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Abstract:

Objective  To evaluate the effects of benzene on genes and signal pathways of mouse bone marrow cells using RNA sequencing
(RNA-seq), and to provide novel clues for studying potential mechanism of benzene toxicity to bone marrow cells.

Methods  C3H/He mice were randomly divided into two groups with ten mice each: control [0mg/(kg d)] and benzene exposure
[160 mg/(kg d)] groups. Mice were injected subcutaneously five times per week for four weeks. The separated bone marrow cells
were sequenced by RNA-seq technique, and the gene differential expression, enrichment of gene function and signal pathway, and
gene co-expression were analyzed.

Results  The RNA-seq results showed that there were 227 genes differently expressed after the designed benzene exposure,
of which 122 genes were down-regulated and 105 genes were up-regulated. The enrichment analysis results of gene function and
signal pathway showed that these differential genes were mainly enriched in immunization, apoptosis, metabolism, oxidative stress,
and hematopoietic cell lineage related functions and pathways. The results of gene co-expression analysis showed that there were 14
genes with regulation degrees greater than 10, in which Ccr9, Xaf1, Fit3, and Cd72 were critical genes involved in immunization,
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apoptosis, hematopoietic cell lineage, and hematopoietic cell differentiation, respectively.

Conclusion  Benzene exposure could induce altered transcriptome expression in bone marrow cells in mice and affect
immunization, apoptosis, metabolic process, oxidative stress, and hematopoietic cell lineage related functions and pathways. Ccr9,
Xafl, Flt3, and Cd72 might play a key regulatory role in benzene induced hematopoietic toxicity.
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16.3 Bax  TGCTAGCAAACTGGTGCTCA TCTTGGATCCAGACAAGCAGC
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Table 2 Blood routine test results of mice in benzene exposure and
control groups for four weeks
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Table 3 RNA-seq reads mapping to the reference genome

Total mapped Multiple mapped  Uniquely mapped

Group  Sample Total reads

0 0,
Reads % Reads % Reads

1 49165562 41536915 84.48 1629678 3.31 39907237 81.17

10°/L 10%/L g/L 109/L
Group White blood cell Red blood cell Hemoglobin Platelet

7.36+ 1.45 7.92+ 041 125.9+ 11.15 548.6+ 196.33
Control
Benzene 3.06+ 0.98" 6.26+ 0.30 110.5+ 534  663.7+ 177.38
exposure
* P<0.05

Note * Compared with the control group P<0.05.
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Figure 1 Differentially expressed genes in bone marrow cells of mice exposed to benzene for four weeks
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Table 4 Function enrichment of differentially expressed genes in bone marrow cells of mice exposed to benzene for four weeks

. P . . .
Gene function Number of genes False discovery rate Differentially expressed genes
10 <0.05 <0.05 Ccr9 Ifi44l Tir9 H2-Aa Oas2 Oasl2 Endou Tnfsf8 Cd74 Ccr7
Immune response
Regulation of apoptotic process 9 <0.05 <0.05 Ikzf3 Birc5 Ifihl Traf4 Bmf Cardll Prdx2 Bax Atpif]
17 <0.05 <0.05 Ctsf Ddx60 Ace Ube2c Fah Mthfd2 Kmo B3gnt5 Dpp4 St6gall
Metabolic process ’ ’ Cda Oasl2 Gpam Hsd3b6 Neill Gstm5 Ragl
12 <005 <005 Birc5 Prdx2 Piml Foxol Hmoxl Gpxl Snca II2rb Cd74 Ccngl
Negative regulation of apoptotic process ’ ’ Cdknla Sox4
. . . 7 <0.05 <0.05 Mtl Bax Prdx2 Snca Prkcg Hmoxl Birc5
Negative regulation of neuron apoptotic process
T
T cell costimulation 4 <0.05 <0.05 Dpp4 Cardll Tnfrsfl3c Cd80
4 <0.05 <0.05 Hbb-bs Gpx4 Prdx2 Gpxl

Hydrogen peroxide catabolic process

12 <0.05 <0.05 Cecr2 Bax GpxI Traf4 Fisl Xafl Birc5 Bmf Foxol Zmat3 Bbc3

Apoptotic process Phlda3
Homeostasis of number of cells 4 <0.05 <005 Vpreb2 Bax [I7r Prdx2
T 8] <0.05 <0.05 Dtx] Prdx2 Cd74

Negative regulation of T cell differentiation
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Table 5 Pathway enrichment of differentially expressed genes in bone marrow cells of mice exposed to benzene for four weeks

Pathway Number of genes P False discovery rate Differentially expressed genes
P53 P53 signal pathway 8 <0.05 <0.05 Zmat3 Cdknla Cdk6 Ccngl Ccndl Bax Bbc3 Gadd45a
Hematopoietic cell lineage 7 <0.05 <0.05 Fcer2a Cd22 Cd19 Fit3 II7r Il2ra Siglech
Primary immunodeficiency 5 <0.05 <0.05 Ciita Cd19 Il7r Ragl Tnfrsfl3c

Pafahlb3 Nmel St6gall Hsd3b6 Gukl Cox6b2 Mthfd2 Fah Polr2h

Metabolic pathways 18 <0.05 <005 Ugcrh Cda Ndufa5 Cox4il Kmo Gpam Shmt2 B3gnt5 Dut
FoxO FoxO signal pathway 7 <0.05 <0.05 Gadd45a Cdknla Gabarapl2 Ccndl Ragl I1l7r Foxol
Jak-STAT Jak-STAT signal pathway 7 <0.05 <0.05 12rb 117r 1l2ra Cdknla Ccndl Piml Socs2
PI3K-Akt PI3K-Akt signal pathway 9 <0.05 <0.05 12ra 17r 12rb Col27al Cdknla Cdk6 Cd19 Cendl Col5a3
Cell cycle 4 <0.05 <0.05 Cdknla Gadd45a Cdk6 Ccndl
Glutathione metabolism 3 <0.05 <0.05 Gpxl Gstm5 Gpx4
Acute myeloid leukemia 3 <0.05 <0.05 Flt3 Ccndl Piml

Note Red represents high expression in the exposure group green represents low expression in the exposure group and larger size suggests stronger degree.
The solid lines represent a positive correlation between the genes and the dashed lines represent a negative correlation between the genes.
2 4
Figure 2 Co-expression network of differentially expressed genes in bone marrow cells of mice exposed to benzene for four weeks



http://jeom.scdc.sh.cn:8081 J Environ Occup Med 2017 34 7 583 -
6 4 3
Table 6 Co-expression analysis results of differentially expressed
genes in bone marrow cells of mice exposed to benzene for four weeks
) 21
Gene Regulation Function and pathway
degree
Cd93 14 Cell adhesion
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Aff3 12 Regulation of transcription
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Parpl4 12 Regulation of transcription
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T 22
Pre-B and B cell differentiation leukocyte homeostasis
negative regulation of cell proliferation pre-T cell
differentiation hematopoietic cell lineage transcriptional
misregulation in cancer acute myeloid leukemia
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interaction
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