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Key messages

 ► Comparing patients with and without 
neurosyphilis, patients with neurosyphilis 
showed a significant upregulation in miR-
590-5p, miR-570-3p and miR-570-5p in the 
cerebrospinal fluid and serum.

 ► A significant downregulation was measured for 
miR-93-3p.

 ► These microRNAs may be potential biomarkers 
for the presence of neuronal infestations in 
patients with syphilis.

AbsTrACT
Objective changes in micrornas (mirnas) in the 
cerebrospinal fluid (cSF) are associated with different 
neurological diseases. Since alternations of mirnas 
in neurosyphilis are insufficiently investigated, we 
analysed mirnas in the cSF of patients suffering from 
neurosyphilis.
Methods exosomes were isolated from serum and cSF. 
levels of 44 mirnas were determined using quantitative 
real-time Pcr-based mirna array.
results in patients with neurosyphilis (nSP), mir-590-
5p, mir-570-3p and mir-570-5p were upregulated in 
the cSF and serum, when compared with patients with 
syphilis without neurosyphilis (SP). mir-590-5p and 
mir-570-3p were significantly upregulated (p<0.001). 
the expression of mir-21-5p was upregulated only in the 
cSF of nSP. Significant downregulation was observed for 
mir-93-3p in the cSF and serum of nSP. no statistical 
difference was found in the expression of mir-7-5p, 
mir-1307-5p, mir-203a-3p, mir-16, mir-23b-3p and 
mir-27b-5p in the cSF and serum of nSP and SP.
Conclusion For the first time, regulation profiles in 
mirna in the cSF and serum were analysed in nSP. 
We found significant differences in upregulation and 
downregulation. therefore, mirnas may be potential 
biomarkers for the presence of neurosyphilis.

InTrOduCTIOn
Syphilis, a disease that shows increasing incidence, 
is caused by the bacterium Treponema pallidum.1 In 
the course of the disease, approximately one-third 
of patients will develop a neuronal infestation, a 
neurosyphilis. Particularly at risk are patients with 
decreased immune system, such as HIV-positive 
patients1 and individuals who were not sufficiently 
treated with antibiotics.

T. pallidum cannot be cultured in vitro. To date, 
there has been a lack of a highly sensitive and 
specific diagnostic test. Therefore, the diagnosis of 
neurosyphilis relies on clinical findings and on cere-
brospinal fluid (CSF) abnormalities.1 Because the 
sampling of CSF is challenging due to its invasive 
manner, it is of importance to find a sensitive and 
easy-to-implement test.

Exosomes represent a specific subtype of secreted 
membrane nanovesicles that are approximately 
30–100 nm in size and are formed inside the 
secreting cells in endosomal compartments, called 
multivesicular bodies. Biofluids such as plasma/
serum, urine, breast milk and CSF are potential 

sources for exosomes.2 3 These secreted vesicles 
are known to play an important role in normal 
physiological processes and also may be exploited 
in pathological conditions such as viral infections, 
making them a possible pool for detection of novel 
biomarkers.2 3 Exosomes contain a lipid bilayer 
which is known to encapsulate proteins, microRNAs 
(miRNAs) and messenger RNA (mRNAs), which 
protects them from degradation. Due to their low 
immunity, good transmission and ability to cross the 
blood–brain barrier (BBB), exosomes are used for 
therapeutic delivery systems effectively.4–7

Brain function depends on the interaction 
between the neurons and the glial cells. Recent 
evidence suggests that the exosomes released by 
these cells play an important role in neuroglial 
transmission.8 Changes of miRNAs in exosomes 
have been reported for the diagnosis of different 
diseases, as well as a potential biological marker 
for brain neoplasms, degenerative diseases, autism 
and schizophrenia.9 In the meantime, these changes 
in miRNAs, as biological markers of diseases in 
the central nervous system (CNS), can be detected 
in a patient’s serum.10 11 Research on alternative 
miRNAs associated with neurodiseases transmis-
sion through BBB is in progress.11 12

Profiling of blood cells, exosomes or body fluid 
miRNAs would represent a tremendous and prom-
ising advance in non-invasive diagnostics for CNS 
disorders.9 There has been a report of miRNA 
changes in CSF associated with type B encephalitis 
infection.12

The question arises whether CSF-based miRNAs 
could be a useful biomarker for the detection of 
neurosyphilis. For this we examined the expression 
pattern of 44 miRNAs in the CSF of patients with 
syphilis with and without involvement of CNS.
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Table 1 Clinical characteristics of the 34 patients

Patient 
number sex Age

Confirmation 
time Treatment history

serum
rPr titre

serum TPPA 
titre

CsF rPr 
titre

CsF TPPA 
titre

CsF findings

Glu Protein Cell count

1 M 58 1 year Untreated − + − − 3.92 36.90 4

2 M 47 7 years Roxithromycin 1:1 + − − 4.05 111.40 5

3 F 62 1.5 years Benzathine penicillin 1:8 + − − 3.15 34.20 6

4 F 48 2 years Benzathine penicillin 1:1 + − − 3.50 43.80 2

5 F 49 1 year Untreated − + − − 3.90 67.30 2

6 M 71 Unknown Untreated − + − − 3.46 62.40 2

7 F 36 5 years Untreated 1:1 + − − 3.54 16.50 2

8 M 49 2 years Eryphilin 1:2 + − − 3.93 28.20 4

9 F 26 3 months Benzathine penicillin 1:1 + − − 3.33 26.10 2

10 M 59 Unknown Untreated 1:2 + − − 3.60 28.80 4

11 F 34 3 years Benzathine penicillin 1:16 + − − 3.84 28.00 6

12 F 29 2 years Benzathine penicillin 1:4 + − − 3.45 14.20 2

13 F 43 3 years Untreated 1:8 + − − 3.84 31.50 6

14 F 41 4 years Benzathine penicillin 1:1 + − − 3.19 28.40 2

15 F 77 Unknown Untreated 1:1 + − − 3.47 43.20 4

16 F 32 Unknown Untreated 1:8 + − − 3.61 24.00 0

17 M 74 Unknown Untreated − + − − 3.69 36.20 7

18 F 54 Unknown Untreated 1:2 + − − 3.11 77.70 48

19 M 53 Unknown Untreated 1:8 + 1:1 + 3.83 47.50 12

20 M 63 Unknown Untreated 1:32 + 1:8 + 3.03 66.40 26

21 M 56 7 months Aqueous penicillin + 
benzathine penicillin

1:256 + 1:8 + 4.29 54.30 2

22 M 42 Unknown Untreated 1:32 + 1:4 + 3.20 146.40 2

23 F 63 10 months Benzathine penicillin 1:4 + 1:1 + 4.68 41.80 2

24 M 58 1 month Untreated 1:32 + 1:4 + 4.23 47.60 116

25 M 41 Unknown Untreated 1:16 + 1:8 + 3.59 72.30 116

26 M 71 Unknown Untreated 1:16 + 1:2 + 3.95 45.20 24

27 F 62 Unknown Untreated 1:128 + 1:4 + 2.90 75.70 50

28 M 50 6 months Untreated 1:16 + 1:2 + 3.35 28.80 20

29 M 44 Unknown Untreated 1:128 + 1:8 + 3.60 74.20 138

30 F 56 Unknown Untreated 1:32 + 1:8 + 2.48 100.00 40

31 M 41 Unknown Untreated 1:32 + 1:4 + 3.02 56.60 38

32 M 62 Unknown Untreated 1:64 + 1:4 + 2.77 95.80 12

33 M 34 1 year Benzathine penicillin 1:8 + 1:2 + 2.72 95.40 56

34 M 71 Unknown Untreated 1:32 + 1:1 + 3.46 53.60 20

CSF, cerebrospinal fluid; F, female; Glu, glucose; M, male; RPR, rapid plasma reagin; TPPA, T pallidum particle agglutination.

MATerIAls And MeThOds
serum and CsF sample collection
Serum and CSF samples were taken from 34 patients with syph-
ilis and neurosyphilis aged 26–77 (table 1) referred to the Depart-
ment of Dermatology at the Second Affiliated Hospital, Zhejiang 
University School of Medicine. After obtaining consent, patients 
were included in our study.

The diagnostic criteria for neurosyphilis that complied with 
the 2015 guidelines of the Centers for Disease Control and 
Prevention in America were used to diagnose neurosyphilis 
(https:// stacks. cdc. gov/ view/ cdc/ 31403). HIV-infected individ-
uals were excluded.

exosome isolation
Six CSF-positive and six CSF-negative samples were randomly 
chosen. Exosomes were isolated from 500 μL of serum and 
CSF samples using exoRNeasy Serum/Plasma Midi Kit (Exiqon 
QIAGEN, #77044) according to the manufacturer’s instruc-
tions. Briefly, the samples were put onto the exoEasy spin 
column and centrifuged for 1 min at 500 g. Then the lysate 

was collected from the column after QIAzol washing for 5 min 
at 5000 g. Then we mixed the lysate and chloroform, shook 
it vigorously for 15 s, and centrifuged it for 15 min at 12 000 
g at 4°C. After this we collected the upper aqueous phase and 
mixed it with ethanol. The mix was added into a new RNeasy 
MinElute Spin Column, centrifuged at 10 000 revolutions per 
minute (rpm) for 15 s at room temperature (RT). Finally the 
column was washed with buffer ribulose-5-phosphate-3-epi-
meras (RPE) for three times. The RNA was collected from the 
column after RNase-free water washing.

qrT-PCr assay
The extracted miRNA was reversed into DNA using miScript 
II RT Kit (Exiqon QIAGEN, #218161). Quantitative real-time 
PCR (qRT-PCR) was performed in 20 μL reaction mixtures (0.5 
µM of each primer, 10 µL 2× SYBR Green Master Mix; Applied 
Biosystems, Foster City, California, USA) using the following 
parameters: 40 cycles of 95°C for 20 s and 60°C for 40 s. Primers 
were designed by miRprimer as described13 and listed in online 
supplementary table 1.
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Figure 1 Stable expression of miR-210-5p in the serum and CSF. (A). miRNAs in serum and CSF with CSF TPPA-negative or CSF TPPA-positive were 
investigated. (B). qPCR analysis of the relative quantitative expression of mir-210-5p in the CSF and serum isolated from syphilis patients with or 
without neurosyphilis. The first and second column represent CSF samples collected from CSF TPPA-negative and positive patients respectively. The 
third and fourth column data are serum samples from CSF TPPA-negative patients and CSF TPPA-positive patients respectively. Data are presented as 
means of relative abundance ±SEM, n>15. CSF, cerebrospinal fluid; Ct, cycle threshold; miRNA, microRNA; qPCR, quantitative PCR; TPPA, T pallidum 
particle agglutination.

Figure 2 qPCR analysis of the relative quantitative expression of (A) 
miR-590-5p, (B) miR-570-3p, (C) miR-570-5p and (D) miR-21–5p in the 
CSF and serum isolated from CSF TPPA-negative or CSF TPPA-positive 
patients. Data are presented as means of relative abundance ±SEM, 
n>15 per group. *P<0.05, **P< 0.01, ***p<0.001. CSF, cerebrospinal 
fluid; qPCR, quantitative PCR.

statistics
All statistical analyses were performed using GraphPad Prism 
(V.6.0, GraphPad Software). Results were considered to be statis-
tically significant at p<0.05.

resulTs
Identification of internal control mirnA for CsF and serum of 
TP-negative in humans
miRNAs in the serum and CSF that are CSF T pallidum 
particle agglutination (TPPA)-negative or CSF TPPA-positive 
were investigated (figure 1A). Out of 44 miRNAs examined in 
the qRT-PCR array, 32 miRNAs were detected with an average 
cycle threshold (Ct) of >35 and thus excluded from the study. 
Twelve miRNAs were detected to have below-average Ct value 
of 35, which showed uniformity at the expression level across 
these samples. All patients were serum TP-positive. The serum 
and CSF from patients with or without CSF TP infection were 
checked. The expression of miR-210-5p in the serum and CSF 
was stable (range 31.96–28.45, average 29.93±1.14) and 
basically consistent with the results of the experiment, and 
with no relationship with TP infection (figure 1B). Therefore, 
miR-210-5p was selected as the internal reference for subse-
quent analysis of miRNAs in the serum and CSF.

upregulated mirnA in CsF-positive samples compared with 
CsF-negative samples
Compared with CSF-negative samples, in CSF-positive samples, 
miR-590-5p, miR-570-3p and miR-570-5p were upregulated in 
both the CSF and serum samples (figure 2A,B,C). In the serum, 
miR-590-5p, miR-570-3p and miR-570-5p were significantly 
upregulated by 87.24% (p<0.05), 533.92% (p<0.01) and 
95.02% (p<0.01), respectively. miR-590-5p and miR-570-3p 
were highly upregulated in the CSF: 91.64% (p<0.01) and 
1137.7% (p<0.001). In addition, significant increase of 
miR-21-5p (nearly fourfold, p<0.05) was observed only in the 
CSF sample, and not so in the serum sample, which displayed no 
statistical difference (figure 2D).

decreased mir-93–3p in CsF-positive samples compared with 
CsF-negative samples
Compared with CSF-negative samples, miR-93-3p was 
decreased in both the CSF (down by 69.27%, p<0.05) and in 

the serum (down by 86.73%, p<0.05). The reduction was more 
pronounced in the serum (figure 3A).

Altered mirnAs were not associated with neurosyphilis
Although the expression of miR-27b-5p was higher in the CSF 
than in the serum, there is no difference between CSF-neg-
ative and CSF-positive samples, both in the CSF and in the 
serum (figure 3B). Furthermore, the expression of miR-16 and 
miR-23b-3p was less in the CSF than in the serum. There is also 
no difference between CSF-negative and CSF-positive samples in 
the CSF and in the serum (figure 3C, D).

no difference in mirnAs
For three miRNAs (miR-7-5p, miR-1307-5p and miR-203a-3p), 
no significant difference was detected, in the serum or in the 
CSF (figure 4).
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Figure 3 qPCR analysis of the relative quantitative expression of 
(A) miR-93-3p, (B) miR-27b-5p, (C) miR-16 and (D) miR-23b-3p in the 
CSF and serum isolated from CSF TPPA-negative or CSF TPPA-positive 
patients. Data are presented as means of relative abundance ±SEM, 
n>15 per group. *P<0.05, **p<0.01, *** p<0.001, **** p<0.0001. 
CSF, cerebrospinal fluid; qPCR, quantitative PCR.

Figure 4 qPCR analysis of the relative quantitative expression of (A) miR-7–5p, (B) miR-1307–5p and (C) miR-203a-3p in the CSF and serum 
isolated from CSF TPPA-negative or CSF TPPA-positive patients. Data are presented as means of relative abundance ±SEM, n>15 per group. CSF, 
cerebrospinal fluid; qPCR, quantitative PCR.

dIsCussIOn
In recent years, miRNAs have received increasing attention and 
became hot spots in research. miRNAs are considered biological 
markers of multiple CNS tumours and diseases. The exosomes, 
as a transporter that can freely pass through the BBB, contain 
miRNAs that are more direct and more researchable in the CNS.

In contrast to most mRNAs, detection of miRNAs in forma-
lin-fixed tissue and CSF or other body fluid is more accurate 
and reliable.14 The aim of this study was to explore a predictive 
miRNA spectrum of circulatory blood to assess the possibility of 
nervous system infection condition, which will be of great help 
in clinical examination and treatment of neurosyphilis.

In previous studies on colorectal and breast cancer, it was 
found that miR-590-5p can target YAP1 and SOX2 to inhibit 
tumour occurrence, proliferation and metastasis.15 16 A study of 
asthma discovered that the RNA-binding protein HuR is a direct 
target of miR-570-3p, which has implications for the expression 
of numerous other inflammatory mediators that HuR is known 
to regulate post-transcriptionally.17 Little research has been done 

on miR-570-5p. miR-21-5p is considered to be an important 
tumour-related miRNA. It was found that miR-21-5p was associ-
ated with the growth and metastasis of multiple solid tumours.18 
In a study investigating brain glioblastoma, miR-21-5p has been 
highly expressed.19 Moreover, a high expression in CSF in 
patients infected with Japanese encephalitis virus was detected.12 
Similarly, in our study, we found that the expression of miR-21-5p 
was upregulated in the CSF of patients with neurosyphilis, 
which confirms that miR-21-5p is an miRNA closely related 
to CNS tumours and inflammation. Compared with CSF-neg-
ative samples, miR-590-5p,miR-570-3p and miR-570-5p were 
overexpressed in the CSF and serum in CSF-positive samples. 
miR-21-5p was overexpressed only in CSF. These results may 
suggest that these four miRNAs, especially miR-590-5p, may be 
positive regulators of TP-induced neuroinflammation.

Xu et al’s20study revealed differential expression of 17 
miRNAs in the brain tissue from patients with HIV-associated 
neurocognitive disorders. They found a subset of upregulated 
miRNAs, including miR-93-3p. In our study, in CSF-positive 
samples, miR-93-3p was downregulated in the CSF and serum, 
when compared with CSF-negative samples. miR-590-5p and 
miR-93-3p are significantly upregulated or downregulated in the 
peripheral serum of serosin in the case of neurosyphilis. These 
miRNAs could be a tool for the diagnosis and observation of 
neurosyphilis in the future through peripheral blood.

The expression of the six miRNAs in the serum and the CSF 
(miR-7-5p, miR-1307-5p, miR-203a-3p, miR-16, miR-23b-3p 
and miR-27b-5p) was not affected in neurosyphilis.

The expression of miR-16 and miR-23b-3p was more prom-
inent in the serum than in the CSF. The CSF expression of 
miR-27b-5p was higher than in the serum. Previous studies 
have found that miR-16, miR-23b-5p and miR-27b-5p have 
an effect on the proliferation, migration and invasion of malig-
nant tumours.21 22 Our findings suggested that miR-27b-5p is 
an miRNA that can pass through the BBB and can be expressed 
in the CNS higher than in the peripheral. Therefore it might be 
used as a drug carrier for treating diseases in the future such as 
neurosyphilis.

A possible limitation of our study might be that we did not 
include healthy individuals. We did test against patients with 
syphilis since this may be better to differentiate towards specific 
changes in the miRNA signature. Our purpose was to identify 
miRNAs that are specifically circulated in the CSF of patients 
with neurosyphilis.

In conclusion, our study underlines the importance of miRNAs 
in exosomes. Their presence in the CSF or in the serum could be 
either due to tissue damage or an inherent cellular mechanism 
for transporting specific miRNAs for cell–cell communication. 
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Within infected cells, they could regulate various pathways 
contributing to the pathogenesis of neurosyphilis. Although 
higher sample size might be necessary, this work represents the 
first report of CSF and serum miRNAs in neurosyphilis and 
offers the basis for future investigation.
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