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Introduction: In order to find the early diagnostic markers of AIDS combined with TM 
infection, we detected and analyzed the serum exosomal miRNAs of AIDS patients with or 
without TM infection.
Materials and Methods: We profiled the expression levels of miRNAs via RNA sequen
cing in serum exosomes from the pooled samples of 17 AIDS patients combined without TM 
infection and 15 AIDS combined with TM infection patients. For external validation, we 
validated these results using real-time quantification polymerase chain reaction (qRT-PCR) in 
an independent cohort of 35 AIDS patients combined without TM infection and 33 AIDS 
combined with TM infection patients. Finally, bioinformatics was used to predict the target 
genes and pathways of meaningful miRNAs.
Results: A total of 131 serum exosomal miRNAs including 73 up-regulated and 59 down- 
regulated miRNAs were found to be differentially expressed (log2FC≥1 and FDR <0.01) in the 
two groups. A validation analysis revealed that three miRNAs (miR-192-5p, miR-194-5p and 
miR-1246) were upregulated in exosomes from AIDS combined with TM infection patients. 
ROC analyses showed that the AUC in combined diagnosis of the three miRNAs was 0.742, and 
the diagnostic sensitivity and specificity were 0.568 and 0.861, respectively. In the biological 
process analysis, all the 3 miRNAs were involved in transcription, DNA-templated and positive 
regulation of transcription from RNA polymerase II promoter. At the same time, the related 
pathways were involved in TGF-β signaling pathway, AMPK signaling pathway, Wnt signaling 
pathway, MAPK signaling pathway, cGMP-PKG and cAMP signaling pathway, etc.
Conclusion: miR-192-5p, miR-194-5p and miR-1246 in serum exosomes might be 
a potential biomarker for AIDS combined with TM infection patients, which may be 
involved in TGF-β signaling pathway, AMPK signaling pathway, Wnt signaling pathway, 
MAPK signaling pathway, cGMP-PKG and cAMP signaling pathway, etc. Further research 
is needed on the biological functions and mechanisms of these miRNAs.
Keywords: exosomes, AIDS, Talaromyces marneffei, microRNA, biomarkers

Introduction
The prevalence of Human immunodeficiency virus/Acquired Immune Deficiency 
Syndrome (HIV/AIDS) is still a public health problem that threatens the health 
of all human beings. According to the latest report of the World Health 
Organization, in the end of 2019, there were 38 million patients with human 
immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) all 
over the world.1 In 2019, there were about 71,204 new HIV/AIDS patients and 
about 20,999 people died from AIDS in China,2 while there were more than 
30,000 new HIV-1 infections every year in Guangxi3 which was one of the high- 
risk areas.4
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After HIV-1 infection, it mainly attacks the cellular 
immune system of the human body, leading to a decline 
in CD4+T lymphocytes, which causes immune function 
defects. When HIV-1 patients progress to the AIDS 
stage, they are prone to various opportunistic infections, 
and Talaromyces marneffei (TM) is one of the common 
fungal infections. TM infections in China had obvious 
local epidemic characteristics and were mainly concen
trated in the south, such as Guangxi, Guangdong, 
Hong Kong and Taiwan,5 among which Guangxi had an 
incidence of 42.8%.6 In addition, it was reported that 
among HIV-1 positive patients in Guangxi, the infection 
rate of TM would be greater than 30% when the count of 
CD4+T lymphocytes was less than 50/μL.7 For patients 
with AIDS combined with TM infection, early diagnosis 
and timely antifungal combined ART treatment can effec
tively control the disease progression. However, the mor
tality rate of those who had not been diagnosed and treated 
in time was very high. According to statistics, the mortal
ity rate of TM patients after receiving antifungal treatment 
was 24.3% while the mortality rate of patients who did not 
receive antifungal treatment was reached to 50.6%,6 and 
there were reports that the mortality rate of patients who 
had not received timely treatment even reached to 91.3%.8 

At present, the diagnosis of TM infection mainly relied on 
pathogenic microscopy and culture, but the microscopic 
detection rate was low and the fungal culture took a long 
time, so early diagnosis of TM infection was very difficult.

Exosomes are nanovesicles released from different cell 
types, with a diameter of about 30–150nm, which are 
present in various body fluids including blood, urine, sal
iva, tears, semen, breast milk, and ascites, etc. Exosomes 
contain a variety of molecules such as proteins, lipids, and 
nucleic acids, etc. that exhibit biological activity and 
reflect the state and type of their original cells. Fungi, 
bacteria, viruses and other microorganisms can not only 
secrete exosomes that are used to spread the infection and 
avoid the host’s immune system, but also stimulate the 
production of exosomes in host cells.9,10 Therefore, as 
a product of the interaction between host immune cells 
and pathogens, exosomes simultaneously carry informa
tion from the host and pathogens, thus becoming 
a research hotspot. The content of exosomes changes 
with diseases or treatments. They act as signal organelles 
between cells, participate in many physiological and 
pathological processes, and have potential roles in clinical 
diagnosis and treatment.11

As one of nucleic acid cargo of exosomes, microRNA 
(miRNA), which was first discovered in Caenorhabditis 
elegans,12 is a type of endogenous short-stranded non- 
coding RNA with regulatory functions, containing 18–25 
nucleotides and can affect the degradation of mRNA com
plementary sequences and regulate gene expression after 
transcription. miRNA plays an important immunomodula
tory role in TM infection13–15 and the transfer of miRNA 
mediated by exosomes is also regarded as a genetic com
munication mechanism between cells.16,17 Besides, the 
secretion and uptake of miRNA is not a random process 
but a controlled process, so it can provide new research 
directions for the pathogenesis of HIV-1, disease progres
sion, related inflammation, the efficacy of ART, and thera
pies aimed at reducing immune activation, and so on.18 

Therefore, this experiment intends to explore the serum 
exosomes of patients with AIDS and TM infection, in 
order to find potential biomarkers for rapid diagnosis of 
TM infection, and to provide new diagnostic methods for 
early clinical diagnosis and early treatment of TM patients.

Materials and Methods
Ethics Statement
The study was reviewed and approved by the First 
Affiliated Hospital of Guangxi Medical University 
Ethical Review Committee. All research subjects signed 
the relevant informed consent in written form before being 
enrolled, and clinical investigations were conducted 
according to the principles of the Helsinki Declaration.

Human Subject
The research subjects were divided into an experimental 
group and control group. All selected subjects were HIV- 
positive patients from the First Affiliated Hospital of 
Guangxi Medical University and the Fourth People’s 
Hospital, and the CD+4 T cell count was less than or equal 
to 200 cells/μL. The diagnosis of all AIDS patients meets 
the diagnostic criteria of the Chinese AIDS Diagnosis and 
Treatment Guidelines (2018 Edition). Laboratory testing of 
hepatitis B surface antigen (HBsAg), hepatitis B core anti
body (HBc-Ab), hepatitis C antibody (HCV-Ab), cytome
galovirus (Cytomegalovirus, CMV) DNA, Treponema 
pallidum particle agglutination (TPPA) test, Epstein-Barr 
virus antibody (EBV-Ab) and EBV-RNA were all negative. 
Patients with Talaromyces marneffei (TM) cultured in clin
ical specimens were included in the experimental group, 
and patients with T.M cultured were included in the control 
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group. All patients were not treated with antiretroviral ther
apy, and excluded malignant tumors and other deep fungal 
infections such as Cryptococcus, Candida, Aspergillus, 
Pneumocystis and Mucor, etc. Finally, the test cohort 
included 15 AIDS combined with TM infection patients in 
the experimental group and 17 AIDS combined without TM 
infection patients in the control group while the validation 
cohort included 33 AIDS combined with TM infection 
patients in the experimental group and 35 AIDS combined 
without TM infection patients in the control group. The 
validation cohort included all subjects in the test cohort.

Serum Collection and Separation
The researchers’ blood samples were collected in bio
chemical tubes containing coagulants, transported on ice, 
centrifuged at 4°C and 3000 rpm for 15 minutes, and 
serum was collected and stored at −80°C until further 
use. All blood samples were processed within 12 hours 
after collection.

Exosome Isolation from Serum
Exosomes were isolated from serum using the ExoQuick 
exosome precipitation solution as per manufacturer’s 
recommendations (SBI, USA).19 Frozen serum samples 
were taken out from −80°C fridge, thawed at 25°C, and 
centrifuged at 4°C, 3000rpm for 15 minutes to remove cell 
debris. Then, about 500μL volume of the supernatant was 
transferred to a new tube, and 125μL volume of ExoQuick 
exosome precipitation solution was added, vortex-mixed 
and incubated for 30 minutes at 4°C. After incubation, the 
samples were centrifuged at 4°C, 13000rpm for 2 minutes. 
Without disrupting the pellet, the supernatant was removed 
and discarded. The exosomes in the pellets were dissolved 
in 200µL volume of PBS and stored at −80°C.

Transmission Electron Microscopy (TEM)
At room temperature, 20μL volumes of exosomes were 
dropped on a copper mesh with a diameter of 2nm for 10 
min, dried with filter paper, and stained with 3% phospho
tungstic acid solution for 2 min and air-dried. After the 
copper mesh was installed in the sample slot of the trans
mission electron microscope, the focus and brightness 
were adjusted to observe and photograph the sample, and 
the vesicle structure and the shape of exosomes were 
analyzed. All TEM experiments were performed at the 
Facilities of the Transmission Electron Microscopy 
Laboratory of Guangxi Medical University.

Dynamic Light Scattering (DLS)
Size distribution and the polydispersity index of isolated 
serum exosomes were detected using a Zetasizer Nano ZS 
system (Malvern Instruments, Malvern, U.K.).20 In 
Zetasizer Software, after setting the parameters, the mea
suring cell was cleaned with ultrapure water, the sample 
was filtered with a 0.22 μm syringe filter, and 40 μL 
exosomes were placed in the measuring cell for 
measurement.

Western Blotting
Exosomes isolated from serum samples were lysed with 
Exosomes dedicated lysate (Umibio, China) at 4°C and the 
protein content was determined using the BCA protein 
concentration determination kit (Solarbio, China). SDS 
Loading Buffer (5X) was added to the samples and incu
bated at 95°C for 6 min. Sixty micrograms of exosomal 
protein per well was separated by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred onto polyvinylidene fluoride membranes 
(PVDF). Then, PVDF membranes were washed with 
1×TBST buffer (pH 7.6) and blocked with 4% milk at 
room temperature for 1h. After PVDF membranes were 
washed with TBST buffer again, PVDF membranes were 
incubated with the primary antibody CD9, CD63 and 
calnexin (Abcam, USA) overnight at 4°C. Finally, PVDF 
membranes were incubated with fluorescent secondary 
antibody (Shanghai Zhennuo Biological Company, 
China) for 2h at room temperature, and visualized with 
the Odyssey dual-color infrared fluorescence imaging sys
tem (LI-COR Company, USA).

Exosome RNA Isolation
Exosomal RNA was isolated with the total exosome RNA 
isolation kit (System Biosciences, CA, USA) as per the 
manufacturer’s instructions.19 Total RNA concentration 
was measured using the NanoDrop 2000 spectrophot
ometer (Thermo Scientific, MA, USA).

RNA Sequencing
According to the recommendations of the manufacturer, 
barcoded small RNA-Seq libraries were prepared using the 
TruseqTM Small RNA sample prep Kit (Illumina, CA) 
from 1μg serum exosome RNA and recovered by 6% 
Novex TBE PAGE gel, 1.0 mm, 10 well (Invitrogen, 
CA). The recovered libraries were quantified through 
TBS380 (Picogreen), and putted on the machine after 
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mixing according to the data ratio. Thereafter, bridge PCR 
amplification was performed on cBot to generate clusters, 
and SE50 sequencing was performed on the HiSeq sequen
cing platform. The entire sequencing process was imple
mented by Major Biotech, Shanghai, China.

qRT-PCR Validation of miRNAs
To validate candidate miRNAs from sequencing data, we 
performed qRT-PCR analysis of miR-28-3p, miR-144-3p, 
miR-192-5p, miR-194-5p, miR-199a-3p, miR-455-3p, 
miR-486-5p and miR-1246, while U6 was used as the 
internal control. The miRNA-specific primers were all 
designed by Nanning Kedi Company of Guangxi, 
China, and synthesized by TAKARA company. The spe
cific primer of U6 was provided by TAKARA. Equal 
volumes of exosomal RNA (10μL) from each sample 

were reverse transcribed using the Mir-XTM miRNA 
First Strand Synthesis Kit (TAKARA) at 37°C for 60 
min, and then the enzyme was inactivated at 85°C for 5 
min. After denatured template DNA at 95°C for 10 s, 40 
cycles of 95°C for 5 s, and 60°C for 20 s were performed 
using TB Green® Premix Ex TaqTM II Kit (TAKARA),21 

on the ABI StepOne/StepOnePlus Real-Time System. Ct 
values were normalized (ΔCt) by the global mean and 
2−ΔΔCt calculated to account for the difference between 
groups.

Statistical Analysis
Continuous variables were expressed in mean ± standard 
deviation. Group means of clinical and qRT-PCR miRNA 
measurement data were compared using independent sam
ple t-test, and the X2 test was used for the count data. If the 

Figure 1 Study design summarizing the cohort, methodology, and data analysis. 500 μL serum from subjects in test or validation cohorts were used to isolate exosomes 
using the ExoQuick kit. Exosomes were measured by TEM and WB. Small RNA libraries were prepared and sequenced on HiSeq, and candidate miRNAs were validated by 
qRT-PCR.
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data were non-normally distributed, we used Wilcoxon 
test. Evaluation individually or the logistics binary regres
sion model were used to integrate variables, and at the 
same time receiver operator characteristic curve (ROC) 
was drawn. All data analyses and graphical representations 
were performed and generated in GraphPad Prism 5.0 and 
Software SPSS 20.0. Exosomal miRNA ratio analysis 
between the two groups was selected based on an arbitrary 
|log2FC|≥1 and False Discovery Rate (FDR) <0.01 with all 
expression data represented in Log2 scale using the DESeq 
analysis software, and verification of candidate miRNAs 
was performed on qRT-PCR while bioinformatics analysis 
was analyzed on imageGP online software. In addition, 
TargetScanHuman7.2 and starBase V2.0 database were 
used to predict target genes, and the online gene function 
annotation tool on the DAVID website was used to per
form GO enrichment for differential genes while the 
related signal transduction pathways were analyzed 
through KEGG database (interactions with a p-value 
<0.05 were considered).

Results
Clinical Characteristics of Participants
A total of 17 and 15 subjects comprised the control and 
experimental group in the test cohort, respectively, while 
a total of 35 and 33 subjects comprised the control and 
experimental group in the verification cohort (including 
the subjects of the test cohort), respectively (Figure 1). 
A comparative analysis of all the clinically collected data 
showed that there was no significant difference in the 
number of age, sex, white blood cells, neutrophils, lym
phocytes, and platelets between the control group and the 
experimental group, while the monocyte count, 
CD4+T lymphocyte count, CD8+T lymphocyte count and 
CD4/CD8 ratio were significant differences between the 
control group and the experimental group. The number of 
monocyte count, CD4+T lymphocyte count, 
CD8+T lymphocyte count and CD4/CD8 ratio in the 
experimental group was significantly lower than the con
trol group (Table 1).

Characterization of Serum Exosomes
Exosomes were isolated from subjects’ serum using the 
ExoQuick exosome precipitation solution and character
ized by transmission electron microscopy (TEM) and 
Western blotting for exosome markers (Figure 2). TEM 
revealed vesicles of 50–150nm in diameter (Figure 2A), 

consistent with the size range of exosomes. The DLS chart 
showed that the main peak was in the range of about 
80nm, and the density of impurity peaks was low, which 
was in line with the size of the exosomes, and indicated 
that the purity was acceptable (Figure 2B). In the Western 
blotting detection, serum exosomal markers CD9 and 
CD63 can be clearly displayed while calnexin was absent 
in the two groups (Figure 2C).

Small RNA Classes and Distribution in 
Serum Exosomes of the Experimental 
Group and Control Group Patients
In order to verify the serum exosomal miRNA expression 
profile of AIDS patients combined with T.M infection, 2 
small RNA libraries of mixed samples in each group (17 
control samples and 15 experimental samples) were con
structed for deep sequencing. After removal of poor-quality 
raw reads, total clean reads were obtained for subsequent 
bioinformatics analyses. Table 2 shows that the sequence 
reads were produced from all samples, with the single base 
sequencing error rate below 0.1%. Both Q20 and Q30 of 
each sample were >80%. Size distribution, base preference 
and distribution among mapped reads in each sample were 
analyzed further. Figures 3A and B showed that most length 
was between 18 nt and 32 nt in the two samples, most of 
which were concentrated between 18 nt and 24 nt, corre
sponding to miRNA and siRNA. No significant deviations in 
GC were found in Figures 3C and D. To examine the 
diversity of serum exosomal RNA cargo, reads were 

Table 1 Clinical Characteristics of Participants in Validation 
Cohort

Variables Control Group Experimental 
Group

P or X2

Diagnosis time <1 month <1 month –

Disease stage AIDS period AIDS period –

CD4 count (cells/μL) 167.83±103.36 19.61±18.82 0.00

CD8 count (cells/μL) 828.26±552.71 247.91±186.53 0.00

CD4/CD8 ratio 0.24±0.18 0.073±0.052 0.00

Blood cells (109/L) 4.92±2.02 4.01±2.46 0.123

Neutrophils (109/L) 2.44±1.72 2.72±2.33 0.577

Monocyte (109/L) 1.30±1.18 0.55±0.40 0.002

Lymphocytes (109/L) 0.57±0.36 0.44±0.36 0.167

Platelets (109/L) 217.35±96.85 170.78±101.60 0.077

Age (years) 48.73±15.48 42.70±14.11 0.103

Sex (Female/male) 12/23 12/21 0.858

Notes: The measurement data was expressed as mean ± standard deviation, and 
was tested by t-test. Counting data were expressed as numbers and tested by the 
chi-square test. Bold in the table indicates important data.
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mapped to the Rfam database for miRNA, rRNA, tRNA, 
snRNA, etc. Figures 3E and F showed the distributions of 
different RNA species identified in serum exosomes of con
trol group and experimental group, respectively.

Analysis of miRNA Profiles in Serum 
Exosomes
Excluding non-miRNAs, the expression of identified 
miRNAs was standardized using TPM (transcripts 
per million; miRNAs were normalized by TPM). The 
miRNAs of the two groups were ranked according to the 

expression level. Among the top ten miRNAs, miR-126-5p 
was the most abundant miRNA, followed by miR-486-5p 
and let-7a-5p in the control group (Figure 4A) while miR- 
122-5p was the most abundant miRNA, followed by let- 
7a-5p and miR-126-5p in experimental group (Figure 4B). 
The types and abundance of miRNAs expressed in differ
ent tissues were different. Consequently, miRNAs were 
screened according to certain criteria (TMP ≥20) to iden
tify miRNAs that were specifically and co-expressed in 
each group of samples. The results showed that 245 known 
miRNAs were common between control and experimental 
group, and 58 and 63 were unique to control and experi
mental groups (Figure 4C).

Differentially Expressed miRNAs
Next, we investigated the miRNAs associated with AIDS 
combined with T.M infection. Cluster analysis and principal 
component analysis (PCA) were performed on the miRNAs 
of the two groups. The results showed that the miRNAs of 
the experimental group and the control group were clustered 
on both sides (Figure 5A), and the principal components of 
the two groups were quite different (Figure 5B). Further 
differential expression analysis for screening using DEGseq 

Figure 2 Characterization of exosome isolated from serum. (A) TEM image of isolated exosome from human serum. (B) DLS image of isolated exosome from human 
serum. (C) Detection of antibody CD9, CD63 and calnexin by Western blotting in pooled control (n = 17) and experimental (n = 15) samples.

Table 2 Statistical results of Sequencing Original Data

Group Control Group Experimental Group

Total Reads 12,080,572 12,317,250

Total Bases (bp) 616,109,172 628,179,750
Error% 0.0422 0.0438

Q20% 91.38 90.86

Q30% 82.92 82.23
GC% 38.17 38.63

Abbreviations: Q20, Q30%, the percentage of bases with Phred value greater 
than 20/30 in the total base; GC%, the percentage of G and C base number in the 
total number of bases.
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revealed 73 known up-regulated miRNAs and 59 known 
down-regulated miRNAs (absolute value of log2FC ≥1 and 
FDR <0.01) (Figure 5E and Table 3). These differentially 
expressed miRNAs were ranked according to the log2FC. 
The top ten up-regulated miRNAs were miR-5589-3p, miR- 
194-3p, miR-378c, miR-556-3p, miR-4271, miR-141-3p, 
miR-148a-5p, miR-548h-3p, miR-548z and miR-497-5p 
(Figure 5C); meanwhile, the top ten down-regulated 
miRNAs were miR-205-5p, miR-18a-5p, miR-335-3p, 
miR-942-5p, miR-3605-5p, miR-379-3p, let-7e-3p, miR- 
4433b-3p, miR-636, and miR-935 (Figure 5D).

Validation of the RNA-sequencing Data 
by qRT-PCR Analysis
According to the expression levels of miRNAs, 8 candi
date miRNAs including 5 up-regulated and 3 down- 
regulated miRNAs were analyzed in the smaller test cohort 
of 17 subjects in control group and 15 subjects in experi
mental group using qRT-PCR. The qRT-PCR results 
showed that miR-192-5p, miR-194-5p, miR-455-3p and 
miR-1246 were expressed at levels more than 1.5-fold 
higher while miR-199a-3p and miR-486-5p were less 
than 0.67-fold lower in AIDS combined with T.M 

Figure 3 Characterization of exosome miRNAs. (A) Sequence lengths distribution of the control group. (B) Sequence lengths distribution of the experimental group. 
(C) miRNA nucleotide bias at each position of the control group. (D) miRNA nucleotide bias at each position of the experimental group. (E) Distribution of small 
RNA species in serum exosome of the control group. (F) Distribution of small RNA species in serum exosome of the experimental group.
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infection patients (Table 4, Test cohort). To further vali
date, the expression levels of the four high expressed 
miRNAs in 35 subjects in control group and 33 subjects 
in experimental group, including previous smaller test 
cohort patients, were further analyzed. Based on validation 
results, the four miRNAs (miR-192-5p, miR-194-5p and 
miR-1246) were significantly upregulated in serum exo
somes from AIDS combined with T.M infection patients 
(Fold change ≥2 and p-value <0.05) (Figure 6, Table 4, 
validation cohort).

Predictive Significance of Exosomal 
miR-192-5p, miR-194-5p and miR-1246 in 
the Diagnosis of AIDS Patients with T.M 
Infection
Further, ROC curves were plotted to assess the diagnostic 
ability of these four miRNAs to identify AIDS patients 
with T.M infection. The area under the curve (AUC) 
values for miR-192-5p, miR-194-5p and miR-1246 were 
0.658, 0.703 and 0.721, respectively, indicating the poten
tial to distinguish AIDS patients with T.M infection from 
AIDS patients without T.M infection (Figure 7A–C). The 
diagnostic sensitivity and specificity of miR-192-5p, miR- 
194-5p and miR-1246 for AIDS patients with T.M infec
tion were 0.676 and 0.611, 0.649 and 0.694, 0.703 and 
0.75, respectively (Table 5). Then, the combined diagnosis 

and analysis of 3 miRNAs were performed. The AUC of 
combined diagnosis was 0.742, and the sensitivity and 
specificity of diagnosis were 0.568 and 0.861, respectively. 
The AUC and specificity of the combined diagnosis for the 
three miRNAs were significantly improved (Figure 7D and 
Table 5).

GO and KEGG Pathways
In this experiment, Gene Ontology enrichment analysis 
was performed on the target genes of the three miRNAs, 
and the top 10 enrichment results were analyzed. The 
results showed that in the biological process analysis, all 
of the 3 miRNAs were involved in transcription, DNA- 
templated and positive regulation of transcription from 
RNA polymerase II promoter. In addition, most of them 
were also involved in negative regulation of transcription 
from RNA polymerase II promoter, negative regulation of 
transcription, DNA-templated and positive regulation of 
transcription, DNA-templated (Figure 8A). This was con
sistent with molecular function enrichment results which 
were mainly involved protein binding, DNA binding, tran
scription factor activity, sequence-specific DNA binding, 
transcriptional corepressor activity, transcription regula
tory region DNA binding, etc. (Figure 8B). Meanwhile, 
KEGG pathway analysis on the predicted targets led to the 
identification of significant pathways in which the pre
dicted miRNA targets were enriched (Table 6) and the 

Figure 4 Small RNA-seq miRNA profiles in control and experimental groups. (A) The top 10 expressed miRNAs in the control group. (B) The top 10 expressed miRNAs in 
the experimental group. (C) Venn diagram showing the common and unique miRNAs identified in control and experimental groups.
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Figure 5 Differentially expressed exosomal miRNAs. (A) Cluster analysis of miRNAs in the two groups. (B) Principal component analysis of miRNAs. (C) The top 10 up- 
regulated miRNAs in the experimental group. (D) The top 10 down-regulated miRNAs in the experimental group. (E) Volcano map showing the overall differentially 
expressed miRNAs (DEmiRNAs) in the two groups. Each point represents a miRNA. Points in green indicate downregulated miRNAs (log2FC≥1 and FDR<0.01), while 
points in red indicate upregulated miRNAs (log2FC≥1 and FDR<0.01). Grey dots indicate miRNAs (log2FC<1 and FDR≥0.01).
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top ten pathways of the three miRNAs are listed in 
Figure 9. Specifically, miRNA targets associated with 
AIDS with T.M infection belonged to multiple pathways 
such as pathways in TGF-beta signaling pathway, AMPK 
signaling pathway, cAMP signaling pathway, Wnt signal
ing pathway and MAPK signaling pathway, etc. (Table 6).

Discussion
HIV-1 is known to cause dramatic changes in circulating 
miRNA22 and milk derived exosomal miRNA23 expression 
profiles, however its effect on serum exosomal miRNAs 
derived from TM infection patients remains unknown. Here, 
we characterized miRNA expression profiles of serum exo
somes derived from AIDS patients infected TM and showed 
that HIV-1 with TM infection significantly altered expression 

levels of exosomal miRNAs. Analysis of differentially 
expressed miRNAs by GO and KEGG pathway-based 
approach revealed several biological processes are affected 
by AIDS combined with TM infection. Furthermore, we iden
tified four upregulated miRNAs that can be potentially dis
criminate AIDS combined with TM infection from uninfected 
TM, with good predictive power. Collectively, these data 
provide, for the first time, comprehensive insight into serum 
exosomal miRNA profiles involved during AIDS combined 
with TM infection.

In this experiment, samples were selected strictly in 
accordance with the selection criteria. The final test cohort 
included 15 people in the experimental group and 17 
people in the control group while the validation cohort 
included 33 people in the experimental group and 35 

Table 3 Summary of Differentially Expressed miRNAs

miRNA Counts miRNA Names

Up-regulated miRNAs 
(73)

miR-5589-3p, miR-194-3p, miR-556-3p, miR-4271, miR-141-3p, miR-148a-5p, miR-548h-3p, miR-548z, miR-497-5p, let- 
7f-2-3p, miR-134-5p, miR-200b-3p, miR-339-5p, miR-4433b-5p, miR-192-3p, miR-30b-3p, miR-4706, miR-500a-3p, miR- 

502-3p, miR-629-5p, miR-378i, miR-1294, miR-181a-2-3p, miR-183-3p, miR-30c-2-3p, miR-3614-3p, miR-4306, miR- 

548ad-5p, miR-548ae-5p, miR-548ay-5p, miR-548d-5p, miR-6735-5p, miR-99a-5p, let-7i-3p, miR-122-3p, miR-548aq-3p, 
miR-455-3p, miR-9-3p, miR-122-5p, miR-24-1-5p, miR-22-5p, miR-885-5p, miR-194-5p, miR-378a-3p, miR-365a-3p, miR- 

365b-3p, miR-941, miR-192-5p, miR-380-3p, miR-378a-5p, miR-1468-5p, miR-574-3p, miR-505-3p, miR-23c, miR-23b- 

3p, miR-331-3p, miR-382-5p, miR-222-3p, miR-1246, miR-802, miR-301a-3p, miR-204-5p, miR-148a-3p, miR-483-5p, 
miR-28-3p, miR-3605-3p, miR-130b-5p, miR-215-5p, miR-28-5p, miR-125b-5p, miR-27b-3p, miR-340-3p

Down-regulated 
miRNAs (59)

miR-19a-3p, miR-505-5p, miR-143-3p, miR-486-3p, miR-451a, miR-598-3p, miR-342-3p, miR-144-5p, miR-126-5p, miR- 
181a-5p, miR-142-3p, miR-7-5p, miR-628-3p, miR-18a-3p, miR-3613-5p, miR-106b-3p, miR-486-5p, let-7i-5p, miR-144- 

3p, miR-15b-3p, miR-1908-5p, miR-223-3p, miR-93-5p, miR-409-3p, miR-125a-5p, miR-15a-5p, miR-150-5p, miR-136-3p, 

miR-142-5p, miR-421, miR-223-5p, miR-196b-5p, miR-324-5p, miR-199b-5p, miR-182-5p, miR-190a-5p, miR-200b-5p, 
miR-338-5p, miR-542-3p, miR-382-3p, miR-624-5p, miR-29b-2-5p, miR-429, miR-495-3p, miR-4732-3p, miR-1910-5p, 

miR-4433a-5p, miR-6511a-3p, let-7e-3p, miR-4433b-3p, miR-636, miR-935, miR-3605-5p, miR-379-3p, miR-335-3p, miR- 

942-5p, miR-18a-5p, miR-205-5p, miR-199a-3p

Table 4 Relative Expression of Candidate miRNAs

Gene Symbol Test Cohort (Control Group n=17; Experimental 
Group n=15)

Validation Cohort (Control Group n=35; Experimental 
Group n=33)

Fold Change p-value Fold Change p-value

miR-28-3p 0.45 0.047 1.41 0.059
miR-192-5p 1.76 0.835 2.71 0.02
miR-194-5p 2.15 0.439 3.16 0.003
miR-455-3p 2.04 0.895 2.27 0.604
miR-1246 2.21 0.168 5.48 0.001
miR-144-3p 0.98 0.302 1.51 0.674

miR-199a-3p 0.57 0.336 1.33 0.856
miR-486-5p 0.24 0.001 0.53 0.057

Note: Bold in the table indicates important data.
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people in the control group, and the number of people in 
the test cohort was included in the validation cohort. The 
subjects included in the experimental group and the con
trol group had no significant differences in age and gender, 
white blood cell, neutrophil, lymphocyte, and platelet 
counts. The monocyte count, CD4+ T lymphocyte count, 
CD8+ T lymphocyte count, and the ratio of CD4/CD8 in 
the experimental group were lower than those in the con
trol group, but this is related to the clinical characteristics 
of the patients in the experimental group24,25 and this 
feature is inevitable in AIDS patients with TM infection. 
In addition, once TM invaded the human body and caused 
a systemic disseminated infection, it will first cause 

a mononuclear-macrophage system reaction,26 and that 
may be responsible for the decrease in the number of 
monocytes of AIDS combined with TM infection. The 
reduced T lymphocyte count and monocyte count in 
patients with AIDS co-infected with TM may affect the 
abundance, size and miRNA expression of exosomes.18 

This is also the reason why we will explore the early 
markers of serum exosomes in AIDS combined with TM 
infection.

The current traditional methods for diagnosing TM 
cannot perform early and rapid diagnosis of TM, and the 
identification of new potential biomarkers is urgent. To 
gain more insight into serum exosomal miRNAs 

Figure 6 Validation of 4 high expressed miRNAs using qRT-PCR analysis. (A) Relative expression levels of miR-192-5p. (B) Relative expression levels of miR-194-5p. 
(C) Relative expression levels of miR-1246.
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modulation by AIDS combined with TM infection, we 
performed serum exosomal miRNA profiling and showed 
that serum exosomes derived from AIDS combined with 

TM infection perturbed the expression levels of 131 
miRNAs (FC >2, P < 0.01, Table 3). The combination of 
three miRNAs (miR-192-5p, miR-194-5p and miR-1246) 
had AUC of 0.742, a sensitivity of 56.8% and a specificity 
of 86.1% in predicting AIDS combined with TM infection. 
And in previous literature reports, these three miRNAs 
were closely related to the body’s inflammatory response, 
immune response, and disease progression.27–30 Except 
that, as a cell endopathogenic fungi, the immune clearance 
mechanism of TM infected host involves innate immunity 
and specific immune system, so the up-regulated miR-192- 

Figure 7 ROC curve of 4 high expressed miRNAs. (A) ROC curve of miR-192-5p. (B) ROC curve of miR-194-5p. (C) ROC curve of miR-1246. (D) ROC curve of the three 
miRNAs for combined diagnosis.

Table 5 Diagnostic Sensitivity and Specificity of the Four 
miRNAs

miRNA AUC Sensitivity Specificity

miR-192-5p 0.658 0.676 0.611

miR-194-5p 0.703 0.649 0.694

miR-1246 0.721 0.703 0.75

Combined diagnosis of 3 miRNAs 0.742 0.568 0.861
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5p, miR-194-5p and miR-1246 were verified in this 
experiment may have a certain diagnostic potential for 
patients with AIDS combined with TM, and may become 
a potential non-invasive biomarker for patients with AIDS 
combined with TM infection.

Further, the pathway enrichment results showed that the 
pathways involved in the four miRNAs ranged from 8 to 30, 
and the pathways related to cancer, diabetes, and nervous 
system, etc. were eliminated. The results showed that the 

regulation of the TGF-β signaling pathway was related to 
miR-192-5p and miR-194-5p. In addition, miR-192-5p was 
also involved in AMPK signaling pathway, miR-1246 was 
significantly related to cGMP-PKG and cAMP signaling 
pathways, miR-194-5p may regulate Wnt and MAPK sig
naling pathways. Among them, AMPK signaling pathway 
had been found to be associated with infection in previous 
reports.31,32 In terms of HIV-1 infection, it had been reported 
that HIV-1 infection leaded to a sharp decrease in the 

Figure 8 Gene Ontology enrichment analysis of the three miRNAs. (A) Target-related Gene Ontology (GO) enrichment results in biological process of the three miRNAs. 
(B) Target-related Gene Ontology (GO) enrichment results in molecular function of the three miRNAs.
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cellular peroxidase pool, and Wnt signaling played an 
important role in peroxisome homeostasis by regulating the 
production of biogenesis factors,33 suggesting that Wnt sig
naling was closely related to HIV-1, and miR-194-5p as 
a candidate marker for AIDS combined infected with TM, 
may be involved in the process of Wnt signaling pathway.

Except that, the pathways that may be associated with 
AIDS and TM infections enriched by miR-1246 included 
gap junctions, cAMP signaling pathways and cGMP-PKG 
signaling pathways. As we know, the miRNA can be 
transferred from the original cell to its neighboring cells, 
and had an active function in the recipient cell.17 

Meanwhile, the transfer of miRNA involved intercellular 

gap junctions. Therefore, it can be inferred that there may 
be a close relationship between changes in serum exo
somes miR-1246 and gap junctions in AIDS combined 
with TM infected patients. In addition, the immune 
response is an important physiological response to infec
tion. A recent report revealed the potential regulatory 
effect of exosomal miRNA in the plasma of patients with 
sepsis on the immune system.34 On this basis, some 
scholars35 confirmed that exosomes derived from sepsis 
pass miR-7 −5p changed the mRNA and protein levels of 
apoptosis-related genes, thereby regulating the apoptosis 
of T lymphocytes. The double luciferase reporter gene 
detection method confirmed that miR-7-5p played 

Table 6 Pathways of Three miRNAs Enrichment

miRNA Names Description Qvalue Count

miR-192-5p (8) Insulin signaling pathway 0.005152 13
p53 signaling pathway 0.011797 8

TGF-beta signaling pathway 0.012504 9

Signaling pathways regulating pluripotency of stem cells 0.035495 11
Small cell lung cancer 0.038283 8

AMPK signaling pathway 0.039336 10

Cell cycle 0.041095 10
Dopaminergic synapse 0.048664 10

miR-194-5p (26) Ubiquitin mediated proteolysis 4.9E-05 14
TGF-beta signaling pathway 5.5E-05 11

Axon guidance 0.0001 13

Pathways in cancer 0.000473 23
Wnt signaling pathway 0.000849 12

Signaling pathways regulating pluripotency of stem cells 0.000957 12

ErbB signaling pathway 0.001757 9
MAPK signaling pathway 0.002237 16

Focal adhesion 0.002547 14

Glioma 0.006438 7
Renal cell carcinoma 0.006934 7

Regulation of actin cytoskeleton 0.008095 13

Prolactin signaling pathway 0.009833 7
HIF-1 signaling pathway 0.011898 8

Basal cell carcinoma 0.012455 6

Proteoglycans in cancer 0.014413 12
Rap1 signaling pathway 0.020032 12

Insulin signaling pathway 0.026359 9

Transcriptional misregulation in cancer 0.028898 10
Hedgehog signaling pathway 0.031596 4

Neurotrophin signaling pathway 0.035608 8

Melanoma 0.036195 6
Chronic myeloid leukemia 0.038112 6

Glucagon signaling pathway 0.042785 7
Melanogenesis 0.04458 7

Choline metabolism in cancer 0.046421 7

(Continued)
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a negative regulatory role on the bad gene (a well-known 
pro-apoptotic gene) in the cGMP-PKG signaling pathway. 
It can be seen that the cGMP-PKG signaling pathway was 
very likely to participate in the inflammatory regulation 
process of miRNA. Except that, as a kind of cyclic nucleo
tide system, cAMP signaling pathway is also called pro
tein kinase A (PKA) system. In this system, extracellular 
signals can be combined with corresponding receptors, and 
caused a response by regulating the level of 
intracellular second messenger cAMP. Signal molecules 
can be inflammatory factors, pathogens and their products, 
hormones, etc. The regulation of cAMP was carried out by 
adenylate cyclase, and cAMP regulates key physiological 
processes, including metabolism, secretion, cell fate and 
gene transcription. In some studies,36 caffeine was shown 
to reduce the expression of miR-301b through the negative 

regulation of the cAMP/PKA/NF-κB axis, thereby enhan
cing respiratory immunity and inhibiting the inflammatory 
response during lung infection. In addition, some 
research37 found that miR-150 can inhibit the activity of 
PI3K and AKT through the cAMP-PKA-Csk signaling 
pathway, thereby effectively preventing CD28/B7 costi
mulatory signal transduction, reducing inflammatory cyto
kines (such as IL-2 and TNF) and inducing immune 
tolerance.

Finally, the TGF-β signaling pathway related to miR- 
192-5p and miR-194-5p plays an important role in the 
development, homeostasis and repair of most tissues in 
the organism. All immune cell lineages, including 
B cells, T lymphocytes, dendritic cells and macrophages, 
can secrete TGF-β. It can negatively regulate cell prolif
eration, differentiation and activation of other cytokines. 

Table 6 (Continued). 

miRNA Names Description Qvalue Count

miR-1246 (30) Proteoglycans in cancer 3.39E-04 48

Signaling pathways regulating pluripotency of stem cells 0.002358 34

Pathways in cancer 0.00337 77
Salivary secretion 0.004264 23

Ras signaling pathway 0.005009 48

Regulation of actin cytoskeleton 0.005646 45
Insulin signaling pathway 0.006715 32

Dopaminergic synapse 0.007582 30

Retrograde endocannabinoid signaling 0.007889 25
Long-term potentiation 0.010477 18

Neurotrophin signaling pathway 0.010713 28

Gap junction 0.011861 22
Estrogen signaling pathway 0.012089 24

Adrenergic signaling in cardiomyocytes 0.012134 31

Gastric acid secretion 0.013617 19
Melanogenesis 0.013629 24

cAMP signaling pathway 0.014808 41

Insulin resistance 0.018005 25
Long-term depression 0.020478 16

Thyroid hormone signaling pathway 0.020805 26

Transcriptional misregulation in cancer 0.020972 35
Hippo signaling pathway 0.023909 32

cGMP-PKG signaling pathway 0.026338 33

Circadian entrainment 0.027231 22
Ubiquitin mediated proteolysis 0.032395 29

Aldosterone synthesis and secretion 0.037146 19

Thyroid hormone synthesis 0.037734 17
Cholinergic synapse 0.042819 24

Prostate cancer 0.042909 20

Vascular smooth muscle contraction 0.043484 25
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Related reports had shown that the miRNA-enriched path
way associated with HIV-1 infection involved the TGF-β 
signaling pathway.22,23 In terms of inflammation, some 
scholars38 compared exosomes derived from human 
amniotic epithelial cells with human lungs. Comparing 
the protein and miRNA content of fibroblast exosomes, it 
was found that exosomes derived from human amniotic 
epithelial cells can increase the phagocytosis of macro
phages, reduce neutrophil myeloperoxidase, and directly 
inhibit T Lymphocytes proliferate and reduce lung inflam
mation, while exosomal miRNA derived from human 
amniotic epithelial cells was enriched in TGF-β and 
other pathways. In addition, in many fungal diseases, 
dendritic cells (DC), which promote inflammation and 
tolerance, were involved in the regulation of CD4+ 

T lymphocyte response, and TM infection also led to an 
increase in expression of CD80 and CD86 on DC. This 
also caused a significant increase in the level of TGF-β in 
the cell supernatant,39 suggesting that TM infection was 
closely related to TGF-β signal transduction. It can be seen 
that TGF-β signaling was an inflammatory signaling 

pathway, which was involved in the regulation of exoso
mal miRNAs derived from cells infected by bacteria38 and 
fungi.39 In our research, the differentially expressed exo
somal miR-192-5p and miR-194-5p derived from the 
patients with AIDS combined with TM infection may all 
be involved in the TGF-β signal transduction pathway.

In summary, the multiple pathways enriched by miR- 
192-5p, miR-194-5p and miR-1246, especially the TGF-β 
signal pathway enriched by miR-192-5p and miR-194-5p, 
may be involved in processes such as inflammation and 
immune response, which were consistent with the biologi
cal functions of exosomes, and also indicated that this 
study was in the serum exosomes of patients for AIDS 
combined with TM infection. The verified miRNA altera
tion mechanism may involve these infected signaling path
ways, and the specific targeted pathways need to be further 
studied.

Conclusions
In conclusion, our study shows that serum exosomal 
miRNAs of patients with AIDS and TM infection have 

Figure 9 The top ten pathways of the three miRNAs enriched by KEGG.
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changed significantly. Through miRNA sequencing and 
qRT-PCR validation studies, the results showed that three 
miRNAs (miR-192-5p, miR-194-5p and miR-1246) were 
significantly elevated in serum exosomes of AIDS patients 
with TM infection, and these miRNAs correlated with 
inflammatory response, immune response, and disease 
progression. These upregulated serum exosomal miRNAs 
are predicted to have functional associations with TGF-β 
signaling pathway, AMPK signaling pathway, Wnt signal
ing pathway, MAPK signaling pathway, cGMP-PKG sig
naling pathway and cAMP signaling pathway, etc. These 
findings suggest that serum exosomal miRNAs may reflect 
ongoing pathophysiological processes in AIDS combined 
with TM infection, serving as potential biomarkers of 
AIDS combined with TM infection and targetable 
mechanisms involved in disease pathogenesis.

This study is the first time to explore the serum exo
somes of patients with AIDS and TM infection. In the 
experiment, we combined the analysis method of bioinfor
matics, and the excavated miRNAs that are differentially 
expressed in the serum of people infected with AIDS and 
TM have certain diagnostic value. Some limitations in our 
study include the sample size, the lack of healthy controls 
and the fact that this was a simple cross-sectional study 
design. Further investigation about miR-192-5p, miR-194- 
5p and miR-1246 and the relationships among these three 
miRNAs may be useful for the early diagnosis in AIDS 
combined with TM infection patients. In addition, further 
research with a large number of samples, the pathways and 
target genes of miRNA deduced by GO and KEGG and 
additional miRNAs in known pathways is also warranted.
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