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Coinfection with Mycoplasma Pneumoniae and Chlamydia
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Objective—To study atheromas, Mycoplasma pneu-
moniae (M. pneumoniag), and Chlamydia pneumoniae (C.
pneumoniae).

Methods— C. pneumoni aewas studied with immuno-
histochemistry and M. pneumoniae with in situ hybridi-
zation (I1SH), in segments of coronary arteries (SCA) as
follows: group A—thrombosed ruptured plaques (TRP) of
23 patients who died due to acute myocardial infarction
(AMI); group B—23 nonruptured plaques (NRP) of group
A patients; group C—NRP of 11 coronary patientswho did
not die dueto AMI; and group D — 11 SCA from patients
with dilated cardiomyopathy or Chagas' disease without
atherosclerosis.

Results— The mean number of C. pneumoniae* cells/
400xin groupsA, B, C, and D was, respectively, 3.3+3.6;
1.0+1.3; 1.2+2.4; and 0.4+0.3; and the percentage of M.
pneumoniae area was, respectively, 3.9+3.5; 1.5+ 1.6;
0.9+0.9; and 0.4+0.2. More M. pneumoniaeand C. pneumo-
niae were found in of group Athanin group B (P<0.01).
Good correlation was seen between the area of the vessel
and the M. pneumoniae area in the plaque (r = 0.46;
P=0.001) and between C. pneumoniae* cellsand CD4* T
lymphocytes(r = 0.42; P<0.01). Thenumber of C. pneumo-
niag* cellscorrelatedwithCD20" Beells(r=0.48; P<0.01).

Conclusion - M. pneumoniaeand C. pneumoniaeare
morefrequently foundin TRP correlatewith theintensity of
the inflammation and diameter of the vessel (positive
remodeling).
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Inflammation of atherosclerotic plagueisanimportant
factor of instability. However, thecause of thisinflammation
still remains unclear 2. Oxidized low-density lipoproteins
(LDL) 34 tissuefactor 5, and other factorshavebeen conside-
red important inthedevel opment of ruptureand thrombosis
of the plaque ®”. Infectious agents have been investigated
and the results have been controversial. When infectious
agentsarefound, sometimestheir presencedoesnot correlate
with the degree of inflammation or stenosis, among other
parameters. Therefore, doubt exists about whether the
infectiousagents play an activerolein atherogenesisand in
triggering of inflammation and plaqueruptureor whether they
are passiveinhabitants of the plaque®%°. Thelow positivity
or absence of infectiousagents, mainly of Chlamydia pneu-
moniae (C. pneumoniae), and the presence of theantigen or
heat shock protein of chlamydiahasled authorsto suggest
indirect mechani smsof immunol ogic activationinduced by
those agents 2. M ost anatomi copathol ogical studieshave
sought an associ ation between C. pneumoniae and atheros-
cleroticplaguesingeneral or theintensity of plaqueobstruc-
tion %5, Thrombosed ruptured plaques associated with
myocardial infarction have not been analyzed, despite the
clinical and serological evidence favoring the pathogenetic
participation of C. pneumoniaein acute myocardial infarc-
tion. Studies®* attempting to correlate thelevel sof antibo-
diesagainst C. pneumoniaeor the presenceof thisbacterium
inthecirculating blood found no significant difference bet-
ween patients experiencing or not experiencing acute myo-
cardial infarction. However, clinical studies comparing pa-
tients treated with antibiotics versus those not treated after
anepisodeof myocardia infarction showed that thosetrested
with antibiotics evolved with fewer complications 8%, but
thisresult wasnot maintainedinalong-termfollow-up .

Inapreviousstudy # using thetechniquesof immuno-
histochemistry, insituhybridization (1SH), and electron mi-
croscopy, we reported agreat amount of C. pneumoniae
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bacteriaintheintra- and extracel lular space of atherosclero-
tic plagues, inthemedialayer, and mainly intheadventitia
of segments of unstable coronary arteries. However, C.
pneumoniae was al so identified in segments of coronary
arterieswith stabl e plagueswithout atherosclerosis, mainly
inthe adventitia, suggesting that C. pneumoniaeisacom-
mon infectious agent of the adventitia of vessels, and that
itsincreased proliferation leadstoinflammation of thevas-
cular wall and may contributeto vessel remodeling.

In asequence of the reported studies?, we observed
that, in addition to C. pneumoniae, another bacteriumis
found in unstabl e atherosclerotic plaques: Mycoplasma
pneumoniae (M. pneumoniag).

Mycoplasmasarethe smallest autoreplicating micro-
organisms known and they have unique characteristics,
such asthe absence of an outer wall and the need for cho-
lesterol for survival . Another important characteristicis
that they induce aterationsin theimmunol ogic system of
thehost and, therefore, may favor theproliferation of other
infectious agents. In the present study, we hypothesi zed
that a close association between M. pneumoniae and C.
pneumoniae may berelated to the devel opment of unstable
atherosclerotic plaques and to the inflammation of the
vessel asawhole.

The objective of the present study was, therefore, to
assessthehypothesisthat M. pneumoniae and C. pneumo-
niaearepresent in greater amountsinthrombosed ruptured
plaguesthat causefatal acutemyocardial infarctionand are
associ ated with vessel inflammation.

M ethods

Themajor coronary branchesof the heartsobtained at
autopsies were dissected, transversely sectioned at 3-mm
intervals, and submitted to processing for paraffin embed-
ding and histological analysis. Thefollowing segments of
thecoronary arteries(SCA) wereselected for analysis:

Group A (unstablethrombosed plaque) —23 SCA of 23
patientswho died dueto acutemyocardial infarction (AMI)
with the thrombosed segment of the ruptured plaque
responsiblefor AMI (10femal esand 13 males; mean age of
65+ 7years).

Group B (stableplaquesof the samepatientsin group
A) — 23 SCA containing stable plaques with adegree of
obstruction similar to that of the thrombosed ruptured
segment, but in another coronary artery branch.

Group C (nonruptured plaguewith severeatherosclero-
sisin patientswithout AM1)—11 SCA contai ning nonruptu-
red plagueswith obstruction grester than 70%, responsible
for clinical findingsof chronicischemia, in 11 patientswho
had undergone revascul arization surgery and died dueto
causesother than AMI (11 males; meanageof 57 + 10years).

Group D (SCA of patientswith no atherosclerosis) —
11 SCA of 11 patientswithout atherosclerosis (patients
with Chagas' diseaseor withidiopathicdilated cardiomyo-
pathy) who died with noischemic heart disease (3females;
8males; meanageof 44+ 13years).
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Themateria of groupsA and B corresponded to serial
sections of the same segments analyzed in aprevious stu-
dy inregardtotheconstitution of the plaguesand characte-
rization of the cell subtypesof inflammation 2%, collected
onautopsiesperformed from 1985to 1986, whenangioplas-
ty and thrombol ytic agents, which may changethe morpho-
logy of the plague and the diameter of the vessel, were not
routinely used.

From each transverse section of the coronary artery
selected, seria sectionsweretakeninthe search for Myco-
plasma pneumoniae (M. pneumoniae) and Chlamydia
pneumoniae (C. pneumoniae). The search for M. pneumo-
niaewasperformed through thedetection of DNA by thein
situ hybridization technique; thesearchfor C. pneumoniae
was performed through the detection of antigensin its
external membranewith theimmunoperoxidasetechnique.
To confirmthefindingsof insitu hybridizationandimmuno-
histochemistry, autopsy material was prospectively collec-
ted for electron microscopy analysisfrom 5 more patients,
who had recently died due to acute myocardial infarction.
These segments were al so studied with immunohi stoche-
mistry andin situ hybridization for M. pneumoniaeand C.
pneumoniae, but astheresultsdid not differ, they werenot
includedinthegroups. Of thesecases, 5 thrombosed ruptu-
red SCA and 5 stable SCA wereanalyzed.

Histological 5-um sections of the paraffin tissue
blockscontainingthe SCA weresubmittedtoantigenretrie-
val by heating (microwave) and incubated with the pure
monoclonal antibody against C. pneumoniae (RR-402
clone, Dako, Carpinteria, CA, USA, antiprotein of the
external membraneof C. pneumoniae). That antibody does
not cross-react with adenovirus, respiratory syncytial
virus, influenzavirustypesA and B, Chlamydiatrachoma-
tis, and with some serotypes of Chlamydia psittaci. The
specificity of that antibody was checked in histological
sections previously known to be positive for cytomegal o-
virusand herpesvirus. The secondary antibody was anti-
immunoglobulin of mouse produced in rabbit conjugated
with biotin (Dako, Carpinteria, CA, USA) at adilution of
1:200. Streptoavidinwasthen used conjugated with peroxi-
dase (Amersham International, England) at a dilution of
1:100. Theglassdideswerekeptinasolution of 3,3' diami-
nobenzidine(SigmaChemical Corporation, St. Louis, MO,
USA) and 6% hydrogen peroxidefor 10 minutes, being then
counterstainedwithHarris hematoxylin.

Five-umthick sectionsof SCA embeddedin paraffin
wereplaced onglassdlidescovered with silane, weredepa-
raffinizedinxylol, and dehydratedin ethanol.

Cell permeability wasprovided witha0.01M solution
of citratebuffer pH 6.0+ 0.1inamicrowaveovenby usingthe
same immunohistochemical protocol for antigen retrieval
described above. Theendogenous peroxidasewasblocked
with 3% H,O,, and the free proteinsin thetissue were blo-
ckedwith serum blocker (DAK O Corporation, Carpinteria,
CA,USA). Then, 20pl of thefollowing hybridization mixture
were added to the sections: 10pL of theprobein deionized
formamide, 50% of dextran sulfate, 20X SSC, Denhardt
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solution, DNA of salmon sperm, tRNA of yeast, poly A and
poly C, and water with diethylpirocarbonate. The probe of
Mycoplasma pneumoniae was prepared from a highly
specific clone of M. pneumoniae (Diagndsticos de Enzo,
Farmingdale, NY, USA). The double strands of the target
DNA and of the probe were denatured at 95 + 5°C for 6
minutes. DNA hybridization was performed for 18 hours.
The nonspecific hybrids were removed by washingswith
0.2X SSC. Thesignal wasamplifiedwiththe DAK O amplifi-
cationsystem (CSA) (Carpinteria, CA, USA). Development
wascarried out with 3’ 3diaminobenzidine(DAK O Corpora:
tion, Carpinteria, CA, USA), and the sectionswere coun-
terstainedwith Harris’ hematoxylin.

Doublemarkingwasperformedin seria sectionsof the
SCA of 2 casesin groupsA and B, using theimmunohisto-
chemical techniquewith alkaline phosphatase (Amersham
International, England) tomark C. pneumoniae(previously
described protocol) and the I SH technique to mark M.
pneumoniae.

Negative control swereobtained omitting the probeor
theprimary antibody. Asapositivecontrol for all reactions,
sections of human tissue known to be positive for Myco-
plasma pneumoniae or Chlamydia pneumoniaewere used.
Asapositivecontrol for thein situ hybridizationtechnique,
aprobe of repeated sequence (alul/alu2) of the Genetic
Research (AL, USA) wasused, and, asanegativecontrol, a
plasmid DNA marked with biotin (DAKO Corporation,
Carpinteria, CA, USA) wasused.

Study of the percentage of theareaoccupied by theM.
pneumoniae DNA was performed with theimageanalysis
system (Quantimet 500—L eica) ngall thefieldsof the
intimalayer in a20x objective. In regard to the number of
positivecellsfor C. pneumoniaeintheadventitia, thenum-
ber of cellspresent inthefirst 400x field of the adventitia
was counted beginning thosein the external elastic mem-
brane and surrounding the entire vessel. In the plaque, all
intimafieldswere counted. Theresult was expressed asa
mean number of positivecellsper 400x field.

The dataobtai ned regarding the percentage of thearea
of M. pneumoniae DNA in groupsA and B were correlated
with the amount of C. pneumoniae, with the number of T
lymphocytes(CD4+ and CD8+) and B lymphocytes(CD20+)
per 400x fiel d, and with the percentage of thefatty areainthe
plague?. Inthisstudy, thenumber of lymphocytespresentin
thewidth of the adventitiaadjacent to the external elastic
membranesurrounding atransversesection of thevessel ina
400x fieldwas counted. Themeannumber of lymphocytesper
field was cal cul ated and divided by 0.36 mn? (area of the
microscopicfield), providing themean number of lymphocy-
tesper mm?. Intheplague, all lymphocyteswerecounted and
divided by theareaof theplagueinmm?.

In comparative analysis between 2 resultsin the same
individual, theWilcoxontest (non-normal distribution) was
usedto check theexistenceof adifferenceintheamount of M.
pneumoniae DNA between groups A and B, and also the
number of positivecellsfor C. pneumoniae. Intheanalysisof
variancebetweendifferentindividuals, ie, betweengroupsB,
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C, and D, the Kruskal-Wallistest was used. Spearman rank
correl ationwasused to assesspossi bl e correl ationsbetween
theamount of bacteriaand theamount of fat intheplaque, the
areaof the vessel, and the number of lymphocytes, because
they did not haveanormal distribution.

Inthe additional recent 5 cases submitted to electron
microscopy, segments of coronary artery with ruptured
plague and segments with stable obstructive plague were
selected for study.

Transverse 0.3cm-thick sections of the selected seg-
mentswereanayzed withamagnifying glass, andthemate-
rial representing thethickest part of the plaguewithitscor-
responding medialayer and adventitiawascollected. Frag-
mentslessthan 1-mmthick werefixedin 3% glutaral dehyde
and 0.1M sodium phosphate buffer and postfixed in 1%
osmiumtetroxide. Thenthefragmentswerewashedin0.9%
saline solution and contrasted with uranyl acetate. Dehy-
dration was performed with ethanol and propylene oxide.
The fragmentswere emblocked in “araldite” resin, and
ultrathin sections (60 to 90 nm) were obtained and contras-
ted with asolution of 5% lead nitrate.

Results

On electron microscopy, thrombosed ruptured pla-
guesshowed agreat number of el ectron dense bodiescom-
patiblewith C. pneumoniaeboth insidexanthomatouscells
and in monocytes present in thelumen of thesmall vessels
of the adventitia (vasavasorum). Small round structures
containing DNA- or RNA-type granules surrounded by a
singlemembranewereadhered to the surface of endothelial
cells, mainly of vasavasorum (fig. 1A), their morphology
being compatible with that of mycoplasmas; sometimes
they seemedinternalized withinthecytoplasm (fig. 1B). Ele-
mentary bodiesof C. pneumoniae (characterized by thepre-
senceof adouble membrane surrounding theel ectron dense
material) and small and round formsof mycoplasmasinthe
extracellular matrix (fig. 1A, fig. 1C, andfig. 1D) werefre-
quently found side by side inside the endothelium and in
the subendothelial space. Macrophages of the adventitia
and monocytes of the blood were al so coinfected by these
2bacteria(fig. LEandfig. 1F).

Examination of thelipid core showed agreat quantity
of fragmented or collapsed membranous structuresbeside
dlipsoid or round formsof granular material surrounded by
amembranemeasuring from0.1t0 0.4 mmamidst theclear
cleftsof cholesterol crystals, which were interpreted as
compatiblewithmycoplasmas(fig. 2A andfig. 2B). Theexa-
mination with thein situ hybridization techniquedescribed
below confirmed the diagnosis of mycoplasmas, which
wereidentified as Mycoplasma pneumoniae.

Intheadventitiaof thrombosed ruptured plaques, ma-
crophages containing many elementary bodiesof C. pneu-
moniae were frequently found beside mycoplasmasin the
extracdlular space(fig. 2Candfig. 2D).

Inthestableplague, theformsof C. pneumoniaewere
rare, whilemycoplasmas, intheir round or cylindrical forms,
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Fig. 1—Ultrastructural characteristics of M. pneumoniae (MP) and its association with C. pneumoniae (CP) in segments of coronary arteries with ruptured and thrombosed
plaques: A) panoramic view of vasavasorum showing mycoplasmas adhered to and being internalized in the endothelial cell. In the subendothelial space, both bacteriaM.
pneumoniae (MP) and C. pneumoniae (CP) can beseenintheextracel lular space (2.600X - originals). Thearrowsindicatethat theseregionsaremagnifiedinthefollowing figures;
B) agreat magnification of A, showingindetail thesurfaceof theendothelial cell with M. pneumoniaeadhered (arrows), oneof whichinternalizedintheendothelial cell (7200X);
C) great magnificationof A, exhibitingindetail 2 typesof extracellular bacteriaM. pneumoniae (elliptic formwith granules) and C. pneumoniae (el ectron denseround form) inthe
subendothelial space (7200X); D) great magnification of an endothelial cell [identified by the presence of Weibel-Palade bodies (WP)] coinfected with M. pneumoniaeand C.
pneumoniae (10,000X); E) circulating monocyteswith numerous bacteriain their cytoplasm with characteristics of C. pneumoniae and M. pneumoniae, which are better shown
inthefollowing magnification (3330X); F) greater magnification of E showingin detail theelementary bodiesof C. pneumoniaeand theround formsof M. pneumoniae (10,000X).
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were morefrequent. Inthe adventitiaof the segmentscon- densegranulesandfilaments(fig. 2E), asurrounding mem-
taining these stabl e plagues, forms compatible with large brane, and lack of organelles. These mycoplasmashad in
mycoplasmasweredetected and characterized by electron their extremitiesamoreel ectron-denseregionresembling the
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Fig. 2- Ultrastructural characteristicsof theruptured plaque (A-D) and of the stable plaque (E-F) of acoronary artery: A and B) lipid coreof the atheromashowing many membranous
remnants, cholesterol crystals(c) in clefts, and small cylindrical formsof M. pneumoniae (MP), 7,200X and 10,000X, respectively; C) segment with ruptured plague showing, inthe
adventitia, amacrophage containing many small formsof C. pneumoniae (CParrow) inthecytoplasm, and, intheextracel lular space, round or cylindrical formsof M. pneumoniae (MP
arrows) 3,300X; D) detail of C, showing M. pneumoniae (M P) with asurroundingmembraneand material of theDNA typeinside(10,000X); E) alargecylindrical formof M. pneumoniae

(MP) intheadventitiaof astableplaque; F) detail of the more el ectron dense extremity of M. pneumoniae (M P) suggestive of an adhesion organelle (“tip”) (10,000X).
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so-called“tip” —theadhesion organelle of the mycoplasma
tothehost cdll (fig. 2F).

The counting of themean number of cellspositivefor
the C. pneumoniaeantigen per 400x field inthe plaguewas
asfollowsingroupsA, B, C, and D, respectively: 3.3+3.6;
1.0+1.3; 1.2+2.4; and 0.4+0.3. That countingintheadventitia
wasasfollowsin groupsA, B, C, and D, respectively:
10.7+11.2;4.9+5.1;5.2+5.2; and 2.0+1.7. Thepogtivity of the
reactionwasmainly present inthecytoplasm of macropha
ges, fibroblasts of the adventitia, smooth muscle fibers of
theouter portion of themedialayer, plasmacells, endothelial
cdls, andintheextracellular matrix.

Insituhybridization (1SH) for C. pneumoniae showed
the corresponding DNA in macrophages of the plaque,
smooth musclecellsof themedialayer, and fibroblastsand
macrophages of the adventitia, in addition to numerous
extracellular positivegranules.

Thel SH techniquefor theM. pneumoniae DNA revea-
led,ingroup A, agreat quantity of extracellular positivegra-
nules (brown), mainly inthefatty areasof the plaques(fig.
3A). The cytoplasm of xanthomatous cells al so showed
intense positivity (fig. 3B). The preparations with double
marking revesl ed that the xanthomatouscellspresentinthe
ruptured plagueswere coinfected with M. pneumoniaeand
C. pneumoniae(fig. 3C). Low positivity for M. pneumoniae
was also detected in the medialayer and adventitia of the
segments with thrombosed ruptured plaquesin the extra-
andintracellular spaces(fig. 3D).

Inthe segmentswith stable plaques (groupsB and C),
the amount of positive pointsfor M. pneumoniae DNA
was, ingeneral, muchsmaller (fig. 3E) bothintheplaqueand
inthemedialayer and adventitia.

In group D (nonatherosclerotic patients), practically
no M. pneumoniaeDNA existedin theregion of theintima
layer (fig. 3F), but rare positivefoci wereidentified in the
adventitiain some cases.

The percentage of the area of M. pneumoniae DNA
and the mean number of positive cellsfor C. pneumoniae
insidethe plaguesin groups A, B, C, and D, and the trans-
verseareaof thevessel and the mean number of lymphocy-
tes'rmm?intheplagqueof groupsA and B werecompared and
areshownintablel.

Comparing the quantity of C. pneumoniaein groups
A and B withtheWilcoxontest (comparisoninasingleindi-
vidual), agreater amount wasfoundin group A bothinthe
plaque (P=0.001) and in the adventitia (P=0.001), and, in
group A, the quantity of C. pneumoniaewas greater inthe
plaguethanintheadventitia. Thecomparison of theamount
of C. pneumoniaein groupsB, C, and D showed that group
B had values statistically greater than those in group D
(P=0.04) intheadventitia, but nodifferencewasobservedin
theplaques(P=0.79).

Thepercentages of plague areaoccupied by M. pneu-
moniae DNA were significantly higher in group A than
thoseingroup B (P<0.01—Wilcoxontest). Comparingthe3
independent groups B, C, and D, no difference was obser-
ved between groups B and C (P=0.3); however, agreater
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quantity wasobservedin group B ascompared withthat in
group D (P=0.03), and a nonsignificant difference was
observed between groups C and D (P=0.06).

As no difference was observed between groups B
(stable plaguesininfarcted patients) and C (stable plaques
in patients who did not die frominfarction), the group B
valueswere considered asrepresentative of stable plagues
in general. Datafor groups A and B were grouped for the
correlation test between the quantity of infectious agents
and the characteristics of the vessel in regard to vascul ar
remodeling andinflammation.

Significant positive correlations were found asfol-
lows: between the percentage of the area occupied by the
M. pneumoniae DNA in the plaque and the area of the
vessdl (r=0.46 and P=0.001; fig. 4A); between the number of
positive cellsfor C. pneumoniaein the adventitiaand the
number of B cells/400x field in the adventitia (r=0.48 and
P<0.001-fig. 4B) and thenumber of CD8" T cells(r=0.33
and P=0.02), but not CD4* T cells(r=0.10 and P=0.50). No
correl ation wasfound between the quantity of M. pneumo-
niae DNA inthe plagueand thefollowing: number of posi-
tivecellsfor C. pneumoniae (r=0.06), mean number of CD4*
T lymphocytes(r=0.12) and CD8* T lymphocytes(r=-0.07)
or CD20+ B lymphocytesper 400x field. A good correlation
was found between the quantity of C. pneumoniaein the
plague and the mean number of CD4* T cells(r=0.48 and
P<0.01) andCD8' T cells(r=0.31and P=0.04), but not CD20*
B cells. Intracellular coinfectionwith C. pneumoniaeand M.
pneumoniaewasfoundinagreat quantity of xanthomatous
macrophagesmainly, but not exclusively, presentinruptu-
red plagues.

Discussion

The current vision of the pathogenesis of atheroscle-
rosis comprises elements of old theories and modern con-
cepts and defines atherosclerosis as a response to the
endothelia injury of thearteriesassociated with endothelial
dysfunction?-2, Under such conditions, thefollowing oc-
curs: anincreaseinvascular permeability for thecomponen-
tsof theplasma, mainly lipids, and an accumul ation of mo-
nocytes and platel etsin the endothelium and subendothe-
lial space. When repeated and chronic, thisinjury leadsto
the devel opment of the atherosclerotic plaque.

Oneimportant contribution for el ucidating the patho-
genesis of atherosclerosisisthe observation that large
particlesof LDL can crosstheendothelial barrier and carry
cholesterol from thecirculating blood to theinterior of the
arterial intima®*%2, With theentranceof lipidsintheplague,
thefollowingoccur: stimuli for cell proliferation®, induction
of production of cytokines*, and, consequently, inflamma-
tion, Thefollowing questionarises: Why doesL DL inani-
malsfed acholesterol-richdiet or LDL in hyperchol estero-
lemic peoplestimulatetheproliferation of arterial cells?

The present study compared 4 groups of segments of
coronary arteries and observed that M. pneumoniae was
present in the intimalayer of almost all segments of the

17



Higuchi et al

Mycoplasma and chlamydia in vulnerable plaques associated to AMI

Arq Bras Cardiol
2003; 81: 12-22.

Fig. 3- Photomicrographies of the histological sectionsof coronary arterieswith unstable (A-D) and stable (E) plagues, and anonatherosclerotic segment (F) submittedtoin situ
hybridization with aprobefor the M. pneumoniae DNA, showing brown positive granules: A) atheromawith alarge amount of fatty material and numerous positive granules of
M. pneumoniae (100X ) seenindetail inalarger magnification (1,000X); B) xanthomatouscel | containing numerouspositivegranulesof M. pneumoniaeamidst clear fatty vacuoles
(1,000X); C) double marking —through immunohistochemistry, anti-C. pneumoniaeis revealed with alkaline phosphatase (pink), and, with thein situ hybridization technique
(brown), the probefor the M. pneumoniae DNA isevident, showing the coinfection of xanthomatous macrophages (1,000X); D) medialayer and adventitiaof the segment witha
ruptured plague showing thegreat amount of M. pneumoniaeinthemedialayer andintheadventitia(160X). Indetail, thegreat magnification showslarger formsof M. pneumoniae
in the extracellular matrix of adventitia (1,000X); E) segment with a stable plague showing the smaller amount of M. pneumoniaein the atheroma (100X ); F) absence of M.

pneumoniae in anonatherosclerotic case-control (100X).

vesselsstudied, but in agreater quantity in the fatty areas
of the atheromas. Therefore, they were present in greater
amountsin ruptured plagues, which may beattributed tothe
fact that the vulnerabl e plaques are softer and contain a
greater quantity of cholesterol, because the mycoplasmas
only proliferatein cholesterol-rich media. Confirming pre-
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viousfindings?, the ruptured plagues also had elevated
quantities of C. pneumoniae, which were present not only
inthe plagque, but also, andin higher numbers, intheadven-
titia. C. pneumoniaewaspresent intheadventitiaof almost
all samples studied, independent of the presence of athe-
rosclerosis. However, it wasfoundin greater amountsinthe
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Table I - Amount of M. p iae and C. p iae, percentage of the fatty area, mean number of B lymphocytes (CD20+) and subtypes of T lymphocytes
(CD4+ and CD8+)/mm? in the plaques of groups A, B, C, and D

Group N. C. pneumoniae /400x % M. pneumoniae area % Fatty area CD20+ CD4+ CD8+
A 3.3 (+3.6) 3.9 (+35) 33.7 (+22.3) 5.9 (+19.6) 7.4 (+6.6) 13.8 (+25.4)
B 1.0 (+1.3) 15 (+16) 6.8 (+11.6) 1.1 (+16) 3.4 (+4.0) 5.7 (+6.3)
C 1.2 (+2.4) 0.9 (+0.9) np np np np
D 0.4 (+0.3) 0.3 (+0.2) np np np np

Mycoplasma pneumoniae.

np: not performed; N. C. pneumoniael400x: mean number of Chlamydia pneumoniae per 400x field;% M. pneumoniae area percentage of the area occupied by
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Fig. 4 - Positive correl ations between the morphol ogic characteristics of vulnerability of the atherosclerotic plague and the amount of bacteria. Fig. 4A — Positive correlation
between the transverse area of the vessel (positive remodeling) and the amount of Mycoplasma pneumoniae (MP) DNA. Fig. 4B — Positive correlation between the number of cells
positive for Chlamydia pneumoniae (CP) and the number of CD20 B lymphocytesin the adventitia

ruptured segments. Practically no study reporting an asso-
ciation between mycoplasmasand atherosclerosisexistsin
theliterature. Experimental studiesabout theinfection of
rabbits with mycoplasmas could not show a pathogenetic
role played by that bacterium in the devel opment of athe-
rosclerosis®. Our team, studying ultrastructurally and with
immunohistochemistry the lungs of apparently healthy
[aboratory animals(ratsand mice), observed that 100% of
theanimalswereinfected with Mycoplasma pulmonis and
C. pneumoniae ¥, |eading usto believethat |aboratory ani-
mals may often be naturally infected with these bacteria.
Thisrequires further study, because that infection may
potentially influencetheresultsof experimental researchon
atherosclerosis.

On electron microscopy, we could document myco-
plasmasintheendothelia intercellular spaceor beinginter-
nalized by the endothelial cells of ruptured plaques. The
close association of mycoplasmasand chlamydiaemay fa-
vor theproliferation of both bacteria. Inthe present study,
these 2 bacteriawere present in great quantitiesin the
thrombosed ruptured plagues, and, sometimesin contact
with each other, both in the extracellular spaceand inside
endothelia cellsand macrophages. Thisfindingwasmainly
based on el ectron mi croscopy and wasconfirmedintheca-
sesinwhich doublemarking wasperformed. The presence

of thesebacteriainsideruptured plaquesmay explain pre-
vioudly known characteristics of these plaques as follows:
oxidized LDL, anincreaseintheproduction of several cytoki-
nes, anincreasein TNF, cdl proliferation, andinflammeation.

Mycoplasmas have been held responsible for human
diseases, such aspneumonia, arthritis, and urethritis®. More
recently, they haveal so beenimplicatedinthe progression of
AIDS, chronic fatigue syndrome, acute respiratory distress
syndrome, and others®. However, theseargumentshavenot
succeededin sensitizing scientistsinregard to apathogenetic
relation, because most of these argumentsarebased on case
reportswhosepositivity for mycoplasmasresultsfrom sero-
logical data, culture, or PCR %41, Few studies sought M.
preumoniae in atherosclerotic plaques, and the results
were negative* or dightly positive®. Thedifferenceinthe
resultsherepresented may have originatedin the methodo-
logy used. Wedid not use PCR but insitu hybridizationwith
avery specific probeand asystem of amplificationtorevesl
thereaction (CSA), and el ectron microscopy.

Inthe present study, M. pneumoniae and C. pneumo-
niae werevery frequently shownin atherosclerotic plaques.
Quantitativeanalysiswasnot performed with all techniques
used, because the qualitative analysis confirmed the pre-
sence of these agents with the 3 techniques used in the
samelocationsandinthesamecells.
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Insitu hybridizationand animageanaysissystemfor
the detection of thefraction of the areaoccupied by myco-
plasmaDNA wereused. Chlamydiaewerequantifiedinthe
immunohistochemical glass slides, because, asthey are
predominantly intracellular, the homogeneouscol or of the
positive cytoplasm enabled counting the number of posi-
tivecells.

Theelectron microscopy showed structuresdelimited
by asinglemembraneand containing agranular material in
itsinterior, compatiblewith the morphology of mycoplas-
mas. The most densely positive sitesfor M. pneumoniae
werethoserichinfat, which areadequatefor theprolifera-
tion of mycoplasmas.

Thelack of characteristic morphology and cell wall
may have made the identification of these agentson elec-
tron microscopy difficult, because they may have been
misinterpreted asirregular cell prolongations.

Vulnerableplaquesarerichinlipidsandinxanthoma:
touscells*, mainly of theoxidized L DL type*, whichplay
amajor roleinthedevel opment of plaqueinflammation, rup-
ture, and thrombosis*’. Monocytesand circul ating neutro-
philsmay contain C. pneumoniae ¢, independently of the
association with atherosclerosis. However, an increased
number of macrophages expressing myeloperoxidase has
been seen in ruptured or eroded plaques and not in fatty
streaks “°. Our findings suggest that the xanthomatous
macrophages of the atherosclerotic plagues are full of
mycoplasmas and chlamydiae. We cannot state that this
coinfection occursonly in the ruptured plagues, because
thenonruptured plagquesof groups B and C many timeshad
characteristics of instability, such as many xanthomatous
cellsandinflammation.

Antioxidant agentsmay haveabeneficial effect onthe
prevention of atherosclerotic complications %2, Epitopes
of oxidized LDL are sufficiently antigenic to produce an
inflammatory reaction in the arterial wall, suggesting a
possibleautoimmunereaction %, Onecharacteristic of the
mycoplasmasistheinduction of oxidation * and formation
of freeradicalsinthehost cellsand in the environment 56-5%;
antioxidation has apreventive effect against infection by
mycoplasma®. When the cellsare coinfected with avirus,
anincrease in the pathogenicity of both infectious agents
occurs %€, Mycoplasmas have anchoring lipoproteins on
theexternal surfaceof their plasmamembrane, whichmay
be an explanation for why they are not recognized by the
defenseimmune system of the host 2.

Mycoplasmasare known to induce the host’sinflam-
matory cellsto producecytokines, mainly IL1,1L-6,andIL-
2, TNF-o, and |FNy %4 M. pneumoniaeand othersinduce
depression in theimmune response ®%, mainly of T cells,
through a possible mechanism of apoptosis "%, with a
reductionintheCD4 T cells®, which may beafacilitating
mechanismfor other infections. Thispossibleaction of my-
coplasmas, increasing the virulence of other agents, has
been studiedin AIDSpatients™. Increased level sof cytoki-
nesand alow number of CD4 T cellsarecharacteristicsal so
present in unstable plaques.
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Another important point isthat mycoplasmas have
promitogenicactivity 72 Ontheother hand, arecent study ™
hasshownthat chlamydial infectioninhibitsapoptosisinthe
host cell. Therefore, thepresenceof infectionwith chlamydia
and mycoplasmamay explain the proliferation of smooth
muscle cellsand thefact of their monoclonality “™in athe-
rosclerotic plaques.

According to what has been said, we believe that the
present study contributes with strong evidence favoring
the theory that infectious agents are present in atheroscle-
rotic plagues and participate actively in their genesisand
instability. Therefore, we formulated the hypothesis that
mycoplasmasseemto actively penetratetheendothelial cell
(based on our observations on electron microscopy),
causingitsinjury and dysfunction, favoring the entrance of
fat to the subendothelial space. Theproliferation of myco-
plasmasmay occur inthisfocal accumulation of fat, causing
depression of theimmunol ogical system, contributingtothe
proliferation of chlamydiae (highlevelsof CD8+ T cellsand
low levelsof CD4+ T cellsand CD20+ B cellswerefoundin
theplagues). Thegreat proliferation of chlamydiaeinduces
inflammationthat contributesto weakening of thevascular
wall and of thefibrosiscover, leading to ruptureof theplaque
(C. pneumoniae was present in greater numbersin the
adventitiathanintheplaqueand showed acorrelationwith
thenumber of CD20+ B cellsintheadventitia). Thefact that
chlamydiae are present in the vascul ar segments without
atherosclerosis suggests that they are usual inhabitants
withlow pathogenicity.

The close association between C. pneumoniae and M.
pneumoniae was seen on electron microscopy only inthe
ruptured plagues, mainly inxanthomatouscells. Webelieve
that nonruptured plagueswith alarge number of xanthoma-
tousmacrophages, and, therefore, vulnerable? may alsohave
thiscoinfection. Despitethiscloseassociation, no correlation
wasfound between thenumber of cellspositivefor C. pneu-
moniaeand thequantity of M. pneumoniae DNA.. Thisresult
may beexplained by thefact that antigens of onebacterium
were compared with the DNA of another. The antigen may
remain positive in the tissue longer than DNA may, after
degradation of the bacterium. Studiesaiming at comparing
thesameelementsinthe2 bacteriaarebeing carried outinour
laboratory. In accordance with our theory, acorrelation was
found between the transverse area of the vessel and the
percentageof theareaof M. pneumoniae DNA intheplague,
suggesting arelation betweentheproliferation of mycoplas-
masand the positiveremodeling of thevessdl.

Degeneration and death of these 2 bacteriamay also
explaintheabundant membranousmaterial amidst thelipid
core observed in our and other authors’ studies™. Round
membranous structures with no electron dense content
identified insidethe plaque seemto derivefrom monocytes
and apoptotic lymphocytes and have a procoagul ant po-
tential and activity of tissuefactor 7. The highly thrombo-
genictissuefactor present in ruptured plaguesmay corres-
pond to remnants of mycoplasmasand chlamydiae.

Experimentally, inhal ation of M. pneumoniae produ-
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ced no changesin atherosclerosisin rabbits, favoring our
hypothesisthat both bacteriaareimportant for the devel op-
ment of those complications™.

In conclusion, our study strongly supportsthe hypo-
thesisthat atherosclerosisand plaqueruptureareinfectious
complications of the artery and not simple degenerative
processes. M. pneumoniaeispresentinamost all coronary
atheroma. A large amount of M. pneumoniaeand C. pneu-
moniae seemsfundamental for the devel opment of plaque
instability, possibly inasymbioticrelation. Theincreasein
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the number of C. pneumoniae was correlated with an
increaseinthenumber of inflammatory cells, which, inturn,
wasgreater inthe segmentswith ruptured plaque. Our mor-
phological findingsfavor theactive participation of myco-
plasmasin vulnerable plaques, by entering the subendothe-
lial space and creating conditionsthat favor fat accumul a-
tion, dysfunction of theimmunological and endothelial
response, proliferation of chlamydiae, inflammeation, and an
increase in apoptosis, which are fundamental ingredients
for plaquerupture.
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