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Abstract

Background: Lymphomas are solid tumors of immune system and Non-Hodgkin

Lymphomas (NHL) are the most prevalent lymphomas; with wide ranges of

histological and clinical features, it is so difficult to identify them. Herein, various

bioinformatics tools (such as gene differential expressions, epigenetics and protein

Corresponding Author: analysis) are employed to find a new treatment approach for NHL based on gene
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protein interaction network performed by X2K, ChEA, microRNA TargetScan and
Genes2Networks software respectively. Finally, drug target was identified and
carried out by Drug Pair Seeker and Connectivity MAP databases.
Results: The results showed GATA2 Transcription Factor (TF) up-regulates genes
while Sox2 down-regulates them.
Conclusion: Functional analysis of up-regulated genes showed high activation in
B cell receptor signaling pathway while programmed cell death and apoptosis
program were noted in down-regulated genes. Drug discovery facilities revealed
that Verteporfin drug induces down-regulated genes while Prochlorperazine
represses up-regulated genes. Three microRNA34a\34c and miR-449 repressed
up-regulated gene networks. The findings pave the way toward B-NHL therapy
with 34a/b and miR-449 microRNAs and Prochlorperazine / Verteporfin drugs.
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Introduction

Lymphomas are solid tumors of immune system and
90% of them have been diagnosed as Non-Hodgkin
Lymphomas (NHLs), so far (1). The diagnosis of

(1988-2007) (3-5). In USA, 3.7% yearly increase in
just 15 years (1992-2007) has been reported and the
same trend has also been documented in other

NHL is difficult due to the fact that their the
histological appearances and clinical features are
divers (1). The disease usually occurs in patients in
late fifties and older. It is the fifth most frequently
diagnosed cancer in the UK (1) as well as in the
globe. Near 210000 deaths from NHL were reported
between 1990 and 2010. (2).

Demographic data shows the incidence of the age-
standardized disease in some countries such as UK,
Scotland and Wales has increased by 35% in 30 years
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countries such as Brazil, India, Japan, Singapore, and
Western Europe (6-8). Immunosuppression has been
blamed as the most well-established risk factor for
the development of NHL; therefore, higher incidence
of the disease has been reported in HIV positive
patients. Those who receive immunosuppressive
medicine (such as organ-transplant recipients,
patients who have had high-dose chemotherapy with

stem-cell transplantation, and those with inherited
immunodeficiency syndromes or autoimmune disease)
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have also shown higher cases of NHL. Inhibition of
immune system by infectious agents, or induction of
chronic inflammatory diseases facilitates the
incidence of lymphoma. Some infections (such as the
Epstein-Barr virus or Helicobacter pylori) are risk
factors for lymphoid tissue lymphoma. It has been
shown that some specific lymphomas are associated
with some microorganisms such as hepatitis C virus,
Borrelia burgdorferi with cutaneous mucosa-
associated lymphoid tissue lymphoma, and Chlamydia
psittaci with ocular adnexal lymphoma (9).
Bioinformatics represents a new field at the interface
of the twentieth-century revolutions in molecular
biology and computers. A focus of this new discipline
is the use of computer databases and computer
algorithms to analyze huge available data on protein
and genes (10). Extracting sense of the enorrmous
quantities of biological data is a major challenge in
bioinformatics era (11). Microarray techniques
classified in high-throughput techniques and the
result of microarrays revealed Differential Expression
Genes (DEGs) between different stages of disease.
These methods may enable a better understanding of
the disease mechanisms (12-14). In this study, systems
biology methods and bioinformatics tools have been
employed to better understanding of B Non-Hodgkin
Lymphoma (BNHL) mechanism and to predict new
candidate approach of diagnosis and treatment.

Materials and Methods

Microarray analyses

Microarray data (GSE20011 dataset) was downloaded
from National Center Biotechnology Institute (NCBI),
Gene Expression Omnibus (GEO) database. Data wes
analyzed by GEO2R (www.nchi.nlm.nih.gov/geo/geo
2r) tols and Non-Hodgkin lymphoma (NHL) and
Classic Hodgkin lymphoma (CHL) were compared to
identify differential expression genes (15).
Differential expression Genes functional analysis was
performed with two DAVID and BioCarta database
for differential expression genes (DEGs) (16-18) and
their molecular functional properties were analyzed

by GO Molecular Function via Enrichr
(www.amp.pharm.mssm.edu/Enrichr) web site (16).

Disease analysis
Differential expression genes were applied to OMIM
disease database by Enrichr web tools (16).

Cellular Component Analysis

To identify the DEGs position in the cell structure.
We analyzed data with Gene Ontology Cellular
Component database (16).

Protein Analysis

Differential expression genes analyses were performed
by ChEA database to find Transcription factors (TFs)
on the promoter and upstream of promoter sites (16,
19); and to find intermediate proteins (19, 21) and
protein kinase (19, 20).

Pathways

Signaling pathway was run by yEd (Version 3.10.2)
graph editorsoftware (22) to understand the underlying
mechanism of protein - protein interactions based on
TFs, intermediate proteins and protein kinases.

Drug Prediction

The pathways showed many detail of protein
mechanisms and possible effective drugs predicted by
DPS (drugs pair seeker) and CMAP (Connectivity
MAP) databases based on discovered pathways and
differential expression genes (16, 19, 20).

MicroRNAs Prediction

We predicted both microRNAs working on suppress
signaling pathways and up regulated genes by
TargetScan microRNAs (20, 23).

Results

Microarrays analysis

The result showed the expression of 548 genes (371
up regulated and 177 down regulated) changed
significantly in analyzed datasets.

Table 1. Functional analysis of DEGs.The first column is the function of URGs and the best function was shown B cell receptor signaling
pathway and lymphocyte activation, whereas the second column is the function of down-regulated genes and the best function of DEGs was

reported in programmed cell death, Cell death and Regulation of apoptosis.

Function of up-regulated genes

Function of down-regulated genes

B cell receptor signaling pathway
Lymphocyte activation
Leukocyte activation

Pleckstrin homology
B cell activation

Immune response-activating cell surface receptor Signaling pathway

Immune response-activating cell surface receptor Signaling pathway

Immune response-activating signal transduction

Programmed cell death

Cell death
Death

Regulation of apoptosis

Regulation of programmed cell death
Regulation of cell death

Bzlp transcription factor/bzlp-1
BRLZ
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Function Analysis

The result of function analysis showed in up-
regulated genes B cell receptor signaling pathway
and lymphocyte activation mechanisms were
dominant, whereas in down-regulated programmed
cell death and cell death mechanisms were no table
(Table 1).

Molecular function of DEGs showed that receptor
protein signaling, iron ion binding and heme binding
functions were the most affected functions in up-
regulated genes; whereas in down-regulated genes
they were transcription regulator, RNA polymerase 2
transcription factor and transcription factor binding
(Supplemental Table 1).

Disease analysis

DEGs were analyzed with OMIM disease database,
and the up-regulated genes werereported in Ichthyosis,
Systemic-lupus-erythematosus and, Immunodeficiency
diseases, whereas among significantly down-regulated
genes, thereported diseases were Charcot-marie-tooth-
diseas, Asthma and Ectodermal-dysplasia
(Supplemental Table 2).

Table 2. Promoter analysis of up-and down-regulated genes
showed GATA2 and SOX2 as the best TFs in up- and down-
regulated genes respectively.

TF Target p-value Combined score

Up-regulated

GATA2 51 145E-11  47.22389
GATAI 28 1.43E-09 4679499
FOXA2 68 5.36E-17  43.17111
SOX2 53 1.27E-11 3661537
CTNNBI 29 531E-10 3276541
AR 65 5.05E-12 3127659
LMO2 41 8.55E-11 3081776
TBX3 25 5.65E-07  23.82473
MITE 94 3.93E-15 2374851
POU3F2 35 6.29E-08  23.2882

Down- regulated

SOX2 49 1.03E-19  68.00847
STAT3 24 1.60E-05  44.98689
TCFAP2C 41 251E-13 4121353
GATAI 43 479E-15 3625311
MYB 21 435E-10  35.45965
HNF4A 76 2.00E-20 3323756
SALLA 19 5.63E-08  32.7681

FOXA2 45 2.04E-14 3276121
KLF4 28 6.10E-10 3229828
E2F4 44 1.30E-13  30.43986
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Cellular Component

Membrane and nuclear membrane were two
components of cells that significantly were employed
by up-regulated genes, whereas in down-regulated
genes cytoplasmic membrane-bounded vesicle was
the most activated one (Supplemental Table 3).

Table 3. Specific protein kinase extracted from intermediate
proteins that were extracted from DEGs are shown. The first
column showed kinases names and the second column showed
combine of three P-value, Z-score and Adjusted p-value scores
which is called combined scores. The best kinase of URGs is LYN
and it is not reported in DRGs and AURKA kinase is reported in
DRGs and is not reported in URGs.

Term Combined score

Specific Protein Kinase of

URGS

LYN -3.129911218
BTK -3.975363013
PRKCG -5.023054237
ERBB4 -7.104337302
MSTIR -8.21716952

MAP3KS5 -8.754972947
ERBB3 -9.130840177
KIT -9.414200374
IKBKE -9.695227483
TBK1 -9.765171072
Specific Protein Kinase of

DRGs

AURKA 5.970405374
ATR -0.894446961
CHEK2 -2.099157995
PLK1 -6.177234754
AURKB -9.663050797
CAMK2B -10.30617005
SMG1 -27.51413737
TP53RK -30.51656238
HIPK1 -32.12118479
TTK -34.99793532
PKMYTI -37.34807626
BRD2 -38.95218214

Protein analysis

Transcription factor (TF), intermediate protein and
protein kinase analysis of both URGs and DRGs
confirmed that two signaling pathways were involved
in the process. TFs analysis of DRGs reported that
GATA2, GATAI and FOXA2 were the best TFs binding to
URGs and SOX2, STAT3 and TCFAP2C were the
best TFs in down-regulated genes list (Table 2).
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When two TFs lists of URGs and DRGs were
compared, the overall TFs were the same except for
HTT, IKZF1, ZNF652, HOXDI13, SALLI, CHD?7,
CIITA, BPI in URGs and TRP63, DMRTI, NR4A2,
IRFI in DRGs.

TFs of URGs and DRGs were analyzed with
intermediate proteins analysis and results showed the
79 and 40 intermediate proteins respectively. The
intermediate proteins could be helping the TFs to be
active in the cells.

The protein kinases analyses from intermediate
proteins pointed out 219 protein kinases of
intermediate protein from URGs; the best scores were
gained by MAPK1, MAPK3, AKT1 respectively,
whereas 155 kinases were in DRGs intermediate
proteins and the best scores were assigned to
MAPKI1, MAPK3 and HIPK2 respectively. Two

types of kinases were compared and it was found that
overall kinases were the same except for 12 kinases
of DRGs and 76 kinases from URGs; the best scores
were gained by LY BTK, PRKCG in URGs whereas
AURKA, ATR, CHEK2 gained the best scores in
DRG (Table 3).

Pathways

Pathways among TFs, intermediate proteins and
protein kinases were used to understand the
mechanisms of DEG up-regulated or down-regulated
genes; and to find the protein hubs to diagnose their
therapeutic target candidates. Results showed
Androgen Receptor (AR) was the hub protein of
URG via 25 direct and 3 indirect interactions
(Figurel).

Figure 1. Pathway created of 3 proteins founded in this study as TFs and intermediate protein and kinases. After finding three types of protein
from DEGs, we made the above pathway. The above pathway has involved 99 nodes and 812 edges that mean internal interaction among
proteins. 79 intermediate proteins are shown with Light gray and 10 TFs with yellow and 10 kinases with green.

Core protein of pathways showed Androgen Receptor (AR) TFs with 25 direct edges and 3 indirect edges.
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Hubs of protein pathway of DRG showed that signal
transducer and activator of transcription 3 (STAT3)

with 29 direct interactions were the main proteins
(Figure2).

Figure 2. Pathway created of 3 proteins founded in this study as TFs and intermediate protein and kinases. After finding three types of protein
from DEGs, we made the above pathway. The above pathway has involved 60 nodes and 441 edges that mean internal interaction among the
proteins. 40 intermediate proteins colored with light-gray and 10 TFs with white and 10 kinases with dark gray.

Core protein of pathways showed Signal Transducer and Activator of Transcription 3(STAT3) TFs with 29 direct edges and Mitogen-Activated
Protein Kinasesl (MAPK1) of kinase with 21 edges and Estrogen Receptor 1 (ESR1) via 37 edges reported.

Drug Prediction

Drug prediction was performed to both pathways and
both URGs and DRGs to find the suitable drug
candidate to BNHL therapy and prevention by drug
prediction. The first predicted drugs to suppress
URGs was rochlorperazine (0.0000 Molar (M)
dosage for 6 hours) and BCB000040 (0.00001 M
dosage for 6 hours); the drugs predicted to induce
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DRGs as Verteporfin (0.0000028 M dosage for 6
hours) and Adenosine phosphate (0.000011 M dosage
for 6 hours) (Table 4).

The second predicted drugs to revers proteins
pathway were Trichostatin A (via different dosage),
Nordihydroguaiaretic acid (0.000001M dosage for 6
hours) (Supplemental Table 4).
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Table 4. Drugs predicted of DEGs. The first column showed the
drugs to suppress the up-regulated genes (URGs) and the second
column reported drugs to induce the down-regulated genes
(DRGs).

Suppresser Drugs to URGs  Inducer Drugs to DRGs

Prochlorperazine-2675 Verteporfin-6817
BCB000040-7559
Trichostatin A-1175

Vorinostat-2680

Verteporfin-3556
Adenosine phosphate-5359
Oxprenolol-5871
Vorinostat-1161 Pregnenolone-4218
Carcinine-1305 Atovaquone-4786
Altizide-2527

Capsaicin-3034

Guanabenz-4642
Ciclopirox-2456
Equilin-5620

Sodium phenylbutyrate-502  Palmatine-4957

Lansoprazole-2967

MicroRNA Prediction: MicroRNAs predicted to
suppress URGs and proteins pathway, the results
showed that the miR-34A, miR-34C, and miR-449 as
the best suppressor for URGs. Whereas the miR-
199A and miR-199B were two microRNAs which act
on proteins pathway (Figure 1) (Table 5).

Table 5. MicroRNAs has predicted to suppress the URGs and
proteins pathway, the first part of the table report which
microRNAs were predicted to suppress the URGs and the second
part showed which microRNAs to suppress the proteins pathway.
The first column showed the microRNA names and the second
column report the score value (which P-value less than 0.05). The
best microRNAs to suppress the URGs reported in miR-34A, miR-
34C and mir-449, also the best of second part which suppress the
proteins pathway reported in miR-199A and miR-199B.

Term P-value

Revers up-regulated genes

miR-34A, miR-34C, miR-449 0.0047596
miR-219 0.0077706
miR-34B 0.008243

Revers protein pathway

miR-199A,miR-199B 1.61E-04
miR-18A,miR-18B 0.0059645
miR-1,miR-206 0.0079639
miR-524 0.0083552
Discussion

Lymphoma is known as solid tumor in the immune
system. Non-Hodgkin lymphoma makes up most
cases of lymphoma and less than 10% of the cases
are Hodgkin lymphoma (1). Diagnosis of non-
Hodgkin lymphoma is difficult because of
histological appearances and clinical features (1).
Herein, to understand the underlying mechanisms of
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NHL and to find the best target elements to diagnose
and treat it, we employed various bioinformatics and
system biology tools to find the candidate proteins,
genes and drugs. Microarray analysis was used to
compare B non-Hodgkin lymphoma (Malignant
form) and Classic-Hodgkin Lymphoma (Benign
form). There were 371 URGs and 177 DRGs.
Functional analysis revealed that DRGs were
associated with cell death, while URGs were related
to B cell receptor signaling pathways, lymphocyte
activation and leukocyte activation (Table 1).
Molecular function analysis was performed in URGs.
The results revealed genes have functioned in heme
binding and calcium ion transmembrane transporter,
whereas the results of molecular function analysis in
DRGs are reported to function in MHC class |
receptor in which is important in immune response
mechanism.

Of ten first molecular functions (Supplemental table
1), four functions contribute to transcription
mechanisms, for example the RNA polymerase Il
transcription factor activity.

The function of two genes SOCS1 and CDKNI1B in
the DRGs are reported in protein kinases inhibitor.
Molecular function analysis was performed to
determine specific protein kinase from DEGs (Table
3). The results of molecular function of seven protein
kinases AURKA, ATR, CHEK2, PLKI, SMGI,
TP53RK and HIPK1 in comparison with the ten first
of kinase molecular functions (Supplemental table 1)
are reported in transcription mechanisms.

URGs were analyzed by disease database, and the
results showed those contribute to Ichthyosis disease
as well as immunodeficiency disease (Supplemental
table 2).

Cellular component analysis was performed to
URGs. The results showed that the membrane
component. The membrane component is the one of
the important organ of cells stability and resistance.
The URGs working found to membrane against CHL
it is may a sign or a reason to increase the cells
resistance and stability in malignant BNHL.
(Supplemental table 3).

GATA2 TFs are reported as the importance TFs in
URGs, and SOX2 showed the main TFs in the DRGs
(Table 2), the specific TFs were not reported in
DRGs but were reported in the URGs. So, HTT,
IKZF1, ZNF652, HOXD13, SALL1, CHD7, CIITA,
BP1 are the specific TFs for URGs whereas TRP63,
DMRTI1, NR4A2, IRF1 are the specific TFs for
DRGs. Specific TFs may have the potential to be
candidate for the diagnosis or treatment target.

In the protein kinase analysis, the best scores has
been gained from Mitogen-Activated Protein
Kinases] (MAPKI1) and the specific protein kinase
was reported by LYN in the reported URGs.
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LYN is one of the Tyrosine kinases of src family and
has been reported to have an important role in the
Immunodeficiency disease like Asthma. Other LYN
functions are also reported in the negative control of
B receptor cells and are being important to remain the
phenotype of acute myeloid leukemia (AML) and B
cell lymohocytic leukemia (BCLL) (23-25). Therefore,
LYN protein kinase may have an important role in
BNHL, and also may have potential to be use for
diagnosis and treatment targeting. The best score of
protein kinases of DRGs are reported for Mitogen-
Activated Protein Kinasesl (MAPKI1), but MAPK1
gained the best score of both URGs and DRGs so it is
not a suitable candidate for any targeting.

In DRGs the best score of specific protein kinase was
gained by Aurora Kinase A (AURKA).

Peaks of activity of AURKA are reported in G2
phase to M phase transition in the cell cycle (26). It’s
very important because it is working in the phase that
the mutated cells are going to unlimited or without
any proliferation control like cancer cells.

Seven protein kinases AURKA, ATR, CHEK2,
PLK1, SMGI1, TP53RK and HIPK1 are reported to
phosphorylate the TP53 main tumor suppressor
protein (27).

The finding revealed that the above seven protein
kinases activate the TP53 by phosphorylating in
BNHL cells. Hence, AURKA may play an important
role in BNHL. In other words, functions of DRGs
were reported on the Cell death and Apoptosis and
functions of seven protein kinases of DRGs were
reported to phosphorylate TP53 which is one of the
main proteins of cell death function (28-31). This
finding can explain the cell death mechanisms that
there are two paths to activate the cell death
programs. The first one which is direct path includes
seven protein kinases and leading to cell death
program by activating TP53. The second path is
indirect path which activates the DRGs, resulting in
activating cell death program.

In this study reported by the first time both hub
proteins may be the potential candidates for the
diagnosis and treatment targeting.

Drug prediction revealed that the Prochlorperazine
with 0.00001 Molar (M) dosage for 6 hours and
BCB000040 with 0.00001 M dosage for 6 hours
suppress the URGs. Also Verteporfin with 0.0000028
M dosage for 6 hours and Adenosine phosphate
0.000011 M dosage for 6 hours are predicted to
induce DRGs (Table 4).

Other results showed that the Trichostatin A via
different dosage and Nordihydroguaiaretic acid with
0.000001 M dosage for 6 hours are predicted to
suppress the proteins pathway (Figure 1). Afterward
the results obtained that the Resveratrol with
0.0000176 M dosage for 6 hours induces the proteins
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pathway Figure 2 (Supplemental Table 4). This
finding is reported for the first time to utilize the
candidate drugs for new therapeutic approaches.
Mir-34A and miR-34C and miR-449 are predicted to
suppress the URGs with the therapeutic approaches.
The results also showed that miR-199A and 199B
suppress the protein pathway (Figure 1). This finding
is reported for the first time and it could be utilized
for molecular therapy (Table 5).

The suggested drugs are utilized together which are
predicted to reverse URGs and to induce DRGs and
the suppressed protein pathways (Figure 1). It is also
possible to improve and optimize the therapeutics
candidate method has been suggested in this study.
The reported candidate protein molecules and drugs
in this study need to be validated with molecular
approaches in the experimental laboratory.

Conclusion

In summary, this study suggests GATA2 and SOX2
as the two importance markers in BNHL. The
findings also pave the way toward B-NHL therapy
with miR-34a/b and miR-449 microRNAs and
Prochlorperazine with 0.00001 M dosage for 6 hours
and Verteporfin with 0.0000028 M dosage for 6
hours drugs.
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