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Background. CD8+ T lymphocytes are known to play a critical role in the pathogenesis of chronic
obstructive pulmonary disease (COPD). However, systematic analyses of CD8+ T cell ( Cytotoxic T cells,
Tc) subsets in COPD patients have yet to be well conducted.

Methods. The whole Tc subsets, including Tc1/2/10/17, CD8+ regulatory T cells (Tregs) and CD8+α7+ T
cells, were quantified by flow cytometry in peripheral blood from 24 stable COPD subjects (SCOPD), 14
patients during acute exacerbations (AECOPD) , and 14 healthy nonsmokers (HN).

Results. Acute exacerbations of COPD were accompanied by elevated levels of circulating CD8+ T cells.
Tc1 cells were increased in both SCOPD and AECOPD patients, whereas the percentage of Tc2 cells was
decreased in SCOPD patients but remained normal in AECOPD patients. Tc17 cells were increased only in
AECOPD patients, and the percentage of Tc10 cells was reduced in both SCOPD and AECOPD patients.
The imbalances of pro/anti-inflammatory Tc subsets observed in COPD may be caused by the lack of
Tc10 cells and the impaired anti-inflammatory capacity of CD8+ Tregs.

Discussion. The imbalances between subsets of CD8+ peripheral blood T cells contribute to the immune
response dysfunction in COPD pathogenesis.
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32 Abstract 

33 Background. CD8+ T lymphocytes are known to play a critical role in the pathogenesis of 

34 chronic obstructive pulmonary disease (COPD). However, systematic analyses of CD8+ T cell 

35 (Cytotoxic T cells, Tc) subsets in COPD patients have yet to be well conducted.

36 Methods. The whole Tc subsets, including Tc1/2/10/17, CD8+ regulatory T cells (Tregs) and 

37 CD8+α7+ T cells, were quantified by flow cytometry in peripheral blood from 24 stable COPD 

38 subjects (SCOPD), 14 patients during acute exacerbations (AECOPD), and 14 healthy 

39 nonsmokers (HN). 

40 Results. Acute exacerbations of COPD were accompanied by elevated levels of circulating 

41 CD8+ T cells. Tc1 cells were increased in both SCOPD and AECOPD patients, whereas the 

42 percentage of Tc2 cells was decreased in SCOPD patients but remained normal in AECOPD 

43 patients. Tc17 cells were increased only in AECOPD patients, and the percentage of Tc10 cells 

44 was reduced in both SCOPD and AECOPD patients. The imbalances of pro/anti-inflammatory 

45 Tc subsets observed in COPD may be caused by the lack of Tc10 cells and the impaired anti-

46 inflammatory capacity of CD8+ Tregs.

47 Discussion. The imbalances between subsets of CD8+ peripheral blood T cells contribute to the 

48 immune response dysfunction in COPD pathogenesis. 

49

50

51

52

53

54

55

56

57

58

59

60

61

62

PeerJ reviewing PDF | (2016:04:10407:1:1:NEW 10 Jun 2016)

Manuscript to be reviewed



63 Introduction

64 Chronic obstructive pulmonary disease (COPD) is characterized by poorly reversible airflow 

65 limitation and progressive airway inflammation. Currently, no cure or effective treatment is 

66 available to stop the progression of COPD. Airway inflammation is triggered by the inhalation of 

67 a variety of hazardous gases and particles, with tobacco smoke serving as the leading 

68 contributing factor (Hogg et al. 2004; Lakshmi et al. 2014; Mortaz et al. 2008).

69 Increasing evidence indicates that T cell-mediated inflammation, as a key component, is 

70 involved in the pathogenesis of COPD (Saetta et al. 1993). Previous studies have shown that the 

71 numbers of CD8+ T cells (Cytotoxic T cells, Tc) in the lung parenchyma and small airways are 

72 inversely correlated with pulmonary function (O'Shaughnessy et al. 1997; Saetta et al. 1999; 

73 Saetta et al. 1998), and depleting these cells may protect against alveolar destruction due to 

74 chronic cigarette smoke exposure (Podolin et al. 2013); together, these findings suggest that 

75 CD8+ T lymphocytes may play a critical role in COPD pathogenesis. Several studies have 

76 focused on CD8+ T cells in the blood of COPD patients (Freeman et al. 2015; Makris et al. 2008; 

77 Mathai & Bhat 2013); however, a comprehensive study on circulating CD8+ T cell subsets in 

78 patients with this disease has yet to be conducted. Although some in vitro research has indicated 

79 that soluble components extracted from cigarette smoke can significantly reduce T cell activation 

80 and proliferation (Glader et al. 2006; Lambert et al. 2005), substantial evidence has shown that 

81 large numbers of CD8+ T cells are present in the airways and parenchyma of smokers with 

82 COPD (Saetta et al. 1999). Thus, the precise influence of cigarette smoke on CD8+ T cells 

83 remains unclear.

84 Although pro-inflammatory CD8+ T cell pool (mainly including CD8+ IFN-γ+ Tc1, CD8+ 

85 IL-4+ Tc2, and CD8+ IL-17+ Tc17) and anti-inflammatory CD8+ T cell pool (mainly including 

86 CD8+ Foxp3+ Treg, and CD8+ IL-10+ Tc10) have been considered to be involved in COPD 

87 pathogenesis, existing studies regarding this association vary widely in their designs, population 

88 sizes and experimental methods. Meanwhile, the α7 nicotinic acetylcholine receptors (7 

89 nAChRs) are recently discovered to be required for inhibition of TNF- (Wang et al. 2003). 

90 However, the expression and function of 7 nAChRs in CD8+ T cell, especially in the 

91 development of COPD is yet to be illuminated.

92 In the present study, we attempted to investigate systemic CD8+ T cell subsets, including 

93 Tc1/2/10/17, CD8+ regulatory T cells (Tregs) and CD8+α7+ T cells, from healthy nonsmokers 
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94 and patients with either stable COPD (SCOPD) or during acute exacerbations (AECOPD). 

95 Especially, the data shown here are derived from the same sample set published earlier dealing 

96 with an in-depth analysis of the CD4+ T cell compartment in COPD patients (Zhang et al. 2014). 

97 To the best of our knowledge, this is the first report showing the complete subsets of circulating 

98 CD8+ T cells in the pathogenesis of COPD.

99 Materials and methods

100 Subjects

101 This study was approved by the Ethics Committee of Tongji Medical School, Huazhong 

102 University of Science and Technology (# 2013/S048), and was conducted in accordance with the 

103 Declaration of Helsinki. Informed written consent was obtained from all subjects. The 

104 demographic characteristics of subjects clinical characteristics have been presented in detail 

105 previously (Zhang et al. 2014). In brief, according to the diagnostic criteria from the Global 

106 Initiative for Chronic Obstructive Lung Disease (GOLD) (Rabe et al. 2007), we collected 24 

107 SCOPD (mean age, 66.5 ± 7.2 years; smoking history, 41.9 ± 17.6 pack-years) and 14 AECOPD 

108 patients (mean age, 69.1 ± 9.6 years; smoking history, 47.2 ± 19.5 pack-years). Meanwhile, 14 

109 healthy nonsmokers (HN; mean age, 65.6 ± 7.8 years) without any lung or systemic disease were 

110 also recruited. Patients with SCOPD were free of exacerbation for at least 4 weeks at the time of 

111 blood draw. AECOPD patients were identified by the initiation of symptoms diagnostic for 

112 COPD exacerbation in the past 3 days without any new therapeutic intervention. Exclusion 

113 criteria for the study included the following characteristics: other respiratory diseases apart from 

114 COPD, systemic autoimmune diseases and malignant tumors.

115 Sample collection

116 Peripheral blood samples were collected in heparin-treated tubes from each subject within 24 h 

117 after arrival at the hospital. Blood samples were immediately placed on ice and then centrifuged 

118 at 1,200 g for 5 min. Then peripheral blood mononuclear cells (PBMCs) were isolated from the 

119 heparinized blood by Ficoll-Hypaque gradient centrifugation (Pharmacia, Uppsala, Sweden) as 

120 previously described (Zhang et al. 2014). Isolated peripheral blood cells were used for 

121 subsequent experiments.

122 Flow cytometric analysis
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123 The expression of surface and intracellular markers by T cells was assessed using flow cytometry 

124 as previously described (Zhang et al. 2014). Cell staining was performed using the following 

125 anti-human-specific antibodies (Abs): anti-CD3 PerCP-Cy5.5 (clone OKT3; eBioscience, San 

126 Diego, CA, USA), anti-CD8 FITC (Clone RPA-T8; BD Biosciences, San Jose, CA, USA), anti-

127 Foxp3 PE (Clone 236A/E7; eBioscience), anti–IFN-γ PE (Clone 4S.B3; eBioscience), anti-IL-4 

128 PE-Cy7 (Clone 8D4-8; eBioscience), anti-IL-17A eFluor660 (Clone eBio64DEC17; 

129 eBioscience), and anti-IL-10 Alexa Fluor647 (Clone JES3-9D7; eBioscience). Meanwhile, the 

130 expression of α7 AChRs on T cells was detected by its binding to α-bungarotoxin labeled with 

131 Alexa Fluor647 (Invitrogen, Carlsbad, CA, USA). Intracellular cytokines staining was performed 

132 after the T cells were stimulated with PMA (50 ng/ml; Sigma-Aldrich, St. Louis, MO, USA) and 

133 ionomycin (1 μM; Sigma-Aldrich) in the presence of GolgiStop (BD Biosciences) for 5 h. 

134 Appropriate species matched Abs were used as isotype controls. Lymphocyte population was 

135 discriminated in the light-scattering measurement (FSC/SSC dot plot) by surrounding them with 

136 a polygon gate to exclude debris and dead/adhesive cells. Flow cytometry was performed on a 

137 FACS Canto II (BD Biosciences) and analyzed using BD FCSDiva Software and FCS Express 4 

138 software (De Novo Software, Los Angeles, CA, USA).

139 Statistical analysis

140 Data are expressed as the mean ± SD (unless indicated in the figure legends). Comparisons of 

141 data between different groups were performed using a Kruskal-Wallis one-way analysis of 

142 variance (ANOVA) based on rank, with Tukey and Dunn’s post-hoc tests for between-group 

143 comparisons. Data analysis was performed using GraphPad Prism v.5.01 software (GraphPad 

144 Software, La Jolla, CA, USA), and two-tailed P values of less than 0.05 were considered 

145 statistically significant.

146 Results

147 Acute exacerbations of COPD are accompanied by elevated levels of circulating CD8+ T 

148 cells

149 We first determined the percentages of CD8+ T cells in blood samples obtained from healthy 

150 nonsmokers and SCOPD and AECOPD patients using flow cytometry (Fig. 1A, 1B). We found 

151 that AECOPD patients (39.51±8.55%) showed the highest percentage of CD8+ T cells in the 
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152 peripheral blood compared with the other two groups, with both comparisons reaching statistical 

153 significance. However, the percentage of CD8+ T cells in SCOPD patients (30.36±10.25%) was 

154 similar to that in healthy nonsmokers (29.99±8.49%). 

155 Imbalance of peripheral Tc1, Tc2 and Tc17 cells in COPD 

156 To investigate changes in CD8+ T cell subsets in COPD patients, we analyzed the following 

157 subsets of T cells in the blood: CD3+CD8+IFN-γ+ (Tc1), CD3+CD8+IL-4+ (Tc2), CD3+CD8+IL-

158 17A+ (Tc17), CD3+CD8+Foxp3+ (CD8+ Tregs), CD3+CD8+IL-10+ (Tc10) and CD3+CD8+α7+ 

159 (CD8+α7+) (Figs. 2 and 3). 

160 As shown in Fig. 2A-B, Tc1 cells were markedly elevated in both the SCOPD 

161 (37.10±21.26%) and AECOPD (53.11±18.03%) patients compared with the healthy nonsmokers 

162 (17.56±13.90%). Furthermore, the frequency of Tc1 cells was higher in AECOPD patients than 

163 in SCOPD patients. Similar to Tc1 cells, the percentage of Tc17 cells was highest in AECOPD 

164 patients (1.13±0.83%); however, the levels of Tc17 cells were similar between healthy 

165 nonsmokers and SCOPD patients (0.33±0.12% and 0.38±0.38%, respectively). Additionally, the 

166 percentage of Tc2 cells was significantly reduced in SCOPD patients (0.76±0.69%) compared 

167 with healthy nonsmokers and AECOPD patients (2.12±1.22% and 2.68±1.96%, respectively).

168 Decreased Tc10 percentage in both SCOPD and AECOPD patients

169 The levels of CD8+ Tregs appeared to be increased in SCOPD and AECOPD patients (2.05±1.93% 

170 and 2.56±2.17%, respectively) compared with healthy nonsmokers (0.76±0.48%), although the 

171 difference was not statistically significant. Meanwhile, the percentages of CD8+α7+ T cells in 

172 SCOPD and AECOPD patients (0.85±0.83% and 0.59±0.38%, respectively) showed a trend 

173 toward up-regulation when compared with healthy controls (1.03±0.91%), but this was not 

174 statistically significant. 

175 Unsurprisingly, as can be seen in fig. 3, the frequencies of Tc10 cells in SCOPD and 

176 AECOPD patients (0.45±0.54% and 0.42±0.21%, respectively) were significantly reduced to 

177 half the level observed in healthy nonsmokers (1.06±0.34%).

178 Comprehensive analysis of the relative percentages of CD8+ T cell subsets

179 To precisely clarify which changes occur in different CD8+ T cell subsets in COPD, we 

180 performed a comprehensive analysis of the relative proportion from mean value of each subset. 
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181 However, since the immunoregulatory function and key transcription factors of CD8+α7+ T cells 

182 have not been elucidated, we could not firmly establishing CD8+α7+ population as an 

183 independent cytotoxic T cell lineage in human. Moreover, CD8+α7+ T cells could even overlap 

184 with other subsets, so this population is disregarded in the summary fig. 4.

185 As shown in Fig. 4, Tc1 cells accounted for the majority of pro-inflammatory CD8+ T cells 

186 in both SCOPD and AECOPD patients (91% and 89%, respectively), and both of these values 

187 were higher than that observed in healthy nonsmokers (80%). Tc2 cells were radically reduced in 

188 SCOPD (2%) patients while only modestly reduced in AECOPD (4%) patients compared with 

189 healthy nonsmokers (10%). Notably, Tc17 cells were not increased in SCOPD or AECOPD 

190 patients (1% and 2%, respectively) compared with the healthy nonsmokers (2%). We also 

191 observed that the percentage of anti-inflammatory CD8+ T cells (CD8+ Tregs and Tc10 cells) 

192 was highest in healthy nonsmokers (8%) but was reduced in SCOPD (6%) and progressively 

193 decreased in AECOPD patients (5%). Although CD8+ Tregs were increased modestly in SCOPD 

194 (5%) and AECOPD (4%) patients compared with healthy nonsmokers (3%), Tc10 cells were 

195 remarkably decreased in both SCOPD (1%) and AECOPD (1%) patients compared with healthy 

196 nonsmokers (5%).

197 Together, this comprehensive analysis showed that, compared with healthy nonsmokers, 

198 relatively more Tc1 cells and CD8+ Tregs, but less Tc2 and Tc10 cells, were found in both the 

199 SCOPD and AECOPD patients and that the overall population of anti-inflammatory CD8+ T 

200 cells was reduced in both COPD groups.

201 Discussion

202 Previous studies have mainly focused on the sizes of the CD8+ T cell pools and partial Tc subsets 

203 in the development of COPD (Chang et al. 2011; Freeman et al. 2015; Makris et al. 2008; Saetta 

204 et al. 1999). However, the collaborative relationship between overall Tc subsets is not well 

205 understood. To the best of our knowledge, this is the first study showing the complete subsets of 

206 circulating pro/anti-inflammatory CD8+ T cells in the pathogenesis of COPD. Combined with 

207 our previous findings of an imbalance of pro/anti-inflammatory CD4+ T pools in COPD patients, 

208 which revealed increased Th17 cells (only in AECOPD) and Th1 cells and reduced Th2 cells 

209 (only in SCOPD) and Th10 cells, as well as an impaired capacity of Tregs, our current research 

210 of CD8+ compartment would contribute to the overall interpretation of the true role of T cell 
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211 pools in COPD.

212 COPD is considered to be a multi-component disease with systemic manifestations in 

213 addition to local pulmonary inflammation. This inflammation contributes to repeated injury and 

214 repair cycles, finally resulting in the remodeling of tissue with altered structure and function 

215 (Barnes et al. 2003). In conflict with published findings (Freeman et al. 2015), the percentage of 

216 peripheral CD8+ T cells was elevated in AECOPD but not in SCOPD patients. Combined with 

217 previous findings that the percentage of sputum CD8+ T lymphocytes was significantly increased 

218 at the onset of exacerbations (Makris et al. 2008), we speculate that the increased frequency of 

219 CD8+ T cells is limited to the lungs, whereas the expanded CD8+ T lymphocyte population 

220 spreads throughout the body during an acute exacerbation.

221 Tc1 cells were also significantly elevated in the peripheral blood of both COPD groups, 

222 which was consistent with a previous report (Zhu et al. 2009). Interestingly, the percentage of 

223 circulating Tc2 cells was significantly decreased in SCOPD patients but returned to normal 

224 during an acute exacerbation. One prior study revealed that decreased Tc1/Tc2 cell ratios were 

225 found in the sputum at the onset of an exacerbation compared with the stable state (Makris et al. 

226 2008). Another study however reported a greater Tc2 response in the bronchoalveolar lavage 

227 fluid of COPD patients (Barcelo et al. 2006). Different sample sources and experimental 

228 conditions could possibly account for this discrepancy. Tc17 cells have recently been identified 

229 as pro-inflammatory lymphocytes and are implicated in the pathogenesis of some human 

230 autoimmune diseases such as psoriasis (Res et al. 2010) and systemic lupus erythematosus 

231 (Henriques et al. 2010). Tc17 cells are associated with cigarette smoke-induced lung 

232 inflammation and COPD (Chang et al. 2011; Zhou et al. 2015). Additionally, our results showed 

233 that the Tc17 cell population in the peripheral blood remarkably increased only in AECOPD 

234 patients; our findings indicate that Tc17 cells may participate in the acute exacerbation of COPD. 

235 From the perspective of the immune system, COPD mainly involves a Tc1 reaction; Tc2 and 

236 Tc17 reactions are attenuated in stable COPD. The above observations indicate that in the 

237 inhibitory state of the acute inflammatory reaction in COPD patients during the stable period, 

238 Tc2 and Tc17 cell levels remain unchanged unless the patient suffers from an acute irritation 

239 such as an infection.

240 We also assessed the anti-inflammatory CD8+ T cells, including CD8+Foxp3+ Tregs and 

241 Tc10 in both COPD groups. 7 nAChR activation was recently found to be capable of 
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242 suppressing inflammation by inhibiting specific cytokines such as TNF- (Wang et al. 2003), 

243 thereby increasing the suppressive capacity of Tregs (Wang et al. 2010). Unfortunately, no 

244 significant changes were found in the levels of CD8+α7+ T cells and CD8+ Tregs in SCOPD or 

245 AECOPD patients. However, Tc10 cells were reduced in both SCOPD and AECOPD patients, 

246 revealing a lack of this anti-inflammatory cell throughout the disease course. Consistently, the 

247 concentration of IL-10 was reported to be reduced in the sputum of COPD patients (Takanashi et 

248 al. 1999), and less IL-10 was released from lung tissue of COPD patients after LPS stimulation 

249 compared with that of healthy smokers (Hackett et al. 2008).

250 Further comprehensive analyses were performed by calculating the relative proportions of 

251 each of the CD8+ T cell subsets in the three groups. In both SCOPD and AECOPD patients, the 

252 proportions of pro-inflammatory Tc1 cells were robustly increased, whereas those of Tc2 cells 

253 were relatively reduced. Local recruitment of an overwhelming number of Tc1 cells to the lungs 

254 and airway mucosa may lead to persistent chronic inflammation; meanwhile, polarization from 

255 Tc2 toward Tc1 could promote inflammation through the secretion of IFN-γ (Mosmann et al. 

256 1997). Considering the modestly increased quantity of CD8+ Tregs in SCOPD and AECOPD 

257 patients, together with the IL-10-producing capacity of CD8+ Tregs (Dinesh et al. 2010; Suzuki 

258 et al. 2008), we speculate that an increased percentage of CD8+ Tregs may lose their suppressive 

259 ability and may be, to some extent, compensating for the significantly low proportion of Tc10 

260 cells in this environment (Profita et al. 2009; Suzuki et al. 2008). Additionally, given that human 

261 CD4+ Tregs are heterogeneous and that an imbalance exists between CD4+ Treg subsets in COPD 

262 (Hou et al. 2013), we also presume that CD8+ Tregs have similar function and characteristic in 

263 COPD patients. In conclusion, these data suggest an insufficiency of anti-inflammatory functions 

264 of CD8+ Tregs or Tc10 cells in the context of COPD. However, our analysis only included Tregs 

265 and Tc10 cells as anti-inflammatory cells, while other IL-10-producing CD8+ T cell subsets also 

266 exist (Suzuki et al. 2008). Further studies are required to elucidate the potential autoimmune 

267 component of COPD, to determine whether the chronic inflammatory response mainly involves 

268 CD8+ T cells and to assess whether this response is similar to delayed-type hypersensitivity such 

269 as sarcoidosis.

270 Some limitations of our study should be acknowledged. Our present study recruits more 

271 men volunteers than women donors, which is in line with higher global prevalence of COPD in 

272 men than in women. However, recent research has indicated an increased female susceptibility to 
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273 smoking-related lung damage, although the findings are controversial (Sorheim et al. 2010). The 

274 fact that only a few women volunteers are included limits our ability to assess the gender 

275 difference in susceptibility in COPD. Moreover, since aging (Messaoudi et al. 2004) and GOLD 

276 stages may be associated with gradual shifts in CD8+ T cell repertoire, larger sample size is 

277 required to ascertain the correlation between CD8+ T cells subsets and the age or certain stage of 

278 COPD. Lastly, selection bias of participants cannot be excluded, since different study samples 

279 could potentially have affected the results.

280

281 Conclusions

282 Our present study indicates the existence of an imbalance of Tc1/Tc2/Tc17 cells in COPD 

283 patients, suggesting that COPD is a chronic inflammatory disease characterized predominantly 

284 by a Tc1 outburst. Additionally, the imbalance of pro/anti-inflammatory CD8+ T cell subsets 

285 observed in COPD patients may be caused by the lack of Tc10 cells and the impaired anti-

286 inflammatory capacity of CD8+ Tregs. However, this report is limited to data from blood samples 

287 and lacks information from lung tissue or bronchoalveolar lavage fluids, and much effort is 

288 needed to investigate the net changes in both local and systemic.
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Figure 1
Acute exacerbations of COPD are accompanied by elevation of circulating CD8+ T cells.

(A) Strategies for gating CD8 +  T cells: PBMCs were gated into R1 and R2 gates to exclude

monocytes, platelets and debris; CD8 +  T cells were then identified based on CD3 and CD8

expression. Representative flow cytometric dot plots are shown. (B) Comparisons of the

percentages of CD8 +  T cells from HN , SCOPD patients and AECOPD patients (n=14, 24, and

14, respectively) are shown. Horizontal bars indicate the mean values.
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Figure 2
Imbalance of peripheral Tc1, Tc2 and Tc17 cells in COPD.

(A) Representative flow cytometric dot plots of Tc1, Tc2 and Tc17 cells (Tc1: CD3 + CD8 + IFN-γ
+  T cells, Tc2: CD3 + CD8 + IL-4 + T cells, Tc17: CD3 + CD8 + IL-17A + T cells) in HN, SCOPD

patients and AECOPD patients are shown. (B) Comparisons of the percentages of Tc1, Tc2

and Tc17 cells in HN, SCOPD patients and AECOPD patients (n=14, 24, and 14, respectively)

are shown. Horizontal bars indicate the mean values.
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Figure 3
The percentage of Tc10 cells is decreased in both the SCOPD and AECOPD groups.

(A) Representative flow cytometric dot plots of CD8 + Tregs, Tc10 and CD8 + α7 +  T cells (CD8 + 

Tregs: CD3 + CD8 + FOXP3 + T cells; Tc10: CD3 + CD8 + IL-10 + T cells; CD8 + α7 + : CD3 + CD8 + α7 + 

T cells) in HN, SCOPD patients and AECOPD patients are shown. (B) Comparisons of the

percentages of CD8 + Tregs, Tc10 cells, and CD8 + α7 +  T cells in HN, SCOPD patients and

AECOPD patients (n=14, 24, and 14, respectively) are shown. Horizontal bars indicate the

mean values.
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Figure 4
Comprehensive analysis of the relative percentages of CD8+ T cell subsets.

The relative percentages of Tc1, Tc2, Tc17, CD8 + Tregs and Tc10 cells in HN (A) , SCOPD

patients (B) and AECOPD patients (C) were calculated based on their mean values. Anti-

inflammatory CD8 + T cells comprised CD8 + Tregs and Tc10 cells. The data are presented in a

pie graph.
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