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Abs tract
Cyto to xi city due to in fec tion of obli ga te in tra ce llu lar patho gen Chlamydia tra cho ma tis, has 

been re por ted for many years, but the me cha nisms in vol ved in the cell death pro cess re main
con tro ver sial. C. tra cho ma tis is res pon si ble for se ve ral im por tant ocu lar and ge ni tal tract in fec -
tions worldwi de and few te chni ques have been used to as sess the cell death pro cess of the
mamma lian host cells. In this re port, si mul ta neous cell stai ning with Anne xin V- FITC, a
phospho li pid bin ding pro tein, and the non- vi tal dye pro pi dium io di de (PI),  fo llowed by fluo res -
cen ce- ac ti va ted cell sor ting (FACS) analysis were used to cha rac te ri ze the cell death pro cess in
in fec ted  HeLa cells. Apop to sis found not to be  ac ti va ted in the in fec ted cells un til some point
bet ween 24 and 48 h  in a do se- de pen dant re la tion; af ter 48 h, ne cro sis took over the cell death
pro cess. Thus, we de mons tra te that the use of anne xin V- FITC/PI stai ning fo llowed by FACS
analysis offers an al ter na ti ve for as ses sing the cell death pro cess.
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Uso de la Ci to me tría de flu jo para de ter mi nar el tipo de
muer te en cé lu las in fec ta das con Chlamydia tra cho ma tis

Re su men
La ci to to xi ci dad de bi do a la in fec ción con Chlamydia tra cho ma tis, el cual es  un pa tó ge no

in tra ce lu lar obli ga to rio, res pon sa ble de in fec cio nes ocu la res y del trac to ge ni tal en todo el mun -
do, ha sido re por ta do por años. El me ca nis mo in vo lu cra do en este pro ce so con ti nua sien do un
pun to con tro ver sial y nu me ro sas téc ni cas han sido uti li za das para ca rac te ri zar el tipo de muer -
te ce lu lar pro du ci do en la cé lu las hos pe de ras. En este re por te se des cri be una tin ción si mul ta -
nea con anne xin V- FITC y yo du ro pro pí di co (PI) un co lo ran te no vi tal, los cua les fue ron uti li za -
dos para ana li zar el pro ce so de muer te ce lu lar en cé lu las HeLa in fec ta das con C. tra cho ma tis es -
tu dia do a tra vés de ci to me tría de flu jo (FACS). Apop to sis fue ob ser va da en tre 24 y 48 h post- in -
fec ción es tan do di rec ta men te re la cio na da con la do sis uti li za da, y des pués de 48 h el pro ce so de
ne cro sis re sul tó pre do mi nan te en la muer te ce lu lar. Con esto, se ha  de mos tra do que el uso de
la do ble tin ción ce lu lar con  anne xin V- FITC / PI se gui da de aná li sis por Ci to me tría de flu jo es
una al ter na ti va para ca rac te ri zar la muer te ce lu lar en cé lu las in fec ta das con C. tra cho ma tis.

Pa la bras cla ve: Anne xin V; apop to sis; Chlamydia tra cho ma tis; ne cro sis; Ci to me tría de
flu jo.
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In tro duc tion

Chla my diae are ob li gate in tra cel lu lar
Gram- negative bac te ria which grow and de -
velop in side an in clu sion body within host
cells. They are a com mon cause of ocu lar
and geni tal tract in fec tions in hu mans such
as cervici tis, salpin gi tis, fe male ure thral
syn drome, pel vic in flam ma tory dis ease,
post par tum en dome tri tis, male ure thri tis,
and epidi dymi tis (1).

The de vel op ment of chla my dial dis ease 
is mainly caused by per sis tent in tra cel lu lar
in fec tion by the or gan ism. A typi cal chla my -
dial in fec tion cy cle is ini ti ated by the en try of 
an in fec tious ex tra cel lu lar ele men tary body
(EB) into epithe lial cells where they are in -
ter nal ized into vacu oles that avoid fu sion
with host cell ly so somes. Af ter in cu ba tion of
12 h the EBs dif fer en ti ate into non in fec tious 
but me tab oli cally ac tive re ticu late bod ies,
which mul ti ply and dif fer en ti ate back to
EBs and around 48- 72 h post in fec tion cells
be gin to lyse and re lease in fectious EBs  to
start a new cy cle (2).

Apop to sis or pro grammed cell death is
a pro cess whereby cells play an ac tive role in 
their own death and is an in nate mecha nism 
of eukary otic cell sui cide, which plays a ma -
jor role in many physio logi cal and patho logi -
cal pro cesses. Cells die in re sponse to a va ri -
ety of stim uli and dur ing apop to sis they do
so in a con trolled, regu lated fash ion. This
makes apop to sis dif fer ent from an other
form of cell death called ne cro sis in which
un con trolled cell death leads to ly sis of cells, 
in flam ma tory re sponses and,  po ten tially, to 
se ri ous health prob lems (3, 4).

Af ter re ceiv ing spe cific sig nals in -
struct ing the cells to un dergo apop to sis, a
number of dis tinc tive bio chemi cal and mor -
pho logi cal changes oc cur in the cell. A fam -
ily of pro teins known as Cas pases is typi -
cally ac ti vated in the early stages of apop to -
sis. These pro teins break down or cleave key
cel lu lar sub strates that are re quired for nor -
mal cel lu lar func tion, in clud ing struc tural
pro teins in the cy to skele ton and nu clear

pro teins, such as DNA re pair en zymes. The
cas pases can also ac ti vate other deg ra da tive
en zymes such as DNAses, which be gin to
cleave the DNA in the nu cleus. Thus, the re -
sult of these bio chemi cal changes are re -
flected in  mor pho logi cal changes in the cell
and is marked by a se ries of re or gani za tion
char ac ter is tics such as chro ma tin con den -
sa tion, loss of cell vol ume and mem brane
bleb bing which are some of the most evi dent
mor pho logi cal changes of apop totic cells.
How ever, when the apop totic mecha nisms
are trig gered and, in or der to pro mote their
phago cy to sis by macro phages, rapid al tera -
tions in the or gani za tion of phos pholip ids in
most cell types oc cur and trans lo ca tion of
phos pha ti dylser ine (PS) from the in ner leaf -
let of the cell to the outer sur face is no tice -
able. This leads to its ex po sure on the cell
sur face which is now se ri ously con sid ered
as a gen eral hall mark of apop to sis (5).

In tra cel lu lar patho gens have de vel oped 
strate gies to sur vive for ex tended pe ri ods in -
side their host cells. These in clude avoid -
ance of host mi cro bi cidal ef fec tors of ten by
se ques tra tion in a pro tected sub com part -
ment of the host cells or in other cases the
cell in vader ex erts an anti apop totic ef fect
that pro longs the life of the in fected host cell
(6). Both strate gies can be ap plied to Chla -
my dia but the mecha nisms in volved re main
largely un known and is sub ject of cur rent
stud ies.

In a study of apop totic pro cesses, in the
in ter ac tion be tween C. tra cho ma tis and
mam mal ian host cells,  anti apop totic activ -
ity was found (7), which seems to be very im -
por tant for the first stages of the in fec tion.
How ever, a proa pop totic ac tiv ity has also
been re ported in epithe lial cells and macro -
phages in fected with C. psit taci (8,9) and also 
dur ing geni tal tract in fec tions in mice with C. 
tra cho ma tis (10), but all of these stud ies
have used dif fer ent meth ods to as sess cell
death.  

There are sev eral meth ods that can be
used to as sess apop to sis such as mi cro -
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scopic ex ami na tion, de tec tion of DNA lad -
der ing by gel elec tro phoresis (3,11), analy sis 
by flow cy tome try (5), ADP/ATP ra tio as say
(12) and more re cently cas pase ac tiv ity
meas ure ment (13,14).  One of the most sim -
ple flow cy tomet ric meth ods re quire the use
of propid ium io dide to stain the DNA and
evi dence the sub- diploid, or Ao, popu la tion
of cells from a cell cy cle pro file. Other flow
cy tomet ric based meth ods in clude the
TUNEL as say, which meas ures DNA strand
breaks and An nexin V bind ing, de tect ing  re -
lo ca tion of mem brane phos pha ti dyl ser ine
from the in tra cel lu lar sur face to the ex tra -
cel lu lar sur face (15). 

Re ports of cell death stud ies of cells in -
fected with Chla my dia tra cho ma tis us ing cy -
tomet ric analy sis of dou ble la bel ling tech -
nique with an nexin V- FITC/PI are lim ited.
How ever, re ports de scribe the use of this
tech nique for HeLa cells in fected with C.
psit taci (8) and, murine em bry onic fi bro -
blasts in fected with Chla my dia muri da rum
(the mouse pneu mo ni tis strain of Chla my -
dia tra cho ma tis) (16).

An nexin V is a mem ber of a fam ily of pro -
teins which ex hibit Ca2 +-d epen dent
phospholipid- binding prop er ties (17) and
when  con ju gated with a fluoro chrome iso -
thio cy anate (FITC) is widely em ployed in cy -
tome try and mi cros copy as an early marker
for apop to sis, be cause of its bind ing af fin ity
for phos pha ti dylser ine (PS), which is ex posed
at the cell sur face early in the pro cess (18, 19).
Its si mul ta ne ous use with a DNA- binding dye
such as Propid ium Io dide (PI) al low to dif fer -
en ti ate be tween apop to sis and ne cro sis, pro -
vided ne cro sis is ac com pa nied by the loss of
cell mem brane in teg rity and leak age of cel lu -
lar con stitu ents into the en vi ron ment. 

De spite the fact that flow cy tome try pro -
vides a way to ac cu rately ana lyze a large
num ber of cells for evi dence of Chla my dial
in fec tion, its use has been lim ited. In the
pres ent re port, a cy tomet ric analy sis of HeLa
cells per formed  for de tec tion and dif fer en tia -
tion of cells un der go ing pro grammed cell

death (known as apop to sis), cells dy ing from
ne cro sis, or cells re main ing vi able, af ter an
in fec tion with C. tra cho ma tis  se ro var (LGV1)
at time in ter vals, us ing a fluorochrome-
 conjugated an nexin V and DNA- binding dye
Propid ium Io dide is de scribed.

Ma te rial and Methods
Cell Lines: McCoy cells (Mouse fi bro -

blast cell line) and HeLa 229 (Hu man  Cer vi -
cal Car ci noma cell line) ob tained from the
Ameri can Type Cul ture Col lec tion (ATCC)
(Manas sas,Va.) and main tained ac cord ing to 
the sup plier’s in struc tions. 

Cell Cul ture: McCoy and HeLa cells
cul tured in 25- cm2 flasks in Ea gle mini mal
es sen tial me dium (EMEM) with  L- glutamine 
(Bio- Whittaker 12- 611F) sup ple mented with 
10% v/v heat in ac ti vated Foe tal Calf Se rum
(FCS) (Life Tech nolo gies) and main tained at
37°C in an at mos phere of 5%CO2.

C. tra cho ma tis se ro var LGV1 was propa -
gated in a semi con flu ent McCoy cell sheet for
48-72 h in EMEM me dium with 10% v/v FCS
and cyclo hexi mide [2ug/mL]. EB’s were
harvested as de scribed pre vi ously (20). 

The EB’s were quan ti fied and the
number of in clu sion form ing units (IFU) per
mil li li ter was cal cu lated. McCoy cells cul -
tured on ster ile cov erslips in 24- well tis sue
cul ture plates with a se rial di lu tion of pu ri -
fied EB’s (10-2-10-6). The plates cen tri fuged
for 1 h. at 2,000g prior in cu ba tion for 48 h. at 
37°C in 5%CO2. Af ter in cu ba tion, cov erslips
were fixed and stained with fluo res cein
isothiocyanate- labeled an ti chla my dial
mono clonal an ti body (Imagen- DAKO) fol -
low ing the manu fac tur ers in struc tions and
the number of in clu sion bod ies for each di lu -
tion counted us ing a fluo res cence mi cro -
scope at X40 mag ni fi ca tion. 

To de ter mine the number of in clu sion
form ing units (IFU) per mil li li ter the to tal
number of in clu sion bod ies per cov erslip for 
each di lu tion tested was cal cu lated and the
mul ti plic ity of in fec tion (MOI) was de ter -
mined. 
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In fec tion Step: An 80% con flu ent HeLa
cells layer was in fected us ing MOI 0.5, 1.0, 1.5 
of pu ri fied LGV1. Af ter in ocu la tion, cells cen -
tri fuged at 3000g for 1h and then in cu bated
for 2h at 37°C in 5%CO2, then the me dium re -
placed and cells in cu bated for dif fer ent pe ri -
ods of time (24, 48, 72 h) un der the same in -
cu ba tion con di tions de scribed ear lier.

Cell Har vest ing: Af ter the incuba tion
pe riod, HeLa cells evalu ated mi cro scopi cally 
to de ter mine the de gree of in fec tion and then 
har vested by trypsini za tion, avoid ing dam -
age to the cells. The me dium col lected and
both ad her ent cells and cells in sus pen sion
col lected for sub se quent analy sis. The cells
were cen tri fuged in a coni cal tube at 500 g
for 5 min and then washed with PBS. A sus -
pen sion of ap proxi mately 2 x 106 cells was
made 500 µL of the cells were cen tri fuged at
500g  for 2 min and re sus pended in the
same vol ume of An nexin V- bind ing buffer
(0.1M He pes/NaOH, pH 7.4, 1.4 M NaCl, 25
mM CaCl2)( PharM in gen)  and used for the
FACS analy sis. HeLa cells treated with an
apop to sis in ducer, stauro spor ine (Sigma)
1µM x 4 h used as a posi tive con trol.

Flow Cy tome try: For Fluorescence-
 activated cell sorter (FACS) analy sis, cells
were stained with An nexin V- FITC (PharM -
in gen) and PI (Sigma) fol low ing the manu -
fac tur er’s stain ing pro to col. Briefly, 100 µL
of cell sus pen sion (1X Bind ing Buffer)
[1x105] stained with 2.5 µL of an nexin V-
 FITC and 5 µL. of PI [50 µg/mL], gen tly
mixed and in cu bated for 15 min at room
tem pera ture in the dark, and then 200 µL. of 
1X An nexin bind ing buffer added and cells
im me di ately  ana lyzed by flow cy tome try.

 Flow cy tome try analy sis per formed on
a FACS Cali bur (Bec ton Dick in son, Ox ford,
United King dom) equipped with a sin gle ar -
gon ion la ser emit ting an ex ci ta tion light at
488nm. Data on 10000 cells col lected at a
low flow rate and ana lyzed us ing CellQuest
soft ware.  The an nexin V- FITC sig nal de -
tected by FL1 and PI de tected by FL2. 

The dis crimi na tion be tween liv ing, ne -
crotic and apop totic cells was based on
changes in PS asym me try of cell mem brane,
de tected by an nexin V bind ing. Analy sis of
the cell death pro cess us ing si mul ta ne ous
stain ing with FITC- Annexin V (green fluo res -
cence) and the non- vital dye propid ium io -
dide (red fluo res cence) al lowed dis crimi na -
tion of in tact cells (FITC- PI-), early apop totic
(FITC+PI-) and, late apop totic or ne crotic
cells (FITC+PI+). 

Sta tis ti cal analy sis: All ex peri ments
were per formed at least twice. The data
shown are means ± stan dard de via tion of
trip li cate cul tures. The sta tis ti cal sig nifi -
cance of the dif fer ences be tween each dose
and its nega tive con trol was ex am ined by a
one- way analy sis of vari ance (ANOVA) on a
trans formed data.

Re sults
In fec tiv ity ex peri ments: The per cent age 

of HeLa cells in fected with C. tra cho ma tis se -
ro var LGV1 was pro por tional to the in fec -
tious in ocu lum used and in clu sion bod ies
were eas ily dis tin guished by fluo res cence
mi cros copy us ing the FITC- monoclonal an -
ti body (Fig ure 1). The number of de tached
cells was also pro por tional to the in ocu lum
used and time of in cu ba tion (data not
shown). How ever, all the cells were col lected
dur ing har vest ing.

Fig ure 2 rep re sent death and be hav ior
of (sum ma rizes the kind of cell death pres ent 
in) HeLa cells us ing a flow cy tomet ric as sess -
ment of an nexin V- FITC/ PI stain. Af ter 24 h
of in cu ba tion, death cell level was low and
pro por tional to the con cen tra tion of the in -
ocu lum used. Mi cro scopi cally, also the size
of the in clu sion bod ies in the in fected cells
was small. How ever, at 48 h post- infection
the number of de tached cells in creased and
the size of the in clu sion bod ies were con sid -
er able larger, some cells al ready burst and a
new gen era tion of EB’s were ready to con -
tinue in fect ing new tar get cells. At this point, 
flow cy tome try re sults showed that the level
of apop to sis and ne cro sis in creased con sid -
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era bly and was shown to be dose de pend ant
where al most half of the cells had died when
in fected at a MOI of 1.0, pre domi nantly
through a ne cro sis pro cess (35%) (P<0.001). 

At 72h post in fec tion the ma jor ity of the 
cells had de tached from the flask and died
through ne cro sis. This pro cess was di rectly
pro por tional to the amount of in ocu lum

used and as the ne cro sis took over the cell
death pro cess, the rate of apop totic cells de -
creased.

The non- infected cells treated with the
apop totic in ducer stauro spor ine for 4 h used 
as a posi tive con trol, showed an apop to sis
ra tio of 10.5% and 14.5% at 24h and 48h in -
cu ba tion pe ri ods and the per cent age of ne -
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Figure 1. Fluo res cen ce mi cro graphs of HeLa cells la be led with FIT C- con ju ga ted an ti- chlamydial an ti -

bo dy (100X). A: in di ca tes a C. tra cho ma tis in clu sion. B: Unin fec ted HeLa cell.
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Figure 2. Cell death characterization of  HeLa cells infected with Chlamydia trachomatis serovar LGV1 at

three different MOI concentration (0.5, 1.0, 1.5) for periods of 24,48, and 72 h measured by flow

cytometry using annexin V-FITC/PI staining. Values represent means ± standard deviation

from 3 experiments. (Nec=Necrosis, Apop= Apoptosis).



crotic cells for cases, 4.8% and 11.1% re -
spec tively (Fig ure 3).

Dis cus sion

In the pres ent study a flow cy tomet ric
ap proach was used to ana lyze in fec tions of
cell lines with the ob li gate in tra cel lu lar
patho gen, C. tra cho ma tis us ing  an nexin V-
 FITC/PI stain ing.  This study showed that
the over all per cent age of apop totic HeLa
cells af ter in fec tion with three dif fer ent con -
cen tra tions of C. tra cho ma tis se ro var LGV1
is less than 20%. This per cent value was low
at 24 h post- infection and in creased in a
dose de pend ant re sponse af ter 48 h, at this
time the per cent age of ne crotic cells also in -
creased, tak ing over the cell death pro cess
at 72 h post in fec tion. The low per cent age of
apop totic cells found in our ex peri ments is
simi lar to pre vi ous find ings where cells in -
fected with Chla my dia had an anti apop totic
ef fect (7) al low ing matu ra tion of the host
cells. How ever, af ter 48 h of in fec tion, cells
started to be come ne crotic rela tive to the
dose ap plied. This also could be ex plained
due to the na ture of the Chla my dia life cy cle, 
where the host cells are lysed and at some
point a new gen era tion of in fec tive EB is re -
leased into the me dium.  Per fettini et al.

(2003) (16), stud ied the ef fect of Bax on host
cell death in vi tro us ing a pri mary cell line in -
fected with C. muri da rum and us ing  dou ble
la bel ling tech nique with an nexin V- FITC/
PI. They  found, that at 48h  Bax-/- murine
em bry onic fi bro blasts cells die through ne -
cro sis more of ten than Bax+/+ cells (7%
apop to sis - 34% ne cro sis and 30% apop to sis 
- 10% ne cro sis re spec tively). In our in ves ti -
ga tion, the same dou ble la bel ling tech nique
were used to asses the cell death pro cess but 
in a car ci noma cell line in fected with C. tra -
cho ma tis, and  some simi lar ity in the  per -
cent age of ne cro sis at 48h post in fec tion us -
ing MOI 1.0 (35%) was found. Re sults analy -
sis show that the dou ble stain ing tech nique
could be used suc cess fully to as sess cell
death pro cess in de pend ently the cell line
and the in fect ing mi cro or gan ism.

The use of an nexin V stain ing al lowed
the quan ti fi ca tion of cells in the early stages
of apop to sis or when apop to sis oc curred in
the ab sence of DNA frag men ta tion due to
loss of plasma mem brane asym me try, which 
seems to be a hall mark event of apop to sis.
There fore, meas ure ment of an nexin V bind -
ing, per formed si mul ta ne ously with propid -
ium io dide (PI) is a sat is fac tory as say to de -
tect apop totic cells and to dis crimi nate
between apop to sis and ne cro sis (21). This
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as say when com pared with tra di tional
meth ods like mi cros copy, DNA elec tro pho -
re sis, and TUNEL, re ported meth od ol ogy
ap peared to be sen si tive and cor re lated with
other re ports, and ad di tion ally has the ad -
van tage of be ing less time con sum ing, easy,
and re li able. Its use in de ter mi na tion of ad -
her ent cells  has been lim ited due to con -
cerns over any dam age of the plasma mem -
brane dur ing the pro cess of de tach ing cells
from the flask where a great deal of care
needs to be taken. De spite this limi ta tion,
re ports of the use of this tech nique us ing
detached cells have been made (22) and  the
re sults ob tained in our ex peri ments could
be re lated to pre vi ous find ings in the area
show ing that the limi ta tion of the use of the
flow cy tome try tech nique us ing an nexinV
bind ing could be over come (8-16).

Schöier et al. (23) stud ied the ef fect of
C.tra cho ma tis se ro var E in in fected and un -
in fected McCoy cells us ing FACS only with
PI and TUNEL tech niques. The apop totic in -
dex found with both tech niques was simi lar
to our re sults. Ad di tion ally, they found a
simi lar cor re la tion of cell death to be dose-
 dependant. Greene et al. (24), found that
Chlamydia- infected cells are re sis tant to
apop to sis in duc tion, al though the ex tent of
the anti apop totic abil ity var ied be tween se -
ro vars, demostrat ing that an anti- but not
proa pop totic ac tiv ity is the pre vail ing event
in chlamydia- infected cul tures, how ever,
none of them dis crimi nate be tween ne cro sis
and apop to sis. 

In sum mary, the pres ent work dem on -
strated that the use of an nexin V- FITC /PI
stain ing pro ce dure for a flow cy tomet ric
analy sis of chla my dia in fected cells and dif -
fer en tia tion be tween ne crotic and apop totic
cell death is fea si ble. Re sults analy sis in di -
cate that C. tra cho ma tis se ro var LGV1 are
re sis tant to apop to sis and only a low level of
apop to sis in HeLa cells could be de tected in
a dose de pend ant man ner at 48 h post-
 inoculation, but it is at this point, where ne -
cro sis takes over the cell death pro cess,
proba bly due to tis sue dam age which, when

ex ac er bated by re in fec tion, can lead to the
re lease of cel lu lar me dia tors to ac ti vate the
cas cade for a ne crotic pro cess, or as it is sug -
gested by Prozi aleck et al. (25), that the abil -
ity of Chla my dia tra cho ma tis to ac cu mu late
sub stances which serves as an im por tant
struc tural  com po nent of ad her ent junc tions 
in epithe lial cells like  â- catenin  in the in tra -
cel lu lar in clu sions, could dis rupt one of the
path ways that lead to apop totic cell death, or 
the deg ra da tion of BiK, Puma, and Bim,
three up stream proa pop totic BH3- only pro -
teins of the Bcl-2 fam ily that can trans mit
death sig nals to mi to chon dria by in hib it ing
the Bcl-2 anti apop totic pro teins and/or ac ti -
vat ing the Bcl-2 proa pop totic mem bers,
such as Bax and Bak (26). How ever, all these
un clear mecha nisms are an in ter est ing area
which is cur rently  un der  re search by dif fer -
ent groups (26-30).
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