
1

1 Chemerin Induced by Treponema pallidum Predicted Membrane 

2 Protein Tp0965 Mediates Endothelial Dysfunction via Activating 

3 MAPK Signaling Pathway

4 Rui-Li Zhang1, Li-Jia Yang1, and Qian-Qiu Wang*,2 

5 1 Department of Dermatology, Affiliated Wuxi NO.2 People’s Hospital of Nanjing 

6 Medical University, 214002 Wuxi, China, 

7 2 National Center for STD Control and Prevention, China Centers for Diseases Control 

8 and Prevention, Institute of Dermatology, Chinese Academy of Medical Sciences, 

9 210042 Nanjing, China.

10

11 * Corresponding author: Qian-Qiu Wang, National Center for STD Control and 

12 Prevention, China Centers for Diseases Control and Prevention, Institute of 

13 Dermatology, Chinese Academy of Medical Sciences. Email:doctorwqq@163.com; 

14 Tel: +86-025-85478940; Fax: +86-025-85478940.

15

16

17

18

19

20

21

22

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted September 20, 2018. ; https://doi.org/10.1101/423160doi: bioRxiv preprint 

https://doi.org/10.1101/423160
http://creativecommons.org/licenses/by/4.0/


2

23 Abstract 

24 Chemerin, a chemoattractant protein, is involved in endothelial dysfunction and 

25 vascular inflammation in pathological conditions. In a recent study, we observed the 

26 upregulation of chemerin in endothelial cells following in vitro treatment with T. 

27 pallidum. Here, we investigated the role of chemerin in endothelial cells dysfunction 

28 induced by the T. pallidum predicted membrane protein Tp0965. Following 

29 stimulation of human umbilical vein endothelial cells (HUVECs) with Tp0965, 

30 chemerin and its ChemR23 receptor were up-regulated, companied with elevated 

31 expression of TLR2. Furthermore, chemerin from HUVECs activated endothelial cells 

32 via chemerin/ChemR23 signaling in an autocrine/paracrine manner, characterized by 

33 upregulated expression of ICAM-1, E-selectin and MMP-2. Activation of endothelial 

34 cells depended on the MAPK signaling pathway. In addition, Tp0965-induced 

35 chemerin promoted monocytes migration to endothelial cells, also via 

36 chemerin/ChemR23 pathway. The RhoA/ROCK signaling pathway was also involved 

37 in monocytes migration in response to chemerin/ChemR23. Our results highlight the 

38 role of Tp0965-induced chemerin in endothelial cells dysfunction, which contributes to 

39 the immunopathogenesis of vascular inflammation of syphilis. 

40 Author summary

41 Treponema pallidum is the spirochete of syphilis, which causes a chronic system 

42 inflammation. Endothelium damage caused by this bacterium is the key step in the 

43 systemic dissemination and pathophysiology of syphilis, particularly cardiovascular 

44 syphilis and neurosyphilis. In this study, we show a novel molecular mechanism of 
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45 endothelium damage induce by Treponema pallidum predicted membrane protein 

46 Tp0965. Chemerin is a recently identified adipocytokine and chemoattractant protein 

47 with a crucial role in endothelial dysfunction and vascular inflammation in pathological 

48 conditions. Our data show that Tp0965 up-regulated the expression of chemerin and its 

49 ChemR23 receptor by endothelial cells in vitro. Furthermore, chemerin from HUVECs 

50 activated endothelial cells via chemerin/ChemR23 signaling in an autocrine/paracrine 

51 manner and depended on the MAPK signaling pathway. In addition, Tp0965-induced 

52 chemerin promoted monocytes migration to endothelial cells, also via 

53 chemerin/ChemR23 pathway. The RhoA/ROCK signaling pathway was also involved 

54 in monocytes migration in response to chemerin/ChemR23. These findings contribute 

55 to the immunopathogenesis of vascular inflammation of syphilis.

56

57 Introduction 

58 Treponema pallidum subsp. pallidum (T. pallidum) is the spirochete of syphilis, a 

59 sexually transmitted infection that remains an important public health problem around 

60 the world [1]. Infection by this bacterium causes a chronic system inflammation, and if 

61 untreated can seriously and irreversibly damage the nervous and cardiovascular system. 

62 Cardiovascular syphilis is associated with multiple clinical syndromes, of which aortic 

63 aneurysms, aortic insufficiency, and coronary artery stenosis are the most common [2-

64 3]. These clinical presentations are similar to other, more common varieties of cardiac 

65 disease. At the beginning of the inflammatory process following infection by T. 

66 pallidum, the insult is primarily to the small nutrient vessels of the aorta, but by later 
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67 stage all three layers of aortic wall are affected. The overlying aortic intima becomes 

68 diffusely diseased, with atherosclerotic changes occurring across virtually the entire 

69 intimal surface of the affected aorta. The calcification accompanying these complex 

70 atherosclerotic plaques accounts for the eggshell calcification. Characteristic histologic 

71 changes consist of infiltration by lymphocytes and plasma cells, suggesting that the 

72 condition has an immunologic basis. However, because we lack an ideal animal model 

73 of syphilis to mimic the invading progress of T. pallidum, the pathogenesis of these 

74 inflammatory processes are largely uncharacterized to date. 

75 Based on an expanded corpus of molecular immunological observations, research 

76 focused on bacteria structure and physiology of bacteria made considerable progress 

77 over the past two decades [4-6]. However, investigators found that T. pallidum outer 

78 membrane, unlike other Gram-negative bacteria, is fragile and contains limited antigens. 

79 There is now a consensus that vessel inflammation as well as other tissue damage result 

80 from the host immune response elicited by antigen by inner membrane and periplasm 

81 of T. pallidum. To date, 116 proteins of T. pallidum have been predicted as membrane 

82 localized proteins [7]. However, the immunological characteristics of most of these 

83 membrane proteins remain unknown, and only a few membrane proteins were reported 

84 in previous studies [8-9]. Proteome array analysis predicted that Tp0965 located in 

85 inner membrane of T. pallidum. Tp0965 is a putative membrane fusion protein and 

86 belongs to efflux transporter RND family MFP subunit [7]. Our and others previous 

87 study suggested that recombinant protein Tp0965 showed excellent antigenicity and 

88 immunoreactivity [10-11]. 
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89 Endothelial dysfunction plays key roles in vascular intimal inflammation by 

90 initiating the formation of atherosclerotic plaques and thrombosis [12]. It is also the key 

91 step of systemic dissemination and pathophysiological basic of syphilis [13-14]. We 

92 investigated the effect of Tp0965 as well as Tp17 on endothelial cells. We found that 

93 the two recombinant proteins could induce endothelial dysfunction characterized by 

94 upregulated expression of proinflammatory cytokines, as well as enhanced 

95 transendothelial migration and adhesion of monocytes to endothelial cells [15-16]. 

96 These data suggest that Tp17 and Tp0965 are involved in vessel inflammation in T. 

97 pallidum persistent invasion. In addition, we found that chemerin, a recently identified 

98 adipocytokine and chemoattractant protein with a crucial role in inflammation and 

99 adipocytes metabolism [17-18], is highly expressed in endothelial cells after in vitro 

100 treatment with T. pallidum. As a chemoattractant, chemerin can induce recruitment of 

101 leukocytes to inflammation sites and binding to adhesion molecules, thereby 

102 contributing to leukocyte activation [19]. Accordingly, the role of chemerin in vascular 

103 dysfunction has attracted increasing interest. Several teams reported the involvement 

104 of chemerin in multiple inflammatory disorders, such as cardiovascular disease, 

105 multiple sclerosis, lupus, psoriasis, and especially atherosclerosis [20-23]. 

106 Given the effect of chemerin and predicted membrane proteins of T. pallidum on 

107 vascular endothelial cells, we stimulated human umbilical vein endothelial cells 

108 (HUVECs) with recombinant Tp0965 and found that this treatment increased chemerin 

109 expression. With the aforementioned, we hypothesized that Tp0965 contributes to 

110 endothelial dysfunction by inducing chemerin expression. In order to test this 
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111 hypothesis, we investigated the role of chemerin in endothelial cells dysfunction and 

112 migration of monocytes to endothelial cells, as well as the pathways involved. The data 

113 revealed that Tp0965-induced chemerin activated endothelial cells in a MAPK 

114 signaling dependent manner and promoted monocytes migration through 

115 chemerin/ChemR23 signaling pathway. 

116 Materials and Methods 

117 Ethics Statement

118 The research was ethically conducted under the protocol number 2016-050 approved 

119 by the Institutional Ethics Committee of Nanjing Medical University (Nanjing, China). 

120 Cell Culture

121 Both of HUVECs and THP-1 cells were obtained from the lab of Dr. Qian-Qiu Wang 

122 (Chinese Academy of Medical Sciences). HUVECs were cultured in complete EBM-2 

123 culture media (Gibco, Grand Island, NY, containing 0.2% bovine brain extract, 5 ng/ml 

124 human EGF, 10 mM L-glutamine,1 mg/mL hydrocortisone, 2% FBS, and 0.5% 

125 streptomycin.) and used for experiments between passage 3 and 6. THP-1 cells were 

126 cultured in RPMI 1640 medium (Gibco, Grand Island, NY) containing 10% FBS, 0.5% 

127 streptomycin, and 0.05 mM 2-mercaptoethanol. All cells were cultured at 37°C in a 

128 humidified, 5% CO2 atmosphere. 

129 Construction of plasmids and cell transfection

130 Plasmids expressing shRNA against TLR2(shTLR2), TLR4 (shTLR4), chemerin 

131 (shchemerin) and ChemR23 (shChemR23) were designed and constructed by Zoonbio 

132 Co (Nanjing, Jiangsu, China). Transfections of HUVEC and THP-1 cells were 
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133 performed with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). Briefly, cells 

134 were seeded into 6-well plates and incubated with vector supernatants for 6h, and then 

135 the culture medium was removed and replaced with fresh EBM-2. After an additional 

136 48h culture, the cells were harvested and lysed for extraction of total RNA and protein. 

137 To confirm that the transduction was successful, mRNA and protein expression levels 

138 were determined by quantitative reverse transcriptase–polymerase chain reaction (qRT-

139 PCR) and western blot. Sequences of the primers used in this study are listed in Table 

140 1. All of the primers were designed and synthesized by Zoonbio Co.

141 Table 1. The sequences of specific primers for qPCR.
Target Application Primer
Chemerin RT-qPCR F: 5’-GTCCACTGCCCCATAGAGAC-3’

R: 5’-CCAGGGAAGTAGAAGCTGTGG-3’
ChemR23 RT-qPCR F: 5’-AGTCCCATTCAGGGAAGCAG-3’

R: 5’-GAGGCTGTTGGGGAGACTTG-3’
TRL 2 RT-qPCR F: 5’-GGCCAGCAAATTACCTGTGTG-3’

R: 5’-AGGCGGACATCCTGAACCT-3’
TRL 4 RT-qPCR F: 5’-CAGAGTTTCCTGCAATGGATCA-3’

R: 5’-GCTTATCTGAAGGTGTTGCACAT-3’
β-actin RT-qPCR F: 5’-GATGAGATTGGCATGGCTTT-3’

R: 5’-GTCACCTTCACCGTTCCAGT-3’

142

143 Western blot

144 Western blot analysis was performed as previously described [13]. Briefly, the total 

145 protein extracted from lysed cells was electrophoresed on 10% SDS-polyacrylamide 

146 gels under denaturing conditions, followed by electrotransfer to polyvinylidene fluoride 

147 (PVDF) membranes. After blocking with 5% non-fat milk diluted in Tris buffered 

148 saline tween (TBST), the membrane was incubated with the primary antibodies 

149 purchased from Sigma-Aldrich (St Louis, MO, USA). Thereafter, the membrane was 
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150 incubated with the secondary antibody labeled with horseradish peroxidase (HRP) 

151 (Sigma-Aldrich, St Louis, MO, USA). After the member was washed three times with 

152 Tris buffered saline, immunoreactive binding was detected with prepared 

153 chemiluminescence (ECL). Densitometry analysis was performed with the image 

154 analysis software (Molecular Imager Gel DocTM, Bio-RAD, Hercules, CA, USA) and 

155 β-actin served as a control.

156 ELISA 

157 HUVECs were seeded in 96-well plates and cultured in EBM-2 media. After treatment 

158 with Tp0965 or recombinant chemerin, culture supernatants were collected. The 

159 secreted levels of MMP-2, ICAM-1, and E-selectin were determined using enzyme-

160 linked immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis, MN, USA). 

161 Finally, the values were calculated on the basis of standard curve constructed for each 

162 assay. 

163 qRT-PCR

164 Total RNA was isolated from HUVECs using the TRIzol reagent (Invitrogen, Carlsbad, 

165 CA, USA) and cDNA was synthesized from 1 µg total RNA using the RETROscript 

166 reverse transcription kit (Invitrogen, Carlsbad, CA, USA) according to the 

167 manufacturer’s instructions. Real-time RT-PCR was performed with FastStart SYBR 

168 Green Master mix and an ABI StepOne Plus Sequence Detection System (Applied 

169 Biosystems) as previously described [13]. mRNA levels of targeted genes were 

170 determined with the ∆∆Ct method and normalized against the corresponding levels of 

171 β-actin mRNA. 
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172 Immunofluorescence assay (IFA)

173 Cells were plated on cover slips in 24-well plates and incubated at 37°C overnight for 

174 attachment. After three washes in PBS, cells were fixed in 5% paraformaldehyde for 

175 1h at room temperature, and then blocked for 1h at room temperature with blocking 

176 buffer (PBS containing 0.5% BSA and 5% goat serum). Next, cells were incubated 

177 using the primary antibody (1:100 dilution) at 4°C overnight, followed by incubation 

178 with the secondary antibody (FITC rabbit anti-mouse IgG) (1:100 dilution) at 37°C for 

179 1h. The cells were washed three times with PBS and counterstained with 4’, 6’-

180 diamidino-2-phenylindole (DAPI). Coverslips were placed on slides in mounting 

181 medium and observed under a fluorescence microscope (Nikon, Japan).

182 Transwell migration assay

183 Transwell migration assay were used to monitor the migration of THP-1 cells treated 

184 with chemerin. HUVECs were seeded in the bottom chamber of Transwell chambers 

185 and then treated with Tp0965. After incubation, THP-1 cells labeled with Calcein-AM 

186 (Sigma-Aldrich, St Louis, MO, USA) were added to upper chamber. The THP-1 cells 

187 migrated into the lower chamber were counted under a fluorescence microscope. Three 

188 replicate wells were performed per experiment. Five microscopic fields of each well 

189 were selected randomly for counting Calcein-AM labeled cells.

190 Statistical analysis 

191 Numerical data are expressed as means ± standard error. Two group comparisons were 

192 determined by Student’s t-test; P ≤ 0.05 was considered statistically significant. All 

193 experiments were performed at least in triplicate. 
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194 Results

195 Tp0965 induced expression of chemerin and ChemR23 in endothelial cells

196 To investigate the involvement of Tp0965 in expression of chemerin and ChemR23 in 

197 endothelial cells, we treated HUVECs with Tp0965 or vehicle (DMSO). The level of 

198 chemerin in HUVECs was elevated after stimulation using Tp0965 (Fig 1A and 1B). 

199 Likewise, expression of ChemR23 on the cell surface was significantly higher in 

200 Tp0965-treated HUVECs than in the vehicle group (Fig 1A and 1C). These results 

201 demonstrated that Tp0965 increased expression of chemerin and ChemR23, as well as 

202 secretion of chemerin, in endothelial cells.

203 Toll-like receptor 2 (TLR2) is involved in the expression of chemerin

204 Toll-like receptor 2 (TLR2), an important member of the TLR family, recognizes 

205 bacterial lipoproteins and plays a crucial role in the host defense against bacterial 

206 infections, including those caused by T. pallidum [24]. Previous studies showed that 

207 TLR2 expressed on endothelial cells mediates the initiation of inflammatory signaling 

208 cascades [25]. To confirm the roles of TLR2 in the induction of chemerin expression 

209 by Tp0965, we transformed HUVECs with shRNA against TLR2 and TLR4, denoting 

210 them as HUVECs (shTLR2) and HUVECs (shTLR4), respectively. HUVECs 

211 transformed with vector alone, designated as HUVECs (V), was used as a negative 

212 control group. As expected, the expression of chemerin in HUVECs (shTLR2) was 

213 downregulated after treatment with Tp0965, but Tp0965 was unable to regulate 

214 expression of chemerin in HUVECs (shTLR4) (Fig 2), suggesting that Tp0965-induced 

215 expression of chemerin depends on TLR2 signaling.
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216 Chemerin induces activation of endothelial cells via chemerin/ChemR23 signaling 

217 pathway

218 Chemerin has been showed to promote inflammation of endothelial cells. To 

219 characterize the role of chemerin in activation of endothelial cells in an 

220 autocrine/paracrine manner, we transform HUVECs with shRNA against chemerin to 

221 knockdown expression of chemerin, for use as a negative control, denoting it as 

222 HUVECs (shchemerin). Thereafter, HUVECs and HUVECs (shchemerin) were treated 

223 with Tp0965 and the supernatants were collected to stimulate HUVECs. Fig 3A showed 

224 that expression of MMP-2, ICAM-1 and E-selectin were upregulated after stimulation 

225 with the supernatant from HUVECs treated with Tp0965, similarly to the positive 

226 control with recombinant chemerin. The data demonstrated that chemerin induced by 

227 Tp0965 can promote activation of endothelial cells in an autocrine/paracrine manner.

228 Of the three chemerin receptors, only ChemR23 is responsible for the biological 

229 activities of chemerin. To confirm that chemerin promotes activation of endothelial 

230 cells through the chemerin/ChemR23 signaling pathway, we transformed HUVECs 

231 with shRNA against ChemR23, denoting it as HUVECs (shChemR23). We found 

232 expression of MMP-2, ICAM-1 and E-selectin in HUVECs(shChemR23) was 

233 decreased by supernatants from HUVECs treated with Tp0965 (Fig 3B). As expected, 

234 the role of chemerin in activation of endothelial cells depended on ChemR23.

235 MAPK signaling pathway mediated chemerin induction in inflammation

236 MAPK signaling pathways are involved in pathophysiological processes in endothelial 

237 cells. To investigate the role of p38 MAPK signaling in activation of endothelial cells 
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238 by chemerin, we measured the phosphorylation of p-JNK, p-ERK and p38 MAPK. 

239 Expression of p-ERK and p-p38 MAPK, but not p-JNK, was significantly higher in 

240 HUVECs induced with supernatants from HUVECs treated with Tp0965, as well as 

241 recombinant chemerin (Fig 4A). Next, we inhibited p-ERK and p38 MAPK with 

242 SCH772984 and SB203580, respectively, before treatment with supernatant and 

243 recombinant chemerin. Phosphorylation of p-ERK and p38 MAPK was inhibited by 

244 these compounds (Fig 4B). These results suggest that the MAPK signaling pathway is 

245 involved in regulating activation of HUVECs by chemerin. 

246 Tp0965 promotes migration of monocytes through the chemerin/ChemR23 

247 signaling pathway

248 Chemerin/ChemR23 regulate inflammation, including leukocyte recruitment and 

249 migration through the extracellular matrix to the site of inflammation [26]. To 

250 characterize the effect of Tp0965-induced chemerin on monocytes recruitment and 

251 migration to endothelial cells, we pre-incubated HUVECs seeded in the bottom 

252 chambers of Transwell with supernatants from HUVECs treated with Tp0965 or 

253 recombinant chemerin. We then added Calcein-AM-labeled THP-1 cells to Transwell 

254 insert and measured the migration of THP-1 cells in response to chemerin. In a previous 

255 study, we showed Tp0965 significantly upregulated expression of soluble MCP-1, 

256 known as chemotactic factor to monocytes [13]. To inhibit the effect of MCP-1, every 

257 bottom chamber contained monoclonal antibodies against MCP-1 before the addition 

258 of THP-1 cells. Fig 5 showed that both supernatant and recombinant chemerin had the 

259 ability to sustain the migration of THP-1 cells. Next, we knocked down ChemR23 
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260 expression with shRNA and added these knockdown cells to the Transwell insert. THP-

261 1 cells (shChemR23) were unable to migrate in response to either the supernatant or 

262 recombinant chemerin. Conversely, no effect was observed with vehicle alone (Fig 5). 

263 These results formally proved that Tp0965-induced chemerin promoted monocytes 

264 migration via chemerin/ChemR23 signaling pathway.

265 RhoA/ROCK signaling mediates migration of monocytes

266 Macrophages migration to sites of inflammation is dependent on the RhoA/ROCK 

267 signaling pathway [27]. This signaling pathway is also required for chemerin-mediated 

268 chemotaxis of lymphocytes [28]. Previously, we reported that RhoA in HUVECs is 

269 activated following treatment with Tp0965 [13]. To further explore this issue, we 

270 investigated whether RhoA was activated in HUVECs stimulated with supernatants of 

271 Tp0965-treated HUVECs or recombinant chemerin. Indeed, RhoA was activated 

272 following either treatment (Fig 6A). We then examined the effect of ROCK on 

273 monocyte migration. For this purpose, we pretreated HUVECs with Y-27632, an 

274 inhibitor of ROCK. In addition, cells were treated with monoclonal antibodies against 

275 MCP-1 to eliminate the effect of this cytokine on monocyte migration. Chemotaxis 

276 assays revealed no significant changes relative to vehicle, indicating that ROCK 

277 activity required for monocyte migration (Fig 6B). These data suggest that the 

278 RhoA/ROCK signaling pathway is involved in Tp0965-induced monocytes migration 

279 in response to chemerin/ChemR23. 

280 Discussion

281 Inflammation response was emphasized to be responsible for syphilis pathogenesis 
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282 during the invasion and persistence of T. pallidum. According to a recent proposed 

283 schema [29], treponemal lipoproteins created an proinflammatory backdrop and then 

284 an adaptive immune response stepped-up as treponemal antigens are processed and 

285 presented to naive T cells. Consequently, vasculitis was invoked by recruitment of 

286 immune cells, and led to T. pallidum dissemination through disrupting endothelial 

287 barrier. Thus, the investigation focus on endothelium damage will contribute to declare 

288 the immunopathogenesis of syphilis.

289 Chemerin is well characterized by acting as a chemoattractant for immune cells 

290 expressing ChemR23. Thereby, chemerin plays a pro-inflammatory role via recruiting 

291 these immune cells to sites of inflammation and tissue damage [30-31]. In a recent study, 

292 we observed a significant increase in serum level of chemerin in HUVECs following 

293 treatment with T. pallidum Nichols strain (data not shown). On the basis of this finding, 

294 we hypothesized that Tp0965 induces the dysfunction of endothelial cells through 

295 chemerin signaling. To test the hypothesis, in this present study, we investigated the 

296 effect of Tp0965 on chemerin expression in vascular endothelial cells. The results 

297 revealed that Tp0965 can significantly increase the expression of chemerin in HUVECs. 

298 TLR4 and very low levels of TLR2 are expressed in normal endothelial cells [32]. 

299 However, TLR2 expression is dramatically increased upon stimulation with 

300 inflammatory factors. In contrast to TLR4, which potentiates macrophage responses 

301 during inflammation [33], TLR2 is expressed more broadly in vascular cells and 

302 promotes endothelial dysfunction [34]. To further characterize the relationship between 

303 TLR2 and chemerin, we knocked down TLR2 and TLR4 of HUVECs with shRNA. 
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304 Expression of chemerin was downregulated after Tp0965 treatment in HUVECs 

305 (shTLR2), but not in HUVECs (shTLR4). These results suggested that TLR2 signaling 

306 is involved in Tp0965-induced chemerin expression. Several studies demonstrated that 

307 TLR2 promotes endothelial dysfunction by initiating inflammatory signaling cascades 

308 [35-36]. However, further study is necessary to determine how TLR2 is involved in 

309 expression of chemerin in endothelial cells. 

310 As a mediator of vascular inflammation, chemerin is involved in angiogenesis, 

311 atherosclerosis, and adipocyte metabolism, ultimately leading to the development of 

312 cardiovascular diseases [37]. In addition, chemerin may induce activation of vascular 

313 endothelial cells, characterized by expression of cytokines including adhesion 

314 molecules and endothelial gelatinases, thereby promoting the growth and remodeling 

315 of blood vessels [38-40]. Accordingly, we investigated the effects of chemerin on 

316 endothelial cells. The results revealed that chemerin significantly upregulated 

317 expression of ICAM-1, E-selectin, and MMP-2 in HUVECs. ICAM-1 and E-selectin 

318 are markers of endothelial cells activation, and can induce rapid adhesion of leukocytes 

319 to vascular endothelium and recruit these cell to sites of inflammation. On the other 

320 hand, MMP-2 contributes to dysfunction of the endothelial barrier. Together, these data 

321 suggest a pro-inflammatory role for chemerin in endothelial dysfunction. However, 

322 several studies suggested that chemerin plays anti-inflammatory roles in vascular 

323 endothelial cells [41-42]. Yamawaki et al. reported that chemerin prevents TNF-α-

324 induced VCAM-1 expression and monocytes adhesion in vascular endothelial cells [42]. 

325 This discrepancy may be due to difference in how chemerin protein is processed. 
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326 Chemerin is initially secreted as pro-chemerin, and is activated by cleavage by 

327 proteases such as inflammatory serine proteases tryptase, elastase, and plasmin [43]. 

328 The variant cleavages give rise to different chemerin functions, potentially explaining 

329 the inconsistent results reported by previous studies. 

330 In this study, we observed upregulation of ChemR23 expression in HUVECs after 

331 treatment with Tp0965. ChemR23 is an orphan G protein-coupled receptor also known 

332 as a chemokine-like receptor 1 (CMKLR1); the other two receptors of chemerin are 

333 chemokine C-C motif receptor-like 2 (CCRL-2) and G protein-coupled receptor 1 (GPR 

334 1). Among the three receptors, ChemR23 is predominantly responsible for the function 

335 of chemerin in inflammation [44]. Consistent with previous research, we found that 

336 both endothelial-derived and recombinant chemerin increased the expression of MMP-

337 2, ICAM-1 and E-selectin in HUVECs. However, knockdown of the ChemR23 gene in 

338 HUVECs partly inhibited the pro-inflammatory function of chemerin. These findings 

339 suggest that chemerin affects endothelial cells through the chemerin/ChemR23 

340 signaling way in an autocrine/paracrine manner.

341 The MAPK signaling pathways have three major components: ERK, p38, and JNK. 

342 These proteins exist in most immune cells and are involved in both physiological and 

343 pathophysiological processes. Previous research demonstrated that chemerin effects on 

344 monocyte-endothelial adhesion via the MAPK and PI3K/Akt pathways [45]. In the 

345 present study, we observed that chemerin induced the phosphorylation of ERK MAPK, 

346 and p38 MAPK in HUVECs. This ability of chemerin was abolished by treatment with 

347 p38 MAPK inhibitor. However, chemerin had no effect of the phosphorylation of p-
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348 JNK. These results agreed with findings reported in recent studies [46]. Kaur et al. 

349 demonstrated that chemerin dose-dependently activates ERK MAPK and p38 MAPK 

350 in endothelial cells [40]. Our data suggest that both recombinant and Tp0965-induced 

351 chemerin promote the activation of HUVECs through the MAPK signaling pathway.

352 Chemerin was originally described as a chemoattractant that promotes recruitment 

353 of ChemR23-expressing immune cells, including immature dendritic cells (DCs), 

354 natural killer (NK) cells, and macrophages, to sites of inflammation [47-49]. In addition, 

355 a recent study showed that endothelial cells expressing chemerin can promote DCs 

356 transmigration across endothelial cell barriers, mediated by ChemR23/chemerin 

357 signaling [22]. Conversely, DCs can induce endothelial cells to express chemerin 

358 protein. As reported previously, in this study, we observed migration of THP-1 cells to 

359 HUVECs following treatment with Tp0965-induced chemerin. Furthermore, the 

360 migration of THP-1 cells was inhibited by knockdown of ChemR23. These results 

361 suggest that Tp0965-induced chemerin promotes monocytes migration through the 

362 chemerin/ChemR23 signaling pathway. Migration and retention of leukocytes during 

363 inflammation induced by chemerin are thought to contribute to the onset and 

364 development of inflammatory diseases, as reported in atherosclerosis and arthritis [50-

365 51]. During the development of atherosclerosis, macrophages from the surrounding 

366 intima and adventitia migrate into the atherosclerotic lesion and adhere to extracellular 

367 matrix proteins. The adhesion of macrophages might decrease plaque stability by 

368 upregulating MMPs expression [52-53]. In this study, we also observed upregulation 

369 of MMP-2 expression in endothelial cells. However, the role of MMP-2 in endothelial 
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370 cell dysfunction induced by T. pallidum warrants further exploration.  

371 In a previous study, we found that the RhoA/ROCK signaling pathway is involved 

372 in increasing endothelial permeability and promotes transendothelial migration of 

373 monocytes [13]. Other groups also reported that the RhoA/ROCK signaling pathway 

374 plays important roles in the pathogenesis of cardiovascular disease [54]. In addition, 

375 Rourke et al. showed that RhoA knockdown, or pharmacological inhibition of RhoA 

376 or ROCK, blocks chemerin-induced activation of serum response factor [28]. In this 

377 study, we observed activation of RhoA in HUVECs after stimulation with Tp0965-

378 induced chemerin. Furthermore, when we inhibited ROCK with Y-27632, we found 

379 that monocyte migration to HUVECs was blocked. These findings verified that 

380 Tp0965-induced monocytes migration in response to chemerin/ChemR23 depends on 

381 the activity of the RhoA/ROCK signaling pathway. 

382 This study has one major limitation. We showed that chemerin induced by Tp0965 

383 affects the function of endothelial cells via the chemerin/ChemR23 signaling pathway 

384 in vitro. However, it remains unknown whether chemerin can induce dysfunction of 

385 vascular endothelium in vivo. Unfortunately, no animal model system that can mimic 

386 the behavior of T. pallidum in the host body is currently available. Notably in this regard, 

387 a recent study reported that the zebrafish model was successfully used to observe the 

388 angiogenic activity of TpF1 of T. pallidum [55]. Accordingly, we anticipate that the 

389 zebrafish model could be used to study the angiogenic effect of Tp0965 on endothelial 

390 cells in vivo. 

391 In summary, we showed that Tp0965-induced chemerin promotes dysfunction of 
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392 endothelial cells, dependent on the activation of MAPK and RhoA/ROCK signaling 

393 pathways. These results provide further insight into the effect of Tp0965 on the function 

394 of endothelial cells, suggesting the role of predicted membrane proteins of T. pallidum 

395 in the immunopathogenesis of vascular inflammation of syphilis.
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561

562 Figure Legends

563 Fig 1. Tp0965 induced expression of chemerin and ChemR23 in endothelial cells. (A) Western 

564 blot analysis of chemerin and ChemR23 in HUVECs treated by Tp0965. (B)ELISA analysis of 

565 secreted level of chemerin in supernatant of HUVECs treated by Tp0965. Data represent mean ± 
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566 SD determined from three independent experiments (n = 3), each experiment containing three 

567 technical replicates. (C) Expression of ChemR23 on HUVECs observed by confocal microscopy. 

568 HUVECs were treated by Tp0965 for 24 h. Green represents expression and distribution of 

569 ChemR23, and blue nuclear staining by DAPI.

570 Fig 2. TLR2 involved in the expression of chemerin. Western blot analysis of chemerin in 

571 HUVECs. HUVECs were transformed with either shRNA of TLR2 or shRNA of TLR4, followed 

572 by treatment with Tp0965 for 24 h. 

573 Fig 3. Chemerin induced activation of endothelial cells by chemerin/ChemR23 signaling 

574 pathway. (A) The secreted level of MMP-2, ICAM-1 and E-selectin in supernatant of HUVECs. 

575 HUVECs were treated with supernatant of Tp0965-treated HUVECs or recombinant chemerin for 

576 24 h. (B) The secreted level of MMP-2, ICAM-1 and E-selectin in supernatant of HUVECs 

577 (shChemR23). HUVECs were transformed with shRNA against ChemR23, and then treated with 

578 the supernatant of Tp0965-treated HUVECs for 24 h. Data represent mean ± SD determined from 

579 three independent experiments (n = 3), each experiment containing four technical replicates. P < 

580 0.05 for Student’s t-test.

581 Fig 4. MAPK signaling pathway mediated chemerin induction in inflammation. (A) Western 

582 blot analysis of activation of p-JNK, p-ERK, and p38 MAPK in HUVECs treated with either 

583 supernatant of Tp0965-treated HUVECs or recombinant chemerin for 24 h. (B) Western blotting 

584 analysis of activation of p-ERK and p38 MAPK in HUVECs. HUVECs were pre-incubated with 

585 SCH772984 and SB203580, respectively, and then treated with above supernatant and recombinant 

586 chemerin for 24 h. 

587 Fig 5. Tp0965 promoted migration of monocytes through chemerin/ChemR23 signaling 
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588 pathway. Transwell migration assays were performed in HUVECs. HUVECs were seeded in 

589 Transwell chambers, and then treated with either supernatants or recombinant chemerin. THP-1 

590 cells migrated into the lower chamber was counted. On the other experiment, THP-1 cells were 

591 transformed with shChemR23 before being added in upper chambers, and then were counted. P < 

592 0.05 for Student’s t-test.

593 Fig 6. RhoA/ROCK signaling mediated migration of monocytes. (A) Western blot analysis of 

594 activation of RhoA in HUVECs treated with either supernatant of Tp0965-treated HUVECs or 

595 recombinant chemerin for 24 h. (B) Transwell migration assays were performed in HUVECs. 

596 HUVECs were pretreated with Y-27632, and then treated with either supernatants or recombinant 

597 chemerin. THP-1 cells migrated into the lower chamber was counted. P < 0.05 for Student’s t-test.
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