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Abstract：Chlamydia trachomatis is an obligate intracellular pathogen that causes a variety of diseases, 

including trachoma, pelvic inflammatory diseases, infertility and pneumonia. Although Th-1 type cytokines 

have been demonstrated to be crucial in the host defense against C.trachomatis infection, the role of innate 

immune system, especially in mucosal immunity such as lung and genital tract, remains largely obscure. 

We investigated the role of invariant NKT iNKT  cells in C. trachomatis lung infection. Jα18-/- gene 
knock out KO  mice, which lack iNKT cells, and C57BL/6J wild type mice were infected intratracheally 

with C.muridarum. Compared to iNKT KO mice, wild type mice revealed significantly severe body weight 

loss, increased chlamydial in vivo growth and severe lung pathological changes. Systemic Chlamydia 

dissemination was also prominent in wild type mice. FACS analyses of lung infiltrating cells revealed that 

CD11b+Ly6G+ neutrophils and CD11b+Ly6C+ inflammatory macrophages greatly increased in wild type mice 

than in iNKT KO mice after infection. We found that increased mRNA MIP-2 and TNFα in lung tissues 
of WT mice but not in NKT-/- mice, suggesting a critical role of NKT cells in recruitment of neutrophils 

in the lung. Significantly higher levels of IL-4 and IL-13 were also found in lung homogenates of wild type 

mice with concomitant induction of Arginase-1 gene expression which is known to express in alternatively 

activated macrophages. Together, these  results contribute to the understanding of how iNKT cells 

exacerbate C.trachomatis lung infection.  
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1. マウス
7-10 C57BL/6J WT

SLC iNKT
Jα281 iNKT KO

7 10

0609133, 0808288

2.クラミジア経気道感染
C.trachomatis Mouse Pneumonitis C.muridarum 

strain NiggII, ATCC No.VR-123
HEp-2 ATCC No.CCL-23 48

EB SPG
-80 C.muridarum 
EB

26
Nevada USA

C.muridarum EB 1.5 103  

NKT natural killer T T CD1d

NKT

NKT

IFU NKT EB

NKT

real time RT-PCR

 iNKT MIP-2 TNFα CCL2

IFU

iNKT

MHC II Th1 IFN

ELISA Th2

IL-4 IL-13 iNKT

IL-4 IL-13 alternatively activated macrophage

aaM Arginase-1 mRNA real time RT-PCR

iNKT MIP2 CCL2

Th2 IL-4,IL-13

Th2 aaM
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Inclusion-Forming Unit IFU SPG
15 l

3.クラミジア感染価の測定（IFUアッセイ）

10 w/v SPG
10 ml

400 g 4 10
-80

0.25 ml
13 mm HEp-2

900 g 1
5% 100 mg/l

1 mg/l
DMEM 24

FITC
LPS AC-I PROGEN Biothchnik, Heidelberg, 

Germany
Axioskop Carl 

Zeiss, Oberkochen, Germany

4. 病理組織学的解析
C.muridarum 5 14

iNKT
10

4 m 

5. リアルタイム定量的逆転写 PCR
C.muridarum

TRIzol® Invotrogen, CA, USA
totalRNA 1 g totalRNA

SuperScript®III First Strand Synthesis System
Invotrogen cDNA

96 Power SYBR® green 
PCR Master Mix Applied Biosystems, CA,USA

7500 PCR
Applied Biosystems

Arginase-1
5 -ATC AAC ACT CCC CTG ACA AC-3

5 -TGA AGG TCT CTT CCA TCA CC-3  
Chemokine C-C motif  Ligand2 CCL2 5 -CTA 

CTC ATT CAC CAG CAA GA-3 5 -GAT 
TTA CGG GTC AAC TTC AC-3 Macrophage 
Inflammatory Protein-2 MIP-2 5 -ACC CTG 
CCA AGG GTT GAC TTC-3 5 -GGC 
ACA TCA GGT ACG ATC CAG-3 IL-10 5
-CAA AGG ACC AGC TGG ACA AC-3 5
-CAC TCT TCA CCT GCT CCA CT-3 TNFα

5 -CTA TGG CCC AGA CCC TCA CA-3
5 -TGT GGG TGA GGA GCA CGT AG-3

Glyceroaldehyde tri-phosphate dehydrogenase 
GAPDH 5 -GGC ACA TCA GGT ACG ATC 

CAG-3 5 -ACC ACA GTC CAT GCC 
ATC AC-3 PCR 50 2 95

10 95 15 55 15
72 30 40

GAPDH mRNA Arginase-1 TNFα
MIP-2 CCL2 IL-10 mRNA

mRNA 1.0
PCR 2

6. サイトカインELISA
10 mM HEPES-

NaOH pH 7.4 150 mM NaCl 1 mM EDTA 0.6% 
NP-40 5 mM 1 
mg/ml 

14,000 g 15
-80

IL-4 IL-13 IFN- ELISA
DuoSet® ELISA R&D systems, Minneapolis, 
MN, USA

7. フローサイトメトリー
2.5 mg/ml

XI Sigma-Aldorich, St Louis, MO PBS
37 30 100 m

ACK 150 mM NH4Cl, 10 mM KHCO3 
and 0.1 mM EDTA 37 5

4 30
FITC

CD4 eBiosience,San Diego, CA CD11b 
eBioscience B220/45R BD PharMingen, 

San Diego, CA Ly6C BD PharMingen
PE CD8 BD 

NKT
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Fig 1.  Serious body weight loss A  and higher chlamydial growth in lung B  and liver C  following chlamydial infection in WT mice 
than in iNKT KO mice. Mice were intratracheally infected with C.muridarum 1,500 IFU  and were measured daily for body weight 
changes. Each point represents the mean S.E.M of at least 15 mice. Mice were sacrificed on day 3, 6, 11 and 16, respectively, after 
infection. The lung and liver were analyzed for in vivo chlamydial growth as described Materials and Methods.

 p< 0.05; **p<0.01, comparison between WT and iNKT KO mice. ND; not detected.
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PharMingen CD19 eBioscience Gr-1
BD PharMingen MHC class II eBioscience
Ly6G BD PharMingen

APC T TCR
eBioscience CD11c eBioscience

CD45 eBioscience F4/80 AbD 
serotec, Oxford, UK  FACSCantoTM II

FACSDivaTM

BD Biosciences, San Jose, CA

8. 好中球内クラミジアの定量化

PE Ly6G
4 30 LPS

Cytofix/
CytopermTM BD PharMingen 250 l

PBS 10 10 Perm/WashTM
BD PharMingen 2 Perm/

WashTM 50 l FITC
LPS 4 30 2

 FACSCantoTM II
FACSDivaTM

9. 好中球内クラミジア感染性 EBの測定
MACS 

Separator Miltenyi Biotec GmbH Ly6G
Ly6G

SPG ml
-80

EB
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Fig 2.   iNKT KO mice exhibited lesser inflammatory response than WT mice. The lung from infected mice at day 5 and 14 post infection 
were analyzed under light microscopy for histological changes  and cellular infiltration by H.E. staining A-D  as described Materials 
and Methods. Magnification, 100. Lung histology of WT mice A and B  and iNKT KO mice C and D . A and C : post infection 
day 5, B and D : post infection day 14. 
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10. 統計学的解析

Student t

p<0.05

結　　　　　果

1. 野生型マウスと iNKT欠損マウスにおけるC.muridarum
経気管感染の経時的変化
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iNKT
Fig.1A C.muridarum

IFU 11 16 iNKT

Fig.1B C C.muridarum 5
14 HE

Fig.2 C.muridarum
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2. C.muridarum経気管感染後の肺内浸潤細胞の解析
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Fig 3.  An elevated number of neutrophils, macrophages, dendritic cells in lung tissues of WT mice after infection with C.muridarum 
intratracheally.  Kinetics of lung cells was analyzed by flow cytometer at day 0, 7, 11 and 16 postinfection.  A  Relative distribution 
of leukocytes in WT and iNKT KO mice,  B  The absolute number of lung leukocytes in WT and iNKT KO mice.   The data are 
presented as mean S.D, at least four mice per group were analyzed individually in each time point.  * p< 0.05; **p<0.01, comparison 
between WT and iNKT KO mice. Th; CD4+ cells, Tc; CD8+ cells, B; B cells, DC; dendritic cells ,  M ; macrophages and PMN; 
polymononucler cells..
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Fig 4.  Neutrophil recruitment in the lung was significantly reduced in iNKT KO mice than WT mice following chalmydial infection A and B . 
Higher chlamydial positive neutrophils were detected in WT mice than iNKT KO mice by intracellular flow cytometry C .Infectious 
EBs in neutrophils obtained from wild type mice and iNKT KO mice after chlamydial lung infection D .

 Lung cells were analyzed by flow cytometer at day 0, 3, 7, 11 and 16 post infection. The data are presented as mean S.D, at least four 
mice per group were analyzed individually in each time point. * p< 0.05 comparison between WT and iNKT KO mice.
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3.クラミジアの好中球内での増殖
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4. C.muridarum経気管感染における肺内炎症性マクロ
ファージの活性化

M
Fig.5A B

MHC II
iNKT

MHC II
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5. C.muridarum経気管感染後の肺内サイトカイン・ケモカ
インの発現の検討
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Fig 5.  Inflammatory macrophage recruitment in the lung was significantly reduced in iNKT KO mice than in WT mice after chlamydial 
infection A and B .  MHC class II expressions on macrophage were significantly increased in iNKT KO mice compared to WT 
mice C and D .

 Lung cells were analyzed by flow cytometer at day 0, 3, 7, 11 and 16 post infection. The data are presented as mean S.D, at least 
four mice per group were analyzed individually in each time point. * p< 0.05 comparison between WT and iNKT KO mice.
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6. C.muridarum 経気管感染野生型マウスにおける
Arginase-1の発現の検討
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Fig 6.  Expression levels of TNFα, MIP-2 and CCL2 mRNA in the lung following chlamydial infection. Lung tissue was collected on 0, 3, 7 
and 11 days post infection. Real time RT-PCR analysis of TNFα, MIP-2 and CCL2 mRNA was performed as described Material and 
Method. At least three mice per group in each time point.

 The data are presented as mean SEM. The relative quantification of target mRNA level was measured as the levels of change n-fold  
compared to level in control GAPDH . * p< 0.05, comparison between WT and iNKT KO mice. All experiments were performed in duplicate.
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Fig 7.   Higher Th2 cytokine, IL-4 and IL-13, production in the lung in WT mice compared to iNKT KO mice after chlamydial infection A . 
The production of IFN , IL-4 and IL-13 by lung cells was analyzed by ELISA. Cytokine production from lung tissue homogenate was 
measured at day 3, 6, 11 and 16 post infection.

 The data are presented as mean S.D, at least four mice per group were analyzed individually in each time point. * p< 0.05, 
comparison between WT and iNKT KO mice.
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Fig 8.   Expression levels of Arginase-1 and IL-10 mRNA in the lung of WT mice after chlamydial infection were higher than iNKT KO mice.  
Lung tissue was collected on 0, 3, 7, 11 and 30 days post infection. Real time RT-PCR analysis of IL-10 and Arginase-1 mRNA was 
performed as described Material and Method. At least three mice per group in each time point.

 The data are presented as mean SEM. The relative quantification of target mRNA level was measured as the levels of change n-fold  
compared to level in control GAPDH .
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