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ABSTRACT

Background and Objectives : Chlamydia pneumoniae (CP) has been linked with atherosclerosis. While several
studies have shown that CP contributes to the acceleration of atherosclerotic lesions, any studies on the initiation
of atherosclerosis are sparse. The present study investigated whether CP infection could initiate atherosclerotic
lesions in rats that are known to be resistant to atherosclerosis; further, we investigated if these lesions do form,
then how does the CP participate in this and develop of atherosclerosis in these rats. Materials and Methods :

Thirty 11-week-old Otsuka Long-Evans Tokushima Fatty (OLETF) rats, thirty type 2 diabetic rats and thirty age-
matched Long-Evans Tokushima Fatty (LETO) rats that were maintained on a high-cholesterol diet were either
mock-inoculated or inoculated intranasally 3 times at 11, 13 and 15 weeks of age. The serum levels of the lipid
profiles, plasminogen activator inhibitor-1 (PAI-1), monocyte chemoattractant protein-1 (MCP-1) and C-reactive
protein (CRP) were measured by performing ELISA at 24 weeks and 40 weeks of age. The atherosclerotic lesion
areas were analyzed, and immunohistochemical staining using chlamydia genus-specific monoclonal antibody and
PDGF-B was performed in the ascending aorta at 40 weeks of age. Results : Immunohistochemical staining
with using specific monoclonal antibody demonstrated CP infection in the vessel walls. The serum PAI-1 level of the
OLETF rats was higher than that of the LETO rats (p<0.05) regardless of the state of the CP infection, but
there were no differences in the serum MCP-1 and CRP levels between the OLETF rats and the LETO rats. While
no atherosclerotic lesion was observed in the mock-infected LETO rats, early-to-advanced atherosclerotic lesions
were found in the other rat groups. CP-infected OLETF rats showed more advanced atherosclerotic lesions and
greater mean lesion areas than the other rat groups (LT-N, 0 mm? LETO-CP, 3.29 = 1.23 mm% OT-N, 4.91 +
2.11 mm?* OT-CP, 9.20+4.62 mm?) (p<0.05). The characteristics of the atherosclerotic lesions in the rats were
intimal thickening that was mainly composed of smooth muscle cells. The atherosclerotic lesion area positively
correlated with the presence and the extent of PDGF-B staining in the aortic wall (p<0.01). Conclusion : Chronic
infection of CP in the vessel walls initiated the development of atherosclerosis in the LETO rats and it accelerated
the atherosclerosis in the OLETF rats. CP-induced smooth muscle proliferation and the resultant intimal thickening
may be mediated by PDGF-B in these atherosclerotic lesions. (Korean Circulation J 2006;36:24—31)
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2} Z1ggo]| Qlo] Sefritiof Higwte] AE-E gkt &
L85 & Zlolth. AAZ apolipoprotein E AY wh9-29)
New Zealand4l JE7|5 o83t AT ATEH &
gitjo} HHto] 72 A4l o R F3PA akg(hematoge-
nous dissemination)& sFo] o THYIYS o
N wAn g wojstm et e
u Sfujcol HEto] o3t S WEsks sERdl] A
e FERdo] E7|9} up-Ao) g Eo] glom, uke-
2 FERYAE Sefn|to} HEdy s Asks 1t
of dvbgol qirka g Wik glow] P mat il
Hu7h /474 eteo] ofskel xggef w3k Zojm 22t
ajtjo} Flgto] YA o R ZAs M D50] Wagol o
Stk Hals WA ot

Frat)= dHHH o= HFo| FHYAHE Ao|2s 445
W slEe] HhekA] ok SER gwA glon ' 24 o
Fo] Aqtoll At FollA ALFYAHE Ao]$ S5t
9] E sG], te s=Rdy) g FHoA=
AFAEL 2 A Y] Jz2ke A9 glom FugeAEe] F
A1} o]F=of o3t Wjuke] Bl S(intimal thickening)®2 57
XA S5 URsg o] WHEgI ™ 1ztel A 2 ¥
Gy At GARE 5529 Otsuka Long—Evans
Tokushima Fatty(OLETF) F A= SAFzMASEf of
§ 228h ik Saito 50| 62522 OLETF FojA] o
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Yam 9% AARIZHPDGR)E PDGF-AS} PDGF-BS] &=
71A] £=9] peptide chain®] =3 o]&A|(homodimer)t} o]
g o|% A (heterodimer) 2 EA s, St FLIA2 of
AR ARG e mitogen) A o]} B3I
EZ(chemoattractant) 2 2}-8-5}0] ARSI ASIA] AU
of UlE el aspl ZHga " Az gt
o ZAEIASHO]N PDGF-BE] mRNAS} Hhulo] 7]
Siow| ) A Aol PIGP-Be] e
BUIAEE] FA} o] ofjt AR Alfutats
Ry St ” wheba] Fo) AR ks W
S5 A 2Y FoAe thE ofd QbR F4
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oz Az

2 AtelA= LZHAEE AolE 3 OLETF FoflA
Sefu|tjo} HH o] F/EHAsE0] WAt XIgge] o]
SHEAE SHMOR WA Sl HEaAe) LETO 7
oA = Setuiiol HPto] HFE WSS WA 4
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AREEZE i HE OLETF(Otsuka Long—Evans To-
kushima Fatty)F], B|"d=F=2 LETO(Long—Evans Toku-
shima Otsuka)FE Y& Otsuka HFaofA Fojglto} o]
Fo19T,. ME Fl 55 AR ABo} B A §
B0 AFRSIHOH 1595 OLETFFSH LETOZ
A WL 1,25% cholesterol, 0,5% cholic acid”7} XgHg il
A ajol S AASHAL, P} vl RS 27he)
o2 o] 22k Zetitiol e TRt kel
A > o= Hste] OLETFFollA Stult|o} HHt
© & 7+93%F H(OL—CP, n=20), OLETFZoj|A] Sa}u|tio}
HH= AEsHA] &2 7HOL-N, n=10), LETOF||A &
ghajrjol et o s AU wH(LT-CP, n=20)2} LETOS]
ol Setrit]o} HEtS FASHA] &2 wHLT-N, n=10)
S7 3] F 4+, 601E ML A5G THTable 1),
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a5= Zetujtol #H@# AR—-39(American Type Cell
Culture, Manassas, VA)E ©]-83}It}, SPG(sucrose phos-
phate glutamate) =5l Z|of] doix —70C YEalo] =
=l AR-39 #5E vortex mixer¢] 1327t 83| Agst
ol 200 x gof| 107 Yal=e]sto] AHE 0.2 mLA
McCoy cell(American Type Cell Culture, Manassas, VA)
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Table 1. Number of LETO rats and OLETF rats

Study number at Study number at

CP Total . .
Rat PRV SrH p—— experiment experiment
25 weeks 40 weeks
LT-N - 10 2 8
LT-CP + 20 6 14
OT-N - 10 2 8
OT-CP + 20 6 14

LETO rat: long-evans tokushima otsuka rat, OLETF rat: otsuka long-
evans tokushima fatty rat, CP: chlamydia pneumoniae, LT-N: LETO
rats without chlamydia pneumoniae infection, LT-CP: LETO rats infected
with chlamydia pneumoniae, OL-N: OLETF rats without chlamydia
pneumoniae infection, OL-CP: OLETF rats infected with chlamydia
pneumoniae

O] T3 M= v shell vialoll HE8HT:, AR-39 +F
Z7)F HZE5 shell vial2 357, 1500 X gof| 14|17 Y4E
gt 3 AF=olS W23l cycloheximide(Sigma, 1 zg/mL)%}
10% SEJobdHo] H7hel RPMIIGH0 Aol 48AKHE: b
oFstaitt, wijeks shell vialo]l trypsine 2]t 2 30,000 X
gol|A 3057 ¥4 l‘i—ﬂﬁ]-o% CP(Chlamydia pneumoniae)S
E2AZT 11 3 CP 5=9%L phosphate buffered sa-
line(PBS)} &&s3ict, Satuiciol HHw9] titer+ inclu-
sion—forming units(IFU) per mLZ ¥&35}% T}
ag F2°0 S40|0°F HEH2 B
Z¥Z} 20ut2]9] OLETFFQ} LETOF o 1155, 13579, 1
olm 15590 0.1 mLe] Sefolclof AP SHAx 10"
inclusion—forming unit) 2 7} E|S 0] 85} H]7}FQ1FU
= sk, 1'}‘311] 20mte]= Sefu|to} Hgqto] =9t
w7] 2 PBSE &3t

E"%DH 7_(! 'I*I_Il- KKIUI-K-I ]Iﬂ[

A =5 o] ketamine 75 mg/kg({-3HF3y, AL, s
xylazine 5 mg/kg(Hlo]dLe|ol, A2, =) & B4 U=
]_
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S-S Bk f1E AEE F9 A4 s
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2 WE9] hematoxylin—eosin GALS 5}t HE &80
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Bto] ZAafey o
Paraffino]] 1A% 2212 xylened] 584 33| 100% eth-
anolo] 58 13], 95% ethanol®]] 5& 13], 70% ethanol®]|

5% 13] AR shaL, mpxute s 554 33 FRe= Al
5o paraffing A|ASIAL TRA] FSRAIFAEE 22 W 9] pero-
xidaseo]| &gt W2 AA|5}7] ¢34 3% hydrogen per-
oxide® 57t WEAIXl T3 1XPBSE A|A5I3lH}, HIE
o129l HIHANE olAl5H] 915kl goat serum O 30
ZHURS AR T A YAS WAL EHERe 2
efulcio} sglde] 4S Helahs] Hstols anti-Chal
mydia pneumoniae FLZ= LXF3IA|Q1 CF— Z(Washmgton
Research Foundation, Seattle, WA)E A3}, o5
U HAE ZAEUAS ] S4S ook SI5to] hu-

man anti—e smooth muscle actin GUZSZ3H|(R&D sys-

tems, minneapolis, MN)2} mouse anti—macrophage Tt
Q] = 23814|(ABcam Limited, Cambridge, UK)S AME-3}91
1, PDGF-BBY] E4J=ol| thalA rabbit anti—PDGF B
HEE284|(ABcam Limited, Cambridge, UK)E& ARSI
t}, PBSE $AISEE 22}8}42] biotinylated &A|of] 30&
7+ HE2-A)7] 3 streptavidin—biotin kit(Dakocytomation,
Copenhagen, Denmark)E ©|-&3}9.2 1 3,3’ —diaminob-
enzidine tetrahydrochloride(DAB)©]] 100 uL2] 3.0% H:O,
Alelol 52 Fb WA BFehan R B
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S8 ARHAR ELISA A

4% 2179} 1070 L AFeAel 5 WY 2o
S F4A, 123l HDL Y| 2HEY] =5 5745
A3, A Enzyme—Linked ImmunoSorbent Assay(ELI-
SA)(R&D systems, minneapolis, MN)S A|343}o] Plasm-
inogen Activator Inhibitor—1(PAI-1), Monocyte Chemo-
attractant Protein—1(MCP—1), Z18]31 C—Reactive Protein
(CRP)E S453ich
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One—way analysis of variance(ANOVA)S ©]-83}o]
A 9] xjo|E HAJslal, ARS- A (Bonferroni’s multiple
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vl A2 FolsHA Ehthp<0.05)(Table 2). 5
AT FEA] @2 79 LETOLE Fholl $AI8H4] #fo]
© HolA| AN, OLETFolA= S2tvlctot HiHt 2
& FolA Feftt e Ethp<0.05)(Table 2).

S0|C°r HEH 4AY S| to

e o] Sefv|tol HPdt AdE SIsk] flsh 24
FHol 3AAIZ] F9] s Mo\A anti—Chalmydia pneumo-
nige FUAZE AAE ol&sto] W 22|58 JAlS
ARt Axt Setutiol Hgte] FEEA e Fo ths
WA= o] AR etal(Fig. 14), A ¢
dhEulolA Fejuidol sfaze] UG Ha B
o 4= UHFig. 1B). 24737 407 PAIZ] 9]

Table 2. Serum lipid profiles and FBS at 40 weeks
LT-N LT-CP OT-N OT-CP

TC (mg/dL) 90+3 97+£7 207134 215%92
TG (mg/dL) 35+11 28%+10 114 £ 67 134 £68*
LDL (mg/dL) 52%2 57+6 143+36 145£85

HDL (mg/dL)  31%2 35+5 43+8 45+4

FBS (mg/dL) 94+2 96t4 126+ 14 138 = 7*

Lipid profile and FBS in OLETF groups were higher than those of
LETO groups with statistical significances (p<0.05). But there were
no statistical significance not only between LT-N and LT-CP, but also
between OT-N and OT-CP, except for triglyceride and FBS. Values
are mean = SD. TC: total cholesterol, TG: triglyceride, FBS: fasting
blood sugar, LDL: low density lipoprotein cholesterol, HDL: high
density lipoprotein cholesterol. *#: significant difference between

OT-N and OT-CP (p<0.05)

Areitls o] A hematoxylin—eosin FAHZ AJdfslo] ZF -
o qe Anin wEel BAg 24 vwsiy
o, Zejulcio} Aol B 2 LETOFNAE U]
wal o} Foplaol As S glokon, 11 9] e
FolE 2azene Be) Wspl BRElslc, 2o
tot seigo] 798 LETOZ3} Zatltio} waid 7
off BAIglo] OLETFZOIAI 24555 e vfujat Zape) v
79} tlio] Ugieiote] Helo] PG FuE B %
g A= FAf(circumferentia) | €S 3t Q= Hl
yatzo] g3 HeL H3E= F=(longitudinal) ¥l S
I glom B MRS shal Qlgleh 40:PoAE &
ajtiol #gatol] FHEA -2 LETOF ol A= Wua] 52}
Folol 08 WA Skoren, 1 ) o ol
=220l Wuhe] v} Ko BrstA Wgsielon, =7]
+ Bl thefste] Sehr|tol Flgsto] s LETOF%}
HAEA ¢ OLETFFoA= -2 871 (elevation) FEl
2 WEEIAL AHE OLETFF oA = 297 248 (nodule)
o] ez wEEgler 7|2 YA thE o H|ske
SHoIltHFig, 2). e o 229 EHS o
£ gy g dfAlFe] JAiol A9 glem, ixd
Axf Qg MABEAE Bk o] A ojsolx
A gorev] Wue o)L YiEel AEE BU PAD
Ajzzol i}, of= thAALeNFig. 3A) S FEE Alzof of
& Wiz ATl B 5 AeTkFig, 3B). G
B 2O olge SN WS ST

O
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Fig. 1. Immunohistochemical stain with chlamydia-specific monoclonal antibody CF-2 in ascending aorta of rat at experiment 24 weeks. Scale
bar: 20 #m. A® no reaction in ascending aorta of non Chlamydia pneumoniae infected rat. B! several areas of brown precipitate (arrow) in cytoplasm
of smooth muscle cell. Fig. B showed presence of chlamydial antigen in ascending aorta of chlamydia pneumoniae infected rat.
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Fig. 2. H-E staining of rat ascending aorta at experiment 40 weeks. A: LT-N; no intima proliferation. B: LT-CP; mild intima proliferation. C:

OT-N; moderate intima proliferation. D: OT-CP; marked intima proliferation. Scale bar: 20 #£m. LT-N: LETO rats not infected with chlamydia
pneumonia, LT-CP: LETO rats infected with chlamydia pneumonia, OT-N: OLETF rats not infected with chlamydia pneumonia, OT-CP:

OLETF rats infected with chlamydia pneumonia.
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Fig. 3. Immunohistochemical stain in ascending aorta of rat at experiment 40 weeks. Scale bar: 20 ££m. Al immunohistochemical stain with
mouse anti-macrophage monoclonal antibody (arrow indicates the cytoplasm of macrophage). B: immunohistochemical stain with human anti-&
smooth muscle actin monoclonal antibody (brown color indicates the smooth muscle actin).

Area (mm?2)
o~
L

LT-N LT-CP
Rat

OT-N OT-CP

Fig. 4. Atherosclerotic lesion in rat aorta at experiment 40 weeks.
Intima mean area of LT-N was 0 mm?, but that of LT-CP is 3.29 =
1.23 mm®. There was statistical significance between 2 groups. Intima
mean area of OT-N was 4.91 =2.11 mm?”. That of OT-CP was 9.20 =+
4.62 mm®. There also was statistical significance between 2 groups.
LT-N: LETO rats not infected with chlamydia pneumoniae, LT-CP:
LETO rats infected with chalmydia pneumoniae, OT-N: OLETF rats
not infected with chlamydia pneumoniae, OT-CP: OLETF rats infected
with chlamydia pneumoniae. *: p<0.05.

A3t Fepu|tiol figyte] AR ¢ LETOF A= W
ahH] 5oL |5} e WAYEkA] grot Wl Zo] 0 mm”

19032, Sehvljor Hg@ate] FdE LETO FHolAls et
WAo| 3294123 mm o2 Zejulcjo} o] A=

Z| ¢S OLETFF 2] Wb el 4.914+2.11 mm’7 §ARH
Ae2 ST YFSHo] BAghS Bl &= Qi) &
ghutjo} w|Ftoll HE OLETF Fi= WjuhH 2] 9,20+
4,62 mm’2 T2 L3} vmale] EAH o SolsH =
‘e syl WAgo] Wol o]FoH S-S Kol Frt
(Fig. 4).

(]

DEYAEZ Aoje} FT|Clof HEi
222 CRPO) |l 9%

PAI-1i= 2459} 405 Zefulciol sgld 2ol
AIgie] oLBTFEe] LETOSE vash EAHA ol
2 73 AElo] 9I9IrHp0.05)(Fig. 5). et MCP-
1= A9 245o] 3 ERe Fehuitlel W@ el ©
Aglo] FABHOR Ko7k Yo, 40FANE IS

48l

> r_\:._l‘

@7 PAI-1, MCP-1,

16 -
P
141 ] L-CP 3 L+CP
mm O-CP [ O+CP
12
%
3 10+
o
<
2 gL
- ° T
S sf
4l —T
2,
0
24 weeks 40 weeks

Fig. 5. ELISA of serum plasminogen activator inhibitor-1 (PAI-1) at
experiment 24 and 40 weeks. There were statistical significances
between LETO rats and OLETF rats at experiment 24 weeks and
40 weeks, irregardless of CP infection. LT-N: LETO rats not infected
with chlamydia pneumoniae, LT-CP: LETO rats infected with chal-
mydia pneumoniae, OT-N: OLETF rats not infected with chlamydia
pneumoniae. OT-CP: OLETF rats infected with chlamydia pneu-
moniae. *: p<0.05.

212 BHCH(Fig, 6)., CRPE 2459} 4050]| Y]
edol flSlh(Fig. 7).

= Afolo]

S=40|Co} Higgdo| FHHON PDGF-BS| &) OAl= Y
SAPLEIA|E] T4} olFof| F2 o= PDGF
S gotiy] 98 OLETFF|@} LETOF] 9] tf-sz
ZlofA] Al3Yet PDGF-BL] Wz Aokl FMoA Zat
ultio}l HE@go] FHEA| e LETOF|ME 7o) ura
o] B2 QI%tal, ¥ LETOFE TE=EA] @2 OLETF
Ho} gAKet = Fghulo) A PDGF-BO] Wo| Z7}e]
o] Qlglc}, Zetultiol W@l 74 OLETFHoH: o}
2 3} vjuste] dA5HA PDGF-BE] wrao| Z7}E|o]
AAHFig. 8).

o

ni

3 Qo] Zepn|cio} Ho] 1ehe HgAlel LETO
2o R el FAEHABEALS WA RO, G
91 OLETFFIeIA: ZHsix] ke Fi} ulmsle] Sy
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30 -
] LT-N LT-CP
m OT-N [ OT-CP
25 -
T
~ 20
G
> T T
E 5tk
o
Q
Z ol
50
0
24 weeks 40 weeks

Fig. 6. ELISA of serum monocyte chemoattractant protein-1 (MCP-
1) at experiment 24 and 40 weeks. There were no statistical signifi-
cances between 4 groups at experiment 24 weeks and 40 weeks. I'T-N:
LETO rats not infected with chlamydia pneumoniae, L'T-CP: LETO
rats infected with chlamydia pneumoniae, OT-N: OLETF rats not
infected with chlamydia pneumoniae, OT-CP: OLETF rats infected

with chlamydia pneumoniae.

4 —
00 [ LT-N LT-CP

m OT-N [ OT-CP

350

300 -

250

200

CRP (ug/dL)

150

100

50

0

24 weeks 40 weeks

Fig. 7. ELISA of serum C-reactive protein (CRP) at experiment 24
and 40 weeks. There were no statistical significances between 4 groups
at experiment 24 weeks and 40 weeks. LT-N: LETO rats not infected
with chlamydia pneumoniae, LT-CP: LETO rats infected with chl-
amydia pneumoniae, OT-N: OLETF rats not infected with chlamydia
pneumoniae, OT-CP: OLETF rats infected with chlamydia pneu-
moniae.

A3 ABS ASAHSE SISkl A7 22
ajtjo} mgatol oJste] FAFsWAsSo] WA TER
dofli= New Zealand4t 3 E7]9} nfe-Amdo] Bl ¥ v}
ol 2 AofA wgkeF]ol LETOF|o|A] Sefujt]o}
ol el tisol SAsHEshE o] WS gl
ASdTH A=A ¢k LETOFollA = I 2 HE
sl g mofl A Ha] S sS0] WAYSHA|
3] tj2d 2yE 4 4= 9%irh OLETFF oA
A k2 FoME thsde] SAFEHAs gl
F=tl, Setricol H"o] HEE OLETFF A
oetA FAFe Az Hol o WA WA= = AL
RIS 4= 9lo] Stu|tjo} #HFto] apolipoprotein E Z
g ukof A SAFWAESE0 AS oIt 7]
o] ®ae} nlo=g As Byt

Zefritol HEd-2 MZW AT AESH= At o2 o]
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Fig. 8. Anti-human PDGF B of LETO rats and OLETF rats. A! im-
munohistochemical stain with PDGF B in ascending aorta of rat at
experiment 24 weeks (brown color indicates PDGF B). Scale bar:
20 ¢#m. B: anti-human PDGF B (%). LETO rat: long-evans tokus-
hima otsuka rat, OLETF rat: otsuka long-evans tokushima fatty rat,
CP: chlamydia pneumoniae, LT-N: LETO rats not infected with chla-
mydia pneumoniae, LT-CP: LETO rats infected with chlamydia pneu-
moniae, OT-N: OLETF rats not infected with chlamydia pneumoniae,
OT-CP: OLETEF rats infected with chlamydia pneumoniae. *: p<0.05.
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