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Abstract

Cytotoxicity due to infection of obligate intracellular pathogen Chlamydia trachomatis, has
been reported for many years, but the mechanisms involved in the cell death process remain
controversial. C. trachomatis is responsible for several important ocular and genital tract infec-
tions worldwide and few techniques have been used to assess the cell death process of the
mammalian host cells. In this report, simultaneous cell staining with Annexin V-FITC, a
phospholipid binding protein, and the non-vital dye propidium iodide (PI), followed by fluores-
cence-activated cell sorting (FACS) analysis were used to characterize the cell death process in
infected HeLa cells. Apoptosis found not to be activated in the infected cells until some point
between 24 and 48 h in a dose-dependant relation; after 48 h, necrosis took over the cell death
process. Thus, we demonstrate that the use of annexin V-FITC/PI staining followed by FACS
analysis offers an alternative for assessing the cell death process.
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Uso de la Citometria de flujo para determinar el tipo de
muerte en celulas infectadas con Chlamydia trachomatis

Resumen

La citotoxicidad debido a la infeccion con Chlamydia trachomatis, el cual es un patégeno
intracelular obligatorio, responsable de infecciones oculares y del tracto genital en todo el mun-
do, ha sido reportado por anos. El mecanismo involucrado en este proceso continua siendo un
punto controversial y numerosas técnicas han sido utilizadas para caracterizar el tipo de muer-
te celular producido en la células hospederas. En este reporte se describe una tincion simulta-
nea con annexin V-FITC y yoduro propidico (PI) un colorante no vital, los cuales fueron utiliza-
dos para analizar el proceso de muerte celular en células HeLa infectadas con C. trachomatis es-
tudiado a través de citometria de flujo (FACS). Apoptosis fue observada entre 24 y 48 h post-in-
feccion estando directamente relacionada con la dosis utilizada, y después de 48 h el proceso de
necrosis resulté predominante en la muerte celular. Con esto, se ha demostrado que el uso de
la doble tincion celular con annexin V-FITC / PI seguida de analisis por Citometria de flujo es
una alternativa para caracterizar la muerte celular en células infectadas con C. trachomatis.

Palabras clave: Annexin V; apoptosis; Chlamydia trachomatis; necrosis; Citometria de

flujo.
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Introduction

Chlamydiae are obligate intracellular
Gram-negative bacteria which grow and de-
velop inside an inclusion body within host
cells. They are a common cause of ocular
and genital tract infections in humans such
as cervicitis, salpingitis, female urethral
syndrome, pelvic inflammatory disease,
postpartum endometritis, male urethritis,
and epididymitis (1).

The development of chlamydial disease
is mainly caused by persistent intracellular
infection by the organism. A typical chlamy-
dial infection cycle is initiated by the entry of
an infectious extracellular elementary body
(EB) into epithelial cells where they are in-
ternalized into vacuoles that avoid fusion
with host cell lysosomes. After incubation of
12 h the EBs differentiate into noninfectious
but metabolically active reticulate bodies,
which multiply and differentiate back to
EBs and around 48-72 h postinfection cells
begin to lyse and release infectious EBs to
start a new cycle (2).

Apoptosis or programmed cell death is
a process whereby cells play an active role in
their own death and is an innate mechanism
of eukaryotic cell suicide, which plays a ma-
jorrole in many physiological and pathologi-
cal processes. Cells die in response to a vari-
ety of stimuli and during apoptosis they do
so in a controlled, regulated fashion. This
makes apoptosis different from another
form of cell death called necrosis in which
uncontrolled cell death leads to lysis of cells,
inflammatory responses and, potentially, to
serious health problems (3, 4).

After receiving specific signals in-
structing the cells to undergo apoptosis, a
number of distinctive biochemical and mor-
phological changes occur in the cell. A fam-
ily of proteins known as Caspases is typi-
cally activated in the early stages of apopto-
sis. These proteins breakdown or cleave key
cellular substrates that are required for nor-
mal cellular function, including structural
proteins in the cytoskeleton and nuclear

proteins, such as DNA repair enzymes. The
caspases can also activate other degradative
enzymes such as DNAses, which begin to
cleave the DNA in the nucleus. Thus, the re-
sult of these biochemical changes are re-
flected in morphological changes in the cell
and is marked by a series of reorganization
characteristics such as chromatin conden-
sation, loss of cell volume and membrane
blebbing which are some of the most evident
morphological changes of apoptotic cells.
However, when the apoptotic mechanisms
are triggered and, in order to promote their
phagocytosis by macrophages, rapid altera-
tions in the organization of phospholipids in
most cell types occur and translocation of
phosphatidylserine (PS) from the inner leaf-
let of the cell to the outer surface is notice-
able. This leads to its exposure on the cell
surface which is now seriously considered
as a general hallmark of apoptosis (5).

Intracellular pathogens have developed
strategies to survive for extended periods in-
side their host cells. These include avoid-
ance of host microbicidal effectors often by
sequestration in a protected subcompart-
ment of the host cells or in other cases the
cell invader exerts an antiapoptotic effect
that prolongs the life of the infected host cell
(6). Both strategies can be applied to Chla-
mydia but the mechanisms involved remain
largely unknown and is subject of current
studies.

In a study of apoptotic processes, in the
interaction between C. trachomatis and
mammalian host cells, antiapoptotic activ-
ity was found (7), which seems to be very im-
portant for the first stages of the infection.
However, a proapoptotic activity has also
been reported in epithelial cells and macro-
phages infected with C. psittaci(8,9) and also
during genital tract infections in mice with C.
trachomatis (10), but all of these studies
have used different methods to assess cell
death.

There are several methods that can be
used to assess apoptosis such as micro-
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scopic examination, detection of DNA lad-
dering by gel electrophoresis (3,11), analysis
by flow cytometry (5), ADP/ATP ratio assay
(12) and more recently caspase activity
measurement (13,14). One of the most sim-
ple flow cytometric methods require the use
of propidium iodide to stain the DNA and
evidence the sub-diploid, or Ao, population
of cells from a cell cycle profile. Other flow
cytometric based methods include the
TUNEL assay, which measures DNA strand
breaks and Annexin V binding, detecting re-
location of membrane phosphatidyl serine
from the intracellular surface to the extra-
cellular surface (15).

Reports of cell death studies of cells in-
fected with Chlamydia trachomatis using cy-
tometric analysis of double labelling tech-
nique with annexin V-FITC/PI are limited.
However, reports describe the use of this
technique for HeLa cells infected with C.
psittaci (8) and, murine embryonic fibro-
blasts infected with Chlamydia muridarum
(the mouse pneumonitis strain of Chlamy-
dia trachomatis) (16).

Annexin V is a member of a family of pro-
teins which exhibit Ca”'-dependent
phospholipid-binding properties (17) and
when conjugated with a fluorochrome iso-
thiocyanate (FITC) is widely employed in cy-
tometry and microscopy as an early marker
for apoptosis, because of its binding affinity
for phosphatidylserine (PS), which is exposed
at the cell surfaceearly in the process (18, 19).
Its simultaneous use with a DNA-binding dye
such as Propidium Iodide (PI) allow to differ-
entiate between apoptosis and necrosis, pro-
vided necrosis is accompanied by the loss of
cell membrane integrity and leakage of cellu-
lar constituents into the environment.

Despite the fact that flow cytometry pro-
vides a way to accurately analyze a large
number of cells for evidence of Chlamydial
infection, its use has been limited. In the
present report, a cytometric analysis of HeLa
cells performed for detection and differentia-
tion of cells undergoing programmed -cell

death (known as apoptosis), cells dying from
necrosis, or cells remaining viable, after an
infection with C. trachomatis serovar (LGV1)
at time intervals, using a fluorochrome-
conjugated annexin V and DNA-binding dye
Propidium lodide is described.

Material and Methods

Cell Lines: McCoy cells (Mouse fibro-
blast cell line) and HeLa 229 (Human Cervi-
cal Carcinoma cell line) obtained from the
American Type Culture Collection (ATCC)
(Manassas,Va.) and maintained according to
the supplier’s instructions.

Cell Culture: McCoy and HeLa cells
cultured in 25-cm’ flasks in Eagle minimal
essential medium (EMEM) with L-glutamine
(Bio-Whittaker 12-611F) supplemented with
10% v/v heat inactivated Foetal Calf Serum
(FCS) (Life Technologies) and maintained at
37°C in an atmosphere of 5%CO,,.

C. trachomatis serovar LGV1 was propa-
gated in a semiconfluent McCoy cell sheet for
48-72 h in EMEM medium with 10% v/v FCS
and cycloheximide [2ug/mL]. EB’s were
harvested as described previously (20).

The EB’s were quantified and the
number of inclusion forming units (IFU) per
milliliter was calculated. McCoy cells cul-
tured on sterile coverslips in 24-well tissue
culture plates with a serial dilution of puri-
fied EB’s (10%-10°). The plates centrifuged
for 1 h. at2,000g prior incubation for 48 h. at
37°C in 5%CO,. After incubation, coverslips
were fixed and stained with fluorescein
isothiocyanate-labeled antichlamydial
monoclonal antibody (Imagen-DAKO) fol-
lowing the manufacturers instructions and
the number of inclusion bodies for each dilu-
tion counted using a fluorescence micro-
scope at X40 magnification.

To determine the number of inclusion
forming units (IFU) per milliliter the total
number of inclusion bodies per coverslip for
each dilution tested was calculated and the
multiplicity of infection (MOI) was deter-
mined.
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Infection Step: An 80% confluent HeLa
cells layer was infected using MOI 0.5, 1.0, 1.5
of purified LGV1. After inoculation, cells cen-
trifuged at 3000g for 1h and then incubated
for 2h at 37°C in 5%C02, then the medium re-
placed and cells incubated for different peri-
ods of time (24, 48, 72 h) under the same in-
cubation conditions described earlier.

Cell Harvesting: After the incubation
period, HeLa cells evaluated microscopically
to determine the degree of infection and then
harvested by trypsinization, avoiding dam-
age to the cells. The medium collected and
both adherent cells and cells in suspension
collected for subsequent analysis. The cells
were centrifuged in a conical tube at 500 g
for 5 min and then washed with PBS. A sus-
pension of approximately 2 x 10° cells was
made 500 uL of the cells were centrifuged at
500g for 2 min and resuspended in the
same volume of Annexin V- binding buffer
(0.1M Hepes/NaOH, pH 7.4, 1.4 M NaCl, 25
mM CaCl)( PharMingen) and used for the
FACS analysis. HeLa cells treated with an
apoptosis inducer, staurosporine (Sigma)
1uM x 4 h used as a positive control.

Flow Cytometry: For Fluorescence-
activated cell sorter (FACS) analysis, cells
were stained with Annexin V-FITC (PharM-
ingen) and PI (Sigma) following the manu-
facturer’s staining protocol. Briefly, 100 uL
of cell suspension (1X Binding Buffer)
[1x10°] stained with 2.5 uL of annexin V-
FITC and 5 uL. of PI [50 ug/mlL], gently
mixed and incubated for 15 min at room
temperature in the dark, and then 200 pL. of
1X Annexin binding buffer added and cells
immediately analyzed by flow cytometry.

Flow cytometry analysis performed on
a FACSCalibur (Becton Dickinson, Oxford,
United Kingdom) equipped with a single ar-
gon ion laser emitting an excitation light at
488nm. Data on 10000 cells collected at a
low flow rate and analyzed using CellQuest
software. The annexin V-FITC signal de-
tected by FL1 and PI detected by FL2.

The discrimination between living, ne-
crotic and apoptotic cells was based on
changes in PS asymmetry of cell membrane,
detected by annexin V binding. Analysis of
the cell death process using simultaneous
staining with FITC-Annexin V (green fluores-
cence) and the non-vital dye propidium io-
dide (red fluorescence) allowed discrimina-
tion of intact cells (FITC-PI-), early apoptotic
(FITC+PI-) and, late apoptotic or necrotic
cells (FITC+PI+).

Statistical analysis: All experiments
were performed at least twice. The data
shown are means + standard deviation of
triplicate cultures. The statistical signifi-
cance of the differences between each dose
and its negative control was examined by a
one-way analysis of variance (ANOVA) on a
transformed data.

Results

Infectivity experiments: The percentage
of HeLa cells infected with C. trachomatis se-
rovar LGV1 was proportional to the infec-
tious inoculum used and inclusion bodies
were easily distinguished by fluorescence
microscopy using the FITC-monoclonal an-
tibody (Figure 1). The number of detached
cells was also proportional to the inoculum
used and time of incubation (data not
shown). However, all the cells were collected
during harvesting.

Figure 2 represent death and behavior
of (summarizes the kind of cell death present
in) HeLa cells using a flow cytometric assess-
ment of annexin V-FITC/ PI stain. After 24 h
of incubation, death cell level was low and
proportional to the concentration of the in-
oculum used. Microscopically, also the size
of the inclusion bodies in the infected cells
was small. However, at 48 h post-infection
the number of detached cells increased and
the size of the inclusion bodies were consid-
erable larger, some cells already burst and a
new generation of EB’s were ready to con-
tinue infecting new target cells. At this point,
flow cytometry results showed that the level
of apoptosis and necrosis increased consid-
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Figure 1. Fluorescence micrographs of HeLa cells labeled with FITC-conjugated anti-chlamydial anti-
body (100X). A: indicates a C. trachomatis inclusion. B: Uninfected 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).

erably and was shown to be dose dependant
where almost half of the cells had died when
infected at a MOI of 1.0, predominantly
through a necrosis process (35%) (P<0.001).

At 72h post infection the majority of the
cells had detached from the flask and died
through necrosis. This process was directly
proportional to the amount of inoculum

used and as the necrosis took over the cell
death process, the rate of apoptotic cells de-
creased.

The non-infected cells treated with the
apoptotic inducer staurosporine for 4 h used
as a positive control, showed an apoptosis
ratio of 10.5% and 14.5% at 24h and 48h in-
cubation periods and the percentage of ne-
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Figure 3. Cell death characterization of HeLa cells exposed to an apoptotic inducer, staurosporine.
(Apop= apotosis at 24 h and 48h, Nec.= Necrosis at 24h and 48h.).

crotic cells for cases, 4.8% and 11.1% re-
spectively (Figure 3).

Discussion

In the present study a flow cytometric
approach was used to analyze infections of
cell lines with the obligate intracellular
pathogen, C. trachomatis using annexin V-
FITC/PI staining. This study showed that
the overall percentage of apoptotic HeLa
cells after infection with three different con-
centrations of C. trachomatis serovar LGV1
is less than 20%. This percent value was low
at 24 h post-infection and increased in a
dose dependant response after 48 h, at this
time the percentage of necrotic cells also in-
creased, taking over the cell death process
at 72 h post infection. The low percentage of
apoptotic cells found in our experiments is
similar to previous findings where cells in-
fected with Chlamydia had an antiapoptotic
effect (7) allowing maturation of the host
cells. However, after 48 h of infection, cells
started to become necrotic relative to the
dose applied. This also could be explained
due to the nature of the Chlamydia life cycle,
where the host cells are lysed and at some
point a new generation of infective EB is re-
leased into the medium. Perfettini et al.

(2003) (16), studied the effect of Bax on host
cell death in vitro using a primary cell line in-
fected with C. muridarum and using double
labelling technique with annexin V-FITC/
PI. They found, that at 48h Bax-/- murine
embryonic fibroblasts cells die through ne-
crosis more often than Bax+/+ cells (7%
apoptosis - 34% necrosis and 30% apoptosis
- 10% necrosis respectively). In our investi-
gation, the same double labelling technique
were used to asses the cell death process but
in a carcinoma cell line infected with C. tra-
chomatis, and some similarity in the per-
centage of necrosis at 48h post infection us-
ing MOI 1.0 (35%) was found. Results analy-
sis show that the double staining technique
could be used successfully to assess cell
death process independently the cell line
and the infecting microorganism.

The use of annexin V staining allowed
the quantification of cells in the early stages
of apoptosis or when apoptosis occurred in
the absence of DNA fragmentation due to
loss of plasma membrane asymmetry, which
seems to be a hallmark event of apoptosis.
Therefore, measurement of annexin V bind-
ing, performed simultaneously with propid-
ium iodide (PI) is a satisfactory assay to de-
tect apoptotic cells and to discriminate
between apoptosis and necrosis (21). This
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assay when compared with traditional
methods like microscopy, DNA electropho-
resis, and TUNEL, reported methodology
appeared to be sensitive and correlated with
other reports, and additionally has the ad-
vantage of being less time consuming, easy,
and reliable. Its use in determination of ad-
herent cells has been limited due to con-
cerns over any damage of the plasma mem-
brane during the process of detaching cells
from the flask where a great deal of care
needs to be taken. Despite this limitation,
reports of the use of this technique using
detached cells have been made (22) and the
results obtained in our experiments could
be related to previous findings in the area
showing that the limitation of the use of the
flow cytometry technique using annexinV
binding could be overcome (8-16).

Schoier et al. (23) studied the effect of
C.trachomatis serovar E in infected and un-
infected McCoy cells using FACS only with
PI and TUNEL techniques. The apoptotic in-
dex found with both techniques was similar
to our results. Additionally, they found a
similar correlation of cell death to be dose-
dependant. Greene et al. (24), found that
Chlamydia-infected cells are resistant to
apoptosis induction, although the extent of
the antiapoptotic ability varied between se-
rovars, demostrating that an anti- but not
proapoptotic activity is the prevailing event
in chlamydia-infected cultures, however,
none of them discriminate between necrosis
and apoptosis.

In summary, the present work demon-
strated that the use of annexin V-FITC /PI
staining procedure for a flow cytometric
analysis of chlamydia infected cells and dif-
ferentiation between necrotic and apoptotic
cell death is feasible. Results analysis indi-
cate that C. trachomatis serovar LGV1 are
resistant to apoptosis and only a low level of
apoptosis in HeLa cells could be detected in
a dose dependant manner at 48 h post-
inoculation, but it is at this point, where ne-
crosis takes over the cell death process,
probably due to tissue damage which, when

exacerbated by reinfection, can lead to the
release of cellular mediators to activate the
cascade for a necrotic process, or as it is sug-
gested by Prozialeck et al. (25), that the abil-
ity of Chlamydia trachomatis to accumulate
substances which serves as an important
structural component of adherent junctions
in epithelial cells like a-catenin in the intra-
cellular inclusions, could disrupt one of the
pathways that lead to apoptotic cell death, or
the degradation of BiK, Puma, and Bim,
three upstream proapoptotic BH3-only pro-
teins of the Bcl-2 family that can transmit
death signals to mitochondria by inhibiting
the Bcl-2 antiapoptotic proteins and/or acti-
vating the Bcl-2 proapoptotic members,
such as Bax and Bak (26). However, all these
unclear mechanisms are an interesting area
which is currently under research by differ-
ent groups (26-30).
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