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Abstract

Background
Neurosyphilis remains a chronic infectious disease within central nervous system infected by Treponema
pallidum (TP). At present, the diagnosis and e�cacy evaluation of neurosyphilis still facing clinical
challenges. It has been reported that cytokines, which play multiple roles in neuroin�ammation, showed
abnormal expression patterns in neurosyphilis. To search for potential biomarkers of neurosyphilis, we
analyzed the changes of cytokine pro�les in cerebrospinal �uid (CSF) and serum of neurosyphilis. This
may provide insight into clinical values for neurosyphilis.

Methods
Using the quantitative antibody array platform, we measured 80 cytokines expression in the CSF and
serum of 16 subjects. 9 patients diagnosed with neurosyphilis, included samples before and after
antibiotic treatment. 7 patients with non-in�ammatory neurological diseases (NIND) were used as
controls. Compared to the differences in cytokine expression between groups and analyzed to the
correlations between cytokines and clinical CSF parameters. The ability of valuable biomarkers to
diagnosis of neurosyphilis was evaluated by receiver operating characteristic (ROC) curves.

Results
We observed signi�cantly increased of multiple cytokines (26/80) in CSF of neurosyphilis were
signi�cantly increased compared to the NIND group. Concentrations of 15 cytokines were signi�cantly
decreased after treatment, of which 11 cytokines were down regulated to the levels were similar to the
NIND group. Most CSF cytokine concentrations consistently correlated with clinical parameters, positively
related to white blood cells (WBCs, 42/80), total protein (36/80), and albumin quotient (Qalb, 37/80) and
negatively related to Glucose level (22/80). More than 40 cytokines concentrations correlated with each
other in CSF, most of them were positively correlated. But correlations between CSF cytokine and serum
cytokine values were scarce (6/80). The area under the ROC curve (AUC) of G-CSF, ICAM-1, CCL4, CCL19
and IL-12p40 in CSF were all greater than 0.9, with high diagnostic values.

Conclusions
Our data showed that multiple CSF cytokines were highly expressed of neurosyphilis, and their levels
were signi�cantly reduced after antibiotic treatment. Meanwhile, these cytokines were signi�cantly
correlated with various CSF parameters. The AUCs of G-CSF, ICAM-1, CCL4, CCL19 and IL-12p40 were all
greater than 0.9, suggesting that these cytokines may serve as potential biomarkers for neurosyphilis.
Unfortunately, more meaningful results were not observed in the analysis at the serum level. Therefore,
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along with previous related reports, it is believed that CSF measures are irreplaceable in the current
clinical diagnosis, and the combined dynamic detection of multiple cytokines such as G-CSF, ICAM-1,
CCL4, CCL19 and IL-12p40 in CSF can serve as a supplementary diagnostic tool for neurosyphilis.

Introduction
Syphilis is a chronic and systemic sexually transmitted disease caused by TP infection1. TP invades the
circulatory system and produces an effect on all tissues and organs of the whole body. In severe cases, it
may lead to multi-system organic lesions and irreversible damage2. Neurosyphilis is TP disseminates to
the central nervous system (CNS), causes pathological injury in related brain areas, and results in a series
of serious consequences 3. Most syphilis patients without standardized treatment may develop into
neurosyphilis eventually4. Neurosyphilis is characterized by complex and diverse clinical manifestations.
According to the invasion degree of TP, neurosyphilis can be divided into the early-stage type (only
involving meninges and blood vessels) and the late-stage type (involving brain and spinal cord
parenchyma)5. There is a difference in TP concentrations in peripheral blood and CSF of neurosyphilis
patients. Moreover, there may be false-negative results in routine antibody tests6 7. In a few patients,
syphilis is not even detected in cerebrospinal �uid, with the detection of in�ammatory reactions merely,
such as increased WBCs and total protein content, etc5. These phenomena may also occur in many
central nervous system infections and autoimmune diseases2. There may be insensitivity to antibiotics in
the treatment of neurosyphilis8. There exists a difference in the therapeutic effects in patients with
different autoimmune statuses and course of the disease. In general, it is considered that long-term
alcohol consumption, drug abuse, hypertension, HIV complicated with syphilis are all in�uential factors of
the therapeutic effects9.

Cytokines are small molecular proteins secreted by cells with extensive biological activities, which can
regulate cell proliferation, differentiation and immune response by binding to receptors. After infection
with TP, a strong immune response may be triggered in vivo, which may activate relevant immune cells to
release a large amount of cytokines.9–11, The immune response is of great signi�cance for the clearance
of TP, which, however, may also induce a local in�ammatory response and result in pathological
damage12. The intensity and type of immune response may have an impact on the severity of syphilis,
cellular and humoral immune responses are both involved in the damage process 10. Without timely
treatment, there may be irreversible organic lesions in the brain of patients. Serious in�ammatory damage
has been detected in the brain tissue of patients with paralytic dementia and gumma13.

At present, researchers are highly concerned about the expression changes of related cytokines during the
exploration of the immune response mechanism of syphilis. Maciej et al. (2013) found that IL-17A and
IFN-γ in cerebrospinal �uid of asymptomatic neurosyphilis patients were higher than those of common
syphilis patients14. Wang et al. (2014) detected the increase of Th17 cells in the cerebrospinal �uid of
patients with neurosyphilis, accompanied by an increase in the expression level of IL-17 secreted by Th17
cells as well 15. Furthermore, Li et al. (2020) found an increase in the expression of IL-10 in the
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cerebrospinal �uid of neurosyphilis patients with mental symptoms16. In the same year, Di et al. (2020)
reported lower expression levels of IL-17, TNF-RI, TNF-RII, IL-16, OPN and MCSFR in cerebrospinal �uid of
patients with syphilitic serofast state before treatment, yet with higher CCL7, LIF, G-CSF, CCL20 and GH
were higher17.

The immune response is abnormally activated in the cerebrospinal �uid of patients with neurosyphilis.
Related cytokines are involved in the in�ammatory reaction and progression of neurosyphilis, which has
great potential to be novel biomarkers of neurosyphilis. However, it shall be noted that there are greater
limitations in the current research. Speci�cally, there is a di�culty with cerebrospinal �uid sampling. Most
studies did not use cerebrospinal �uid samples from non-syphilitic patients as the control. Meanwhile, it
is generally believed that neurosyphilis differs from common syphilis in that TP invades the brain region
and the blood-brain barrier is disrupted. Nevertheless, some existing studies just enrolled patients with
syphilis at various stages roughly without further detailed discussion, ignoring the possible differences in
in�ammatory response between patients with common syphilis and neurosyphilis; moreover, there is an
absence of a comprehensive evaluation of the expression levels of cytokines in cerebrospinal �uid and
peripheral blood before and after treatment.

For a comprehensive understanding of the distribution of cytokines in the cerebrospinal �uid and
peripheral blood in neurosyphilis, the present study was focusing on syphilis patients �rst-diagnosis with
neurological symptoms. By collecting the serum and CSF samples of 9 patients before and after
antibiotic treatment, and 7 control, detected the changes of 80 immune-related cytokines by antibody
array technology.

Materials And Methods
1. Participants characteristics

All clinical samples used in this study were recruited at Hangzhou 7th People's Hospital between
December 2019 and July 2021. CSF and serum samples were obtained for routine diagnostic workup.
The ethics committee of Hangzhou 7th People's Hospital approved this research. Written informed
consent was obtained from all participants. The neurosyphilis group consisted of patients who met the
diagnostic criteria for neurosyphilis8 18. Serological tests: toluidine red unheated serum test (TRUST) and
TP particle agglutination (TPPA) test showed both positive; CSF examination: leucocyte count
was≥10X106/L, protein concentration was 0.45g/L, TRUST or TPPA test showed positive. The patients
were not treated with antibiotics or immunosuppressive agents during the preceding 6 months, other
chronic in�ammatory disorders (such as autoimmunity, systemic in�ammation) and underlying acute or
chronic disease, HIV infection were also excluded. All patients were hospitalized, non-penicillin-allergic
patients received initial treatment with benzathine penicillin (4 million units, intravenously, six times daily
for 2 weeks). Penicillin-allergic patients received Ceftriaxone (2 grams, intravenously, once daily for 2
weeks). To prevent Jarisch-Herxheimer reaction, all patients received prednisone (30 mg taken orally,
twice daily for 3 days) before the treatment. All patients were returned for follow-up visits at 3, 6 and 12
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months after therapy. Lumbar puncture was performed on at the �rst follow-up visit. If the CSF pro�le
from the previous lumbar puncture was abnormal, it was performed again at subsequent visits. A cohort
of patients matched to the neurosyphilis group with NIND was used as controls. They had a lumbar
puncture and were diagnosed with dissociative disorder or altered consciousness, but routine blood and
cerebrospinal �uid tests were normal. All subjects of control group were negative for HIV and serological
tests for syphilis (both TRUST and TPPA negative), and did not have any clinical symptoms consistent
with Treponema pallidum infection.

2. Collection of clinical specimens

5mL of CSF was obtained by lumbar spinal tap, �rst 2 mL for routine CSF assessment. In addition, 5 mL
of whole blood centrifuged at 3000g for 10mins, the serum was collected for Serological tests. Residual
CSF and serum were processed according to the collection protocol for CSF and blood pairs for
banking19 and stored at − 80 °C for future cytokine measurements. The average preparation time
between sample collection and freezing was 1 hour. Routine CSF analysis included CSF white and red cell
count, differential cytology, albumin ratio, total protein and so on.

3. Quantitative measurement of cytokines

All CSF and serum samples were screened using the Quantitative antibody array platform purchased
from Raybiotech Life, contained 40 Chemokine (QAH-CHE-1) and 40 In�ammation cytokines (QAH-INF-3).
The list of the 80 cytokines assayed and detailed detection methods are attached at:
www.raybiotech.com/antibody-array. This multiplexed sandwich ELISA-based quantitative array platform
enables us to accurately determine the concentration of multiple cytokines simultaneously. It combines
the advantages of the high detection sensitivity and speci�city of ELISA and the high throughput of
arrays. A capture antibody is �rst bound to the glass surface, and then incubation with the sample for 2
hours, the target cytokine is trapped on the solid surface. They were washed then incubated with a
second biotin labeled detection antibody, which can recognize a different epitope of the target cytokine.
Subsequently with streptavidin-conjugated Cy3 equivalent dye for 2 hours. The cytokine-antibody-biotin
complex can then be visualized using a laser scanner. The intensity was normalized with positive
controls from the same glass array. Data was then extracted from the image using a vendor-provided
GAL �le using compatible microarray analysis software.

4. Statistical analysis

All data was plotted and analyzed using GraphPad Prism 8 (GraphPad, San Diego, CA), Microsoft Excel,
or OriginPro2018 (OriginLab, Northampton, MA). Data from the antibody array screening assay was used
to generate a heatmap which clustered proteins with similar expression patterns together. For clustering,
proteins were clustered in an unsupervised manner based on Euclidean distance. GraphPad Prism 8 was
used to generate a volcano plot of log2 fold change of expression versus the −log10 p-value, as
determined by t test. The Shapiro-Wilk and Kolmogorov–Smirnov normality tests were used to test the
normal distribution of all data. The t test was used to compare cytokine concentrations between before



Page 7/24

and after treatment. The Mann–Whitney U test was adopted to compare between NIND and neurosyphilis
group. The Spearman or Pearson methods were used for correlation analysis. P values 0.05 in 2-sided
tests were considered signi�cant. The ability of valuable biomarkers to diagnosis of neurosyphilis was
evaluated by ROC curves.

Results
1. Clinical characteristics

A total of 16 subjects were identi�ed, who were enrolled in this study. 9 patients diagnosed with
neurosyphilis. The mean age was 53.78±14.02 years (range: 27-71 years). All patients were non-penicillin-
allergic patients who received benzathine penicillin and achieved serological cure or serofast after 6-12
months treatment. In the control group, 7 patients with NIND were recruited from the same hospital. Of
them, 2 were diagnosed with migraine, 2 with epilepsy, and 3 with mild cognitive impairment. The mean
age was 50.29±12.87 years (range: 27-63 years). TRUST and TPPA tests showed negative. Other
infectious diseases (eg. HIV) and autoimmune diseases were excluded from above patients by other
tests. Further details are displayed in Table 1.

2. Cytokines antibody array

CSF and serum samples were used for the screening of 80 distinct human chemokine and in�ammation
cytokines using a pre-fabricated, commercially available capture antibody array, including 18 samples
from neurosyphilis before and after treatment (Pre- and Post-), 7 samples from NIND. Detailed
information on cytokines is provided in Supplementary Table S1. 

The original data obtained from array screen was processed by Raybiotech software for background
removal and normalization, was used to generate heatmaps, comparing NIND and neurosyphilis (Pre- and
Post-), using OriginPro (Fig. 1A). The heatmap showed that there were signi�cant differences of some
cytokines among the three groups at CSF levels, but not at serum level (data not shown). 

To better visualize these differences, the volcano plots were generated in GraphPad, plotting fold change
(FC) in Pre-therapy vs. NIND, Pre- vs. Post-therapy, Pre-therapy vs. NIND respectively, against the
corresponding p-value , the signi�cance threshold of p<0.05 and FC>2 (Fig. 1B). In the CSF level, 11
cytokines (CXCL13, CCL22, G-CSF, CXCL6, CCL3, CXCL10, CCL19, IL-12p40, IL-1a, CCL1, CXCL5) were
5fold change higher and 16 cytokines (ICAM-1, CXCL9, Axl, TARC, TNF RII, IL-7, CCL11, CCL4, CCL8, IL-17,
TNFβ, IFN-γ, CXCL12, GM-CSF, CCL24, IL-10) were 2fold change higher in neurosyphilis compared to
NIND. After treatment, 5 cytokines (CXCL13, CCL22, G-CSF, CXCL6, CXCL9) were 5fold change decreased
and 12 cytokines (IL-12p40, CCL19, CCL27, CCL3, CCL1, ICAM-1, CXCL5, TNF RII, CCL4, IFN-γ, IL-10,
TNFβ) were 2fold change decreased in post-therapy compared to Pre-therapy. Moreover, 10 cytokines
(CXCL13, CCL22, CXCL10, CCL16, LIGHT, CXCL6, CCL3, CXCL5, CCL11, TARC) were higher and 1 cytokine
(CCL27) lower in post-therapy than those in NIND. In the serum level, 3 cytokines (TSLP, CCL20, IL-31)
were 2fold change lower and 1 cytokine (OPN) higher in neurosyphilis compared to NIND, and 1 cytokine
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(CCL20) were 2fold change higher in post-therapy compared to Pre-therapy. After treatment, 2 cytokines
(TSLP, IL-31) were lower and 1 cytokine (OPN) higher than those in NIND. Supporting data are detailed in
Supplementary Table S2.

Concentrations of all CSF cytokines were analyzed by comparing values between the different groups,
using the Mann-Whitney U test, or T test. Multiple cytokines (26/27) were overexpressed in neurosyphilis
compared to NIND (Fig. 2A), The expression level of IL-1a increased but not signi�cantly (p=0.3577). After
antibiotic therapy, the expression of cytokines (15/17) signi�cantly decreased (Fig. 2B), the expression
level of 2 cytokines decreased but not signi�cantly (CXCL9, p=0.0977; IFN-γ, p=0.0547). Regrettably, no
signi�cantly changes were observed in the serum samples (data not shown). Supporting data are
detailed in Supplementary Table S3. 

3. Correlation analyses between cytokines

We investigated correlations among CSF cytokine concentrations themselves. Among 10 out of 80
cytokines were closely correlated with other cytokines (≥40 were correlated), most of them were
positively correlated. The correlations were limited to 15 cytokines ( ≤10 were correlated), which CXCL9ht
be regulated more independently. CCL25 was negatively correlated with 8 cytokines, among which the
expression of CXCL9 and CCL24 was signi�cantly increased in neurosyphilis patients, suggesting a
downregulation of CCL25 during neurosyphilis in�ammation (Fig. 3). Supporting data are detailed in
Supplementary Table S4.

We also examined cytokine correlations between CSF and serum concentrations in order to discriminate
to what extent a passive transfer from the periphery into the CSF, or vice versa, might occur. Only 6/80
cytokines showed a signi�cant correlation between CSF and serum values, CCL16, CCL23 and IL-13
concentrations between CSF and serum were positively correlated, NAP-2, IL-6R and IL-12p40
concentrations between CSF and serum were negatively correlated (Fig S1). Supporting data are detailed
in Supplementary Table S5.

4. Correlation analyses between cytokine concentrations and CSF parameters

We performed correlations among CSF cytokine concentrations and CSF parameters (Fig. 4). Concerning
standard CSF parameters, CSF WBCs signi�cantly correlated with 42 cytokines, Qalb signi�cantly
correlated with 37 cytokines and CSF-protein signi�cantly correlated with 36 cytokines. The negative
correlations were observed between 22 cytokines and Glucose levels. To evaluate distinct effects between
cytokines and immune cell subsets, we analyzed the percentage distribution of immune cell subsets.
Granulocyte showed a signi�cantly negative correlation with IL-1ra, IL-2, IL-11 and IL-12p40. Lymphocyte
showed a signi�cant positive correlation with CXCL16 and TIMP-2. Monocyte showed a signi�cant
positive correlation with 11cytokines (CXCL5, CXCL6, NAP-2, PF4, CCL24, G-CSF, ICAM-1, IL-6, IL-12p4,
CXCL9 and CCL5) and negatively correlated with CXCL16 and Lymphotactin. Supporting data are
detailed in Supplementary Table S6. 
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5. Diagnostic and therapeutic effect values of cytokines for neurosyphilis.

Given the marked elevation of CSF G-CSF, ICAM-1, CCL4, CCL19, CCL1, IL-12p40 and TNF RII in
neurosyphilis patients, signi�cant reduction after treatment, and signi�cantly correlated with CSF
parameters, we further evaluated these cytokines as biomarkers in neurosyphilis diagnosis by the ROC
curve analysis. The AUCs of G-CSF, ICAM-1, CCL4, CCL19 and IL-12p40 in CSF were all greater than 0.9,
which were 0.9615, 0.9583, 0.9167, 0.9236 and 0.9127, respectively (Fig. 5). And the optimal cut-off
values were de�ned by the sum of maximum sensitivity and speci�city, which were 146.6 pg/ml, 2974
pg/ml, 3.283 pg/ml, 1961 pg/ml and 2.428 pg/ml, respectively. Supporting data are detailed in
Supplementary Table S7.

Discussion
To further clarify the role of the cytokine pro�le in the in�ammatory response of Neurosyphilis, we
detected the concentrations of 80 cytokines in CSF and serum of initially diagnosed Syphilis patients
with CNS symptoms and NIND patients, changed the cytokine levels were compared before and after the
treatment. We performed correlations between CSF cytokine concentrations and clinical diagnostic
parameters, including WBCs, total protein, cell percentages, QAlb and Glucose. The correlations among
CSF cytokine concentrations themselves, CSF and serum concentrations were also analyzed.

In the present study, it was found that 26 cytokines in CSF of neurosyphilis were signi�cantly increased
compared to the NIND group, concentrations of 15 cytokines were signi�cantly decreased after treatment,
of which 11 cytokines were down regulated to the levels were similar to the NIND group. Concentrations
of 5 cytokines in serum apparently changed, however, the change were not signi�cant. The results of
increased expression of CXCL13, CXCL10, CCL11, IL-17, IFN-γ, CCL24 and IL-10 were consistent with the
previous researches (see Table 210 14 20–27). During the follow-up visits, clinical parameters of the CSF
returned to normal and the cytokines that were highly expressed in CSF before treatment were
signi�cantly reduced except for CXCL13, CXCL10, CCL22, CCL16, CXCL6, CCL3, TARC, LTGHT, CXCL5 and
CCL11. Most notably, concentrations of G-CSF, CXCL9, CCL19, IL-12p40, CCL1, ICAM-1, TNF RII, CCL4,
TNFβ, IL-10 and IFN-γ were all reduced to the levels not different from those in the NIND group. These
results suggested that these cytokines are of great signi�cance to evaluating the therapeutic effect.

Analysis of cytokine concentrations and clinical parameters in CSF showed that 22 cytokines were
negatively correlated with Glucose levels, which were in line with the clinical observations of decreased
relative levels of Glucose caused by intracranial infection. Nearly half of the cytokines were also
signi�cantly positively correlated with WBCs (42), total protein (36), and QAlb (37), suggesting that the
up-regulation of immune cells in CSF and the destruction of BBB are related to various proin�ammatory
cytokines, and may play an important role in the progression of the in�ammatory response in the brain
regions of neurosyphilis. The correlation analysis of cytokine concentrations in CSF and serum showed
that only CCL16, CCL23, and IL-13 in CSF were positively correlated with those in the serum, and NAP-2,
IL-6R, and IL- 12p40 were negatively correlated. These �ndings suggested that the changes in most
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cytokines in CSF of neurosyphilis didn’t originate from passive exchange in BBB, but more forcefully may
be rooted in the in�ammatory response of pathogens that invade the brain regions and activate the
production and up-regulation of cytokines in local tissues.

In addition, CSF cytokines (G-CSF, ICAM-1, CCL4, CCL19, CCL1, IL-12p40, TNFRII) that met the criteria, i.e.,
cytokines that signi�cantly increased in neurosyphilis patients, decreased to levels with no difference
from the NIND group after treatment, and signi�cantly correlated with CSF parameters, were further
screened. The ROC curve was used to evaluate the value of these candidates for clinical diagnosis and
e�cacy evaluation. We found that the AUCs of G-CSF, ICAM-1, CCL4, CCL19 and IL-12p40 in CSF were all
greater than 0.9, with high diagnostic values. Although we found CXCL13 was also signi�cantly elevated
in the CSF of neurosyphilis in our study, again supporting the possibility of CXCL13 as a diagnostic
marker, clinical parameters recovered to normal after antibiotic treatment and CXCL13, however, was still
highly expressed in CSF, which suggested that CXCL13 may not serve as a reliable measure to evaluate
the treatment effect. But G-CSF, ICAM-1, CCL4, CCL19 and IL-12p40 decreased rapidly after antibiotic
treatment, suggesting that these cytokines are suitable for monitoring treatment effects with improved
diagnostic accuracy.

G-CSF plays an important role in non-speci�c cellular immunity28, G-CSF is less expressed under normal
conditions. When bacterial infection occurs, activated endothelial cells, macrophages and other immune
cells all produce G-CSF to increase the number and physiological functions of neutrophils and
macrophages for the anti-infective immune effect. G-CSF decreases to a normal level after infection is
controlled29. In the present study, the correlation analysis between cytokines in CSF showed a signi�cant
positive correlation between CCL4, CCL19, IL-12p40 and G-CSF, which again demonstrated that G-CSF
concentration can serve as a reliable indicator to accurately re�ect the presence of bacterial infection in
the CNS.

IL-12p40 is a member of the IL-12 cytokine family. IL-12 is the most important cytokine mediating cellular
immunity and plays a major role in neuroin�ammation21. IL-12p40 critically involves in the in�ammatory
response and Th1 polarization of T cells in the initially infection30. In the present study, the concentration
of IL-12p40 increased signi�cantly in CSF and decreased in serum. Although this decrease was not
statistically signi�cant, subsequent correlation analysis revealed a signi�cant negative correlation
between the concentration of IL-12p40 in CSF and that in the serum, suggesting that the highly expressed
IL-12p40 in CSF may be partially explained by the penetration from the blood due to the impaired BBB.

ICAM-1 promotes the activation of endothelial cells and enhances the adhesion between leukocytes,
in�ammatory cells and endothelial cells via speci�c binding with receptors, playing an important role in
cellular immune responses and in�ammatory responses. Activated ICAM-1 can up-regulate various
in�ammatory factors31. In vitro BBB model, cross-linking of ICAM-1 upregulates the expression of the
chemokine CCL4 in hCMEC/D332. VE-cadherin, an important downstream effector molecule activated by
ICAM-1, is a key component of vascular endothelial cell adhesion junctions as well as one important
transmembrane protein. Phosphorylation of VE-cadherin can induce the dissociation of endothelial cell
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junctions and change the membrane permeability33. Overexpression of CCL4 has been widely reported in
many CNS diseases, such as MS31, AD 34 35 and PD36. CCL4 can enhance the adhesion of T cells to brain
endothelial cells37. Some studies have found that CCL4 can affect the redistribution of VE-cadherin via
changing the spatial distribution of VE-cadherin in endothelial cells and destroy the integrity of the
endothelial cell barrier38, thereby promoting the migration of macromolecules and immune cells and
ultimately leading to BBB dysfunction to in�uence the progression of neuroin�ammation39. CCL19 is
constitutively expressed in the CNS and upregulated in brain homogenates from patients with MS lesions
as well as in in�ammation, infection, and cancer40–42. Chemokine receptor CCR7 and its ligands CCL19
and CCL21 play important roles in the regulation of immune cell tra�cking by secondary lymphoid
tissue. Both CCL19 and CCL21 can induce Ca2+ mobilization, chemotaxis, and integrin-mediated
adhesion, and CCL19 more effectively binds to CCR7 with higher a�nity43 44. It is known that TLRs is
critical in pathogen recognition and the initiation of innate immune and in�ammatory responses. Studies
have found that in an in vitro BBB model, TLR4 can signi�cantly increase the migration ability of
monocytes in response to CCL9 and play a role in neuroin�ammation of bacterial infection45. Similar
trends in expression of ICAM-1, CCL4, and CCL19 in the CSF were noted, suggesting that a cascade
reaction occurred in the cytokine production, immune cell recruitment and BBB destruction. The
progression of neurosyphilis is associated with the destruction of the BBB and the migration of immune
cells from the periphery to the CNS.

Limitations exist in the present study: First, the number of enrolled cases was limited, the blood and CSF
samples from 7 NIND patients and 9 syphilis patients with CNS symptoms were analyzed. Second,
correlation analysis between different CSF clinical measures and cytokines needs to be veri�ed in more
studies. Third, during the continuous follow-up of the enrolled patients with neurosyphilis, no patients
were found not to respond to the antibiotic therapy, and the assessment of cytokine changes in refractory
patients was de�cient. Fourth, multivariate analysis cannot be performed due to the small sample size,
and the practical value of the cut-off value in the diagnosis and e�cacy evaluation of neurosyphilis
remains to be evaluated. It was believed that further testing on a larger patient population is still needed.

Conclusion
Our data showed that the cytokines G-CSF, ICAM-1, CCL4, CCL19 and IL-12p40 were highly expressed in
the CSF of neurosyphilis patients, and their levels were signi�cantly reduced after antibiotic treatment.
Meanwhile, these cytokines were signi�cantly correlated with various CSF clinical parameters, and the
AUCs in ROC analysis were all greater than 0.9, suggesting that G-CSF, ICAM-1, CCL4, CCL19 and IL-
12p40 in CSF may serve as potential biomarkers for neurosyphilis. Unfortunately, more meaningful
results were not observed in the analysis at the serum level. Along with previous related reports, no new
non-invasive detection measures that were expected to replace the traditional CSF measures were
discovered from serum cytokine pro�ling. Therefore, it is believed that CSF measures are irreplaceable in
the current clinical diagnosis, and the combined dynamic detection of multiple cytokines such as G-CSF,
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ICAM-1, CCL4, CCL19 and IL-12p40 in CSF can serve as a supplementary diagnostic tool to neurosyphilis
and also can be used to monitor therapeutic effect.

Abbreviations
TP, Treponema pallidum

CSF, cerebrospinal �uid

NIND, non-in�ammatory neurological diseases

ROC, receiver operating characteristic 

WBCs, white blood cells

Qalb, albumin quotient

AUC, area under the ROC curve 

CNS, central nervous system

TRUST, toluidine red unheated serum test 

TPPA, TP particle agglutination test

Declarations
Ethical approval and consent to participate

All patients consented to the scienti�c use of their biological samples. The ethics committee of
Hangzhou 7th People's Hospital approved scienti�c use of CSF and serum biological samples. 

Consent for publication  

Not applicable.

Availability of data and materials

The datasets used and analysed during the current study are available from the corresponding author on
reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding



Page 13/24

This work was supported by Project for Hangzhou Medical Disciplines of Excellence & Key Project for
Hangzhou Medical Discipline. And the Research Fund of Health Commission of Zhejiang Province
(2021429094) also provided support.

Authors' contributions

Shu Qi Wang and Xiao Ying Zhang conceived and designed this research. Xiao Ying Zhang, Meiduo
gesang, Zheng Wang and Jie Fang Chen were responsible for selecting cases and sampling. Shu Mei Chi
and Man Jin contributed to the medical records and typed data entry the tables. Shu Qi Wang and Xiao
Ying Zhang searched literature. Meiduo Gesang, Shu Qi Wang and Xiao Ying Zhang planned and
conducted the experiment. Shu Qi Wang and Ming Fen Song analyzed the data, including statistical tests,
�gures, and table production. Shu Qi Wang wrote the manuscript and Ming Fen Song corrected the draft
of the manuscript. All authors have approved the �nal manuscript as submitted.

Acknowledgements

We would like to express our gratitude to all those who helped us during the writing of this study. A
special acknowledgement should be shown to Dr Pan Yan and Dr Qian Qian Lin for useful instructions of
statistics.

References
1. Tel BC, Telli G, Onder S, et al. Investigation of the relationship between chronic montelukast

treatment, asthma and depression-like behavior in mice. Exp Ther Med 2021;21(1):27. doi:
10.3892/etm.2020.9459 [published Online First: 2020/12/03]

2. Peeling RW, Mabey D, Kamb ML, et al. Syphilis. Nat Rev Dis Primers 2017;3:17073. doi:
10.1038/nrdp.2017.73 [published Online First: 2017/10/13]

3. Marra CM. Neurosyphilis. Continuum (Minneap Minn) 2015;21(6 Neuroinfectious Disease):1714–28.
doi: 10.1212/CON.0000000000000250 [published Online First: 2015/12/04]

4. Chen ZQ, Zhang GC, Gong XD, et al. Syphilis in China: results of a national surveillance programme.
Lancet 2007;369(9556):132–8. doi: 10.1016/S0140-6736(07)60074-9 [published Online First:
2007/01/16]

5. Ropper AH. Neurosyphilis. N Engl J Med 2019;381(14):1358–63. doi: 10.1056/NEJMra1906228
[published Online First: 2019/10/03]

�. Castro R, Prieto ES, da Luz Martins Pereira F. Nontreponemal tests in the diagnosis of neurosyphilis:
an evaluation of the Venereal Disease Research Laboratory (VDRL) and the Rapid Plasma Reagin
(RPR) tests. J Clin Lab Anal 2008;22(4):257–61. doi: 10.1002/jcla.20254 [published Online First:
2008/07/16]

7. Lessig S, Tecoma E. Perils of the prozone reaction: neurosyphilis presenting as an RPR-negative
subacute dementia. Neurology 2006;66(5):777. doi: 10.1212/01.wnl.0000201187.17578.49



Page 14/24

[published Online First: 2006/03/15]

�. Prevention CCfDCa, Venereology Group DaVB, Chinese Medical Association, Subprofessional
Committee of Venereal Diseases DB, Chinese Medical Association. Guidelines for the diagnosis and
treatment of syphilis, gonorrhea and genital chlamydia trachomatis infection(2020). Chinese Journal
of Dermatology 2020;53(3):168–79. doi: 10.35541/cjd.20190808

9. Cnossen WM, Niekus H, Nielsen O, et al. Ceftriaxone treatment of penicillin resistant neurosyphilis in
alcoholic patients. J Neurol Neurosurg Psychiatry 1995;59(2):194–5. doi: 10.1136/jnnp.59.2.194
[published Online First: 1995/08/01]

10. Wang C, Wu K, Yu Q, et al. CXCL13, CXCL10 and CXCL8 as Potential Biomarkers for the Diagnosis of
Neurosyphilis Patients. Sci Rep 2016;6:33569. doi: 10.1038/srep33569 [published Online First:
2016/09/22]

11. Van Voorhis WC, Barrett LK, Koelle DM, et al. Primary and secondary syphilis lesions contain mRNA
for Th1 cytokines. J Infect Dis 1996;173(2):491–5. doi: 10.1093/infdis/173.2.491 [published Online
First: 1996/02/01]

12. Li K, Wang C, Lu H, et al. Regulatory T cells in peripheral blood and cerebrospinal �uid of syphilis
patients with and without neurological involvement. PLoS Negl Trop Dis 2013;7(11):e2528. doi:
10.1371/journal.pntd.0002528 [published Online First: 2013/11/19]

13. Gonzalez H, Koralnik IJ, Marra CM. Neurosyphilis. Semin Neurol 2019;39(4):448–55. doi: 10.1055/s-
0039-1688942 [published Online First: 2019/09/19]

14. Pastuszczak M, Jakiela B, Wielowieyska-Szybinska D, et al. Elevated cerebrospinal �uid interleukin-
17A and interferon-gamma levels in early asymptomatic neurosyphilis. Sex Transm Dis
2013;40(10):808–12. doi: 10.1097/OLQ.0000000000000024 [published Online First: 2013/11/28]

15. Winkler CW, Taylor KG, Peterson KE. Location is everything: let-7b microRNA and TLR7 signaling
results in a painful TRP. Sci Signal 2014;7(327):pe14. doi: 10.1126/scisignal.2005407 [published
Online First: 2014/05/29]

1�. Li W, Wu W, Chang H, et al. Cerebrospinal Fluid Cytokines in Patients with Neurosyphilis: The
Signi�cance of Interleukin-10 for the Disease. Biomed Res Int 2020;2020:3812671. doi:
10.1155/2020/3812671 [published Online First: 2020/10/22]

17. Qiang D, Wang J, Ci C, et al. Evaluation of serum cytokines to predict serofast in syphilis patients. J
Infect Chemother 2020;26(9):970–76. doi: 10.1016/j.jiac.2020.04.020 [published Online First:
2020/05/18]

1�. Workowski KA, Bolan GA, Centers for Disease C, et al. Sexually transmitted diseases treatment
guidelines, 2015. MMWR Recomm Rep 2015;64(RR-03):1–137. [published Online First: 2015/06/05]

19. Teunissen CE, Tumani H, Engelborghs S, et al. Biobanking of CSF: international standardization to
optimize biomarker development. Clin Biochem 2014;47(4–5):288–92. doi:
10.1016/j.clinbiochem.2013.12.024 [published Online First: 2014/01/07]

20. Lepennetier G, Hracsko Z, Unger M, et al. Cytokine and immune cell pro�ling in the cerebrospinal �uid
of patients with neuro-in�ammatory diseases. J Neuroin�ammation 2019;16(1):219. doi:



Page 15/24

10.1186/s12974-019-1601-6 [published Online First: 2019/11/16]

21. Yan Y, Wang J, Qu B, et al. CXCL13 and TH1/Th2 cytokines in the serum and cerebrospinal �uid of
neurosyphilis patients. Medicine 2017;96(47) doi: 10.1097/md.0000000000008850

22. Stevenson B, Zhang R-L, Wang Q-Q, et al. Molecular subtyping of Treponema pallidum and
associated factors of serofast status in early syphilis patients: Identi�ed novel genotype and
cytokine marker. Plos One 2017;12(4) doi: 10.1371/journal.pone.0175477

23. Pastuszczak M, Gozdzialska A, Jakiela B, et al. Robust pro-in�ammatory immune response is
associated with serological cure in patients with syphilis: an observational study. Sex Transm Infect
2017;93(1):11–14. doi: 10.1136/sextrans-2016-052681 [published Online First: 2016/07/01]

24. Lu P, Zheng D-C, Fang C, et al. Cytokines in cerebrospinal �uid of neurosyphilis patients: Identi�cation
of Urokinase plasminogen activator using antibody microarrays. Journal of Neuroimmunology
2016;293:39–44. doi: 10.1016/j.jneuroim.2015.12.010

25. Wang C, Zhu L, Gao Z, et al. Increased Interleukin-17 in Peripheral Blood and Cerebrospinal Fluid of
Neurosyphilis Patients. PLoS Neglected Tropical Diseases 2014;8(7) doi:
10.1371/journal.pntd.0003004

2�. Tsai H-C, Ye S-Y, Lee SS-J, et al. Expression of CXCL2 in the Serum and Cerebrospinal Fluid of
Patients with HIV and Syphilis or Neurosyphilis. In�ammation 2014;37(3):950–55. doi:
10.1007/s10753-014-9815-3

27. Marra CM, Tantalo LC, Sahi SK, et al. CXCL13 as a Cerebrospinal Fluid Marker for Neurosyphilis in
HIV-Infected Patients With Syphilis. Sexually Transmitted Diseases 2010;37(5):283–87. doi:
10.1097/OLQ.0b013e3181d877a1

2�. Nelson S. Role of granulocyte colony-stimulating factor in the immune response to acute bacterial
infection in the nonneutropenic host: an overview. Clin Infect Dis 1994;18 Suppl 2:S197-204. doi:
10.1093/clinids/18.supplement_2.s197 [published Online First: 1994/02/01]

29. Pauksen K, Elfman L, Ulfgren AK, et al. Serum levels of granulocyte-colony stimulating factor (G-CSF)
in bacterial and viral infections, and in atypical pneumonia. Br J Haematol 1994;88(2):256–60. doi:
10.1111/j.1365-2141.1994.tb05015.x [published Online First: 1994/10/01]

30. Masvekar R, Phillips J, Komori M, et al. Cerebrospinal Fluid Biomarkers of Myeloid and Glial Cell
Activation Are Correlated With Multiple Sclerosis Lesional In�ammatory Activity. Frontiers in
Neuroscience 2021;15 doi: 10.3389/fnins.2021.649876

31. Subileau EA, Rezaie P, Davies HA, et al. Expression of chemokines and their receptors by human brain
endothelium: implications for multiple sclerosis. J Neuropathol Exp Neurol 2009;68(3):227–40. doi:
10.1097/NEN.0b013e318197eca7 [published Online First: 2009/02/20]

32. Dragoni S, Hudson N, Kenny BA, et al. Endothelial MAPKs Direct ICAM-1 Signaling to Divergent
In�ammatory Functions. J Immunol 2017;198(10):4074–85. doi: 10.4049/jimmunol.1600823
[published Online First: 2017/04/05]

33. Wittchen ES. Endothelial signaling in paracellular and transcellular leukocyte transmigration. Front
Biosci (Landmark Ed) 2009;14(7):2522–45. doi: 10.2741/3395 [published Online First: 2009/03/11]



Page 16/24

34. Knopp RC, Baumann KK, Wilson ML, et al. Amyloid Beta Pathology Exacerbates Weight Loss and
Brain Cytokine Responses following Low-Dose Lipopolysaccharide in Aged Female Tg2576 Mice. Int
J Mol Sci 2022;23(4) doi: 10.3390/ijms23042377 [published Online First: 2022/02/27]

35. Zhu M, Allard JS, Zhang Y, et al. Age-related brain expression and regulation of the chemokine
CCL4/MIP-1beta in APP/PS1 double-transgenic mice. J Neuropathol Exp Neurol 2014;73(4):362–74.
doi: 10.1097/NEN.0000000000000060 [published Online First: 2014/03/13]

3�. Calvani R, Picca A, Landi G, et al. A novel multi-marker discovery approach identi�es new serum
biomarkers for Parkinson's disease in older people: an EXosomes in PArkiNson Disease (EXPAND)
ancillary study. Geroscience 2020;42(5):1323–34. doi: 10.1007/s11357-020-00192-2 [published
Online First: 2020/05/28]

37. Quandt J, Dorovini-Zis K. The beta chemokines CCL4 and CCL5 enhance adhesion of speci�c CD4 +
T cell subsets to human brain endothelial cells. J Neuropathol Exp Neurol 2004;63(4):350–62. doi:
10.1093/jnen/63.4.350 [published Online First: 2004/04/22]

3�. Estevao C, Bowers CE, Luo D, et al. CCL4 induces in�ammatory signalling and barrier disruption in
the neurovascular endothelium. Brain, Behavior, & Immunity - Health 2021;18 doi:
10.1016/j.bbih.2021.100370

39. Dragoni S, Caridi B, Karatsai E, et al. AMP-activated protein kinase is a key regulator of acute
neurovascular permeability. J Cell Sci 2021;134(7) doi: 10.1242/jcs.253179 [published Online First:
2021/03/14]

40. Krumbholz M, Theil D, Steinmeyer F, et al. CCL19 is constitutively expressed in the CNS, up-regulated
in neuroin�ammation, active and also inactive multiple sclerosis lesions. J Neuroimmunol
2007;190(1–2):72–9. doi: 10.1016/j.jneuroim.2007.07.024 [published Online First: 2007/09/11]

41. Columba-Cabezas S, Sera�ni B, Ambrosini E, et al. Lymphoid chemokines CCL19 and CCL21 are
expressed in the central nervous system during experimental autoimmune encephalomyelitis:
implications for the maintenance of chronic neuroin�ammation. Brain Pathol 2003;13(1):38–51. doi:
10.1111/j.1750-3639.2003.tb00005.x [published Online First: 2003/02/13]

42. Kivisakk P, Mahad DJ, Callahan MK, et al. Expression of CCR7 in multiple sclerosis: implications for
CNS immunity. Ann Neurol 2004;55(5):627–38. doi: 10.1002/ana.20049 [published Online First:
2004/05/04]

43. Yoshida R, Nagira M, Kitaura M, et al. Secondary lymphoid-tissue chemokine is a functional ligand
for the CC chemokine receptor CCR7. J Biol Chem 1998;273(12):7118–22. doi:
10.1074/jbc.273.12.7118 [published Online First: 1998/04/18]

44. Ott TR, Lio FM, Olshefski D, et al. The N-terminal domain of CCL21 reconstitutes high a�nity binding,
G protein activation, and chemotactic activity, to the C-terminal domain of CCL19. Biochem Biophys
Res Commun 2006;348(3):1089–93. doi: 10.1016/j.bbrc.2006.07.165 [published Online First:
2006/08/15]

45. Paradis A, Bernier S, Dumais N. TLR4 induces CCR7-dependent monocytes transmigration through
the blood–brain barrier. Journal of Neuroimmunology 2016;295–296:12–17. doi:



Page 17/24

10.1016/j.jneuroim.2016.03.019

Tables
Table 1. Characteristics of patients.

 NIND (n=7) Neurosyphilis (n=9)

pre-therapy post-therapy

Male (%)  71.43% 66.67%

Age (years) 50.29±12.87 53.78±14.02

Serum-TRUST  0 128(512-16) 32(128-8)

CSF-TRUST 0 8(32-1) 2(8-1)

CSF-WBC (×106/L)  1.314±0.778 31.46±12.77 3.567±1.735

CSF-protein (g/l) 0.449±0.046 1.029±0.408 0.7278±0.182

Data are given as median (range), or frequencies, or mean ± standard deviation. 

Abbreviations: NIND, non-in�ammatory neurological diseases; TRUST, toluidine red unheated serum test;
CSF, cerebrospinal �uid; WBCs, white blood cells.

 

Table 2. Well documented cytokines rediscovered in screen were consistent with the previous researches. 
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Syphilis Type Sample
Type

Molecule Method Supplementary
References

Neurosyphilis vs. NIND CSF CXCL11↑ MB Lepennetier et al.
(2019)20

CXCL13↑

Neurosyphilis vs. Syphilis

Neurosyphilis vs. HC

CSF CXCL13↑ ELISA Yan et al. (2017)21

IL-6↑

IL-10↑

Serum IL-6↑

IL-10↑

Syphilis vs. HC Serum chemerin↑ ELISA Stevenson et al.
(2017)22

8 hours after antibiotic treatment for
syphilis

Serum IFN-γ↓ ELISA Pastuszczak et al.
(2017)23

TNF-α↓

IL-6↓

Neurosyphilis vs. Syphilis CSF CXCL13↑ Array,
ELISA

Wang et al. (2016)10

CXCL10↑

CXCL8↑ 

Serum CXCL13↓

Neurosyphilis vs. Syphilis CSF uPA↑ Array,
ELISA

Lu et al. (2016)24

Sy- vs Asy-mptomatic neurosyphilis CSF IL-17↑ ELISA Wang et al. (2014)25

Neurosyphilis-HIV vs. Syphilis-HIV CSF CXCL2↑ ELISA Tsai et al. (2014)26

Neurosyphilis vs. Syphilis CSF IL-17α↑ ELISA Pastuszczak et al.
(2013)14

IFN-γ↑

Neurosyphilis-HIV vs. Syphilis-HIV CSF CXCL13↑ ELISA Marra et al. (2010)27

Serum CXCL13↑

Abbreviations: NIND, non-in�ammatory neurological diseases; MB, magnetic beads; HC, healthy controls;
ELISA, enzyme-linked immunosorbent assay; CSF, cerebrospinal �uid.

Figures
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Figure 1

80 cytokines from neurosyphilis patients and NIND controls

Mensuration of 80 cytokines in CSF and serum samples from neurosyphilis patients and NIND controls
(total=25: NIND=7; Neurosyphilis=18, including pre- and post-treatment samples), using the quantitative
antibody array platform. A. Heatmap of cytokines-group-supervised clustering (the columns) reveals the
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landscape of protein expression across the 25 CSF samples, as determined from the protein array. The
red-green color scheme indicates the expression of each of the 80 cytokines (each row representing one
cytokine), with red indicating over-expression and green opposite, black indicating the median expression
level for this protein. B. Volcano plot showing expression differences of 80 cytokines in the CSF and
serum, when comparing log2 fold change of protein expression vs. the -log10 P-value, considered
biologically and statistically signi�cant. Each dot represents a protein and its average value for that
subset. Red dots are signi�cant increases, green dots are signi�cant decreases. All biomarker data was
normalized and analyzed using a 2-tailed T test. (Detailed data refer to Table S2)
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Figure 2

Plot diagrams of CSF cytokine concentrations.

A: 25 CSF samples, including 7 NIND controls (black) and 9 Neurosyphilis (red), list the signi�cant
differences in cytokine concentrations between Neurosyphilis and NIND, including CXCL13, CCL22, G-CSF,
CXCL6, CCL3, CXCL10, CCL19, IL-12p40, CCL1, CXCL5, ICAM-1, CXCL9, Axl, TARC, TNF RII, IL-7, CCL11,
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CCL4, CCL8, IL-17, TNFβ, IFN-γ, CXCL12, GM-CSF, CCL24, IL-10 and IL-1α. Differences between groups
were analyzed by T test, or Mann Whitney U test. B: 18 CSF samples of neurosyphilis patients before and
after antibiotic treatment, list the signi�cant reduction in cytokine concentrations, including CXCL13,
CCL22, G-CSF, CXCL6, CXCL9, IL-12p40, CCL19, CCL27, CCL3, CCL1, ICAM-1, CXCL5, TNF RII, CCL4, IFN-γ,
IL-10, TNFβ. Differences between before and after treatment were analyzed by paired t-test. (Detailed data
refer to Table S3)

Figure 3

Heatmap representing correlations between different CSF cytokines among each other.

The red-blue color scheme indicates the correlations of each of the 80 cytokines (each cell representing
one cytokine), with red indicating positive correlations, blue indicating negative correlations and blank
indicating insigni�cant correlation. The correlation analysis performed by Spearman or Pearson methods.
(Detailed data refer to Table S4)
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Figure 4

Heatmap representing correlations between CSF cytokines concentrations and CSF parameters.

CSF parameters including white blood cell count (WBCs), Albumin quotient (QAlb), CSF total-protein,
Glucose and Immune cell subsets percentage (GRANR=Granulocyte, MONOR=Monocyte,
LYMPH=lymphocyte). The red-blue color scheme indicates the correlations between them, with red
indicating positive correlations and blue indicating negative correlations, blank indicating insigni�cant
correlation. The correlation analysis performed by Spearman or Pearson methods. (Detailed data refer to
Table S6)
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Figure 5

Clinical diagnostic value of CSF cytokines biomarkers for neurosyphilis.

List 7 biomarkers to diagnosis of neurosyphilis were evaluated by receiver-operating characteristic (ROC)
curves, including G-CSF, ICAM-1, CCL4, CCL19, CCL1, IL-12p40 and TNFRII. The ROC curve shows the
tradeoff between the true detections and false detections. The areas under the ROC curve (AUC) is the
percentage of randomly drawn pairs for which the test is correct. The AUCs of G-CSF, ICAM-1, CCL4,
CCL19 and IL-12p40 in CSF were all greater than 0.9. (Detailed data refer to Table S7)
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