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ABSTRACT

Background: Systemic inflammatory response syndrome (SIRS) is a systemic nonspecific inflammatory response to severe injury
caused by infectious or noninfectious factors.

Methods: The impact method was used to make unilateral femoral comminuted fractures in tree shrews and lipopolysaccharide was
injected intravenously to create a traumatic systemic inflammatory response syndrome model. The treatment group was infused with
tree shrew umbilical cord mesenchymal stem cells via the tail vein.

Result: After 10 days of treatment, 3 tree shrews were killed in each of the control group, the model group and the treatment group
and pancreatic tissue was taken for RNA sequencing analysis. The results showed statistically significant changes in some genes.
The two genes with the most significantly changed expression levels were ENSTBEG00000013408 (gene name TMEM211) and
ENSTBEG00000006837 (gene name C1QL3). Their expression levels were increased in the model group and decreased after treatment.
The changes in inflammatory factors indicate that the model group has an obvious inflammatory response and the treatment of
umbilical cord mesenchymal stem cells has the effect of reducing inflammatory factors, which further proves the anti-inflammatory
effect of umbilical cord mesenchymal stem cells. There was also an obvious change in the expression of the ENSTBEG00000021330
gene (gene name ATP8), which decreased in the model group and increased after treatment, indicating that ATP8 is a gene that
contributes to the recovery of systemic inflammatory response syndrome. In the future, we may use this gene to treat systemic
inflammatory response syndrome.

Key words: Pancreas, RNA sequencing, RNA, Traumatic systemic inflammatory response syndrome, Tree shrew, Umbilical cord
mesenchymal stem cells.

INTRODUCTION

Systemic inflammatory response syndrome (SIRS) is a
systemic nonspecific inflammatory response to severe
injury caused by infectious or noninfectious factors, such
as infection, trauma, burns, surgery and ischemia-
reperfusion. SIRS presents as a group of clinical symptoms
that ultimately lead to the body’s uncontrolled inflammatory
response. Systemic reactions to severe infection include
changes in body temperature, respiration, heart rate and
white blood cell count (Anderson and Singh, 2017; Fang
etal., 2016; Garcia-Lamberechts etal., 2018; Liet al., 2018;
Mahassadi et al., 2018; Wagner et al., 2016; Ward et al.,
2017; Xu, 2019).

A traumatic systemic inflammatory response syndrome
model was established in 30 tree shrews by using the impact
method to make unilateral femoral comminuted fractures
and then intravenously injecting lipopolysaccharide. Another
10 normal tree shrews were taken as the control group and
10 were taken as the treatment after the model was
established. The treatment group was infused with tree
shrew umbilical cord mesenchymal stem cells via the tail
vein. After 10 days of treatment, three tree shrews in each
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of the control group, model group and treatment group were
killed and pancreatic tissue was collected for RNA
sequencing analysis.
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MATERIALS AND METHODS
Construction of a tree shrew traumatic systemic
inflammatory response syndrome model

Thirty tree shrews were given a unilateral femoral
comminuted fracture by the weight impact method, Brieflyya
hammer hit the femur head of a tree shrew under the force
of gravity, causing a comminuted fracture and then 0.5 mg
lipopolysaccharide was injected intravenously to create a
traumatic systemic inflammatory response syndrome model.
The body temperature of the tree shrews began to rise one
day after the model was made and reached a maximum of
41.3°C 10 days after the model was made. The tree shrew
white blood cell count began to increase 1 day after modeling
and reached a maximum of 8.91 x 10%L 4 days after
modeling. The two markers used to confirm SIRS model
establishment.

Another 10 tree shrews were used as the normal control
group. For model identification, see published literature
(Ruan et al., 2021).

The experiment was conducted at the Basic Medical
Laboratory of the 920" Hospital of the Joint Logistics
Support Force. The experiment will take place from 2020
to 2021.

Treatment of the tree shrew traumatic systemic
inflammatory response syndrome model

Of 30 tree shrew, the SIRS model was successfully
constructed in 25 and 10 were selected as the treatment
group. One hundred microliters of umbilical cord
mesenchymal stem cell suspension (1 x 108 cells) was
reinfused into the tail vein. Umbilical cord mesenchymal stem
cell suspension was provided by the National and Local Joint
Engineering Laboratory of Biomedical Technology. All 10
tree shrews in the treatment group received cell
transplantation.

The preparation and identification of umbilical cord
mesenchymal stem cells were described in published
literature (Ruan et al., 2016).

Collection of pancreatic tissue from three groups of tree
shrews

After 10 days of treatment, 3 tree shrews were killed in each
of the control group, the model group and the treatment
group. The pancreas was removed washed with PBS, quickly
placed into liquid nitrogen and sent to the company for RNA
sequencing analysis. Three pancreases were collected from
each of the three groups for RNA sequencing analysis.

RNA-sequencing analysis method to analyze the
differences in transcripts in pancreatic tissue of the
three groups of tree shrews

RNA extraction, library construction and sequencing

Total RNA was extracted using a TRIzol kit (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instructions and checked using RNase-free agarose gel
electrophoresis. After extraction of total RNA, mRNA was
enriched by Oligo(dT) magnetic beads. The library was

constructed using the KAPA Stranded RNA-Seq Library Prep
Kit (llumina). The process was as follows: First, the enriched
mRNA was fragmented into short fragments with RNA
fragmentation buffer and the first-strand cDNA was reverse
transcribed with random primers. Second-strand cDNA was
synthesized by DNA polymerase |, RNase H, dNTPs and
buffer. End repair was then performed. A bases were added
and llumina sequencing adapters were ligated. The library
quality was assessed with an Agilent 2100 Bioanalyzer
(Agilent Technologies, Palo Alto, CA, USA) after PCR
amplification and finally, the cDNA was sequenced using an
llumina Novaseq6000 (Gene Denovo Biotechnology Co.).

Bioinformatics analysis
Expression statistics

Based on the alignment results of HISAT2, StringTie was
used to reconstruct transcripts and the expression levels of
all genes in each sample were calculated. The expression
level is displayed by the FPKM (Fragments Per Kilobase of
transcript per Million mapped reads) value. The formula for
calculating the FPKM value is:

10¢C
NL

FPKM =

In the formula, for the expression level FPKM value of gene A.

C = Number of fragments aligned to gene A.

N = Number of all fragments aligned to the reference
genome in the sample.

L = Number of bases in gene A.

Analysis of differences between groups

The input data of gene differential expression analysis were
FPKM data obtained in gene expression level analysis, which
was analyzed by ballgown software. Based on the difference
analysis results, genes with P<0.05 and |log2FC|>0.585 were
identified as significantly differentially expressed genes.

Difference comparison volcano chart

Volcano plot analysis was performed according to the
significantly differentially expressed genes in each
comparison group. The volcano plot visually displayed the
differentially expressed genes between the comparison
groups. In the graph, the closer the genes are to the two
ends, the greater the difference.

Differential gene clustering heatmap

Hierarchical clustering of differential gene expression
patterns was performed and a heatmap was used to present
the clustering results. These genes with similar expression
patterns may have common functions or participate in
common metabolic pathways and signaling pathways. At
the time of analysis, each gene was z score processed and
then plotted.

KEGG (Kyoto encyclopedia of genes and genomes)
Enrichment analysis

Pathway significant enrichment analysis uses KEGG
Pathway as the unit and applies the hypergeometric test to
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find pathways that are significantly enriched in differentially
expressed genes compared to background genes. The test
assumes that N is the number of genes with pathway
annotation in all background genes; n is the number of
differentially expressed genes in N; M is the number of genes
annotated as a specific pathway in all background genes;
and m is the difference annotated as a specific pathway
number of expressed genes. It is calculated as follows:
N-M
=)

()

m-1

P=1-Y

i-0

n

N

(+)

After correction for multiple testing, pathways with a Q value
< 0.05 were selected to be defined as pathways significantly
enriched in differentially expressed genes. The Q-value here
is the p value after FDR correction. The most important
biochemical metabolic pathways and signal transduction
pathways involving in differentially expressed genes were
determined by pathway significant enrichment.

Statistical method

The statistical methods used in this experiment were
calculation of hypothesis testing probability (p value) and
multiple hypothesis testing correction to obtain FDR value
(false discovery rate).

RESULTS AND DISCUSSION
Among the genes upregulated in the model group compared
to the control group and the genes downregulated in the

treatment group compared to the model group, there were
11 genes in common through Venn diagram analysis
(Fig 1A). These 11 common genes are shown in Table 1
and Table 2.

According to Table 1, a heatmap was drawn, as shown
in Fig 1B. There are 3 genes that clustered well, namely,
ENSTBEG00000013408, ENSTBEG00000006837 and
ENSTBEG00000006937. These 3 genes were significantly
elevated in the model group. Compared with the normal
group, these three genes may be gene markers that are
significantly elevated in the model group.

According to Table 2, a heatmap was drawn, as shown
in Fig 2A. There are 5 genes that clustered well, namely,
ENSTBEG00000009022, ENSTBEG00000013408, ENSTB
EG00000017424, ENSTBEG00000006837 and ENSTBEG
00000003426. The expression levels of these 5 genes were
significantly reduced after treatment. Compared with the
model group, they may be the gene markers of reduction in
the treatment group.

Among the genes downregulated in the model group and
the control group and the genes upregulated compared with
the treatment group and the model group, there were 11 shared
genes identified through Venn diagram analysis (Fig 2B). These
11 shared genes are shown in Table 3 and Table 4.

According to Table 3, a heatmap was drawn, as shown
in Fig 2C. There is one gene with better clustering/:
ENSTBEG00000021330. This gene was significantly
decreased in the model group. Compared with the normal
group, this gene may be a gene marker that was significantly
decreased in the model group.

up_Model_vs_Normal

down_Treatment_vs_NModel

ag

Size of each list

277
1385
0

up_Model_vs_Marmal down_Treatment_vs_Model

Number of elements: specific (1) or shared by 2, 3, _.. lists

[

= ]

B

283
1415
100 °

down_Model_vs_Normal

up_Treatment_vs_odsl

Size of each list

283

up_Treatmeant_vs_Mods!

dawn_Modsl_vs_Normal

Number of elements: specific (1) or shared by 2, 3, ... lists

a7 ]

(I

211
1

A: The figure shows that among the upregulated genes in the model group compared to the
control group and the downregulated genes in the treatment group compared to the model
group there were 11 genes in common. B: It can be seen from the figure that among the genes
downregulated in the model group compared to the control group and the genes upregulated in
the treatment group compared to the model group, there were 11 genes in common.
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Fig 1: Venn diagram.
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A: There are 3 genes that cluster well, namely, ENSTBEG00000013408,
ENSTBEG00000006837 and ENSTBEG00000006937. These 3 genes were significantly
elevated in the model group. Compared with the normal group, these three genes may be gene
markers that are significantly elevated in the model group. B: There are 5 genes that cluster
well, namely, ENSTBEG00000009022, ENSTBEG00000013408, ENSTBEG00000017424,
ENSTBEG00000006837 and ENSTBEG00000003426. These 5 genes were significantly
reduced after treatment. Compared with the model group, they may be the gene markers of the
significantly reduced treatment group. C: There is one gene with better clustering:
ENSTBEGO00000021330. This gene was significantly decreased in the model group compared
with the control group; this gene may be a gene marker with significantly decreased expression
in the model group. D: There is one gene with better clustering: ENSTBEG00000021330. This
gene was significantly increased in the treatment group compared with the model group; it may
be a meaningful gene marker for recovery after treatment.

Fig 2: Cluster diagram.

Table 1: Eleven genes significantly upregulated in the model group compared to the control group.

Track_id Gene_Name log2FC Fold_Change p_value g_value Model_FPKM Normal_FPKM
ENSTBEGO00000003063 CD101 1.374489 2.59276 0.016652 0.87627 3.583243 2.208754
ENSTBEGO00000003426 - 0.953591 1.936687 0.024761 0.92247 1.172407 0.218816
ENSTBEG00000006837 C1QL3 1.190865 2.282897 0.001305 0.540969 1.190865 0
ENSTBEG00000006906 - 0.994771 1.992764 0.027058 0.926456 1.892115 0.897344
ENSTBEG00000006937 - 0.832503 1.780773 0.000403 0.356127 0.832503 0
ENSTBEG00000009022 LCN15 1.306789 2.473902 0.01255 0.841459 2.010381 0.703592
ENSTBEG00000009200 - 1.022042 2.030792 0.036797 0.926456 7.183982 6.16194
ENSTBEG00000012846 WDR63 1.633516 3.102682 0.001928 0.559039 2.367234 0.733719
ENSTBEGO00000013408 TMEM211  1.758216 3.382795 0.000297 0.336302 1.758216 0
ENSTBEG00000015424 CPNE6 1.223287 2.334781 0.011157 0.815118 1.985565 0.762277
ENSTBEGO00000017424 MMP3 0.6138 1.530285 0.017022 0.881883 0.690922 0.077122
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1995; Klausner and Rozin, 1995). Among all kinds of war
wounds, firearm injuries caused by high-speed and small-
mass weapons are the highest proportion of war wounds in
modern local wars. The wound is complicated and the
infection is serious (Patzkowski et al., 2012; Yee et al., 2017).
In research on the injury of important organs, it was found
that after the maxillofacial injury of high-speed steel balls,
the heart, lungs and other important organs of animals
exhibited small-scale flaky bleeding spots. This is the
pathological basis for the occurrence and development of

serious complications, such as acute respiratory distress
syndrome, disseminated intravascular coagulation and
multiple organ failure (Del Sorbo and Slutsky, 2011; Huang
et al.,, 2013; Lee et al., 2011; Lyons, 2010). This series of
complications leads to posttraumatic syndrome and is an
important reason for the high mortality rate of troops. Rapid
and effective control and treatment of posttraumatic
syndrome is a hot research topic at home and abroad.
Therefore, it is of great military and scientific significance to
establish a reproducible animal model for war-traumatic

Table 3: Eleven genes significantly downregulated in the model group compared to the control group.

Track_id Gene_Name log2FC Fold_Change p_value q_value Model_FPKM Normal_FPKM
ENSTBEG00000000134 CFAP53 -0.79686 0.575599 0.037806 0.926456 1.098407 1.895272
ENSTBEGO00000007122 FOS -1.19424 0.437016 0.021446 0.918276 4.153179 5.347423
ENSTBEG00000007915 CCN2 -1.03514 0.487968 0.008765 0.757897 3.243255 4.278396
ENSTBEG00000008064 NFASC -0.71002 0.611313 0.049922 0.926456 1.936037 2.646054
ENSTBEGO00000009891 ZC4H2 -0.63087 0.645786 0.047267 0.926456 1.187745 1.818617
ENSTBEGO00000012556 DUSP1 -1.40684 0.377137 0.006475 0.724274 3.071881 4.47872
ENSTBEG00000013418 - -1.90573 0.266882 0.015876 0.866512 2.823052 4.728779
ENSTBEG00000015858 - -1.7662 0.293981 0.004022 0.646422 2.764835 4.531038
ENSTBEG00000017180 - -1.30112 0.405811 0.0333 0.926456 0.360817 1.661939
ENSTBEG00000021325 COX1 -3.03965 0.121611 7.80E-06 0.103446 0.758559 3.79821
ENSTBEG00000021330 ATP8 -1.47017 0.360939 0.001973 0.559039 0 1.470173
Table 4: Eleven gene ssignificantly upregulated in the treatment group compared to the model group.
Track id Gene_ log2FC Fold o_value o value Treatment Model

- name _change - - _FPKM _FPKM
ENSTBEG00000000134 CFAP53 0.700476 1.625041 0.047979 0.79109 1.798883 1.098407
ENSTBEGO00000007122 FOS -1.19424 0.437016 0.021446 0.918276 4.153179 5.347423
ENSTBEG00000007915 CCN2 -1.03514 0.487968 0.008765 0.757897 3.243255 4.278396
ENSTBEG00000008064 NFASC 0.85234 1.805426 0.022661 0.79109 2.788376 1.936037
ENSTBEGO00000009891 ZC4H2 1.052835 2.074602 0.004371 0.660588 2.24058 1.187745
ENSTBEGO00000012556 DUSP1 -1.40684 0.377137 0.006475 0.724274 3.071881 4.47872
ENSTBEG00000013418 - 3.056198 8.317775 0.041175 0.79109 5.87925 2.823052
ENSTBEG00000015858 - 2.31201 4.965743 0.027458 0.79109 5.076844 2.764835
ENSTBEG00000017180 - 1.408575 2.654748 0.041306 0.79109 1.769392 0.360817
ENSTBEG00000021325 COX1 4.541876 23.29383 0.001246 0.391429 5.300435 0.758559
ENSTBEG00000021330 ATP8 2.162307 4.476301 0.002187 0.516187 2.162307 0
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Fig 3: A: Results of KEGG pathway analysis of downregulated differentially expressed genes in the model group compared to the

control group. B: Results of KEGG pathway analysis of upregulated differentially expressed genes in the model group compared to

the control group.
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Fig 4: A: Results of KEGG pathway analysis of downregulated differentially expressed genes in the treatment group compared to the
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Fig 5: A: The results of KEGG pathway analysis of downregulated differentially expressed genes in the treatment group compared to
the model group. B: KEGG pathway analysis results of upregulated differentially expressed genes in the model group compared to
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The red box shows the 11 genes with significant differential expression between the model
group and the control group and between the model group and the treatment group. The
blue box shows the 7 genes with significant differential expression between the model group
and the control group and between the model group and the treatment group.

Fig 6: Trend analysis results.
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infection, systemic inflammatory response syndrome, shock
and multiple organ failure and a new treatment method
based on the animal model. The use of the tree shrew to
establish a systemic inflammatory response syndrome
model has the following advantages: the tree shrew is a
nonhuman primate surrogate animal with abundant
resources, low cost and a relatively close relationship with
humans. In recent years, it has received increasing attention
and the systemic inflammatory response syndrome model
of tree shrews is rarely reported at home or abroad.

We established a tree shrew systemic inflammatory
response syndrome model and treated it with umbilical cord
mesenchymal stem cells. Previous studies have shown that
the model was successfully established and that the treatment
effect was obvious. In this paper, had control, treatment and
model groups. RNA sequencing analysis of the specimens
showed that some genes had statistically significantly altered
expression. The two most significantly altered genes were
ENSTBEGO00000013408 (gene name TMEM211) and
ENSTBEGO00000006837 (gene name C1QL3), which had
elevated expression in the model group. The decreased
expression of these genes after treatment represents the
change in inflammatory factors, indicating that the model
group has a significant inflammatory response. Furthermore,
the treatment of umbilical cord mesenchymal stem cells has
the effect of reducing inflammatory factors, which further
proves the anti-inflammatory response of umbilical cord
mesenchymal stem cells. Another gene with obvious changes
in expression was ENSTBEG00000021330 (gene name
ATP8), which was downregulated in the model group (Fold
change=0.360939) and upregulated after treatment (Fold
change=4.476301), indicating that ATP8 is a gene that
contributes to the recovery of systemic inflammatory response
syndrome. In the future, we may use this gene to treat
systemic inflammatory response syndrome.

CONCLUSION

These results all show that tree shrew umbilical cord
mesenchymal stem cells are effective in the treatment of
systemic inflammatory response syndrome. The
experimental results of tree shrews have laid a solid
foundation for the treatment of human beings. In the future,
in-depth research is needed before further extension to
modern military medicine.
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