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Comprehensive transcriptome analysis based

on RNA sequencing identifies critical genes for
lipopolysaccharide-induced epididymitis in a rat
model

Xin Song, Nan-He Lin, You-Lin Wang, Bin Chen, Hong-Xiang Wang, Kai Hu

Epididymitis is a commonly diagnosed disease associated with male infertility. However, little is known about the molecules that
are involved in its development. This study was to identify critical genes associated with lipopolysaccharide-induced epididymitis
and analyze the molecular mechanism of epididymitis through RNA sequencing. Experimental epididymitis models were generated
by administering male Sprague-Dawley rats’ lipopolysaccharide. A total of 1378 differentially expressed genes, including 531
upregulated and 847 downregulated genes, were identified in the epididymitis model rats compared with those in sham-operated rats
by RNA sequencing. Functional enrichment analyses suggested that the upregulated genes were markedly enriched in inflammation-
related biological processes, as well as in the tumor necrosis factor (TNF) signaling pathway, cytokine—cytokine receptor interactions,
complement and coagulation cascades, and in the chemokine signaling pathway. Four downregulated genes (collagen type XXVIII
alpha 1 chain [Col28a1], cyclin-dependent kinase-like 1 [Cdkl1], phosphoserine phosphatase [Psphl, and fatty acid desaturase
2 [Fads2]) and ten upregulated genes (CCAAT/enhancer-binding protein beta [Cebpf], C-X-C motif chemokine receptor 2 [Cxcr2],
interleukin 11 [//11], C-C motif chemokine ligand 20 [Ccl20], nuclear factor-kappa-B inhibitor alpha [Nfibial, claudin 4 [Cldn4],
matrix metallopeptidase 9 [Mmp9], heat shock 70 kDa protein 8 [Hspa8], intercellular cell adhesion molecule-1 [Icam1], and
Jun) were successfully confirmed by real-time polymerase chain reaction. Western blot demonstrated that CDKL1 was decreased,
while MMP9 and NFKBIA were increased in the experimental model group compared with those in the sham-operated group. Our

study sheds new light on the understanding of the early response of the epididymis during bacterial epididymitis.
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INTRODUCTION
Epididymitis is a disease characterized by the inflammation of the
epididymis and is a commonly diagnosed factor in the investigation
of male infertility. It frequently occurs in those aged 15-35 years who
are sexually active.'” In the United States, epididymitis is estimated to
be diagnosed in 0.7% of men aged 18-50 years who seek medical care.?
Epididymitis can be classified as either acute or chronic depending on
the duration of the symptoms. Both acute and chronic epididymitis
are treated with antibiotic and antiphlogistic pharmacotherapy,
including fluoroquinolones, azithromycin, ciprofloxacin, piroxicam,
ketorolac, and doxycycline. However, sperm counts cannot recover
to normal in about 50% of men even after successful eradication of
the pathogen by antibiotic treatment.’ Epididymitis can lead to male
infertility; therefore, there is an urgent need to discover other therapies
for epididymitis.

Bacterial infections are the most prevalent etiological factors of
epididymitis.* However, little is known about how the epididymis
responds to invading bacteria. Lipopolysaccharides (LPS) are major

components of the outer membrane of Gram-negative bacteria.
Previous studies have established rat models of epididymitis by
injecting LPS into the vas deferens.>® Cao et al.® demonstrated that
LPS-induced epididymitis decreases the expression of epididymal
beta-defensins, and that the disruption of sperm associated antigen
11 (SPAGII1E) expression is involved in the impairment of sperm
motility. In another study, Silva et al.> demonstrated that LPS stimulates
an inflammatory response by upregulating the mRNA expression of
proinflammatory cytokines such as interleukin 1 beta (I/1f), tumor
necrosis factor (Tnf), interleukin 6 (I16), and interferon gamma (Ifny).
However, comprehensive studies on the response of epididymis caused
by infections with Gram-negative bacteria are limited.

In this study, we analyzed the molecular mechanism of epididymitis
in an animal model by RNA sequencing. The differentially expressed
genes (DEGs) in response to the injected LPS were identified and
analyzed by Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis. Some DEGs were
further studied by real-time polymerase chain reaction (PCR). We
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anticipate our results to be helpful in the development of therapies
for epididymitis.

MATERIALS AND METHODS

Animals

Adult male Sprague-Dawley (SD) rats (aged 4 months old) were
purchased from SLAC laboratory animal center (Shanghai, China) and
were acclimatized in a room with controlled light (12 h light and 12 h
dark), temperature of 26°C, and humidity of 50% for 1 week. Food and
water were supplied ad libitum. All animal experiments were conducted
according to the Guidelines for Animal Care and Use of Laboratory
Animal and were approved by the Animal Ethics Committee of Renji
Hospital (Shanghai, China).

Establishment of animal models of epididymitis

Twenty SD rats were randomly divided into two groups (n = 10 for
each group). In the model group, rats were anesthetized with 3% (v/v)
pentobarbital sodium (50 mg per kg body weight, intraperitoneally,
DaTianFengTuo, Beijing, China). A 1.5-2-cm ventral midline incision
was made to expose the testis and epididymis. The vas deferens was
clamped with hemostats clamp, and 50 pl sterile saline containing
200 pg LPS (Yuanye Biotech Co., Ltd., Shanghai, China) was injected
into the caput region of the epididymis with an insulin injection needle.
Subsequently, the skin was closed. In the sham-operated group, rats
underwent the same procedure, but were injected with sterile saline.
Rats were sacrificed after 24 h of treatment, and the epididymal portion
was dissected and washed with sterile saline. Tissues were stored at
-80°C until use.

Examination of animal model by real-time PCR and enzyme-linked
immunosorbent assay (ELISA)

The epididymitis model was examined by real-time PCR and ELISA.
Frozen epididymal samples from rats in the model and sham-operated
groups were homogenized in Trizol (Invitrogen, Carlsbad, CA, USA)
in a tissue homogenizer (Tiangen Biotech Co., Ltd., Beijing, China).
Total RNA was extracted and reverse-transcribed with a PrimeScript
RT Master Mix (Takara Biotech Co., Ltd., Dalian, China) in a total
volume of 20 ul. cDNA samples were amplified with SYBR Green PCR
Master Mix (Thermo Fisher Scientific, Inc., Carlsbad, CA, USA) in a
7500 real-time PCR system (Applied Biosystems, Foster City, CA, USA)
under the following cycle conditions: 50°C for 2 min, 95°C for 2 min,
and 40 cycles of 95°C (15 s) and 60°C (60 s). Primers used for the PCR
experiments are displayed in Supplementary Table 1. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as the reference gene
to calculate the relative expression of each target gene.

The protein concentrations of IL1p, TNF-a, and IL6 in epididymitis
tissue samples were analyzed via ELISA kits from Thermo Fisher
Scientific according to the manufacturer’s instructions. A multimode
reader (Thermo Fisher Scientific) was used to assess the absorbance at
450 nm. Each measurement was performed in triplicate.

RNA library construction, sequence, and data analysis

Total RNA from the epididymal samples was extracted using Trizol
(Invitrogen), and the quality and concentration of the RNA were
evaluated by NanoDrop 2000 (Thermo Fisher Scientific). RNA
integrity was assessed using the RNA Nano 6000 Assay kit of the
Agilent Bioanalyzer 2100 system (Agilent Technologies, Santa
Clara, CA, USA). RNA sequencing libraries were constructed with
NEB NextUltra™ RNA Library Prep Kit for Illumina (New England
BioLabs, Inc., Ipswich, MA, USA) following the manufacturer’s
recommendations. The amplified library fragments were purified, and
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the library quality was assessed on the Agilent Bioanalyzer 2100 system
(Agilent Technologies). The quality-checked libraries were sequenced
with the [llumina Hiseq2500 instrument (Illumina, Inc., San Diego,
CA, USA), and paired-end reads were generated. Raw data in FASTQ
format were first processed using in-house Perl scripts. Clean reads
were obtained by removing reads containing adapter, ploy-N, and
low-quality reads. The GC content and Q20 were calculated to evaluate
the quality of sequencing. The clean reads were mapped to a reference
genome with Hisat2 tools’ (http://ccb.jhu.edu/software/hisat2/index.
shtml), and only reads with either a perfect match or one mismatch
were further assembled into transcripts by String Tie (http://ccb.jhu.
edu/software/stringtie/).® The raw reads were uploaded to NCBI with
the accession number SRP157380.

Identification of differentially expressed genes

Gene expression values were calculated by fragments per kilobase of
exon per million fragments mapped (FPKM).>"* DEGs between model
and sham-operated groups were identified using DESeq"! with cutoft
values of fold change >2 and false discovery rate (FDR) <0.01.

Functional enrichment analysis of DEGs

The functions of DEGs were annotated by GO, which included three
subcategories: molecular function (MF), biological process (BP), and
cellular component (CC)." In addition, KEGG pathway analysis was
performed to identify the signaling pathways in which the DEGs were
enriched.”" GO and KEGG enrichment analyses were performed with
the Database for Annotation, Visualization and Integrated Discovery
(DAVID) version 6.7 with threshold of FDR <0.05.1°

Confirmation of DEGs with real-time PCR

Fifteen DEGs were selected for confirmation through real-time PCR.
The procedures were similar to those above, and the primers used are
listed in Table 1.

Confirmation of DEGs by western blot

The epididymal tissues were lysed at 4°C with radioimmunoprecipitation
assay (RIPA) buffer (Beyotime Institute of Biotechnology, Shanghai,
China) containing 1 mmol 1"' phenylmethanesulfonyl fluoride
(Beyotime) and harvested for 30 min on ice. Following centrifugation
(Eppendorf, Hamburg, Germany) at 12 000g for 10 min at 4°C, the
supernatant was used for protein electrophoresis. The total protein
concentrations were determined with a bicinchoninic acid (BCA)
protein assay kit (Boster biological technology Co., Ltd., Wuhan, China)
according to the manufacturer’s protocol. A total of 20 pg of protein
was separated on 12% (w/v) sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE), and the proteins were subsequently
transferred electrophoretically onto polyvinylidene fluoride membranes
(Millipore, Burlington, MA, USA). The membranes were immersed
in blocking solution (0.05% [v/v] Tween 20 [Sigma, St. Louis, MO,
USA] and 5% [w/v] bovine serum albumin [BSA; BBI Life Sciences
Corp., Shanghai, China]) in Tris-buffered saline (Sangon Biotech,
Shanghai, China) for 2 h at room temperature (25°C) and incubated
with primary rabbit polyclonal antibodies against cyclin-dependent
kinase-like 1 (CDKL1; Cat. No. PA5-45998; 1:1000; Thermo Fisher
Scientific), nuclear factor-kappa-B inhibitor alpha (NFKBIA; Cat. No.
10268-1-AP; 1:500; Proteintech Group Inc., Rosemont, IL, USA), matrix
metallopeptidase 9 (MMP-9; Cat. No. 10375-2-AP; 1:500; Proteintech),
C-C motif chemokine ligand 20 (CCL20; Cat. No. 26527-1-AP; 1:2000;
Proteintech), or GAPDH (Cat. No. 10494-1-AP; 1:2000; Proteintech)
overnight at 4°C. The membranes were incubated with horseradish
peroxidase-conjugated secondary antibodies against Cdkll, Nfkbia,
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Table 1: The gene ontology enrichment results of upregulated genes
Category Term Count P FDR
GOTERM_BP  G0:0006954~inflammatory response 34 5.03x10** 8.86x10°!!
GOTERM_BP  G0:0032496~response to lipopolysaccharide 33 5.63x10°*  9.92x10°!!
GOTERM_BP  G0:0071222~cellular response to lipopolysaccharide 23 3.27x10't  5.76x10°®
GOTERM_BP  GO:0042060~wound healing 20 6.81x101  1.20x1077
GOTERM_BP  G0:0071347~cellular response to interleukin-1 18 7.11x101t  1.25x1077
GOTERM_BP  GO:0045766~positive regulation of angiogenesis 19 1.55x1071°  2.73x107
GOTERM_BP  G0:0007155~cell adhesion 27 2.98x101°  5.24x107
GOTERM_BP  GO:0030593~neutrophil chemotaxis 14 4.50x10°1°  7.94x107
GOTERM_BP  G0:0070374~positive regulation of ERK1 and ERK2 cascade 22 1.66x10°  2.92x10°°
GOTERM_BP  G0:1902042~negative regulation of extrinsic apoptotic signaling pathway via death domain receptors 9 1.62x10®  2.86x10°°
GOTERM_BP  GO:0042127~regulation of cell proliferation 23 2.06x10®  3.62x10°
GOTERM_BP  GO:0010628~positive regulation of gene expression 29 3.13x10® 5.52x10-°
GOTERM_BP  G0:0050900~leukocyte migration 10 6.25x10°8 1.10x10*
GOTERM_BP  G0:0071356~cellular response to tumor necrosis factor 16 3.69%x107 6.49%x10
GOTERM_BP  G0:0007568~aging 23 3.46x10°° 0.00609
GOTERM_BP  GO:0042493~response to drug 31 4.39x10°° 0.007737
GOTERM_BP  G0:0030335~positive regulation of cell migration 18 4.76x10°° 0.008396
GOTERM_BP  G0:0043066~negative regulation of apoptotic process 30 8.00x10°° 0.014103
GOTERM_BP  G0:0045087~innate immune response 20 8.87x10°° 0.015625
GOTERM_BP  G0:0034097~response to cytokine 12 1.55x10-° 0.027241
GOTERM_BP  GO:0048661~positive regulation of smooth muscle cell proliferation 11 1.84x10°  0.032453
GOTERM_BP  G0:0001525~angiogenesis 16 2.10x10-° 0.037084
GOTERM_MF  G0:0002020~protease binding 14 5.26x10-¢ 0.007882
GOTERM_MF  GO:0008009~chemokine activity 8 1.62x10°5 0.02426
GOTERM_MF  GO:0005125~cytokine activity 15 1.83x10°° 0.027364
GOTERM_CC GO:0005615~extracellular space 94 1.10x102 1.50x10-%°
GOTERM_CC  GO:0009986~cell surface 47 8.98x10®  1.22x10°°
GOTERM_CC GO:0005576~extracellular region 49 1.53x10''  2.08x10°®
GOTERM_CC GO0:0070062~extracellular exosome 109 2.86x10°1°  3,89x107
GOTERM_CC GO0:0031012~extracellular matrix 24 1.84%x10°8 2.50x10°
GOTERM_CC  G0:0009897~external side of plasma membrane 23 1.99x10°7 2.72x10+*
GOTERM_CC  G0:0045121~membrane raft 21 2.97x10-¢ 0.00405
GO: Gene Ontology; BP: biological process; CC: cellular component; FDR: false discovery rate
Mmp-9, Ccl20, and GAPDH (anti-rabbit IgG; 1:10000; Cat. No. ab7090;  proinflammatory factors were also markedly increased, as shown by
Abcam) at 37°C for 2 h, which were detected using an enhanced the ELISA results (Figure 1b).
chemiluminescence detection system (Amersham; GE Healthcare, .
Chicago, IL, USA). The intensity of the bands was analyzed by Image] Quality control of th‘? RNA sequence
software version 1.4.6 (National Institutes of Health, Bethesda, MD, The total RNA of epididymal por‘tlons of rats .from the model and
USA). sham-operated groups was submitted for quality control and RNA

library construction. After quality filtering, an average of 30 854 634
Statistical analyses high-quality, clean reads were obtained for each sample. The average
Data except for those from RNA-seq were expressed as mean + standard ~ GC count was 50.3%, and the average Q30 was 94.4%. A large portion
error of the mean (s.e.m.) and were processed in SPSS 21.0 (IBM,  of clean reads (>93.5%) were mapped to the rat genome.
Chicago, CA, USA). Differences between the model and sham-operated . .
groups were analyzed by Student’s t-test. P < 0.05 was considered Identification of DEGs
statistically significant. Atotal of 1378 DEGs, including 531 upregulated and 847 downregulated,

were identified in the epididymitis model compared with sham-
RESULTS operated rats (Figure 2a and Supplementary Table 2). Hierarchical
LPS injection and the mRNA and protein levels of proinflammatory  clustering of DEGs revealed that samples in the same group clustered
genes in the rat epididymitis model closely, suggesting high reliability of the DEGs between groups, as well
On the basis of a previous study,’ we established a rat epididymitis ~ as high reproducibility in biological replicates (Figure 2b). Several
model by injecting LPS into the head of the epididymis. The success ~members of the interleukin family (II6, Il11, 1I22ra2, interleukin 4
of inducing epididymitis was demonstrated by real-time PCR and  induced protein 1 [Il4i1], Il1b, and 1I33), the NF-kappa-B family
ELISA. After 24 h of LPS injection, the mRNA expression levels  (Nfxbia, Nfwbi(, and Nfib2), and the TNF family (TNF receptor
of pro-inflammatory factors Il14, 116, and Tnf-a were increased  superfamily member 12A [Tnfrsf12a], TNF-inducible gene 6 protein
in the model group compared with those in the sham-operated  [Tnfaip6], Tnfaip3, Tnfrsf21, and Tnfrsfla) were markedly upregulated
group (P < 0.05; Figure 1a). Similarly, the protein levels of these  in the model group.
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Functional enrichment analysis of DEGs

To investigate the functions of the DEGs further, GO and KEGG
pathway enrichment analyses were performed for the upregulated
and downregulated genes. At the cutoff value of FDR <0.05, the
upregulated genes were markedly enriched in 22 GO-BP terms,
including the inflammatory response (FDR = 8.86 x 10°'"), the
response to lipopolysaccharide (FDR = 9.92 x 107'!), and the
cellular response to lipopolysaccharide (FDR= 5.76 x 107%); three
GO-MF terms, including the protease binding (FDR = 0.007882),
the chemokine activity (FDR = 0.02426), and the cytokine activity
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Figure 1: Demonstration of the epididymitis model by (a) real-time polymerase
chain reaction and (b) enzyme-linked immunosorbent assay (ELISA).
"P < 0.05, and "™ P < 0.001 in model group compared to sham-operated
group by Student’s t-test. Error bars are standard error of the mean (s.e.m),
n =6 for each group. TNF-oi: tumor necrosis factor alpha; IL1p: interleukin-1
beta; IL6: interleukin 6.
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(FDR =0.027364); and seven GO-CC terms, including the extracellular
space (FDR = 1.50 x 107%), the cell surface (FDR = 1.22 x 107),
and the extracellular region (FDR = 2.08 x 107%) (Table 1). One
hundred and nine upregulated genes (20.5%) were located on the
extracellular exosome (FDR = 3.89 x 1077). Moreover, these genes
were markedly enriched in 10 pathways (Figure 3a), including the
TNF signaling pathway (FDR = 3.74 x 10°®), cytokine-cytokine
receptor interaction (FDR = 4.54 x 10#), complement and coagulation
cascades (FDR = 2.97 x 10°°), and the chemokine signaling pathway
(FDR = 7.95 x 107*). However, the downregulated genes were not
enriched in any GO terms at the threshold of FDR <0.05, but were
markedly enriched in nine pathways, including metabolism of
xenobiotics by cytochrome P450 (FDR = 8.61 x 10°); glycine, serine,
and threonine metabolism (FDR =1.00 x 10™*); and drug metabolism
by cytochrome P450 (FDR = 1.54 x 10™*) (Figure 3b).

Confirmation of DEGs by real-time PCR
We selected 15 DEGs, including four downregulated genes (collagen
type XXVIII alpha 1 chain [Col28«1], cyclin-dependent kinase-like 1
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the downregulated genes, and the nonchanged genes, respectively. (b) The
X-axis is the sample number and the Y-axis is the differentially expressed
genes. Red color means upregulation and green color means down-regulation.

FC: fold change; FDR: false discovery rate.
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Figure 3: The pathway enrichment analysis of (a) upregulated and (b) downregulated genes. MAPK: mitogen-activated protein kinase; TNF: tumor necrosis

factor; NOD: nucleotide-binding oligomerization domain.
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Figure 4: Relative expression of 15 differentially expressed genes measured by real-time PCR. "P< 0.05, "P< 0.01 and "*P< 0.001 in model group compared
to sham-operated group by Student’s t-test. Error bars are s.e.m., n = 3 for each group. Co/28x1: collagen type XXVIII alpha 1 chain; Psph: phosphoserine
phosphatase; FadsZ2: fatty acid desaturase; Cdkl/1: cyclin-dependent kinase-like 1; Cxc/6: C-X-C motif chemokine ligand 6; Mmp9: matrix metallopeptidase
9; Nfkbic: Nuclear factor-kappa-B inhibitor alpha; //11: Interleukin 11; lcam1: intercellular cell adhesion molecule-1; Hspa8: heat shock 70 kDa protein
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s.e.m.: standard error of the mean.
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Figure 5: (a) Western blot analysis of CDKL1, MMP9, CCL20, and NFKBIA in
model and sham-operated groups. C1-C3 are samples in the sham-operated
group and M1-M3 are samples in the model group. (b) The intensity of
the bands was analyzed by ImageJ. White column: sham-operated group;
black column: model group. CDKL1: cyclin-dependent kinase-like 1;
"P<0.05and P < 0.01 in model group compared to sham-operated group
by Student’s t-test. Error bars are s.e.m., n= 3 for each group. MMP9: matrix
metallopeptidase 9; CCL20: C-C motif chemokine ligand 20; NFKBIA: Nuclear
factor-kappa-B inhibitor alpha; GAPDH: reduced glyceraldehyde-phosphate
dehydrogenase; s.e.m.: standard error of the mean.
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[Cdkl1], phosphoserine phosphatase [Psph], and fatty acid desaturase
2 [Fads2]) and 11 upregulated genes (CCAAT/enhancer-binding
protein beta [Cebpp], C-X-C motif chemokine receptor 2 [Cxcr2],
interleukin 11 [II11], C-X-C motif chemokine ligand 6 [Cxcl6], C-C
motif chemokine ligand 20 [Ccl20], Nfxbia, claudin 4 [Cldn4], matrix
metallopeptidase 9 [Mmp9], heat shock 70 kDa protein 8 [Hspa8],
intercellular cell adhesion molecule-1 [Icam1], and Jun) for analysis

with real-time PCR. As shown in Figure 4, the expression of the four
downregulated genes was consistent with the RNA-seq results. For
the 11 upregulated genes, all except for Cxcl6 were consistent with
the RNA-seq results.

Western blot analysis

We selected four DEGs (Cdkl1, Mmp9, Ccl20, and Nf«bix) for western
blot analysis expression at the protein level. As shown in Figure 5,
the protein expression of CDKL1 was decreased in the model group
compared with that in the sham-operated group (P < 0.01). Moreover,
the protein expression levels of MMP9 and NFKBIA were increased
in the model group compared with those in the sham-operated group
(P < 0.05). These results were consistent with the results of RNA-Seq.
However, no significant difference was detected for CCL20 between
these two groups.

DISCUSSION
Epididymitis is a disease characterized by the inflammation of the
epididymis and is frequently diagnosed in the investigation of male
infertility.>* Although high-throughput sequence technology has been
developed for several years, the molecular mechanism of epididymitis
has not yet been comprehensively investigated. In this study, we
established an epididymitis animal model and performed transcriptome
analysis to identify the DEGs between the induced epididymitis and
sham-operated rats. A total of 1378 DEGs, including 531 upregulated
and 847 downregulated genes, were identified in the epididymitis model
rats compared with sham-operated rats. Functional enrichment analyses
by GO and KEGG suggested that the upregulated genes were markedly
enriched in inflammation-related GO terms and in the TNF signaling
pathway, cytokine-cytokine receptor interaction, complement and
coagulation cascades, and the chemokine signaling pathway.
Bacterial infections from the urethra are the major causes of
epididymitis. Therefore, it is critical to understand how the epididymis
senses the presence of and responds to bacterial infection. LPS is the
major component of the outer membrane of Gram-negative bacteria,
contributing greatly to their structural integrity.!®'” LPS induces a
strong response from normal animal immune systems. In previous
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studies, LPS has been used to establish epididymitis rat models®® by a
unilateral and single injection into the caput region of the epididymis.
To confirm that the animal model was established successfully, the
expression levels of proinflammatory factors including II14, Il6,
and Tnf-a were examined after 24 h of LPS injection. The results
suggested that, at both the mRNA and protein expression levels, these
proinflammatory factors were markedly increased in the model group
compared with those in the sham-operated group. These changes are
consistent with the signs of epididymitis reported in the literature,>*
demonstrating successful establishment of the epididymitis model.

RNA-seq analysis identified a total of 1378 DEGs, including 531
upregulated and 847 downregulated, in the epididymitis model rats.
Several members of the interleukin family, the NF-kappa-B family, and
the TNF family were markedly upregulated in the model group. The
NE-kappa-B family consists of transcription factors that regulate the
expression of many proinflammatory genes." Our study demonstrated
that LPS activated NF-kappa-B family members in the rat epididymis.
Innate immunity is the first line of defense for organisms attacked by
invading pathogens.'” NF-kappa-B can be activated by toll-like receptors,
which are involved in recognition of infectious agents by macrophages.?
Our study demonstrated that LPS induced epididymitis by upregulating
NEF-kappa-B and the subsequent induction of proinflammatory
cytokines. Our results are consistent with those in the study by Silva et al.>
Moreover, the high levels of TNF family and interleukin family members
in semen impair sperm quality and are associated with male infertility.”

Apart from the proinflammatory genes, we also identified and
confirmed other genes that might be associated with epididymitis.
For example, Col28«al, Psph, Fads2, and Cdkll were markedly
downregulated in the model group in our study. Col28a1 belongs to a
class of collagens containing von Willebrand factor type A-domains.*
Itis reported that Col28«1 is important in reducing inflammation and
viral infections, as it contains a serine protease inhibitor domain.?
Fads2 is associated with Delta 6 desaturase.” Schaeffer et al.”®
demonstrated that gene polymorphisms and haplotypes in Fads2 are
associated with polyunsaturated fatty acid membrane content and
proinflammatory markers, suggesting that the activity of this enzyme
modifies the effect of tissue inflammation. Vaittinen et al.*® reported
that variations in the Fads1/2 genes were associated with the expression
of genes in the II-1p and NFkB pathway in adipose tissue after weight
reduction. They demonstrated that polymorphism in Fads1/2 genes
were associated with adipose tissue inflammation. We speculate that
dysregulation of Fads2 results in the dysregulation of Delta 6 desaturase
and subsequently the levels of serum arachidonic acid, which is a major
substrate for eicosanoids that regulate inflammatory responses.”” Cdkl1
is a member of a large family of cell division cycle 2 (CDC2)-related
serine/threonine protein kinases.*® However, there were no reports
about the association of Cdkll and inflammation. In our study, the
RNA-seq, real-time PCR, and western blot results all supported the
marked downregulation of CdklI in epididymitis tissues.

A total of 11 upregulated genes were confirmed by real-time PCR;
among them, 10 were consistent with the RNA-seq data. The expression
of NFKBIA, MMP9, and CCL20 at the protein level was confirmed by
western blot; however, only the protein expression levels of NFKBIA
and MMP9 were consistent with the RNA-seq data.

CONCLUSION

We identified 1378 DEGs, including 531 upregulated and 847
downregulated genes, in the epididymitis rat model compared with
sham-operated rats. Functional enrichment analyses by GO and
KEGG suggested that the upregulated genes were markedly enriched
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in inflammation-related GO terms and in the TNF signaling pathway,
cytokine-cytokine receptor interaction, complement and coagulation
cascades, and in the chemokine signaling pathway. Fourteen out of
fifteen genes were confirmed by real-time PCR, and three out of four
genes were demonstrated in western blots. Our study sheds new light
on the understanding of the early response of the epididymis region
during LPS epididymitis.
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Supplementary Table 1: The primers used in real-time polymerase

chain reaction

Gene

Sequence (5-3’)

Col28al-ratF
Col28al-ratR
Cdkl1-ratF
Cdkl1-ratR
Psph-ratF
Psph-ratR
Fads2-ratF
Fads2-ratR
Cebpb-rF
Cebpb-rR
Cxcr2-rF
Cxcr2-rR
I111-rF
I111-rR
Cxcl6-rF
Cxcl6-rR
Ccl20-rF
Ccl20-rR
Nfkbia-rF
Nfkbia-rR
Cldn4-rF
Cldn4-rR
Mmp9-rF
Mmp9-rR
Hspa8-rF
Hspa8-rR
lcam1-rF
Icam1-rR
Jun-rF
Jun-rR

GAAGACTCTGGCTGACCG
TCCTTGCTGGAGAACTGC
AGCATCCCAACCTCGTCA
CGTGCAAACCCAAAGTCA
GGGGATAAGGGAGCTGGTA
GGCTGCGTCTCGTCAAAA
TTCCAGATTGAGCACCAC
GTAGGCATCCAGCCACAG
GCGCCATCGACTTCAG
CGGACGGCTTCTTGCT
CATCCTGCCTCAGACCTA
AAGCCAAGAATCTCAGTAGC
GCCAGATAGAGTCGTTGC
AGGTAGGGAGTCCAGATTG
CAAGACATTACGGGCTATT
CTGGCACATCCTAACTCC
CTGCTGGCTTACCTCTGC
ATTTCCTCCTTGGGCTGT
CCTGGTCTCGCTCCTGTT
TCATCGTAGGGCAACTCA
GTGGCTGGACAGGTTTGA
GCAAGACCGTATGGGAAA
GCATCTGTATGGTCGTGGCT
CTGTAGGGGCCTCAGAAGGA
GATTTGCTGCTCTTGGAT
TGGTGAAAGTCTGGGTCT
AAACGGGAGATGAATGGT
TCTGGCGGTAATAGGTGTA
GTGCCAACTCATGCTAACG
TCTGTCGCAACCAGTCAAG

Col28al: collagen type XXVIII alpha 1 chain; Psph: phosphoserine phosphatase;
Fads2: fatty acid desaturase; Cdkll: cyclin-dependent kinase-like 1; Cxcl6: C-X-C motif
chemokine ligand 6; Mmp9: matrix metallopeptidase 9; Nfxbia: nuclear factor-kappa-B
inhibitor alpha; I111: interleukin 11; Icaml: intercellular cell adhesion molecule-1;
Hspa8: heat shock 70 kDa protein 8; Cldn4: claudin 4; Cebpp: CCAAT/enhancer-binding
protein beta; Ccl20: C-C motif chemokine ligand 20; Cxcr2: C-X-C motif chemokine

receptor 2



