36474 were downloaded from Gene
Expression Omnibus database. A total of 4 MM
and 3 normal bone marrow mesenchymal stro-
mal cells (BM-MSCs) samples were used to iden-
tify the differentially expressed genes (DEGs).
The hierarchical clustering analysis and func-
tional enrichment analysis of DEGs were per-
formed. Furthermore, co-expression network
was constructed by Cytoscape software. The
potential small molecular agents were identified
with Connectivity Map (cMap) database.

RESULTS: A total of 573 DEGs were identified
in MM samples comparing with normal samples,
including 322 down- and 251 up-regulated
genes. The DEGs were separated into two clus-
ters. Down-regulated genes were mainly en-
riched in cell cycle function, while up-regulated
genes were related to immune response. Down-
regulated genes such as checkpoint kinase 1
(CHEK1), MAD2 mitotic arrest deficient-like 1
(MAD2L1) and DBF4 zinc finger (DBF4) were
identified in cell cycle-related co-expression net-
work. Up-regulated gene of guanylate binding
protein 1, interferon-inducible (GBP1) was a hub
node in immune response-related co-expression
network. Additionally, the small molecular agent
vinblastine was identified in this study.

CONCLUSIONS: The genes such as CHEK1,
MAD2L1, DBF4 and GBP1 may be potential ther-
apeutic biomarkers in MM. Vinblastine may be a
potential therapeutic agent in MM.

Key Words:
Multiple myeloma, Bioinformatics analysis, Differen-

tially expressed genes, Biomarker, Therapeutic agent.

Introduction

Multiple myeloma (MM) is a malignancy of
plasma cells characterized by unlimited prolifer-
ation of abnormal plasma cells in bone marrow
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and high levels of monoclonal protein in the
blood. MM accounts for approximately 10% of
hematologic malignancies and 1% of all can-
cers1,2. Myeloma patients usually have bone le-
sions, hypercalcemia, severe immunodeficiency
and susceptibility to bacterial infections3. MM is
the second most common hematologic malignan-
cy in the United States3. The 5-year survival rate
of MM after surgery is only 44.9%4. Therefore,
uncovering therapeutic biomarkers and agents in
MM would supply new insights for the diagnosis
and treatment of MM.

Numerous studies have been done to prevent
and treat myeloma in MM patients. The B-lym-
phocyte stimulator is determined to be a biomark-
er for the diagnosis and treatment of MM5. A high
free light chain ratio is a predictor of imminent
progression in smoldering MM6. It has been re-
ported7 that gene B-cell CLL/lymphoma 2 (BCL2)
is a diagnostic biomarker in MM due to control-
ling the NF-κB activation-signaling pathway. Cur-
rently, some agents have been used in MM thera-
py. Bortezomib is a selective proteasome inhibitor
that has shown encouraging results in patients
with MM and other malignant diseases8. Lund et
al9 reported that addition of thalidomide to mel-
phalan and prednisone treatment prolonged sur-
vival in MM. However, they may cause side ef-
fects, such as polyneuropathy, skin rash, fatigue,
and venous thromboembolism10. Thus, it is essen-
tial to develop a safer drug for the treatment of
MM. Given the limitation of these studies, we
have taken into consideration all differentially ex-
pressed genes (DEGs) to explore new potential
therapeutic biomarkers in MM.

The microarray data (GSE36474) were ana-
lyzed with Biometric Research Branch Array-
Tools (National Cancer Institute, Bethesda, MA,
USA) to identify DEGs involved in MM by An-
dré et al11. In this study, we downloaded this data
and used limma package to identify the DEGs in
bone marrow mesenchymal stromal cells (BM-
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MSCs) between MM and normal samples. Addi-
tionally, other methods were performed to ana-
lyze this data, including hierarchical clustering
analysis, functional enrichment analysis, co-ex-
pression network construction and identification
of small molecular agents. The purpose of this
study was to identify new potential therapeutic
biomarkers and agents in MM.

Materials and Methods

Affymetrix Microarray Data
The gene expression profile data of GSE36474

based on the platform of GPL570 (Affymetrix Hu-
man Genome U133 Plus 2.0 Array) were obtained
from Gene Expression Omnibus (GEO) database
in National Center for Biotechnology Information
(NCBI) (http://www.ncbi.nlm.nih.gov/geo/),
which was deposited by André et al11. GSE36474
datasets detected the transcript of BM-MSCs from
4 untreated MM patients (47, 52, 56, 65 years) and
3 healthy donors (48, 50, 58 years).

Data Preprocessing and Differential
Expression Analysis

The probe-level data in CEL files were con-
verted into expression measures. The missing da-
ta were imputed. Then, the data were quantile
normalized with the Affy package12 in R. The
limma package13 in R was used to identify DEGs
between MM and normal samples. Log2-fold
change (log2FC) was calculated to identify genes
with expression-level differences. The p-value <
0.01 and |log2FC| > 1 were used as the cutoff cri-
teria. For hierarchical clustering of samples and
identified DEGs, clustering analysis was per-
formed to create a clustering graph of samples
and genes with pheatmap package14 in R using
Euclidean distance measure.

Gene Ontology Enrichment Analysis
GO15 analysis has become a commonly used

method for functional studies of large-scale tran-
scriptomic or genomic data. Database for Anno-
tation, Visualization and Integrated Discovery
(DAVID)16 is a gene functional enrichment
analysis tool to understand the biological mean-
ing for investigators. GO categories are divided
into three systems: molecular function (MF), bio-
logical process (BP), and cellular component
(CC). In this study, DAVID was used to identify
GO categories for BP with false discovery rate
(FDR) < 0.05.

Construction of Co-Expression Network
The genes with similar expression profiles are

considered to have the common regulatory func-
tion and a high degree of correlation17. Search
Tool for the Retrieval of Interacting Genes
(STRING)18 is an online database which collects
comprehensive information of proteins. Genes in
the most significant GO terms were used to con-
struct the co-expression network. The STRING
online tool was applied to analyze the co-ex-
pressed gene pairs. In the network, genes repre-
sent nodes and the interactions between the
nodes represent edges. Connectivity degree rep-
resents the number of edges linked to a given
node. The important nodes with high degree in
the network were obtained, namely hub nodes.
The co-expression value > 0.4 was used as the
cutoff criterion. If the co-expressed pairs over
2000, the co-expresses value > 0.8 was used as
the cutoff criterion. The co-expression network
was constructed with Cytoscape software19.

Network-Based Pathway Analysis
Kyoto Encyclopedia of Genes and Genomes

(KEGG) knowledge database20 is applied to iden-
tify the functional and metabolic pathway. KEGG
Orthology-Based Annotation System (KOBAS)21
is a software tool for automated annotation and
pathway identification. DEGs in co-expression
networks were analyzed in this step. KOBAS was
used to identify pathways based on the hypergeo-
metric distribution with p-value < 0.05.

Identification of Small Molecular Agents
Connectivity Map (cMap)22 is a public data-

base (www.broad.mit.edu/cmap/) which contains
453 Affymetrix gene expression signatures of
164 bioactive molecules. DEGs in co-expression
network were compared with the data from the
cMap database. The query small molecules were
output with a connectivity score from +1 to −1.
The high positive connectivity score indicated
that the query small molecular induced the dis-
ease, while a high negative connectivity score in-
dicated corresponding molecule suppressed dis-
ease. The |connectivity score| > 0.8 was used as
the cutoff criterion.

Results

Identification of DEGs
As shown in Figure 1, the raw expression data

were normalized after preprocessed. Compared
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Figure 1. Box plots of data normalization. The x-coordinate represents samples; y-coordinate represents gene expression val-
ues. The white box stands for normal sample. The pink box stands for multiple myeloma sample.

with normal samples, a total of 573 genes were
differentially expressed in MM samples, includ-
ing 322 down- and 251 up-regulated genes.

The heat map for DEGs was shown in Figure
2. The clustering analysis results showed that
DEGs were classified into 2 clusters. Genes in
cluster 1 (red bar in Figure 2) were up-regulated
in MM samples, while genes in cluster 2 (blue
bar in Figure 2) were down-regulated in MM
samples.

Gene Ontology Enrichment Analysis
The GO BP terms of down- and up-regulated

genes were shown in Table I. The down-regulated
genes were significantly related to cell cycle, M
phase and cell cycle phase. A total of 125 DEGs
were enriched in the GO term of cell cycle. On the
other hand, the up-regulated genes were mainly
enriched in immune response and response to the
virus. A total of 23 up-regulated genes were iden-
tified in immune response function.

Construction of Co-Expression Network
As shown in Figure 3, the cell cycle-related

network (A) was constructed with 35 nodes and
213 edges (co-expresses value > 0.8). The im-
mune response-related network (B) was con-
structed with 13 nodes and 23 edges and up-reg-
ulated gene guanylate binding protein 1, interfer-
on-inducible (GBP1, degree = 8) was a hub node
in this network.

Network-Based Pathway Analysis
A total of 2 pathways enriched by down-regu-

lated genes were obtained in this analysis (Table
II), including cell cycle and oocyte meiosis path-
ways. Genes such as checkpoint kinase 1
(CHEK1), MAD2 mitotic arrest deficient-like 1
(MAD2L1), DBF4 zinc finger (DBF4), TTK pro-
tein kinase (TTK, alias MSP1), extra spindle pole
bodies homolog 1 (ESPL1) and cyclin A2 (CC-
NA2) were identified in cell cycle pathway.
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Figure 2. Heat map and clustering analysis of the differentially expressed genes (DEGs) between multiple myeloma and nor-
mal samples. The dendrogram to the left of the heat map shows clustering of the DEGs. The dendrogram above the heat map
shows clustering of the samples. Red color represents high expression level, and blue color represents low expression level.
The DEGs were mainly classified into 2 clusters. The red bar represents the cluster 1 and the blue bar represents the cluster 2.

GO category GO term Count p-value FDR

Down-regulated DEGs
GO:0007049 Cell cycle 125 2.65E-85 4.43E-82
GO:0000279 M phase 89 9.32E-79 1.56E-75
GO:0022403 Cell cycle phase 95 3.06E-77 5.12E-74
GO:0022402 Cell cycle process 103 9.49E-74 1.59E-70
GO:0007067 Mitosis 68 2.70E-63 4.51E-60
GO:0000280 Nuclear division 68 2.70E-63 4.51E-60
GO:0000087 M phase of mitotic cell cycle 68 1.07E-62 1.78E-59
GO:0048285 Organelle fission 68 5.70E-62 9.53E-59
GO:0051301 Cell division 74 7.07E-62 1.18E-58
GO:0000278 Mitotic cell cycle 80 8.10E-62 1.35E-58
GO:0006259 DNA metabolic process 71 4.65E-41 7.77E-38
GO:0007049 Cell cycle 125 2.65E-85 4.43E-82
GO:0000279 M phase 89 9.32E-79 1.56E-75
GO:0022403 Cell cycle phase 95 3.06E-77 5.12E-74
GO:0022402 Cell cycle process 103 9.49E-74 1.59E-70
GO:0007067 Mitosis 68 2.70E-63 4.51E-60
GO:0000280 Nuclear division 68 2.70E-63 4.51E-60
Up-regulated DEGs
GO:0006955 Immune response 23 6.95E-05 0.011488
GO:0009615 Response to virus 10 1.06E-05 0.017506
GO:0001568 Blood vessel development 11 0.001215 0.019902
GO:0001944 Vasculature development 11 0.001465 0.023955
GO:0007389 Pattern specification process 11 0.002301 0.037382

Table I. The Gene Ontology (GO) biological process terms enriched by down- and up-regulated differentially expressed genes
(DEGs).

Count: enriched gene number in the GO category; FDR: false discovery rate.
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Identification of Small Molecular Agents
A total of 11 small molecular agents were ob-

tained, such as vinblastine, MS-275, menadione
and quinostatin. As shown in Table III, the small
molecular agent vinblastine (connectivity score =
-0.922) had the highest negative score.

Discussion

In this study, the gene expression profile data
of GSE36474 were downloaded from GEO data-
base to identify DEGs between MM and normal
samples using bioinformatics analysis. In total,
573 DEGs including 322 down- and 251 up-reg-
ulated genes were selected in MM samples.
Down-regulated genes were related to cell cycle,
while up-regulated genes were mainly enriched
in the immune response. In order to better under-
stand the interactions of DEGs, we established
the co-expression network with significant gene

pairs. The KEGG pathway analysis indicated that
cell cycle was the most enriched pathway, which
was responding to the results of GO analysis.
Down-regulated genes such as CHEK1, MAD2L1
and DBF4 were identified in this function. More-
over, up-regulated gene GBP1 was a hub node in

Figure 3. The co-expression networks. A, Cell cycle-related network. Blue node represents down-regulated genes. B, Im-
mune response-related network. Red node represents up-regulated genes.

KEGG pathway term Genes p-value FDR

Cell cycle MAD2L1, DBF4, TTK, CHEK1, ESPL1, CCNA2 1.89E-06 0.001089
Oocyte meiosis MAD2L1, SGOL1, FBXO5, ESPL1, AURKA 3.94E-05 0.022668

Table II. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of differentially expressed
genes in the co-expression networks.

FDR: false discovery rate.

cMap name Score p-value

Vinblastine -0.922 0.00004
Irinotecan 0.904 0.00176
Withaferin A 0.905 0.00008
Puromycin 0.906 0.00008
Rottlerin 0.921 0.00112
1,4-chrysenequinone 0.935 0.00817
Piperlongumine 0.955 0.00374
Quinostatin 0.962 0.00256
0297417-0002B 0.969 0.00004
Menadione 0.972 0.00133
MS-275 1 0

Table III. The list of small molecular agents.



the immune response-related network. In addi-
tion, small molecular agent vinblastine was iden-
tified as one important potential therapeutic
agent in MM.

Uncontrolled cell proliferation is the hallmark
of MM, and tumor cell has typically acquired
damage to genes that directly regulate their cell
cycles. CHEK1 has been reported to regulate the
G0/G1 phase in human MM cells23. CHEK1 (aka
CHK1) encodes the serine/threonine protein ki-
nase. Inhibition of CHEK1 diminishes the S
phase arrest and enhances the apoptosis in MM24.
In this study, we found that CHEK1 was de-
creased in MM samples and it was related to cell
cycle function. The above studies demonstrated
that CHEK1, as a negative regulator of apoptosis,
might be a molecular target for MM therapeutics.

MAD2L1 plays an important role in maintain-
ing the mitotic spindle checkpoint function,
which is corresponding to the GO term of the
cell cycle in our study. Genetic variant in
MAD2L1 confers susceptibility in lung cancer,
which results from reduced spindle checkpoint
function due to attenuated function of
MAD2L125. Decreased expression of MAD2L1 is
reported in breast cancer cell lines exhibiting
chromosome instability and aneuploidy26,27. The
work of Shaughnessy et al28 found that MAD2L1
was a significant gene related to chromosome
segregation (a phase of the cell cycle) in MM. In
this study, MAD2L1 was a down-regulated gene
in MM and enriched in the most significant func-
tion of cell cycle. Thus, we inferred that
MAD2L1 might be associated with MM develop-
ment via mediating cell cycle. It may be a poten-
tial therapeutic biomarker in MM.

DBF4 encoding a serine-threonine kinase has
been reported to interact with cell division cycle
7-related protein kinase (CDC7)29. The CDC7-
DBF4 complex is an essential kinase for regulat-
ing initiation of DNA replication and plays a
central role in cell proliferation29,30. Bonte et al31
reported that CDC7-DBF4 overexpression in
multiple cancers and tumor cell lines was corre-
lated with p53 inactivation. P53, a tumor sup-
pressor, plays a key role in inhibiting the tumor
growth32. Inactivation of p53 has been reported
to be related to MM development or progres-
sion33. In the present study, DBF4 was a down-
regulated gene, suggesting that reduced expres-
sion of CDC7-DBF4 might lead to p53 activa-
tion. Therefore, we inferred that DBF4 might be
effective in controlling tumor growth and cell
proliferation in MM.

In addition to cell cycle-related genes known to
be down-regulated in MM, up-regulated gene
GBP1 was a hub node in the immune response-re-
lated network. GBP1 encodes an interferon-in-
ducible GTPase that belongs to the dynamin fami-
ly of guanine nucleotide binding proteins34. The
immune response gene GBP1 is the key mediator
of the inhibitory effects of inflammatory cytokines
(e.g., interleukin-6, transforming growth factor-
beta and interleukin-17) on endothelial cells pro-
liferation and invasiveness35. Elevated interleukin-
17 promotes myeloma cell growth and inhibits im-
mune function in MM36. It also has been reported
that GBP1 expression is inhibited by vascular en-
dothelial growth factor (VEGF)37. VEGF stimu-
lates proliferation and migration of MM cells in
both autocrine and paracrine mechanisms38. GBP1
was found to be up-regulated in MM and closely
associated with immune response. Overexpressed
GBP1 appeared to decrease MM cell proliferation
and growth to some extent.

Furthermore, vinblastine was identified to be
the significant small molecular agent in the devel-
opment of MM. Vinblastine, an antimicrotubule
drug, belongs to vinca alkaloids. It has been re-
ported that vinca alkaloids inhibit cell prolifera-
tion by altering the dynamics of tubulin addition
and loss at the ends of mitotic spindle micro-
tubules39. Vinblastine has been widely used as an
antineoplastic drug to treat certain kinds of cancer,
including breast cancer40, Hodgkin’s lymphoma41,
non-small cell lung cancer42, head and neck
cancer43, and testicular cancer44. However, the evi-
dence concerning the drug application of vinblas-
tine in MM is rare45. In our study, the small mole-
cular drug vinblastine had the highest negative
score, implying the capable of reversing MM.
Therefore, it may be a potential novel agent for
the treatment of MM. Further animal experiments
and clinical trials are needed to investigate the us-
age and dosage of vinblastine in MM.

Conclusions

Our study shows that cell cycle may be closely
associated with MM development. The genes
such as CHEK1, MAD2L1, DBF4 and GBP1
may be the potential therapeutic biomarkers in
MM. Vinblastine may be a potential therapeutic
agent in MM. These findings would supply new
insights for the diagnosis and treatment of MM.
However, further experiments with larger sample
size are still needed to confirm our results.

815

Biomarkers and agents in MM



–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) KYLE R, RAJKUMAR S. Multiple myeloma. Blood 2008;
111: 2962-2972.

2) RAJKUMAR SV. Multiple myeloma: 2011 update on
diagnosis, risk-stratification, and management.
Am J Hematol 2011; 86: 57-65.

3) RAAB MS, PODAR K, BREITKREUTZ I, RICHARDSON PG,
ANDERSON KC. Multiple myeloma. Lancet 2009;
374: 324-339.

4) INSTITUTE NC. Seer stat fact sheets: Myeloma 2014.
5) JIANG P, YUEGUO W, HUIMING H, HONGXIANG Y, MEI W,

JU S. B-lymphocyte stimulator: a new biomarker
for multiple myeloma. Eur J Haematol 2009; 82:
267-276.

6) LARSEN JT, KUMAR SK, DISPENZIERI A, KYLE RA, KATZ-
MANN JA, RAJKUMAR SV. Serum free light chain ratio
as a biomarker for high-risk smoldering multiple
myeloma. Leukemia 2013; 27: 941-946.

7) FEINMAN R, KOURY J, THAMES M, BARLOGIE B, EPSTEIN

J, SIEGEL DS. Role of NF-kappaB in the rescue of
multiple myeloma cells from glucocorticoid-in-
duced apoptosis by bcl-2. Blood 1999; 93: 3044-
3052.

8) RICHARDSON PG, SONNEVELD P, SCHUSTER MW, IRWIN D,
STADTMAUER EA, FACON T, HAROUSSEAU JL, BEN-YEHU-
DA D, LONIAL S, GOLDSCHMIDT H, REECE D, SAN-
MIGUEL JF, BLADÉ J, BOCCADORO M, CAVENAGH J, DAL-
TON WS, BORAL AL, ESSELTINE DL, PORTER JB,
SCHENKEIN D, ANDERSON KC; ASSESSMENT OF PROTEA-
SOME INHIBITION FOR EXTENDING REMISSIONS (APEX) IN-
VESTIGATORS. Bortezomib or high-dose dexametha-
sone for relapsed multiple myeloma. N Engl J
Med 2005; 352: 2487-2498.

9) LUND J, UTTERVALL K, LIWING J, GAHRTON G, ALICI E,
ASCHAN J, HOLMBERG E, NAHI H. Addition of thalido-
mide to melphalan and prednisone treatment pro-
longs survival in multiple myeloma–a retrospec-
tive population based study of 1162 patients. Eur
J Haematol 2014; 92: 19-25.

10) HAAS PS, DENZ U, IHORST G, ENGELHARDT M. Thalido-
mide in consecutive multiple myeloma patients:
single-center analysis on practical aspects, effica-
cy, side effects and prognostic factors with lower
thalidomide doses. Eur J Haematol 2008; 80:
303-309.

11) ANDRÉ T, MEULEMAN N, STAMATOPOULOS B, DE BRUYN

C, PIETERS K, BRON D, LAGNEAUX L. Evidences of
early senescence in multiple myeloma bone mar-
row mesenchymal stromal cells. PLoS One 2013;
8: e59756.

12) TEAM RC. R: A language and environment for sta-
tistical computing. R Foundation for Statistical
Computing, Vienna, Austria, 2012.

13) SMYTH GK. Linear models and empirical bayes
methods for assessing differential expression in

816

X.-G. Wang, Y. Peng, X.-L. Song, J.-P. Lan

microarray experiments. Stat Appl Genet Mol
2004; 3: Article3.

14) WANG L, CAO C, MA Q, ZENG Q, WANG H, CHENG

Z, ZHU G, QI J, MA H, NIAN H, WANG Y. RNA-seq
analyses of multiple meristems of soybean:
novel and alternative transcripts, evolutionary
and functional implications. BMC Plant Biol
2014; 14: 169.

15) HULSEGGE I, KOMMADATH A, SMITS MA. Globaltest
and GOEAST: two different approaches for Gene
Ontology analysis. BMC Proc 2009; 3 Suppl 4:
S10

16) HUANG DA W, SHERMAN BT, LEMPICKI RA. Systematic
and integrative analysis of large gene lists using
DAVID bioinformatics resources. Nat Protoc
2009; 4: 44-57.

17) FOX AD, HESCOTT BJ, BLUMER AC, SLONIM DK. Con-
nectedness of PPI network neighborhoods identi-
fies regulatory hub proteins. Bioinformatics 2011;
27: 1135-1142.

18) SZKLARCZYK D, FRANCESCHINI A, KUHN M, SIMONOVIC

M, ROTH A, MINGUEZ P, DOERKS T, STARK M, MULLER J,
BORK P, JENSEN LJ, VON MERING C. The STRING
database in 2011: functional interaction networks
of proteins, globally integrated and scored. Nucle-
ic Acids Res 2011; 39: D561-D568.

19) TANZER A, STADLER PF. Molecular evolution of a mi-
croRNA cluster. J Mol Biol 2004; 339: 327-335.

20) ALTERMANN E, KLAENHAMMER TR. PathwayVoyager:
pathway mapping using the Kyoto Encyclopedia
of Genes and Genomes (KEGG) database. BMC
Genomics 2005; 6: 60.

21) WU J, MAO X, CAI T, LUO J, WEI L. KOBAS server: a
web-based platform for automated annotation
and pathway identification. Nucleic Acids Res
2006; 34: W720-W724.

22) LAMB J, CRAWFORD ED, PECK D, MODELL JW, BLAT IC,
WROBEL MJ, LERNER J, BRUNET JP, SUBRAMANIAN A,
ROSS KN, REICH M, HIERONYMUS H, WEI G, ARM-
STRONG SA, HAGGARTY SJ, CLEMONS PA, WEI R, CARR

SA, LANDER ES, GOLUB TR. The Connectivity Map:
using gene-expression signatures to connect
small molecules, genes, and disease. Science
2006; 313: 1929-1935.

23) PEI X-Y, DAI Y, YOUSSEFIAN LE, CHEN S, BODIE WW,
TAKABATAKE Y, FELTHOUSEN J, ALMENARA JA, KRAMER LB,
DENT P, GRANT S. Cytokinetically quiescent (G0/G1)
human multiple myeloma cells are susceptible to
simultaneous inhibition of Chk1 and MEK1/2.
Blood 2011; 118: 5189-5200.

24) TU YS, KANG XL, ZHOU JG, LV XF, TANG YB, GUAN YY.
Involvement of Chk1-Cdc25A-cyclin A/CDK2
pathway in simvastatin induced S-phase cell cy-
cle arrest and apoptosis in multiple myeloma
cells. Eur J Pharm 2011; 670: 356-364.

25) GUO Y, ZHANG X, YANG M, MIAO X, SHI Y, YAO J, TAN

W, SUN T, ZHAO D, YU D, LIU J, LIN D. Functional
evaluation of missense variations in the human
MAD1L1 and MAD2L1 genes and their impact on
susceptibility to lung cancer. J Med Genet 2010;
47: 616-622.



817

Biomarkers and agents in MM

26) PERCY MJ, MYRIE KA, NEELEY CK, AZIM JN, ETHIER SP,
PETTY EM. Expression and mutational analyses of
the human MAD2L1 gene in breast cancer cells.
Genes Chromosomes Cancer 2000; 29: 356-362.

27) LI Y, BENEZRA R. Identification of a human mitotic
checkpoint gene: hsMAD2. Science 1996; 274:
246-248.

28) SHAUGHNESSY J JR. Primer on medical genomics.
Part IX: scientific and clinical applications of DNA
microarrays--multiple myeloma as a disease
model. Mayo Clinic Proc 2003; 78: 1098-1109.

29) JIANG W, MCDONALD D, HOPE TJ, HUNTER T. Mam-
malian Cdc7–Dbf4 protein kinase complex is es-
sential for initiation of DNA replication. EMBO J
1999; 18: 5703-5713.

30) WAN L, NIU H, FUTCHER B, ZHANG C, SHOKAT KM,
BOULTON SJ, HOLLINGSWORTH NM. Cdc28-Clb5
(CDK-S) and Cdc7-Dbf4 (DDK) collaborate to ini-
tiate meiotic recombination in yeast. Gene Dev
2008; 22: 386-397.

31) BONTE D, LINDVALL C, LIU H, DYKEMA K, FURGE K,
WEINREICH M. Cdc7-Dbf4 kinase overexpression in
multiple cancers and tumor cell lines is correlated
with p53 inactivation. Neoplasia 2008; 10: 920-
931.

32) HARRIS CC. Structure and function of the p53 tumor
suppressor gene: clues for rational cancer thera-
peutic strategies. J Natl Cancer Inst 1996; 88:
1442-1455.

33) DRACH J, ACKERMANN J, FRITZ E, KRÖMER E, SCHUSTER

R, GISSLINGER H, DESANTIS M, ZOJER N, FIEGL M, ROKA

S. Presence of a p53 gene deletion in patients
with multiple myeloma predicts for short survival
after conventional-dose chemotherapy. Blood
1998; 92: 802-809.

34) PRAKASH B, PRAEFCKE GJ, RENAULT L, WITTINGHOFER A,
HERRMANN C. Structure of human guanylate-bind-
ing protein 1 representing a unique class of GTP-
binding proteins. Nature 2000; 403: 567-571.

35) GUENZI E, TÖPOLT K, LUBESEDER-MARTELLATO C, JÖRG

A, NASCHBERGER E, BENELLI R, ALBINI A, STÜRZL M.
The guanylate binding protein-1 GTPase controls
the invasive and angiogenic capability of en-
dothelial cells through inhibition of MMP-1 ex-
pression. EMBO J 2003; 22: 3772-3782.

36) PRABHALA RH, PELLURU D, FULCINITI M, PRABHALA HK,
NANJAPPA P, SONG W, PAI C, AMIN S, TAI YT, RICHARD-
SON PG, GHOBRIAL IM, TREON SP, DALEY JF, ANDERSON

KC, KUTOK JL, MUNSHI NC. Elevated IL-17 pro-
duced by TH17 cells promotes myeloma cell

growth and inhibits immune function in multiple
myeloma. Blood 2010; 115: 5385-5392.

37) BRITZEN-LAURENT N, STÜRZL M. Gene section.
http://AtlasGeneticsOncology. org 2010: 761.

38) PODAR K, TAI YT, DAVIES FE, LENTZSCH S, SATTLER M,
HIDESHIMA T, LIN BK, GUPTA D, SHIMA Y, CHAUHAN D,
MITSIADES C, RAJE N, RICHARDSON P, ANDERSON KC.
Vascular endothelial growth factor triggers signal-
ing cascades mediating multiple myeloma cell
growth and migration. Blood 2001; 98: 428-435.

39) JORDAN MA, THROWER D, WILSON L. Mechanism of
inhibition of cell proliferation by vinca alkaloids.
Cancer Res 1991; 51: 2212-2222.

40) GHANBARI P, SAMADI N, TABASINEZHAD M, MOHSENI M,
YOUSEFI B, RASHIDI M. Adjuvant therapy improves
the chemotherapeutic effect of docetaxel and vin-
blastine in breast cancer cells. Eur J Cancer
2014; 50: S209-S209

41) ENGERT A, FRANKLIN J, EICH HT, BRILLANT C, SEHLEN S,
CARTONI C, HERRMANN R, PFREUNDSCHUH M, SIEBER M,
TESCH H, FRANKE A, KOCH P, DE WIT M, PAULUS U,
HASENCLEVER D, LOEFFLER M, MÜLLER RP, MÜLLER-HER-
MELINK HK, DÜHMKE E, DIEHL V. Two cycles of dox-
orubicin, bleomycin, vinblastine, and dacarbazine
plus extended-field radiotherapy is superior to ra-
diotherapy alone in early favorable Hodgkin's
lymphoma: final results of the GHSG HD7 trial. J
Clin Oncol 2007; 25: 3495-3502.

42) SMITH IE, O’BRIEN ME, TALBOT DC, NICOLSON MC,
MANSI JL, HICKISH TF, NORTON A, ASHLEY S. Duration
of chemotherapy in advanced non–small-cell lung
cancer: A randomized trial of three versus six
courses of mitomycin, vinblastine, and cisplatin. J
Clin Oncol 2001; 19: 1336-1343.

43) BROWN AW, BLOM J, BUTLER WM, GARCIA-GUERRERO

G, RICHARDSON MF, HENDERSON RL. Combination
chemotherapy with vinblastine, bleomycin, and
cis-diamminedichloroplatinum (II) in squamous
cell carcinoma of the head and neck. Cancer
1980; 45: 2830-2835.

44) STOTER G, KOOPMAN A, VENDRIK C, STRUYVENBERG A,
SLEYFER DT, WILLEMSE P, KOOPS HS, VAN OOSTEROM AT,
TEN BOKKEL HUININK WW, PINEDO HM. Ten-year sur-
vival and late sequelae in testicular cancer pa-
tients treated with cisplatin, vinblastine, and
bleomycin. J Clin Oncol 1989; 7: 1099-1104.

45) COSTA G, CARBONE PP, GOLD GL, OWENS AH JR,
MILLER SP, KRANT MJ, BONO VH JR. Clinical trial of
vinblastine in multiple myeloma. Cancer
Chemother Rep 1963; 27: 87-89.


