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ABSTRACT

Introduction: Salmonella Typhi (S.Typhi), which causes typhoid fever, is a widespread pathogen in developing 
countries. Interferon-gamma (IFN-γ) is a critical cytokine in host defense against Salmonella infection. IFN-γ  
provides protection against Salmonella infection by inducing macrophage activation. This study was designed 
to determine the effect of recombinant IFN-γ (rIFN-γ) on S.Typhi induced  macrophage apoptosis and to 
examine the effect of rIFN-g on caspase-1 expression during apoptosis. Materials and Methods: After isolation 
of macrophages, apoptotic cells were analyzed using both annexin V-FITC detection kit by fl ow cytometry 
and TUNEL technique. Caspase-1 expression was determined by RT-PCR. Results: The rIFN-γ concentrations of 
100 IU/ml ve 1000 IU/ml decreased macrophage apoptosis caused by S.Typhi, 13.1 % and 6.3 % respectively. 
Conclusion: Consequently, we observed that rIFN-g decreased Salmonella-induced apoptosis and inhibited 
caspase-1 expression during apoptosis. It is considered that the modulatory effect of  IFN-γ on macrophage 
apoptosis may impact a protective effect during Salmonella infection and this may help to abort invasive 
S.Typhi infections. 
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INTRODUCTION

Salmonella enterica serovar Typhi (S.Typhi) is a facul-
tative, intracellular pathogen that is a  common cause 
of typhoid fever in human. Typhoid fever is  a serious 
and widespread disease in developing countries.1

Phagocytic leukocytes such as macrophages and neu-
trophils are essential for the innate immune response 
of the host against invading pathogens.2 Macrophages 
serve a central role in host defense against patho-
genic microbes by their ability to rapidly recognize 
bacterial components, phagocytose pathogens, and 
activate an arsenal of antimicrobial effectors to con-
tain and eliminate the microbe.3 Salmonella can sur-
vive within mononuclear phagocytic cells and tissue 
macrophages transport Salmonella from the intestine 
to the systemic circulation.4-6 

Apoptosis is a programmed cell death process trig-
gered by various stimuli such as bacterial and viral 
infections.7 Apoptosis of host cells has been identifi ed 
to be involved in the regulation of immune response. 
Depending on the pathogen, apoptosis of host cells 
may be harmful or benefi cial to the host.8
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Typhoid fever disease is an example of severe sep-
sis, because it presents enormous amount of cellular 
death besides severe toxemia.9 Cell death induction 
by Salmonella often occurs by apoptotic cell death. 
Salmonella directly activates pro-apoptotic signaling 
pathways to initiate apoptosis.10  In some studies, it 
has been shown that Salmonella triggers apoptosis 
in macrophages as a virulence strategy.2,7,8,11 In this 
way, Salmonella eludes innate immune responses and 
successfully colonize the host.  Besides, Salmonella-
induced cell death may trigger an infl ammatory re-
sponse due to release of proinfl ammatory cytokines, 
thereby contributing to the pathogenesis of diarrheal 
disease.12   

Interferon gamma (IFN-γ) plays an important role at 
the early bacterial growth stage by restricting the rate 
of multiplication of the bacteria in macrophages.13 
IFN-γ is produced primarily by natural killer (NK) and 
T cells and mediates the upregulation of nitric oxide 
synthase (iNOS)-dependent macrophage antibacterial 
mechanisms. IFN-γ enhances both earlier oxidative 
killing and later nitrosative killing and control of Sal-
monella infection. Tissue culture studies have dem-
ostrated that IFN-γ primes murine macrophages for 
effi cient killing of Salmonella.  With the use different 
experimental models, IFN-γ has been shown to play a 
central role in both early limitation of replication and 
later clearance of Salmonella.14  

Apoptosis of the cells may be regulated by the pres-
ence of growth factors and cytokines.  The type II 
cytokine IFN-γ  is capable of eliciting  apoptotic ef-
fects in immune and tumour cells. On the other hand, 
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it is also involved in prosurvival signals in normal and 
leukemic cells. Hence, it is suggested that depending 
on the target cells, IFNγ can induce either death or 
protection against apoptosis.15,16 

In this study, we examined the changes in S. typhi 
induced macrophage apoptosis in human monocyte-
derived macrophages primed with recombinant IFN-γ 
(rIFN-γ). We measured the effect of rIFN-γ on human 
macrophage apoptosis following in vitro infection 
with S. typhi. We also studied the mechanism of IFNγ 
action in modulating S. typhi-induced macrophage ap-
optosis using monocyte–derived macrophage cells. For 
this reason, caspase-1 expression expression on the 
monocyte-derived macrophages was also examined.

MATERIALS AND METHODS

Bacterial strain

S. Typhi strain used in this study was isolated from 
stool. After isolation the organism was inoculated into 
brain heart infusion broth (BHIB) (Oxoid, UK) and incu-
bated for 18 h at 37°C. At the end of the incubation, 
bacteria were  washed and resuspended in PBS. The 
bacterial suspension was adjusted to a concentration 
of 108 CFU/ml (colony forming unit) in antibiotic-free 
RPMI medium with 10% FCS.

Preparation of human monocyte-derived macro-
phages (MDM) 

Heparinized blood was collected from healthy human 
volunteers. Approval of the Local Ethical Committee 
was obtained for the collection of heparinized blood 
samples from healthy blood donor. Peripheral blood 
mononuclear cells (PBMC) were separated from blood 
by Ficoll-hypaque density gradient centrifugation 
(Sigma, UK).  After centrifugation, buffy coats were 
collected and washed three times in phosphate buff-
ered saline (PBS, Gibco, Germany) and resuspended 
at a concentration of 107 cells/ml in complete RPMI 
1640 medium containing 2mM L-glutamine, 100 U/ml 
penicillin, 100 Ug/ml streptomycin, 0.05 mM 2-Mer-
capto-ethanol  and supplemented with 10% fetal calf 
serum (FCS, Gibco, Germany). After 2 h adherence, 
the medium was replaced with RPMI supplemented 
with 10% FCS and 1-ml aliquots were cultured at 37°C 
in 5% CO2 in 24-well tissue culture trays (Nunc, United 
Kingdom). Cultures were kept at 37°C in 5% CO2. The 
medium was changed every 48–72 h and fresh media 
were added. Human MDM cultures were tested follow-
ing 5–7 days incubation.14,17  

Priming of MDM with IFN-γ 

On day 8 of MDM culture, the MDMs were primed with 
the recombinant human IFN-γ at two different con-
centrations (1000 IU/ml and 100 IU/ml) (Biosource, 
USA)  in RPMI medium with 10% FCS, reincubated at 
37ºC in 5 % CO2  for 72 hours. Control wells contained 
only MDM or RPMI but not IFN-γ.14 

Infection of MDM with S. Typhi

Bacterial suspensions were prepared freshly for the 
experiment. On day 11 the MDM cultures, were inocu-
lated with S.Typhi (108 CFU/ml) and incubated for 2 
hours at 37°C in 5% CO2. Negative control wells did 
not receive S.Typhi. After stimulation with bacteria, 
contents of wells were transferred into tubes and 
centrifuged. The pelleted cells were analyzed by fl ow 
cytometry and fl uorescence microscopy for determin-
ing the apoptotic cells. Each assay was performed in 
triplicate.

Macrophage apoptosis

Analysis of macrophages undergoing apoptosis was 
done using two different methods. In the fi rst method, 
annexin V-FITC detection kit was used. While TUNEL 
technique was applied for the second. 

Annexin V-FITC detection kit

Analysis of macrophages undergoing apoptosis was 
performed with the annexin V-FITC detection kit ac-
cording to the manufacturer’s instructions (Beckman 
Coulter, USA). 5×105 cells uninfected or infected with 
S.Typhi as described above, were incubated with 1 
μl of annexin V-FITC and 5 μl of Propidium iodide for 
15 min in the dark. After the incubation, 400 μl ice-
cold 1X binding buffer was added and the cells were 
analyzed by fl ow cytometry. Flow cytometric analysis 
wass done by using a Coulter FC500 fl ow cytometer 
(Coulter, USA).

TUNEL technique for determination of apoptosis

TUNEL technique was applied using In situ Cell Death 
Detection Kit, Fluorescein (Roche, Germany). The 
TUNEL reaction preferentially labels DNA strand breaks 
generated during apoptosis.  Cleavage of genomic DNA 
during apoptosis may produce double-stranded, low 
molecular weight DNA fragments. These DNA strand 
breaks can be determined by labelling free 3’-OH ter-
mini in an enzymatic reaction. DNA fragments in cells 
by fl uorescence microscopy was determined by In situ 
Cell Death Detection Kit according to the manifactur-
er’s instructions. Uninfected or infected 2x107 cells/
ml were with S.Typhi were fi xed with a freshly pre-
pared fi xation solution (4% Paraformaldehyde in PBS) 
for 1 hour at 15-25°C. Then cells were incubated in 
permeabilisation solution for 2 minutes on ice. At the 
end of the incubation, TUNEL reaction mixture con-
taining terminal deoxynucleotidyl transferase (TdT) 
(enzyme solution) and nucleotide mixture (labeling 
solution) was added and incubated for 1 hour at room 
temperature. TdT  incorporates labeled nucleotides 
into DNA strand breaks. Fixed and permeabilized 
cells in Label solution were used as negative control. 
Fixed and permeabilized cells with DNase I, grade I 
(Roche,Germany) were used as positive control. Af-
ter incubation, cells were evaluated under a fl oures-
cent microscope (Olympus,USA). The apoptotic index 
(AI=percentage of apoptotic cells) was determined.18 
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Apoptotic index (AI)= (number of TUNEL reactive nu-
clei / total number of cells counted) x 100.

Detection of caspase-1 expression by RT-PCR

Caspase-1 expression was determined at the mRNA 
level using reverse transcription-polymerase chain 
reaction (RT-PCR). Total RNA was extracted from cul-
tured cells by RNA isolation kit according to the man-
ufacturer’s instructions (Biological Industrıes, India).  
Briefl y, total RNA was used as a template to synthesize 
cDNA. Reverse transcription was carried out at 95°C 
for 1 min, 50°C for 1 h, 4°C for 5 min. The integ-
rity of the cDNAs was confi rmed by PCR amplifi cation 
of  β-actin. The caspase-1 cDNA was then amplifi ed 
using primers listed in Table 1.19 The primers were 
synthesized by Alpha DNA, Canada. PCR was conduct-
ed by adding approximately 10 ng cDNA, to a 0.5 ml 
microfuge tube containing 20 pmol oligonucleotide 
primer, 250 μM each of dATP, dTTP, dCTP and dGTP, 3 
mM MgCl2, 2.5 U Taq DNA polymerase and 10X buffer 
in a fi nal volume of 25 μl (all of the chemicals were 
obtained from Biochron, Germany). The amplifi cation 
procedure was performed with an initial denatura-
tion at 95°C for 1 min, followed by 35 cycles of, 45 
s at 95°C , 60°C for 45 s for recommended annealing 
temperatures of each primer pair and 60s at 72°C, 
with a fi nal extension at 72°C for 5 min in a thermal 
cycler (Eppendorf, Canada). The amplifi ed products 
were separated in 2% (w/v) agarose gels containing 
0.5 μg ethidium bromide ml-1 and viewed on a UV 
transluminator. 

Table 1. Primer sets used for amplifi ying the human 
caspase-1 and β-actin coding genes

 
Statistical methods

The results were analysed using the one-way analysis 
of variance (ANOVA). The Bonferroni test was used as 
Post Hoc analysis. P<0.05 was considered to be sig-
nifi cant.

RESULTS 

S. Typhi-induced macrophage apoptosis

In our study which focused on the effect of IFN-γ on 
S. Typhi-induced macrophage apoptosis, we observed 
that there was 35.9 % apoptosis in macrophages stim-
ulated by S. Typhi while this rate was only 2.6 % in 
macrophages without S. Typhi. There was a signifi cant 
difference in apoptosis levels between stimulated and 
non-stimulated cells (p<0.001). So, it is clear that  ap-
optosis was increased remarkably in macrophages in-
fected by S. Typhi (Figure 1).

Figure 1. The effect of rIFN-γ on S.Typhi-induced 
macrophage apoptosis using the Annexin V FITC meth-
od. *Values represent the mean±SEM. 

Effect of rIFN-γ on S.typhi-induced macrophage ap-
optosis

Annexin V-FITC detection kit

In this study, it was observed that  rIFN-γ at 100 and 
1000 IU/ml concentrations decreased apoptosis from 
35.9% to 13.1% and 6.3% respectively. Thus, the addi-
tion of rIFN-γ to the macrophages infected by S. typhi 
caused a statistically signifi cant decrease in the cells 
undergoing apoptosis (p <0.001). The addition of IFN- 
in high concentrations caused a more remarkable de-
crease in S.Typhi induced macrophage apoptosis than 
the low concentrations did, but no statistically signifi -
cant difference was observed between these two con-
centrations (p=0.186) (Figure 1). Especially high con-
centrations of IFN-γ had  almost the same decreasing 
effect on S.Typhi induced macrophage apoptosis as 
the one observed in the apoptosis non-stimulated by 
S.Typhi. Thus, it was observed that the 1000 ng/ml 
concentration of rIFN-γ had a more remarkable ap-
optosis decreasing effect compared to the low con-
centrations and the apoptosis decreasing effect was 
dose-dependent. 

Fluorescence microscopic analysis of TUNEL tech-
nique

In TUNEL technique, it was observed that rIFN-γ of 
100 and 1000 IU/ml concentrations decreased apopto-
sis from 46% to 20% and 4% respectively. In the TUNEL 
technique, 1000 IU/ml concentrations of rIFN-γ caused 
a statistically signifi cant decrease in S.typhi induced 
macrophage apoptosis as composed to the 100 IU/
ml concentrations (p >0.001). Moreover, no statisti-
cally signifi cant difference was observed between 
the results of Annexin V-FITC detection kit and TUNEL 
technique and they were consistent with each other 
(p>0.05) (Figure 2).   
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of the pathogens, and escape from the host immune 
response.24 Thus, the determination of the factors  
that could prevent S.Typhi induced apoptosis will be 
helpful for the control of the infection.  Cytokines are 
important factors that regulate apoptosis and inhibi-
tion of cytokine mediated apoptosis is one pathway 
for halting salmonella infection. 

In some studies it has been reported that the proin-
fl ammatory cytokine IFN-γ is essential component of 
the host response for inhibiting systemic infection 
by S.Typhimurium in the early phase of disease, be-
fore specifi c immunity has been stimulated.14,25,26 The 
protective effi cacy of IFN-gamma against infection 
is due to its effects on activating the macrophages, 
and protecting them from apoptosis.15 In the light of 
these fi ndings, we carried out our study to determine 
whether IFN-γ  had any effi cacy against in vitro salmo-
nella infection of macrophages by inhibiting apopto-
sis. We also studied the effect of rIFN-γ on caspase-1 
expression, a necessary event for inducing apoptosis 
due to salmonella infection.
  
It is known that that IFN-γ can induce either cell death 
or protection against apoptosis of normal and malig-
nant cells.  This double effect depends on the target 
cells and the differences in the expression of  IFN-γ’s 
receptor chains.15,27 Although Schroder et al, found 
that IFN-γ was able to provide protection against 
pathogen-induced apoptosis, they noticed that lev-
els of interferon regulatory factor-1 (IRF-1) may be a 
decisive factor in whether IFN-γ induces or protects 
from apoptosis.28 Bernabei et al, observed that after 
IFN- γ stimulation, high levels of IRF-1 triggered the 
apoptotic program, whereas lower levels induced pro-
liferation of peripheral blood mononuclear cells.29

In our study, we found out that rIFN-g had a signifi cant 
inhibitory effect on apoptosis occurring in the macro-
phages infected by S.Typhi using  TUNEL technology 
and fl ow cytometry with Annexin V-FITC detection kit 
(p <0.001). Moreover, high concentrations of rIFN-γ 
decreased S.Typhi induced apoptosis almost to the 
previous intimation levels. That is to say, rIFN-γ  ef-
fected apoptosis inhibition in  a dose-dependent man-
ner. 

Xaus et al, also observed that incubation of macro-
phages with 250 U/ml IFN-γ suppressed the fragmen-
tation of the DNA during the induction of apoptosis.15 
Several authors indicated that rIFN-γ has an inhibito-
ry effect on apoptosis caused by the microorganisms 
other than salmonella.30,31 Perfettini et al reported 
that IFN-γ could contribute to pathogenesis of per-
sistent chlamydia infections in vivo by preventing ap-
optosis of infected cells.30 In our study, the inhibition 
of  salmonella-induced apoptosis by rIFN-γ may pre-
sumably contribute to the intracellular persistance of 
Salmonella.32 

Several different mechanisms have been considered 
in the preventive effect of rIFN-γ on apoptosis. For 
this reason, we examined caspase-1 expression to 

Figure 2. Comparison of the effect of rIFN-γ on 
S.Typhi-induced macrophage apoptosis by the use of 
two diffrent techniques: TUNEL and Annexin V- FITC

Caspase-1 expression
In our study caspase-1 mRNA expression was deter-
mined in the macrophages infected by S.Typhi using 
RT-PCR method. However, no caspase-1 mRNA expres-
sion was observed in the macrophage cultures infect-
ed by S.Typhi when rIFN-γ was added at 100 and 1000 
IU/ml  concentrations (Figure 3). 

Figure 3. Isolation of caspase-1 cDNA by RT-
PCR. Lane 1: The molecular marker; Lane 2:  
S.Typhi+macrophages+100 IU/ml IFN-γ;  Lane 3: 
S.Typhi+macrophages+1000 IU/ml IFN-γ;  Lane 4: 
S.Typhi+macrophages; Lane 5: Uninfected macro-
phages

DISCUSSION

As it was shown in many other studies, at the fi rst 
stage of our study S.Typhi was observed to cause ap-
optosis in macrophages.2,20,21 Salmonella-induced cell 
death requires caspase-1 activity. Caspase-1-depend-
ent apoptosis might facilitate bacterial spread.22,23 
S.Typhi induced macrophage apoptosis is an important 
factor in the development of infections.12 It is known 
that the ability of pathogens to induce apoptosis may 
play a role in the initiation of the infection, survival 
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