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Abstract: Purpose: Chronic lymphocytic leukemia (CLL) is the most common type of leukemia. Due to the complex
progression, the therapy is particularly challenging. This study aimed to find key genes and pathways related with
CLL. Materials and Methods: The array data of GSE52774 was downloaded to analyze DEGs (differentially expressed
genes) by limma package. GO (gene ontology) and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathway en-
richment analyses for DEGs in PPI (protein-protein interaction) network were made by DAVID. Results: Transcription
factors of key nodes in regulatory network were predicted, as well as the network modules analyses and functional
modules enrichment analyses. HSP90OAA1 (Heat Shock Protein 90 kDa Alpha (Cytosolic), Class A Member 1) and
TP53 (Tumor Protein P53) with higher degrees in PPl network for up-regulated genes were important target genes
regulated by many transcription factors. UBE2I (Ubiquitin-Conjugating Enzyme E2I), CBLB (Cbl Proto-Oncogene B,
E3 Ubiquitin Protein Ligase) and SIRT1 (Sirtuin 1) with higher degrees in PPl network for down-regulated genes were
important target genes regulated by many transcription factors. Proteasome pathway enriched in PPl network for
up-regulated genes was the most significant pathway in module 2. Conclusion: Therefore, HSP90AA1, TP53, UBE2I,
CBLB, SIRT1 and proteasome pathway may be key genes and pathway associated with CLL.
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work, modules

Introduction

Chronic lymphocytic leukemia (CLL), affecting B
cell lymphocytes, is the most common type of
leukemia in the western world with the proba-
bility of 5/100000 [1]. Furthermore, only 10%-
15% of patients are diagnosed with this dis-
ease before 50 and the median age at diagno-
sis is 64 years old [2]. As CLL is a heteroge-
neous disease with an extremely variable
course, the therapy of it is particularly challeng-
ing [1]. Because the management and control
of this disease has become increasingly per-
sonalized, it is urgent to find detailed and use-
ful knowledge of diagnostic methods and ther-
apy options [1]. Understanding the molecular
mechanisms of CLL may be able to give new
outlooks for the treatment of this disease.

Damle et al. suggested that CD38 (cluster of
differentiation 38) expression and IgV,, (immu-
noglobulin heavy-chain variable-region) muta-

tion status could serve as prognostic indicators
in CLL [3]. Furthermore, Terry et al. suggested
that CD38 expression might vary in the progres-
sion of CLL [4]. The expression of ZAP-70 (Zeta-
Chain (TCR) Associated Protein Kinase 70 kDa)
in CLL patients is relevant to the IgV, mutation-
al status and disease development [5], and
ZAP-70 is a predictor of CLL progression [6].
Besides, Bcl-2 (B-Cell CLL/Lymphoma 2) family
proteins are also predictor of CLL progression.
SF3B1 (Splicing Factor 3b, Subunit 1) muta-
tions lead to mistakes in the splicing of some
transcripts affecting the pathogenesis of CLL,
thus SF3B1 mutations are related with poor
overall survival and faster development of CLL
[7]. STAT3 (Signal Transducer And Activator Of
Transcription 3) can medicate C6-ceramide-
induced cell death in CLL [8]. Moreover, Calin et
al. indicated that unique microRNA signatures
were related with prognostic factors and devel-
opment of CLL [9]. In addition, some pathways,
such as Wnt signaling pathway and PI3K/NF-Kb
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Figure 1. A: The PPI network for up-regulated genes, nodes: proteins coded by up-regulated genes; B: The PPI net-
work for down-regulated genes, nodes: proteins coded by down-regulated genes.
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database with the platform of GPL-

6480 (Agilent-014850 Whole Hum-
an Genome Microarray 4x44K G4-
112F, Aviano, Italy). A total of 16 CLL
immobilized (CLL B cells co-stimulat-
ed with immobilized anti-IgM) and
16 CLL untreated (untreated CLL B
cells) were included in the study, and
the data were used to subsequent
analysis.

Data preprocessing

The raw data were downloaded and

Table 1. The first 15 nodes with higher degrees in PPI net- GEO (Gene Expression Omnibus,
works for up-regulated genes and down-regulated genes
Degree Gene

Up-regulated genes 704 UBC

135 TP53

104 HSPO0OAA1L

82 MYC

74 CCND1

73 MRTO4, POLR1B

72 HSPOOAB1

71 SRC

66 ACTB

65 HSPAS8, NOP2

62 WDR12

61 BOP1, CDKN1A

Down-regulated genes 13

FOX01, LYN, PLCG2

were preprocessed by RMA (the
robust multiarray average) algorithm

12 UBE2I with Affy package [12] in Biocondu-
11 ITPR1, CBLB ctor (http://www.bioconductor.org/).
10  SIRT4, SYK, PRKCB, IL2RA, CXCR4 The probe of the microarray data
9 AKT3, CD79B was transformed to gene symbol
8 GNAZ, CDKN1B and the probe not matched with

(Phosphoinositide 3-kinase/nuclear factor kap-
pa-light-chain-enhancer of activated B cells)
pathway are also associated with the develop-
ment of CLL [10, 11]. In spite of the former
researches, the present knowledge about the
molecular mechanisms related with CLL seems
to be insufficient. Thus, more efforts are need-
ed to find oher important molecular mecha-
nisms of CLL.

Inthe present study, the array data of GSE52774
was downloaded and the differentially expre-
ssed genes (DEGs) associated with CLL were
identified. The protein-protein interaction (PPI)
network was established, and functional en-
richment analyses were performed for DEGs in
PPl network. Furthermore, transcription factor
of key nodes in regulatory network was sear-
ched. In addition, the network modules were
analyzed and functional enrichment analyses
for modules were also performed. We aimed to
find significant genes and key pathways related
with CLL, and then clarify the molecular mecha-
nism of the disease.

Materials and methods
Microarray data

The array data of GSE52774, deposited by
Bomben R and Gattei V, was downloaded from
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gene symbol was eliminated. For
several probes mapped to one gene,
the mean value was set as the final gene
expression level.

Screening of DEGs

The limma package [13] in Bioconductor was
used to analyze DEGs in CLL immobilized sam-
ples compared with CLL untreated samples.
The p-values of DEGs were calculated by t-test
[14] in limma package. Then, the p-values were
adjusted as FDR (false discovery rate) values
with BH (Benjamini-Hochberg) [15]. |[log,FC
(fold change)| > 0.58 and FDR < 0.01 were set
as cut-off criterion for DEGs.

PPI network

STRING (Search Tool for the Retrieval of
Interacting Genes) [16] is a database used to
recode information of biochemical interactions
studies between proteins. Furthermore, neigh-
borhood, gene fusion, co-occurrence, co-expr-
ession experiments, databases and textmining
were prediction method of this database. In our
present study, the input gene sets were DEGs
and species were Homo sapiens. DEGs were
mapped into PPIs and the combined score >
0.7 was set as the cutoff value. PPl networks
were constructed with Cytoscape software
[17]. Key nodes with higher degree in the net-
work were screened.

Int J Clin Exp Pathol 2016;9(9):9126-9137
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Table 2. GO annotation and KEGG pathway enrichment analyses for up-regulated and down-regulated
genes in PPl network

Term Description Count P-value
Up

BP G0:0043161  Proteasomal ubiquitin-dependent protein catabolic process 34 1.20E-13
G0:0010498 Proteasomal protein catabolic process 34 1.20E-13
G0:0034660 NcRNA metabolic process 53 1.73E-13

cC G0:0005829 Cytosol 212 1.77E-29
G0:0031974 Membrane-enclosed lumen 246 2.19E-22
G0:0043233 Organelle lumen 241 8.02E-22

MF G0:0000166  Nucleotide binding 271 3.83E-18
G0:0017076  Purine nucleotide binding 238 3.65E-17
G0:0032553 Ribonucleotide binding 226 1.55E-15

KEGG hsa03050 Proteasome 24 3.28E-11
hsa00900 Terpenoid backbone biosynthesis 11 2.98E-07
hsa00970 Aminoacyl-tRNA biosynthesis 16 8.89E-06

Down

BP G0:0043067 Regulation of programmed cell death 39 1.07E-08
G0:0010941  Regulation of cell death 39 1.18E-08
G0:0042981 Regulation of apoptosis 38 2.67E-08

CcC G0:0044451  Nucleoplasm part 24 8.26E-06
G0:0031981  Nuclear lumen 43 1.46E-05
G0:0005654  Nucleoplasm 31 1.64E-05

MF G0:0000166  Nucleotide binding 61 5.60E-05
GO0:0004672  Protein kinase activity 25 6.20E-05
G0:0030554  Adenyl nucleotide binding 46 1.45E-04

KEGG hsa04662 B cell receptor signaling pathway 9 3.43E-04
hsa04666 Fc gamma R-mediated phagocytosis 9 1.67E-03
hsa04062 Chemokine signaling pathway 12 4.35E-03

BP: biological process; CC: cellular component; MF: molecular function; Term: the identification number of GO or KEGG term;

Description: the names of GO or KEGG term; Counts: the number of genes enriched in GO or KEGG terms.

GO (gene ontology) and pathway enrichment
analyses in PPl network

GO, which includes MF (molecular function), BP
(biological process), and CC (cellular compo-
nent), is a tool that used for genes annotation
[18]. KEGG (Kyoto Encyclopedia of Genes and
Genomes) is a database used for revealing
functions of genes or other molecules [19].
DAVID, an integrated biological knowledgebase
and analytic tool, is used for analyzing gene
lists [20].

In our present study, GO annotation and KEGG
pathway enrichment analyses for up-regulated
and down-regulated genes in PPl network were
made by DAVID. P-value < 0.05 and gene
counts = 2 were set as threshold value.
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Transcription factors of key nodes in regulatory
network

ENCODE (Encyclopedia of DNA Elements) [21]
is a database used to identify all functional ele-
ments in the human genome, and in this study
the database was employed to extract all
known human transcription factor binding sites
on chromosomes. To increase the credibility of
CIS binding sites, repeatability of every binding
site were counted. Furthermore, CIS binding
sites appeared in at least 2 independent sam-
ples were screened, and then used for subse-
quent analysis. Then, combined with the infor-
mation of each gene promoter region (TSS
upstream 1 kb to TSS downstream 0.5 kb), CIS
regulatory regions overlapped with each gene
promoter were screened, and set them as tran-
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logical process. The network
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Figure 2. Transcription factors of key nodes in regulatory network. Red nodes:
up-regulated genes; green nodes: down-regulated genes; triangle nodes:
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untreated samples, among
which 1664 genes were up-
regulated and 902 genes we-
re down-regulated.

transcription factors; circular nodes: nodes with higher degrees.

Table 3. Totally 11 transcription factor that
encoded by significantly differently expressed
genes (DEGs)

Transcription ~ The number of logFC
factor target genes

MXI1 3 -0.9653558
YY1 16 -0.6544363
CCNT2 1 -0.6268253
TCF4 1 -0.622165
RAD21 3 -0.5975715
CHD2 2 -0.5894516
TAF7 1 -0.5866868
SRF 2 0.60777
E2F6 2 0.81319975
SP1 3 1.0483912
IRF4 8 2.0692659

scription factor-target gene pairs. Finally, tran-
scription factors regulating key nodes of DEGs
in PPl network were observed. Furthermore,
key target genes nodes and transcription fac-
tors regulatory network were visualized by
Cytoscape.

PPI network module analysis

The interaction of sub network modules in PPI
network was complex and the sub network
modules were tend to take part in common bio-
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PPI network

The PPI network for up-regulated genes was
shown in Figure 1A. Totally 1197 nodes and
7101 protein pairs were included in the net-
work. The PPl network for down-regulated ge-
nes was shown in Figure 1B. Totally 260 nodes
and 361 protein pairs were included in the net-
work. The higher the degree value was, the
more likely it was to be the key node in the net-
work. The first 15 nodes with higher degrees in
2 networks were selected respectively (Table
1). HSPO90OAA1 (Heat Shock Protein 90 kDa
Alpha (Cytosolic), Class A Member 1), TP53
(Tumor Protein P53) with higher degrees were
significantly enriched in PPI network for up-reg-
ulated genes, and UBE2/ (Ubiquitin-Conjugating
Enzyme E2l), CBLB (Cbl Proto-Oncogene B, E3
Ubiquitin Protein Ligase) and SIRT1 (Sirtuin 1)
with higher degrees were significantly enriched
in PPl network for down-regulated genes.

GO and pathway enrichment analyses in PP|
network

The results of GO annotation and KEGG path-
way enrichment analyses for up-regulated and
down-regulated genes in PPl network were
shown in Table 2. Besides, proteasome path-
way was enriched in PPl network with the high-
est counts (the number of genes enriched in
KEGG terms) for up-regulated genes.

Int J Clin Exp Pathol 2016;9(9):9126-9137
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module 1

module 3

module 2

module 4

Figure 3. Sub network modules obtained from the PPI network for up-regulated genes.

module 1

A

module 2

Figure 4. Sub network modules obtained from the PPI network for down-regulated genes.

Transcription factor of key nodes in regulatory
network

Based on the PPl networks for up-regulated

genes and down-regulated genes, we obtained
a network including 30 nodes with higher

9131

degrees (Figure 2). A total of 49transcription
factors and 30 target genes were included in
this network. Combined with DEGs in CLL
immobilized samples, we found 11 transcrip-
tion factors encoded by significantly DEGs
(Table 3).

Int J Clin Exp Pathol 2016;9(9):9126-9137
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Table 4. Significantly functional enrichment of module for up-regulated and down-regulated genes in PPI network

Term Description Count  P-value
up-regulated genes

Module 1
BP G0:0042254 Ribosome biogenesis 23 1.38E-35
G0:0022613 Ribonucleoprotein complex biogenesis 23 1.31E-31
G0:0034470 NcRNA processing 19 1.27E-23
cC GO0:0005730 Nucleolus 49 9.09E-58
G0:0031981 Nuclear lumen 50 2.35E-44
GO0:0070013 Intracellular organelle lumen 50 5.81E-40
MF G0:0003723 RNA binding 18  9.12E-14
G0:0016423 TRNA (guanine) methyltransferase activity 3 5.86E-05
G0:0034062 RNA polymerase activity 4 1.57E-04
KEGG hsa03020 RNA polymerase 3 2.92E-05
hsa00240 Pyrimidine metabolism 3 3.45E-04
hsa00230 Purine metabolism 3 9.00E-04

Module 2
BP G0:0043161 Proteasomal ubiquitin-dependent protein catabolic process 26 4.48E-43
G0:0010498 Proteasomal protein catabolic process 26 4.48E-43
G0:0031145 Anaphase-promoting complex-dependent proteasomal ubiquitin-dependent protein catabolic process 23 3.53E-41
CC G0:0000502 Proteasome complex 27 6.68E-54
G0:0005839 Proteasome core complex 9 4.27E-16
G0:0005829 Cytosol 22 1.95E-11
MF GO0:0070003 Threonine-type peptidase activity 9 1.86E-16
G0:0004298 Threonine-type endopeptidase activity 9 1.86E-16
G0:0008233 Peptidase activity 14 1.95E-09
KEGG hsa03050 Proteasome 24 2.04E-39
hsa04110 Cell cycle 5 1.61E-02

Module 3
BP G0:0016126 Sterol biosynthetic process 14 1.01E-32
G0:0006694 Steroid biosynthetic process 15 5.76E-30
G0:0016125 Sterol metabolic process 15 7.76E-29
CC G0:0005789 Endoplasmic reticulum membrane 8 9.43E-09
G0:0042175 Nuclear envelope-endoplasmic reticulum network 8 1.37E-08
G0:0044432 Endoplasmic reticulum part 8 5.46E-08
MF G0:0016863 Intramolecular oxidoreductase activity, transposing C =C bonds 3 1.12E-04
9132 Int J Clin Exp Pathol 2016;9(9):9126-9137
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Module 4

BP

cC

MF

KEGG

Down-regulated genes

Module 1
BP

MF

Module 2
BP

cC

KEGG

G0:0016860
G0:0000247
hsa00900
hsa00100

G0:0043038
G0:0006418
G0:0043039
G0:0005829
G0:0005625
G0:0000267
G0:0016875
G0:0004812
G0:0016876
hsa00970
hsa00290

G0:0046578
G0:0051056
G0:0035023
G0:0030695
G0:0060589
G0:0005085

G0:0007186
G0:0006955
G0:0007166
G0:0005887
G0:0031226
G0:0044459
G0:0008009
G0:0042379
G0:0016494
hsa04062
hsa04060

Genes for chronic lymphocytic leukemia

Intramolecular oxidoreductase activity
C-8 sterol isomerase activity
Terpenoid backbone biosynthesis
Steroid biosynthesis

Amino acid activation

tRNAaminoacylation for protein translation
tRNAaminoacylation

Cytosol

Soluble fraction

Cell fraction

Ligase activity, forming carbon-oxygen bonds
Aminoacyl-tRNA ligase activity

Ligase activity, forming aminoacyl-tRNA and related compounds
Aminoacyl-tRNA biosynthesis

Valine, leucine and isoleucine biosynthesis

Regulation of Ras protein signal transduction

Regulation of small GTPase mediated signal transduction
Regulation of Rho protein signal transduction

GTPase regulator activity

Nucleoside-triphosphatase regulator activity
Guanyl-nucleotide exchange factor activity

G-protein coupled receptor protein signaling pathway
Immune response

Cell surface receptor linked signal transduction
Integral to plasma membrane

Intrinsic to plasma membrane

Plasma membrane part

Chemokine activity

Chemokine receptor binding

C-X-C chemokine receptor activity

Chemokine signaling pathway
Cytokine-cytokine receptor interaction

O OO N W

AN NW A BS

AN WWOOONO N

4

8.55E-04
3.46E-03
1.35E-10
2.77E-10

2.78E-35
2.78E-35
2.78E-35
2.37E-07
2.98E-06
2.78E-03
2.67E-36
2.67E-36
2.67E-36
3.43E-32
5.02E-04

3.60E-05
6.21E-05
5.23E-04
8.76E-10
1.00E-09
3.07E-05

2.10E-06
6.56E-06
4.09E-05
9.55E-04
1.04E-03
9.83E-03
2.55E-04
2.90E-04
4.31E-03
9.02E-04
2.41E-03

BP: biological process; CC: cellular component; MF: molecular function; Term: the identification number of GO or KEGG term; Description: the names of GO or KEGG term; Counts: the
number of genes enriched in GO or KEGG terms.
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The number of transcription factors regulating
every target gene was observed by calculating
degree value of the node. The target genes reg-
ulated by transcription factor with degree > 9
were HSP90OAA1 (degree =16), TP53 (degree
=13), WDR12 (WD Repeat Domain 12, degree
=13), HSP90AB1 (Heat Shock Protein 90 kDa
Alpha (Cytosolic), Class B Member 1, degree
=12), HSPA8 (Heat Shock 70 kDa Protein 8,
degree =11), UBE2| (degree =10), CBLB (degree
=9), SIRT1 (degree =9), UBC (Ubiquitin C,
degree =9) and ACTB (Actin, Beta, degree =9).
The degree represents the number of transcrip-
tion factor regulating target genes.

Network module analysis

Atotal of 4 sub network modules were obtained
from the PPl network for up-regulated genes
(Figure 3), and 2 sub network modules for
down-regulated genes (Figure 4). The results of
significantly functional enrichment of module
were shown in Table 4. Furthermore, protea-
some pathway was the most significant path-
way with the highest counts (the number of
genes enriched in KEGG terms) in module 2 for
up-regulated genes.

Discussion

In this study, a total of 2566 DEGs including
1664 up-regulated and 902 down-regulated
genes were identified in CLL immobilized sam-
ples compared with CLL untreated samples.
Our results showed that HSP9OAA1 and TP53
with higher degrees in PPl network for up-regu-
lated genes were important target genes regu-
lated by many transcription factors. Further-
more, UBE2I, CBLB and SIRT1 with higher
degrees in PPl network for down-regulated
genes were also important target genes regu-
lated by many transcription factors. Besides,
proteasome pathway enriched in PPl network
for up-regulated genes was the most significant
pathway in module 2.

It is reported that TP53 (p53) mutations are
strong predictors of refractoriness and poor
survival in CLL [23], and are related with resis-
tance to chemotherapy-based therapy and
adverse outcomes in CLL [24]. Furthermore, in
CLL, TP53 mutations and dysregulations of this
gene are considered as the most adverse prog-
nostic factor [25]. Dufour et al. suggested that
a complete disruption of TP53 function could
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increase the risk of disease development in
previously treated CLL patients [26]. Nadeu et
al. indicated that clonal and subclonal muta-
tions of TP53 had influences on clinical out-
come [27]. In addition, it is reported that miR-
34a directly targeted by p53 is related with the
adverse outcome of CLL patients [28]. HSP9O
is a member of the heat shock family of pro-
teins. Castro et al. suggested that development
of cancer in CLL and differences in clinical
prognosis might be associated with the activity
of HSP9O0, and activation of HSP90 might be
able to protect aggressive CLL cells via stabili-
zation of ZAP-70 [29]. Furthermore, Hertlein
showed that geldanamycin, one kind of HSP9O
inhibitor, had preclinical efficacy in CLL therapy
[30]. These studies showed that HSP90OAA1
and TP53 might play important parts in the
development of CLL, which was in line with our
results.

Accumulation of mature B lymphocytes in sec-
ondary lymphoid organs, bone marrow and
peripheral blood lead to the formation of CLL
[31], and UBE2I takes part in regulation of cell
cycle and apoptosis [32]. Furthermore, many
studies showed that UBE2I interact with TP53
[33, 34], and as above stated that TP53 might
be related with the development of CLL. Thus,
UBE2I may be involved in the development of
CLL. CBLB plays key parts in regulation of acti-
vation thresholds in mature lymphocytes [35].
Furthermore, CBLB associates with ZAP-70 in
CLL cells, and ZAP-70 is a predictor of CLL pro-
gression [6]. Thus, CBLB may be related with
CLL progression. SIRT1, a member of the sir-
tuin family of proteins, is an NAD*-dependent
deacetylase [36]. SIRT1 levels were up-regulat-
ed in CLL cells [37]. SIRT1 can deacetylate a
key lysine residue and then inactivates p53
(TP53) [38], and TP53 mutations are strong
predictors of poor survival in CLL [23]. Thus,
SIRT1may be associated with CLL development
by interacting with other genes. In our present
study, UBE2I, CBLB and SIRT1 with higher
degrees in PPl network for down-regulated
genes were important target genes regulated
by many transcription factors. Therefore, our
present results are in accord with the former
researches and suggest that UBE2/, CBLB and
SIRT1 may be involved in the progression of
CLL.

In this study, proteasome pathway enriched in
PPl network for up-regulated genes was the

Int J Clin Exp Pathol 2016;9(9):9126-9137
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most significant pathway in module 2. Pro-
teasome inhibitors, such as NPI-0052 (Salin-
osporamide A) and bortezomib could induce
apoptosis of lymphocytes in CLL patients or
had proapoptotic activity in CLL cells [39]. Baou
et al. suggested that combined with other
agents influencing the levels of Mcl-1, NOXA
(Phorbol-12-myristate-13-acetate-induced pro-
tein 1) could be an effective therapy for CLL
patients [40]. Furthermore, activation of the
TRAIL (TNF-related apoptosis-inducing ligand)
apoptotic pathway can help to apoptosis in-
duced by proteasome inhibitor in CLL cells [41].
Therefore, proteasome pathway may be associ-
ated with the development of CLL.

In conclusion, HSP90OAAL, TP53, UBE2I, CBLB
and SIRT1 may be key genes associated with
the development of CLL. Furthermore, protea-
some pathway may play significant roles in the
CLL progression. We infer that these genes and
proteasome pathway possibly can be used as
therapeutic targets for CLL in the future clinical
trials. However, no experimental verification
and relatively small sample size are our limita-
tions, and further studies are needed to verify
our results and find some other more genes or
pathways related with CLL.
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