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Abstract
Background In recent years, several giant pandas have suffered from testicular tumor, which has seriously affected 
giant panda health. However, the pathogenesis of testicular tumor in giant panda is still unclear. Studies have shown 
that miRNAs are involved in the occurrence and development of a variety of cancers. However, the effect of miRNAs 
on giant panda testicular tumor has been little studied. Therefore, this study explored the pathogenesis of giant 
panda testicular tumor through miRNA and mRNA sequencing, and screened out diagnostic markers of testicular 
tumor.

Results Combined with phenotypic symptoms and pathological section results, three giant pandas were diagnosed 
with testicular tumor and divided into tumor group, and three other giant pandas were divided into normal group. 
A total of 29 differentially expressed miRNAs (DEmiRNAs) were screened by blood miRNA-seq, and 3149 target gene 
candidates were predicted. Functional enrichment analysis showed that the target genes were mainly involved in 
intermembrane lipid transfer and ATP-dependent chromatin remodeling. However, only 5 DEmiRNAs were screened 
by miRNA-seq of blood-derived exosomes and 364 target genes were predicted, which were mainly involved in 
antigen processing and presentation. In addition, 216 differentially expressed genes (DEGs) were screened by 
RNA-seq, and functional enrichment analysis showed that tumor-specific DEGs significantly enriched to protein 
phosphorylation. Spearman correlation analysis of miRNA-mRNA showed that the expressions of miR-331-3p and 
PKIG were significantly positively correlated (spearman = 0.943, p < 0.01), while the expressions of miR-331-3p and 
ENSAMEG00000013628 were significantly negatively correlated (spearman= -0.829, p < 0.05). RT-PCR showed that the 
expression of miR-331-3p was significantly decreased in giant panda with tumor (p < 0.01).

Conclusions blood miRNAs and exosomal miRNAs exhibit distinct regulatory patterns concerning giant panda 
testicular tumor, potentially reflecting divergent biological processes in the disease’s etiology. Meanwhile, miR-331-3p 
could be used as a potential diagnostic marker for giant panda testicular tumor. Our findings are conducive to the 
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Background
In humans, testicular tumors can be classified as germ 
cell tumors, non-germ cell tumors, and secondary testic-
ular tumors. 95% of testicular tumors are testicular germ 
cell tumors, which are mainly divided into two categories: 
seminoma and non-seminoma [1, 2]. Seminoma is the 
most common testicular tumor, accounting for about 50% 
of germ cell tumors and 40–45% of testicular tumors [3]. 
Testicular tumor is a zoonotic disease that occurs in cats, 
dogs, pigs, cattle, horses, rabbits, chickens, and other ani-
mals, among which dogs have the highest incidence and 
occur at any age, especially in old dogs [4]. However, in 
recent years, we have found that giant pandas also suf-
fer from testicular tumor. In 2014, a giant panda named 
Gaogao showed swelling symptoms on the left testicle, 
the testicular parenchymal structure was basically lost, 
and he was eventually diagnosed with testicular tumor. 
Subsequently, giant pandas named Ximeng, Yaxiang, 
and Yunzi were diagnosed with testicular tumor. China 
Conservation and Research Center for the Giant Panda 
(CCRCGP) has the world’s largest captive giant panda 
population, up to now, we have found about 8 cases of 
testicular tumors in giant pandas. Although the clinical 
data are few, it is necessary to conduct research on tes-
ticular tumors in order to better protect the health of 
giant pandas. However, testicular tumor in giant pandas 
has not been explored in depth, so their pathogenesis is 
almost unknown.

Studies have shown that one of the main communica-
tion pathways between tumor cells and their environ-
ment is exosomes [5], a novel class of substances that 
mediate intercellular signaling and contain a variety of 
biomolecules, such as lipids, proteins, and nucleic acids. 
miRNAs are important exosomal components, and they 
are a class of short ncRNAs that are most widely stud-
ied at present. miRNAs regulate the expression of target 
genes at the post-transcriptional level and are involved in 
a variety of cellular processes, including cell proliferation, 
differentiation, and apoptosis [6]. Exosomal miRNAs are 
involved in the occurrence and development of various 
cancers [7]. Studies have confirmed that exosomal miR-
NAs are closely related to the occurrence, development, 
clinical classification and early diagnosis of hepatocel-
lular carcinoma [8], pancreatic cancer [9], breast cancer 
[10], ovarian cancer [11], and prostate cancer [12, 13]. 
For example, in prostate cancer patients, exosomal miR-
182 and miR-183 are highly expressed [12], and miR-375 
and miR-1290 in exosomes can be used to evaluate the 
prognosis of prostate cancer patients [13]. Therefore, 

exosomal miRNA is considered as a promising tumor 
biomarker. However, the regulatory role of exosomal 
miRNA in giant panda testis tumor has not been studied.

In this study, Gaogao, Ximeng, and Yaxiang were 
divided into tumor group, and Daili, Linyang and Tong-
tong were divided into normal group. Firstly, compared 
with normal group, we screened DEmiRNAs from 
tumor blood by miRNA-seq.  Subsequently, exosomes 
were isolated from plasma and DEmiRNAs in exosomes 
were analyzed. Combined with functional enrichment 
analysis, the regulatory patterns of the blood DEmiR-
NAs and exosomal DEmiRNAs were predicted respec-
tively. Besides, we also screened the DEGs from blood 
by mRNA-seq and performed functional enrichment 
analysis, and finally, the diagnostic marker of giant panda 
testicular tumor was verified by spearman correlation 
analysis and qRT-PCR. Our findings indicated that blood 
miRNAs and exosomal miRNAs exhibit distinct regula-
tory patterns concerning giant panda testicular tumor, 
potentially reflecting divergent biological processes in the 
disease’s etiology. Meanwhile, miR-331-3p could be used 
as a potential diagnostic marker for giant panda testicu-
lar tumor. These insights are conducive to the rapid clini-
cal diagnosis of testicular tumor in giant pandas, and are 
anticipated to offer a scientific basis for future investiga-
tions into the underlying causes of giant panda testicular 
tumor.

Methods
Sample collection
All giant pandas used in this research were sourced from 
Dujiangyan Base in China Conservation and Research 
Center for the Giant Panda, and they were in normal 
conscious state when their blood was collected. The 
whole blood samples of 6 giant pandas (Table  1) were 
collected with EDTA anticoagulant collection vessels and 
mixed upside down, and no less than 10mL of blood was 
collected from each giant panda. At 4 ℃, the horizon-
tal rotor was centrifuged at 1900xg for 10  min, and the 
upper plasma was absorbed into a new centrifuge tube, 
centrifuged at 4℃ and 3000xg for 15  min. The plasma 
was carefully sucked out and packaged, and stored at 
-80℃ for later use.

Exosome extraction
Exosomes were extracted by ultracentrifugation. At 4℃, 
plasma samples were centrifuged at 2000xg for 30  min. 
The supernatant was carefully transferred to a new cen-
trifuge tube at 4℃, 10,000xg, for 45 min to remove large 

rapid clinical diagnosis of testicular tumor in giant pandas, and are also expected to provide scientific reference for 
further research on the pathogenesis of testicular tumor.
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vesicles. Take the supernatant and filter it with 0.45 μm 
filter membrane (Millipore, R6BA09493). The filtrate 
was centrifuged at 4℃, 100,000xg, for 70 min. After the 
supernatant was abandoned and the precipitation was 
re-suspended with 10 mL precooled 1×PBS, the exo-
somes were obtained by centrifugation at 4℃, 100,000xg, 
for 70  min. Finally, the exosomes were suspended with 
300µL pre-cooled PBS, 20µL was prepared for transmis-
sion electron microscopy (TEM) (Hitachi, HT-7700), 
10µL for particle size detection, 60µL for Western blot, 
and the remaining exosomes were stored at -80℃.

TEM and particle size detection
10µL exosome drops were added to the copper mesh and 
placed for 1 min. The float was absorbed with filter paper. 
Add 10µL uranyl acetate to copper mesh, stain for 1 min, 
and then blot the float with filter paper. After drying at 
room temperature for 10 min, the exosomes were exam-
ined by TEM at 100  kV to identify the physical charac-
teristics of the exosomes. In the particle size detection, 
the performance of the particle size analyzer (NanoFCM, 
N30E) should be tested with standard products first, and 
the exosome sample can be loaded only after the test is 
passed. The exosomes were diluted from 10µL to 30µL 
with PBS and mixed evenly with a vortex mixer. The 
samples were slowly injected into the sample pool with 
a syringe to determine the size and concentration of 
exosomes.

Western blot (WB)
The protein concentration of exosomes was determined 
by BCA method. After the protein was denatured by 
boiling, the samples were taken by electrophoresis using 
10% SDS-PAGE protein separation glue with 10  µg per 
hole. After the protein separation, the membrane was 
transferred to PVDF membrane with a constant current 
of 300 mA for 80 min and closed with TBST containing 
5% skim milk for 1  h. CD9 primary antibody was incu-
bated overnight at 4℃ (Abclonal, 1:1000). After cleaning, 
the Goat anti-Rabbit second antibody (Merck Millipore, 
1:5000) was incubated with the second antibody for 1 h. 
The mixture of ECLA/B was added and incubated for 
5 min in dark light, and the image was taken by chemi-
luminescent gel imaging system (CLINX, ChemiScope 
3000mini).

Small RNA sequencing and bioinformation analysis
Total RNA from giant panda blood and blood-derived 
exosomes was extracted, and small RNA library was 
constructed using Small RNA Sample Pre Kit (Illumina). 
Using total RNA as the starting sample, small RNA 
is directly combined with splicing on both ends, then 
cDNA is synthesized by reverse transcription, and then 
PCR amplification and PAGE electrophoresis are used to 
obtain cDNA libraries with 18–35 nucleotide (nt) inser-
tions. Finally, sequencing was performed on the Illumina 
SE50 platform (Novo, Beijing). After the quality control 
of the raw sequencing data, the clean reads were classi-
fied and annotated. To make every unique small RNA 
mapped to only one annotation, we followed the priority 
rule: known miRNA> rRNA > tRNA > snRNA > snoRNA 
> repeat > gene > NAT-siRNA > gene > novel miRNA 
> ta-siRNA. The total rRNA proportion was used as a 
marker for sample quality indicator and it should be less 
than 40% in animal samples as high quality. The expres-
sion level of miRNA was estimated by TPM (transcript 
per million) through the following criteria: normalized 
expression = mapped readcount/total reads*1,000,000 
[14]. As our samples have three biological replicates, dif-
ferential expression analysis of each comparison group 
was performed using the R package DESeq2 [15]. The 
p-values were adjusted using the Benjamini & Hoch-
berg method and corrected p-value of 0.05 was set as 
the threshold for significant differential expression by 
default [16]. The target gene candidates were predicted 
by miRanda and RNAhybrid software [17, 18]. Gene 
ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enriched in target gene can-
didates of DEmiRNAs were deciphered using the GOs-
eqR package [19] and KOBAS [20] software, respectively.

RNA sequencing and bioinformation analysis
Total RNA from giant panda blood was extracted, and 
RNA library was constructed using RNA Library Prep 
Kit for Illumina® (NEB, USA). Briefly, mRNA with poly-
A tail was enriched by Oligo (dT) magnetic beads, and 
then the mRNA was randomly interrupted by divalent 
cations in Fragmentation Buffer. The purified double-
stranded cDNA was end-repaired, A tail was added and 
a sequencing connector was connected. cDNA about 
370–420  bp was screened by AMPure XP beads for 

Table 1 Basic information of experimental giant pandas
Name Stud# Sex Birth date Location Condition
Ximeng 399 Male 1993.9.19 Dujiangyan Base, China Testicular tumor
Yaxiang 529 Male 2001.8.20 Dujiangyan Base, China Testicular tumor
Gaogao 415 Male 1990.9.1 Dujiangyan Base, China Testicular tumor
Daili 542 Male 1999.9.1 Dujiangyan Base, China Healthy
Linyang 538 Male 2001.9.28 Dujiangyan Base, China Healthy
Tongtong 586 Male 2004.8.30 Dujiangyan Base, China Healthy
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PCR amplification, and PCR products were purified by 
AMPure XP beads again. Finally, the library is obtained. 
RNA sequencing was performed on the Illumina SE50 
platform (Novo, Beijing) after the library was qualified. 
After the quality control of the raw sequencing data, the 
clean reads and reference genomes were compared using 
the HISAT2 software. Here are reference genome FA 
information  (   h t  t p s  : / / f  t p  . e n  s e m  b l . o  r g  / p u b / r e l e a s e - 1 1 0 / f 
a s t a / a i l u r o p o d a _ m e l a n o l e u c a / d n a /     ) and annotation file 
GTF information  (   h t  t p s  : / / f  t p  . e n  s e m  b l . o  r g  / p u b / r e l e a s e - 1 
1 0 / g t f / a i l u r o p o d a _ m e l a n o l e u c a /     ) . The expression level 
of mRNA was estimated by FPKM (Fragments Per Kilo-
base of exon model per Million mapped fragments). As 
our samples have three biological replicates, differential 
expression analysis of each comparison group was per-
formed using the R package DESeq2 [15]. The p-values 
were adjusted using the Benjamini & Hochberg method 
and corrected p-value of 0.05 was set as the threshold for 
significant differential expression by default [16]. GO and 
KEGG enrichment analysis of DEGs was performed by 
clusterProfiler software [21].

Correlation analysis and RT-PCR validation
R version 4.4.0 was used to analyze the spearman correla-
tion between the DEGs obtained by RNA sequencing and 
the target genes of the DE miRNAs obtained by sRNA 
sequencing (p-value < 0.05). Then, mRNA and miRNA 
from Total RNA were reverse-transcribe into cDNA 
using PrimeScript RT reagent Kit with gDNA Eraser and 
Mir-X™ miRNA First Strand Synthesis Ki, respectively. 
Finally, we used the SYBR Premix Ex Taq II (TaRaKa, 
China) for RT-PCR. GAPDH and U6 were used as endog-
enous controls. Three technical replicates were set for 
each response, and quantitative data were analyzed by 
2−△△Ct.

Statistical analysis
Excel 2019, GraphPad Prism 7.0 and AI software were 
used for data analysis and mapping respectively. Data 
were shown as the mean ± S.D., and values of p < 0.05 
were considered statistically significant (* p < 0.05, ** p < 
0.01).

List of abbreviations
Abbreviations are shown in Table 2.

Results
Testicular tumor of giant panda
In recent years, there have been several cases of giant 
pandas suffering from testicular tumor in China Con-
servation and Research Center for the Giant Panda 
(CCRCGP). Since 2014, Gaogao, Ximeng, and Yaxiang 
were diagnosed with testicular tumor. Phenotypic charac-
teristics showed that the size of diseased testis was twice 
that of normal testis, and diseased testis became harder 
(Fig. 1A). Pathological section showed that normal testis 
had clear seminiferous tubules and intact testicular tis-
sue structure (Fig. 1B), while diseased testis showed the 
testicular parenchymal structure was basically lost, and 
no intact and clear seminiferous tubules were observed, 
which have been replaced by elliptical or oblate paren-
chymal cells (Fig. 1C) (Additional file S1).

Differential expression and functional enrichment of blood 
miRNAs in giant panda testicular tumor
Small RNA libraries of giant panda blood were estab-
lished for high-throughput sequencing. The length 
distribution of small RNA was mainly 18-26nt, and con-
centrated in 21-23nt (Fig.  2A). Clean reads in all sam-
ples were annotated as known miRNA (53.88%), rRNA 
(0.01%), tRNA (0.04%), snRNA (0.01%), snoRNA (0.03%), 
repeat (0.28%), exon (0.15%), intron (0.32%) and others 
(45.28%) (Fig.  2B). A total of 400 miRNAs were iden-
tified from the six giant pandas’s blood. TPM density 
showed the miRNA expression levels were consistent in 
each giant panda (Fig. 2C). In addition, compared to nor-
mal group, we found a total of 29 DEmiRNAs in tumor 
group, of which 26 were up-regulated and 3 were down-
regulated (Fig.  2D). The hierarchical cluster analysis of 
DEmiRNAs showed tumor-specific miRNAs expressed 
patterns, and the three biological repetitions of nor-
mal group were well assembled into one cluster. How-
ever, Gaogao did not cluster well in the tumor samples 
(Fig. 2E), and we speculated that there may be individual 
differences.

Next, RNAhybrid and miRanda software were used 
to predict the target gene candidates of all DEmiRNAs, 
and a total of 3149 target gene candidates were predicted. 
GO and KEGG enrichment analyses were performed 
using the predicted target gene candidates. Based on the 

Table 2 List of abbreviations
Abbreviation Name
miRNA
DEmiRNAs

microRNA
Differentially expressed miRNAs

DEGs
RNA-seq

Differentially expressed genes
RNA-sequencing

PCR Polymerase chain reaction
WB Western blot
EDTA Ethylenediamine tetraacetic acid
PBS Phosphate buffered saline
TEM Transmission electron microscopy
TPM Transcript per million
FPKM Fragments per kilobase of exon model per 

million mapped fragments
GO Gene ontology
KEGG Kyoto encyclopedia of genes and genomes
PKIG protein kinase inhibitor gamma

https://ftp.ensembl.org/pub/release-110/fasta/ailuropoda_melanoleuca/dna/
https://ftp.ensembl.org/pub/release-110/fasta/ailuropoda_melanoleuca/dna/
https://ftp.ensembl.org/pub/release-110/gtf/ailuropoda_melanoleuca/
https://ftp.ensembl.org/pub/release-110/gtf/ailuropoda_melanoleuca/
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standard with corrected p-value < 0.05, we found that the 
target gene candidates were mainly involved in biological 
processes such as intermembrane lipid transfer and nega-
tive regulation of binding, while molecular function and 
cellular components were almost not involved (Fig. 2F). 
KEGG analysis showed the relevant signaling pathways 
were mainly concentrated in hypertrophic cardiomyopa-
thy, ATP-dependent chromatin remodeling, and protein 
digestion and absorption (Fig. 2G).

Isolation and identification of exosomes derived from 
giant panda blood
Exosomes are extracellular vesicles that are rich in biolog-
ical information. In this study, exosomes were extracted 
by ultracentrifugation method, and the extracted exo-
somes were identified by TEM, particle size detection 
and Western blot. We observed the extracted exosomes 
showed round or cup-shaped vesicles through TEM 
(Fig.  3A). Its diameter was measured between 30 and 
150 nm (Fig. 3B), which is consistent with the diameter 
distribution of normal exosomes. In addition, Western 
blot analysis was performed with the exosome-specific 
antibody CD9, and the results showed that CD9 was 
positive in the giant panda exosome samples (Fig.  3C) 
(Additional file S2). The above results indicate we have 
successfully extracted exosomes from giant panda blood.

Differential expression and functional enrichment of 
exosomal miRNAs in giant panda testicular tumor
We extracted RNA from exosomes and established the 
small RNA library of giant panda blood exosomes. The 
length distribution of small RNA was mainly 18-35nt, 
and they were concentrated in 22nt and 23nt, showing a 
bimodal distribution (Fig. 4A), which was consistent with 
previous studies [22]. Clean reads obtained after qual-
ity control were annotated as known miRNA (7.95%), 
rRNA (0.01%), tRNA (0.01%), snRNA (0.00%), snoRNA 
(0.01%), repeat (1.13%), exon (0.01%), intron (0.04%) and 
others (90.83%) (Fig.  4B). A total of 382 miRNAs were 

identified from exosomes. TPM density showed that the 
miRNA expression levels were consistent in the exosome 
of each giant panda (Fig. 4C). However, we found there 
were only 5 DEmiRNAs, of which 2 were up-regulated 
(miR-574-5p, miR-200a-3p) and 3 were down-regu-
lated (miR-222-3p, miR-3074-5p, miR-24-3p) (Fig.  4D). 
The hierarchical cluster analysis of DEmiRNAs showed 
tumor-specific miRNAs expressed patterns, and the three 
biological repetitions of each group were well assembled 
into one cluster (Fig.  4E). Therefore, we speculated that 
exosomal miRNAs may have different regulatory patterns 
compared with blood miRNAs.

Then, a total of 364 target gene candidates were pre-
dicted for DEmiRNAs, and functional enrichment analy-
sis showed that these target gene candidates were mainly 
involved in cellular components such as molybdopterin 
synthase complex, and molecular biological function 
such as organic acid: sodium symporter activity and 
sodium: dicarboxylate symporter activity (Fig. 4F). KEGG 
analysis showed that the signaling pathway was mainly 
focused on antigen processing and presentation (Fig. 4G).

Differential expression and functional enrichment of blood 
mRNAs in giant panda testicular tumor
Expression patterns of blood mRNAs in giant panda tes-
ticular tumor was identified by RNA-seq. The results of 
FPKM density showed that mRNA expression levels of 
each giant panda were almost consistent (Fig.  5A). In 
addition, compared to normal group, a total of 216 DEGs 
were found in tumor group, of which 136 were up-reg-
ulated and 80 were down-regulated (Fig.  5B). The hier-
archical cluster analysis of DEGs showed tumor-specific 
gene expressed patterns, and the three biological repeti-
tions of each group were well assembled into one cluster 
(Fig. 5C).

Then, the GO enrichment and KEGG enrichment 
analyses were performed separately. Overall, with 
corrected p-value < 0.05, tumor-specific DEGs sig-
nificantly enriched to dephosphorylation and protein 

Fig. 1 Testicular tumor of giant panda. A Measurement of the testicular tumors. B Photomicrographs of HE stained normal testis. Scale bar, 20 μm. C 
Photomicrographs of HE stained testicular tumors. Scale bar, 20 μm
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Fig. 2 Differential expression and functional enrichment of blood miRNAs in giant panda testicular tumor. A Length distribution with 18-35nt of all small 
RNA. B Category composition of all small RNA. C TPM density of miRNA expression. The miRNA expression level was represented by normalized log10 
(TPM + 1) values. D Differentially expressed miRNAs statistics of giant pandas in tumor group and normal group. E Hierarchical cluster analysis of all dif-
ferentially expressed miRNAs in tumor group and normal group. F GO enrichment analysis of target gene candidates. G Pathway assignment based on 
KEGG for target gene candidates of giant pandas
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dephosphorylation in biological processes, and extracel-
lular matrix structural constituent, gated channel activ-
ity and ion gated channel activity in molecular function 
(Fig.  5D). KEGG analysis showed the relevant signaling 
pathways were mainly concentrated in Protein digestion 
and absorption, Leukocyte transendothelial migration 
and Nicotine addiction (Fig. 5E).

Correlation analysis of miRNA-mRNA expression and 
RT-PCR Validation
To determine the specific marker of testicular tumor 
of giant panda, spearman correlation analysis was 
conducted on miRNA-mRNA expression, and the 
results showed that only the expressions of miR-
331-3p and ENSAMEG00000004030 (PKIG) were 

Fig. 3 Identification of exosomes. A Exosomes isolated from Ximeng and Daili were observed by TEM respectively. Acc. Voltage = 100.0Kv, Magnification 
= x60.0k, Scale bar, 100 nm. B Size distribution of exosomes isolated from Ximeng and Daili was analyzed using the particle size analyzer (NanoFCM, N30E) 
respectively. C Western blot of CD9 from exosomes, and the relative expression of CD9 was positive in Ximeng and Daili
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Fig. 4 Differential expression and functional enrichment of exosomal miRNAs. A Length distribution with 18-35nt of all small RNA. B Category composi-
tion of all small RNA. C TPM density of miRNA expression. D Differentially expressed miRNAs statistics of giant pandas in tumor group and normal group. E 
Hierarchical cluster analysis of all differentially expressed miRNAs in tumor group and normal group. F GO enrichment analysis of target gene candidates. 
G Pathway assignment based on KEGG for target gene candidates of giant panda
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Fig. 5 Differential expression and functional enrichment of DEGs. A FPKM density of genes expression. B Differentially expressed genes statistics of giant 
pandas between tumor group and normal group with corrected p-value < 0.05 and |log2FoldChange| >1. C Hierarchical clustering heatmap of all dif-
ferentially expressed genes between tumor group and normal group, and the red-blue spectrum represents the normalized FPKM values. D-E GO and 
KEGG enrichment analysis of DEGs with corrected p-value < 0.05
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significantly positively correlated (spearman = 0.943, 
p < 0.01), while the expressions of miR-331-3p and ENS-
AMEG00000013628 were significantly negatively corre-
lated (spearman= -0.829, p < 0.05) (Fig. 6A)

Then, to further verify the above results, the expression 
of miR-331-3p, PKIG and ENSAMEG00000013628 was 
quantified by RT-PCR, and primer information is shown 
in Table 3. Our results showed that compared to normal 
panda, the relative expression of miR-331-3p in tumor 
panda was significantly reduced (p < 0.01), which was 
consistent with the result of miRNA sequencing (Fig. 6B). 
However, the relative expression of PKIG and ENS-
AMEG00000013628 were inconsistent with our sequenc-
ing results (Fig. 6C and D), we speculated that there may 
be individual differences between giant pandas or differ-
ences in detection sensitivity. Finally, we fully believed 
that miR-331-3p could be used as a potential diagnostic 
marker for giant panda testicular tumor

Discussion
Exosomes are formed by the invagination of intracellular 
lysosomal particles, including transmembrane proteins 
(such as CD9, CD63, CD37 and CD81), fusion proteins 
(such as GTPases), polyvesicular endosomal producing 
proteins (such as Alix and TSG101), lipids (such as cho-
lesterol), sugars and nucleic acids, etc. These inclusions 
are important biological characteristics of exosomes and 
important mediators involved in intercellular communi-
cation and biological processes [23, 24]. The morphol-
ogy was observed by transmission electron microscopy 
(TEM), and appeared as round or cup-shaped vesicles 
wrapped in lipid bilayer. Particle diameters can be mea-
sured using a particle size analyzer, with diameters rang-
ing from 30 to 150  nm. Protein detection mainly uses 
Western blot or nano-flow qNano to detect the marker 
proteins contained in exosomes [25]. Currently, the 
commonly used marker proteins include CD9, CD63, 
CD81, TSG101, etc [26–29]. After plasma exosomes 
were extracted in this experiment, their morphology was 
observed under TEM, showing round or cup-shaped ves-
icles with a measured diameter ranging from 30–150 nm, 
and their surface marker protein CD9 was positive. 
After the above identification, the vesicle-like particles 
in plasma extracted in this experiment were consistent 
with the characteristics of exosomes [30] and confirmed 
as exosomes

Studies have found miRNAs in exosomes can be used 
as biomarkers to reflect the pathological changes of exo-
some-released tissues [31]. However, this study found 
differences between blood miRNAs and exosomal miR-
NAs. Blood smallRNA showed unimodal distribution in 
the length distribution range of 18-35nt, while exosomal 
smallRNA enriched with kit showed bimodal distribu-
tion, which was consistent with previous research results 

[22]. In the analysis of miRNAs differential expression, 
we found that 29 miRNAs were differentially expressed in 
blood, while only 5 miRNAs were differentially expressed 
in exosomes, which was consistent with Xie’s research. 
Xie [32] found that compared with plasma-derived exo-
somes, miRNAs in plasma were differentially regulated 
in disease animal models. Differential changes in miR-
NAs can be detected in exosomes and plasma samples, 
suggesting that different mechanisms are activated when 
regulating exosomes or other carriers of miRNAs. At the 
same time, higher variability was also present in plasma 
samples compared to exosomes, and this high variabil-
ity may be due to the complexity of miRNAs origin in 
plasma samples [32]

Functional enrichment analysis of target genes of blood 
DEmiRNAs showed that these target gene candidates 
were mainly involved in intermembrane lipid transfer. 
Membrane lipids are the main components of the cell 
membrane and separate the interior of the cell from the 
external environment by forming lipid bilayer [33, 34]. 
Membrane lipids play an important role in maintaining 
the structural integrity and fluidity of cell membranes, 
as well as cell signaling and communication [33]. Stud-
ies have shown that tumor cell metastasis goes through 
different stages and requires lipid-related structural 
adaptations, including changes in lipid membrane com-
position to invade other sites and overcome cell death 
mechanisms [35]. Phosphatidylinositol (PI) and other 
membrane lipids can be phosphorylated by enzymes to 
produce lipid second messengers, which play an impor-
tant role in cell signaling pathway. In addition, lipids also 
alter metabolic crosstalk between the tumor microenvi-
ronment and its surrounding cells, for example, tumor 
cells can absorb lipids released by stromal cells, which 
in turn affect immune cell function [36]. KEGG pathway 
mainly focuses on ATP-dependent chromatin remodel-
ing and protein digestion and absorption. ATP-depen-
dent chromatin remodeling complex plays an important 
role in development [37]. Genomic aberrations in genes 
encoding chromatin remodeling components can lead to 
different malignancies, such as pancreatic ductal adeno-
carcinoma (PDAC) [38–40]. In pancreatic cancer, chro-
mosome aberrations and/or mutations associated with 
ATP-dependent chromatin remodeling complexes were 
detected in approximately 1/3 of the samples [41, 42], 
highlighting the role of abnormal chromatin remodeling 
in tumorigenesis

Functional enrichment analysis of target genes of exo-
somal DEmiRNAs showed that the relevant signaling 
pathways were mainly concentrated in antigen process-
ing and presentation. The processing and presentation of 
neoantigens play a key role in the immunotherapy of lung 
cancer. Immunotherapy uses the patient’s own immune 
function to recognize and kill tumor cells by activating 
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Fig. 6 Correlation analysis of miRNA-mRNA expression and RT-PCR. A Spearman correlation regulatory network analysis of a part of miRNA-mRNA 
expression. B The relative expression of miR-331-3p in normal and tumor giant pandas, U6 was used as reference gene. C The relative mRNA expression 
of PKIG in normal and tumor giant pandas, GAPDH was used as reference gene. D The relative mRNA expression of ENSAMEG00000013628 in normal and 
tumor giant pandas. These data are expressed as mean ± S.D. of three independent experiments. ns = not significant. * p < 0.05, ** p < 0.01 compared with 
control
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the activity of CD8+ T cells. Therefore, effective anti-
gen presentation is essential for CD8+ T cell-mediated 
immune responses [43, 44]. Previous studies have shown 
that tumor cells can achieve immune escape by reducing 
antigen presentation through the regulation of antigen 
processing and presentation pathways [45]. Therefore, we 
speculate that the pathogenic mechanism of giant panda 
testicular tumor may be related to the regulation of anti-
gen processing and presentation pathway and then affect 
related immune function, but further study is still needed

GO analysis showed that tumor-specific DEGs signifi-
cantly enriched dephosphorylation and protein dephos-
phorylation. Protein phosphorylation is the most basic 
and important mechanism to regulate and control pro-
tein activity and function, and protein tyrosine phos-
phorylation is essential for the proper function of cells 
and organisms [46]. Alterations in phosphorylation 
pathways can lead to serious diseases, especially cancer. 
Many signaling pathways including tyrosine kinases and 
cyclin-dependent kinases, calmucin-catenin complexes 
are major players in the cell cycle, and dysregulation in 
their phosphorylation response has been shown in vari-
ous types of cancer. Tyrosine phosphorylation is accom-
plished by protein tyrosine kinases (PTKs), the family of 
tyrosine kinases that covers the most oncogene proteins 
[47]. Studies have shown that MAPK plays an important 
role in cancer growth and progression, Bcl-2 family pro-
teins have pro-apoptotic or anti-apoptotic functions, and 
cyclin is a key regulator of the cell cycle. Phosphorylation 
changes in any of these pathways are closely associated 
with cancer, and they also serve as potential products for 
anticancer drug development [48]. Therefore, we specu-
late that pathogenesis of giant panda testicular tumor 
may be related to protein phosphorylation of a certain 
pathway, which needs further investigation.

miR-331-3p is closely related to the development of 
cancer. Studies have found that miR-331-3p may be 
involved in the regulation of cell growth and cell cycle, 
so it may initially be considered as a tumor suppressor 
[49]. In recent years, the role of miR-331-3p in tumors 
has attracted increasing attention, and the expression 

of miR-331-3p has been significantly down-regulated 
in gastric cancer [50], prostate cancer [51]and glioblas-
toma [52]. In colorectal cancer cells, overexpression of 
miR-331-3p inhibits cell growth, promotes cell apopto-
sis and activates cysteine aspartic protease 3 (Caspase-3) 
by inhibiting the expression of human epidermal growth 
factor receptor 2 (HER2) [53]. In gastric cancer, miR-
331-3p, as a key regulator of cell proliferation, leads to 
cell cycle arrest by directly inhibiting E2F1 gene expres-
sion [50]. Therefore, miR-331-3p can be considered as a 
tumor suppressor gene. On the other hand, miR-331-3p 
plays a carcinogenic role in hepatocytes by directly tar-
geting PH domains and leucine-rich repeat protein 
phosphatases, thereby promoting cell proliferation and 
metastasis [54]. Our study showed that the expression 
of miR-331-3p was also significantly reduced in of giant 
panda testicular tumor. Meanwhile, the combined analy-
sis of miRNA-mRNA showed that miR-331-3p was sig-
nificantly positively correlated with PKIG expression. 
We hypothesized that miR-331-3p may be involved in 
the regulation of the occurrence and development of in 
giant panda testicular tumor through coordination with 
PKIG. cAMP-dependent protein kinase inhibitor gamma 
(PKIG), also known as PKI-gamma, is widely expressed 
in various tissues such as heart, bladder and testis, and is 
an effective competitive camp-dependent protein kinase 
inhibitor. Studies have shown that the protein encoded 
by PKIG is involved in osteoblast and adipocyte differ-
entiation [55]. However, our RT-PCR results showed 
that the expression of PKIG was inconsistent with that of 
sequencing, and we speculated that there might be two 
reasons, first, due to the rarity of giant panda samples, we 
conducted RT-PCR on fewer samples, and there might 
be individual differences; second, there are differences 
in the sensitivity of sequencing and RT-PCR. Therefore, 
miR-331-3p is only a preliminary reference for judging 
giant panda testicular tumor, and we will make a com-
prehensive judgment based on phenotypic characteristics 
and pathological analysis. In the future, we will continue 
to collect clinical data and continue to verify the role of 
miR-331-3p as a potential diagnostic marker for giant 
panda testicular tumors.

Conclusions
Through miRNA-mRNA sequencing, we found blood 
miRNAs and exosomal miRNAs have different regulatory 
patterns, which may reflect different biological processes 
in the pathogenesis of testicular tumor. Meanwhile, miR-
331-3p could be used as a potential diagnostic marker for 
giant panda testicular tumor. Our findings are conducive 
to the rapid clinical diagnosis of giant panda testicular 
tumor, and are also expected to provide scientific refer-
ence for further research on the pathogenesis of testicu-
lar tumor.

Table 3 Primer information for RT-PCR
Name Primer sequence
miR-331-3p F- T C G C C C C T G G G C C T A T C

R- A C T G C A G G G T C C G A G G T A T T
PKIG F- T C C T C C T A C T C G G A C T T C A T T T C

R- A C C T C T G T C T G C C C T T C T G C
ENSAMEG00000013628 F- C A C G C T C T T C T T G C C A T T C T C

R- T T G G A G G G C T T G G T G G T C T
U6 F- C T C G C T T C G G C A G C A C A

R- A A C G C T T C A C G A A T T T G C G T
GAPDH F- T C A A G A A G G T G G T G A A G C A G G

R- C G G C A T C A A A G G T G G A A G A G T
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