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Innate immunity . . P .
Immunological reaction to C. pneumoniae infection

Immunological reaction to C. pneumoniae
infection. The innate immunity,

Body Parts
CPN can be found in many different parts of the body, as shown below.

represented by polymorphonuclear cells
o CP-EB and macrophages, plays an important role
O O . inthe first days of infection. Subsequently,
o oY CD8+T lymphocytes are predominant,
Infected cell Y O mainly by stimulating the powerful
antichlamydial cytokine IFN-y. Antibody
T production by B lymphocytes plays a
Antibody minor role (see also text). Abbreviations:
Production | pPMN=polymorphonuclear cell,
M¢=macrophage, CP-IB=C. pneumoniae
i ; inclusion body (intracellular), CP-EB=C.
__cPNorg Tnan Africa}‘ lawedf pneumoniae elementary body

g cell. A

(extracellular).

Note and legend:

Photo l:mnIESY Df Reed et a\ fmm an article in Emerging Infectious diseases.

dy (EB! spore like form of CPN. It is about the same size
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I = Intermediate body (IB), a temporary form uf CPN that exists briefly during

Wansition hom an K8 fo ah £5.

R = Reticulte body, the arowing and reproductive form of CPN. I can be kiled

by many antibiotics.
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Martijn D. de Kruif et al. Cardiovasc Res 2005;65:317-327
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Serological evidence of an association between Chlamydia
pneumoniae infection and lung cancer

Aino L. Laurila"", Tarja Anttila', Esa Ladra?, Aini Bloigu', Jarmo Virtamo?,Demetrius Albanes®,
Maija Leinonen'andPekka Saikku!
International Journal of Cancer
Abstract
Epidemiological evidence suggests that airway obstruction is an independent risk factor for lung
cancer and that this cannot be explained by active or passive smoking alone. Chlamydia
pneumoniae infection has been associated with chronic bronchitis and its exacerbates. Our aim
was to evaluate the association between chronic C. pneumoniae infection and risk of lung cancer
among male smokers. Smoking males with lung cancer (n = 230) and their age- and locality-
matched controls were selected among participants of the Alpha-Tocopherol, Beta-Carotene
Cancer Prevention Study. The presence of C. pneumoniae infection was assessed by analyzing
specific antibodies and immune complexes in 2 serum samples collected with a 3-year interval
before the lung cancer diagnosis. The diagnosis of chronic infection was based on stable levels of
positive specific IgA antibody (titer > 16) and immune complex (titer > 4). Relative risks were
estimated by odds ratios (OR) adjusted for age, locality and smoking history by a conditional
logistic regression model. Markers suggesting chronic C. pneumoniae infection were present in
52% of cases and 45% of controls and hence were positively associated with the incidence of
lung cancer (OR 1.6; 95% confidence interval [CI] 1.0-2.3). The incidence was especially
increased in men younger than 60 years (OR 2.9; 95% CI 1.5-5.4) but not in the older age group
(OR 0.9; 95% CI 0.5-1.6). Before concluding that C. pneumoniae infection is a new
independent risk factor for lung cancer, corroboration from other studies with larger
number of cases and longer follow-up is needed. /nt. J. Cancer 74:31-34. © 1997 Wiley-Liss,
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Organs and tissues infected by Chlamydia pneumoniae
Picture of cutaway torso courtesy of Dr. Murray Thompson, J
iney

CD8+
T-cell

Partl: Y537 EH LV DOBERD R

D32 T7450h %
EDIYRAIZ ERSES

BAMVIEIFIOTRI R EFS>TNSA, BETIF VIR T4 R THD.

OSIDTHRIE BAMICHERICUMAEISENER>TEWV =AM LKLY,
BAFRENREEICHE 1D ALV TR LBEDRELEDT.
EABICTEE I FEDLEOEIITEREHL TS,

CHSP- 60li§’éF®h‘¥1’Tﬁ%T&3U iR AR TEAS v —HEETH B,
ARGEICET &, 2oy BB E60ES S5
115])\E’Jl-li[it/vtﬂ ZLIzS e LY,

Volume 74, Issue 1, pages 31-34, 20 February 1997

Chlamydia pneumoniae Infection and Risk for Lung Cancer
Cancer Epidemiology. Biomarkers and Prevention May 25, 2010; doi:
10.1158/1055-9965.EP1-09-1261
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Chlamydophila-related disorders

Here's a short list of diseases that have been

linked to CPN:

Alzheimer's « Eye problems « Pharyngitis
Arthritis « Giant-cell arteritis « Pneumonia
Asthma + Guillain-Barre « Porphyria
Atherosclerosis syndrame « Prostate cancer
Atrial fibrillations = Hypertension + Prostatitis
Benign prostatic « Immune « Pyoderma
hyperplasia suppression gangrenosum
Bronchitis « Interstitial cystitis « Sinusitis

CFIDS « Kidney failure « SUDS--Sudden
COFPD + Lung cancer unexpected death
Type 2 Diabetes + Meningitis syndrome
Earache + Morgellons + Syndrome X
Encephalitis « Multiple sclerosis  « Vasculitis
Endocarditis « Myocarditis

Erythema « Obesity

nodulosum « Pericarditis
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Review Chlamydia pneumoniae and Lung Cancer: Epidemiologic
Evidence

Alyson J. Littman,'? Lisa A. Jackson,'3 and Thomas L. Vaughan'?
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Abstract

Chlamydia pnewmoniae is a common cause of acute
respiratory infection and has been hypothesized to cause
several chronic diseases, including lung cancer. The
purpose of this article is to identify, describe, and critically
examine the published studies on the association between
C. preumoniae infection and risk of lung cancer. In the six
studies identified, previous C. pnewmoniae infection was
defined on the basis of serologic criteria, which varied
between studies. All studies reported elevated relative risk
estimates for the association of serologic evidence of
infection and risk of lung cancer. The three studies in
which past infection was defined based on testing of
prediagnostic blood specimens tended to have weaker
results (odds ratio range, 1221) than those based on
postdiagnostic blood specimens (odds ratio range, 1.4-9.9).

Summary and Conclusions
Observational studies using other methods (such as PCR or immunohistochemistry)to detect C.
pneumoniae in relevant tissues (such assputum or lung biopsies) in samples taken before
diagnosis could also provide useful information by showing that C.pneumoniae is more likely to
localize in tumor tissue relative to normal tissue and that organisms found in tumor tissues

are viable. Findings from these studies, in combination withthe existing serologic studies, may
help scientists to better understand the role that C. pneumoniae may play in the etiology of lung
cancer, and potentially lead to earlie rdetection or prevention.

of Public Health Sciences,
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study designs, such as
randomized controlled antibiotic treatment trials in
humans, and observational study designs (e.g, studies that
involve detection of C. pnewmoniac in pulmonary specimens
obtained before cancer onset) could be explored and may
shed additional light on this important association.
Epidemiol Biomarkers Prev 2006;14(4):773—8)

Selection bias, measurement error, and inadequate control
for confounding are concerns in some of these studies.
Nevertheless, results were relatively consistent, supporting
a causal association. Inflammation caused
infection with C. pueumonize may be involved in the
carcinogenic process but this relationship will be difficult
to further define through serologic data. To better under-
stand the nature of this

by chronic

association, both experimental

those based on animal models or
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Cnlamydia pneumoniae Infection and Risk of Lung

Cancer Cancer Epidemiol Biomarkers Prev October 2004 /3; 1624

Abstract

Infection with Chlamydia pneumoniae may be associated with an increased risk of lung
cancer. We conducted a matched case-control study (508 pairs) nested within a large
prospective study to investigate whether IgA antibody titers to C. pneumoniae measured
by the microimmunofluorescence test are associated with lung cancer risk after
controlling for confounders. Individuals with antibody titers >16 had 1.2 times the risk
of lung cancer (95% confidence interval, 0.9-1.6) compared to those with lower titers.
There was a significant trend (P = 0.007) of increasing odds ratios with increasing IgA
titers primarily due to an odds ratio of 2.8 (95% confidence interval, 1.1-6.7) associated
with titers >256. Lung cancer risk associated with IgA titers >16 was stronger among
former smokers. To better understand predictors of IgA seropositivity, we also
examined demographic, lifestyle, dietary, and medical correlates of IgA titers >16
among controls. Those with race not classified as White or Black were more likely to
have IgA titers >16; there were no significant differences in seropositivity by smoking
behaviors. In summary, the adjusted odds ratio for lung cancer associated with IgA titers
>16 was compatible with a weakly positive association, although nondifferential
measurement error of antibody titers may have resulted in a conservative bias. Future
studies using precise measures of chronic C. pneumoniae status are needed to better
determine the role of this organism in the etiology of lung cancer.

RE Mt fix I & E F 0 - 5E R BF
M % _‘“‘7%@5&;’1

W B8k K B S /NP E TR L O KPR R
Key words:fifi # 7 T I T R o B AR EE 1L, &k E BT BT

LIE L& IZ ffi% 5 ISP 7 HE(Chlamydia pneumoniae)(d, 1980 £ {43 (XIZRE sh 1= &
SLEMECTHYBO THELEFREEZELTVW A ELE T HEBICFLELT X
L¥—RBEEEETMEIKRFLTL IR LEYD (T OME LE L >TL S D
My SIDTEREEN RO EOEE LB D TRERLTVWB LA RIS
|ME SN = D L19855F TH Y. E & O Saikkud 11,5 KTE X SN 2T X T O E
fE O M5 1 0l CE MDD R B EDBERERF LEBR DO XV SIDTED
HFOEMENEELEELGRAREA T HIEER LV L2 0% I E R @ O
R A S LKDRE O EAHR E F -8 BIREL OBRRICH X ISSOTRANE
BRICEET DCLEREFWICHEALIIA R RN R RSN D LS1CH ST,
19904 3 (F (CIXE M DK F LR ChN 22 b Lfifi % 0 5 SOTHEEE E NEEL
BEEREET S LR E SN B &S5 124 YAK Z dIC B 28 <O EBD D %6
% & SITH of. A5 X T L3 2D &% 126 (T Bk 95 32 7H OME ¥ HWRE
LIRBEFHRE O RREREREL, M & V530 7HE BEE AN ED L3I12F) IRE
1L O B Mt i MEREE O £ TS5 7200 IOV TERTS.

JBZEE Vol. 21 (1999) No. 4 P 463-466

®1 C.pneumonise RO BEE
2780 5 TW 183 48 (Graysion)

micro-F 52 (Wang)
FerFFERDRHORELO S S (Sakiu}
HREThBERES AL Wang)
MASFREE TENE OES-OMNS SR Sakiu)
Chiamyia oumoniag & % (Graysion) %

RE CREH 770 7CRE (Sho)
BRIHR 7 70—+ PCH £ R & T4 (Kuo)
BRI 77 0—76 C.proumonise 8 (Ramiaz) s
AR LSRN EED FIGE /
(Gupts, Gurinkio) /
W EE CC praunonas SRFRELEEL, | {
iM% TRR + FH (Muhiesten, Fong) o
kP TORERC S S@NEOEROFRHEETE
NI GO L (Gryson)

19855
kS
S
18865
1
rs
iems
s
190E 5
0T

T - PR - B0
BIRICDLT

=3

BE FB cees

USRI 01 VA% S SERR RS

85, BRC oo )
o F 5 O e

0% INGERAR #R
e iore)
e TEUL T L
e

BB 7907 7-9

)
| ¢

AL AR

e\

$IRDL>
£

axE
ey

waxE
aTmmmze

E9 C.pneumonise i- & SMIRE LE O TEEORS

I EEEEE

ASsocl1ation of Caliamyaia pneumoniae
Immunoglobulin A

Seropositivity and Risk of Lung Cancer
Cancer Epidemiol Biomarkers Prev November 2000 9, 1263

Part2: f3ZE A (Stroke) - fM4iE 2

Chlamydia pneumoniae infection. A novel risk factor for stroke.

Recently, Chlamydia pneumoniae (C pneumoniae) has been noteworthy to be linked to an
atherosclerotic disease and clinical evidence that C pneumoniae infection contributes to
atherosclerosis is accumulating. We clarified the detail distribution of C pneumoniae infection in
the atherosclerotic carotid artery by immunohistochemistry and electron microscopy. Twenty-
seven specimens of carotid atheromatous plaque were obtained during carotid endarterectomy in
26 patients with severe carotid artery stenosis. Immunoreactivity for the C pneumoniae-
specific antigen was observed in 55% of patients, and intense immunoreactivity was
observed in 35% of patients. C pneumoniae infection was observed in endothelial cells,
Chlamydia trachomatis infection as a risk factor for invasive cervical macrophages and smooth muscle cells that had migrated into the atheromatous plaque, as well as
cancer International Journal of Cancer Volume 85, Issue 1, pages 35-39, 1 January 2000 in smooth muscle cells and small arteries in the media underlying the atheromatous plaques. C
pneumoniae infection was most prominently observed in smooth muscle cells. In electron
microscopy, a pear-shaped elementary body of C pneumoniae was observed. Macrophages in the
intima produce some cytokines and growth factors, and elicit migration of smooth muscle cells
from the media to the intima as well as an inflammatory response which subsequently leads to
atherosclerosis progression. Chronic infection of C pneumoniae may enhance the proliferative
and inflammatory processes of atherosclerosis by inducing some cytokines and lipoproteins
through activation of transcription factors such as nuclear factor (NF)-kB.
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Chlamydia pneumoniae infection and the risk of female early-onset

l].lllg cancer International Journal of CancerVolume 107, Issue 4. pages 681-682, 20 November
2003

Chlamydia pneumoniae Infection and Risk for Lung
Cancer cCancer Epidemiol Biomarkers Prev June 2010 /9; 1498
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Hyperhomocysteinemia associated with Chlamydia
pneumoniae infection in ischemic stroke: A hospital
based study from South India

VCS Srinivasarao Bandaru MSc PhD, 1 Subhash Kaul MD DM, 1 Demudu Babu Boddu MD
DM, 2 Laxmi Vemu, 2 M Neera]a MSe, 1 Suvama Alladi DM Neurology Asia 2009;14:1-5

6 UEHEEREOERHRY 5B & himie
AL 747 2 L L SIS HOIE MR B 5,
B MERH IS HOF IR L BBER(ERE Y vt

H)EBOA, MWMREPEVZF o BlETHS
(RfEset).

Chlamydia pneumoniae and

Cardiovascular Disease

Lee Ann Campbell, Cho-Chou Kuo, and J. Thomas Grayston
University of Washington, Seattle, Washington, USA

Table. Studies of Chlamydia in ath tic tissue
myde Table 1: © and positive stroke
Atherosclerotic patienis

Source of specimens tissue = =

@ Artery Type of (% positive) Parameters positive negative P valuc
South Africa (7) Coronary Autopsy 20/36 (56) EvS—crn s on T e D o
PDAY" study (8) Coronary Autopsy 818 (44) — e TS os
Univ. Washington (9) Coronary Atherectomy 20/38 (53) pe— oo g e oe
Alaskan Natives (10) Coronary Autopsy 23/59 (39) =i - - :
Louisville, Kentucky (11) Coronary Vascular surgery 12 (58) ey e e
Japan (12) Coronary Atherectomy 20/29 (69) Xaypemension: . (36) 30 (5527 OL CEZ.0) 0.2
Salt Lake City, Utah (13) Coronary Atherectomy 71/90 (79) L2055 27 (21) o5
India (14) Coronary Coronary artery bypass 4/40 (10) ZREI S, A8 €14 0.
California & Univ. Washington (15) Carotid Endarterectomy 37/61 (61) 13 (199 24 a8 o=
Germany (16) Carotid Endarterectomy 7150 (14) 30 (41.6) 23 (17.9) 0.005
Canada (17) Carotid Endarerectomy 54/76 (71) 30 (1.0 20 (15.5) ~0.001
Univ. Washmgtou 18) Aorta Autopsy 721 (33) 35 (45.6) + a1 o0.001
Finland (19) Aorta Vascular surgery 12/12 (100) + "Table 2: C. pneumoniae anlibodies associated with hyperhomocysteincmia
Ttaly (20) Aorta Vascular surgery 26/51 (51)
United Kingdom (21) Aorta, femoral, iliac Vascular surgery 15/33 (45) Hyper : Normal .
California (22) Popliteal femoral Vascular bypass 10/23 (43) (N=50) (N=150) vl
Finland (23) Aortic valve Autopsy 25/46 (54) - =
Sweden (24) AortisValss Surgery 19/39 (49) C. preumoniae TgG positive, no. (%) 26 (42%) 38 (25.3%) <0.001
aNumber positive by i ical staining and/or chain reaction over number tested. C. preumoniae TgA positive, no. (%) 12 (24%) 8(53%) 0.004
bPDAY, h it of at] in vouth.
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FEO|EFFALRHAL. SE, EmtEORSEES 10 fl&, FRELTLRBLS OIES 10 HlE
20 Bl FHEBIS DV TRE Lz, ZORER, EIiEOBRE 10 HI5 9 4l (90.0%) LB EIZ C.
pneumoniae wrriﬁﬁ‘fﬂﬁﬂ:%%ﬁl Ko TEEBALB . — 4, 'Uﬁsuﬂ(f)rﬁ‘lfli 10 WIEF‘ 2
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pneumoniae EILFHEERLDBEICDONTHEL AifFfhd. URFIES 75:562~567, 2001)

FORERDAEAOBLRILE MM OKBED TI0.0% LFRISHETHY, F£1260.0% DEFIHC.
HSP-60 ZEAELTWBIEAADAA>T=. COTEE, RMMEDDHEEOMIC, (DEFETE, Tt
REFRITRELBREG>TVDATHREMEDHD. SET, C. peumoniaeBFAELL TIFIFRBREE
NHEZTHY, EHITRSEIH>THIRBILELDBFRAEESA TS, SEOHERKYSLITINE
BEOBBREEEIND. B, EMLDEEEIA LU EHECKD O Chlamydia S1EEE DHEEE R
12£ B HEFLRUEFELTERSNTINSILS). Chlamydia HFEZ DY A FH1> DEEIZLST,
BRI LY, KB OMPERAIZEILL TC. HSP-60 R EMICEET 5T EMSin vitro TIHEBASH T
1316). Ftz, ADBIAIREIL REPLLIZHUNTILC. pneumoniae EC. HSP-60 A EHE T 5 EMBRICIRES
N, TOBREAOEELNHERSNTNS. SE, ELEWMHTLHBEICEESEIZC. pneumoniae &
C. HSP-60 DFHEFHZELTz. L L, SEO#KRE TIREBBA DKL, C. pnumoniae & IUC. HSP-60 D
FHEELHEDDEREDBERZRALMCH RGN oz, SHREFBEEOLTRITLIL.
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Identification and localization of Chlamydia
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pneumoniae in the Alzheimer's brain

Brian J. Balin, Hervé C. Gérard, E. James Arking, Denah M. Appelt, Patrick J. Branigan, J. Todd

Abrams, J. A. Whittum-Hudson, A. P. Hudson

Medical Microbiology and Immunology August 1998, Volume 187, Issue 1, pp 23-42

Abstract

We assessed whether the i bacterium Chi was present in post-mortem brain
samples from patients with and without late-onset Alzheimer's disease (AD), since some indirect evidence
seems to suggest that infection with the organism might be associated with the disease. Nucleic acids
prepared from those samples were screened by polymerase chain reaction (PCR) assay for DNA sequences
from the bacterium, and such analyses showed that brain areas with typical AD-related neuropathology were
positive for the organism in 17/19 AD patients. Similar analyses of identical brain areas of 18/19 control
patients were PCR-negative. Electron- and immunoelectron-microscopic studies of tissues from affected AD
brain regions identified chlamydial elementary and reticulate bodies, but similar examinations of non-AD
brains were negative for the bacterium. Culture studies of a subset of affected AD brain tissues for C.
pneumoniae were strongly positive, while identically performed analyses of non-AD brain tissues were
negative. Reverse transcription (RT)-PCR assays using RNA from affected areas of AD brains confirmed that
lranscnpls from lwo 1mporlanl C. pneumoniae genes were present in those samples but not in controls.

ion of AD brains, but not those of controls, identified C. pneumoniae within
pericytes, microglia, and astroglia. Further immunolabelling studies confirmed the organisms' intracellular
presence primarily in areas of neuropathology in the AD brain. Thus, C. pneumoniae is present, viable, and
transcriptionally active in areas of neuropathology in the AD brain, possibly suggesting that infection with
the organism is a risk factor for late-onset AD.
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Chlamydia pneumoniae induces Alzheimer-like

amyloid plaques in brains of BALB/c mice

C.Scott Little, Christine ] Hammond, Angela MaclIntyre, Brian J Balin, Denah M Appelt
Received: February 19, 2003; Received in revised form: April 25, 2003; Accepted: May 28, 2003;
Abstract

Amyloid deposits resembling plaques found in Alzheimer’s disease (AD) brains were
formed in the brains of non-transgenic BALB/c mice following intranasal infection
with Chlamydia pneumoniae. The mice were infected at 3 months of age with C.
pneumoniae isolated from an AD brain. Infection was confirmed by light and electron
microscopy in olfactory tissues of the mice. C. pneumoniae was still evident in these
tissues 3 months after the initial infection indicating that a persistent infection had
been established. Amyloid beta (AB) 1-42 immunoreactive deposits were identified in
the brains of infected BALB/c mice up to 3 months post-infection with the density,
size, and number of deposits increasing as the infection progressed. A subset of
deposits exhibited thioflavin-s labeling. Intracellular AB1—42 labeling was observed in
neuronal cells. Experimental induction of amyloid deposition in brains of non-
transgenic BALB/c mice following infection with C. pneumoniae may be a useful
model for furthering our understanding of mechanisms, linked to infection, involved
in the initiation of the pathogenesis of sporadic AD.
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Chlamydia pneumoniae infection in adolescents
with type 1 diabetes mellitus

Antonietta Rizzo,13 Rossella Paolillo,13 Dario Iafusco,2 Francesco Prisco2 and Caterina Romano

Carratellil Journal of Medical Microbiology (2012), 61, 1584-1590
Table 1. Clinical characteristics of study population @
4, Not applicabl; - indicates a value of zro 500 = :‘:5 o
Foa Fenoor
Patient group Control group b T

No. of individuals 7 7% D;

Age (years) 140 (IQR=120-150) 140 (IQR=12.6-150)

Male/female 39:34 35:41

Diabetes duration (years) 52 (range 34-7.) N

HbALe <59% 7
1B =
u

2 =
. preunaniae DNA (%) (465 §(105)

Table 2. Association between serological status and C.
pneumoniae DNA and chronic chlamydial infection

No. of individuals (%)

IgG >128 IgA >64 IgM >20 DNA IgG/IgA

Patients 73 45 40 12 34 40
(61.6)" (54.8)" (16.4)* (46.6)* (54.8)* Fig: 1. {a) Rotas 1 b, A DhA
Controls 76 9(118) 2(26)  0(0) 8(105) 1(13) )i o e

(5) Relationship Batwesn HuAle and IgGAgA C. prsumoniss.
*Fishers exact teat. Bonferronis correction applied

“P<0.05 Patients versus controls (Bonferroni’s correction applied).
The load of Chlamydia pneumoniae in the
Alzheimer's brain varies with APOE genotype

Hervé C. Gérard®, Kristin L. Wildt?, Judith A. Whittum-Hudson?, Zongshan Lai®, Joel
Ager®, Alan P. Hudson® ¢

Microbial Pathogenesis

Abstract

Studies from this laboratory have indicated that the intracellular eubacterial respiratory
pathogenChlamydophila (Chlamydia) p is commonly found in brain regions
displaying characteristic neuropathology in patients with late-onset Alzheimer's disease (AD) but
not in congruent samples from non-AD control individuals. In later work, we provided evidence
suggesting that some relationship exists between the 4APOE &4 gene product and the pathobiology
of this organism. In the present report, in situ hybridization analyses indicated that the number

of C. pneumoniae-infected cells in affected brain regions of €4-bearing AD patients was higher
overall than that in congruent brain regions from AD patients lacking that allele. Quantitative
real-time PCR analyses of AD brain tissue samples demonstrated that actual bacterial burden in
those samples varied over several orders of magnitude, but that samples from e4-bearing patients
did have significantly higher bacterial loads than did congruent samples from patients without the
allele (ANOVA, p<0.05). These results may explain in part the observations that e4-bearing
individuals have a higher risk of developing AD, and that such patients progress more rapidly to
cognitive dysfunction than do individuals lacking this allele.

Keywords Alzheimer's disease; Chlamydia p ; Apolipoprotein E; Pathogenesis;
Inflammation; Bacterial infection
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