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ABSTRACT

This study was designed to evaluate the gene expression level of IFN-y in murine leukocytes treated by Toxoplasma
gondii productsin vivo using quantitative real time-PCR (Q-PCR) method. The mice considered as test groups were
treated separately by Toxoplasma lysate product (TLP), excretory/secretory products (ESPs) obtained from cell free
and cell culture media as well as active tachyzoites. The mice in the control group received phosphate buffered
saline (PBS). The peritoneal leukocytes of the mice were harvested separately and their total RNA was extracted,
converted to cDNA, and the gene expression level of IFN-y was measured in all of the test groups relative to the
control one. The results showed that the gene expression level of IFN-y was decreased in the groups of the ESP from
cell free medium (P=0.03), the TLP (P=0.02), and the active tachyzoite (P=0.16). Moreover, there was no
significant difference statistically for the group of the ESP from cell culture medium (P=0.33). The findings revealed
for the first time that the TLP and the ESP from cell free medium contain molecules that are capable of
downregulating the expression of IFN-y. Therefore, the question arises as to which molecules in these two products
are involved in this process?
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INTRODUCTION

Toxoplasmosis, the disease caused by an obligateatiular parasitic protozoampxoplasma gondii (T. gondii),
with worldwide prevalence, is able to infect a widariety of vertebrates including humans [1]. Wastoeded
vertebrates as intermediate hosts of the parasteapable of maintaining the parasite in the fofntissue cysts
over their lifetime [2]. This parasite possessemerous antigens with different properties that péayole in
stimulating the host immune system. Surface antigeytoplasmic antigens, and excretory/secretotygans
(ESAs) are of most important ones, of which the E&#e more important than the others. The ESAsaeased
from the three excretory/secretory organelles &f plarasite called microneme, rhoptry and denseutgal3].
Discharge of the contents of these organellesasrtbst crucial factor in the cell entry and surl/o&T. gondii [4].
The release of these products also triggers celuld humoral immune responses in the host [5].eQhe parasite
enters the tissue cells the stage conversion of@mmstachyzoite to bradyzoite. The most importactor involved
in the stage conversion is gamma interferon (4{6]. The parasite within tissue cell releasesHES&s that spread
out of the cell into the host body and results indpicing a high blood level of IFN-in the host [7]. The main
sources of IFN¢ production are macrophages and Th-1 lymphocyts-yl activates various mechanisms against
the parasite in the cell body, one of which is aoréase in nitric oxide production in the infectesll [8].
Obviously, the parasite survival in the infectetl isedepended on the reduction of IRNeffects on it. Many studies
have shown that. gondii can reduce the effects of IFNen the infected cell through different mechanising,
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whether the parasite products possess one sucliciuris still unknown. Therefore, this study wassigmed to
evaluate the gene expression level of KM+ murine leukocytes treated by the parasite petedin vivo using
guantitative real time- PCR (Q-PCR).

MATERIALS AND METHODS

Parasite

T. gondii tachyzoite strain RH was used in this study. Thisapite was maintained in laboratory by passaging i
laboratory mice as well as keeping at -196 in ajgrgtectant solution consisted of dimethyl sulf@i@®MSO)
(10%), RPMI-1640 medium (60%), fetal bovine serlkB%) (30%). In addition, after taking out the péeagom
freezing environment, the parasite was startednuiin@ murine fibroblasts cell culture (4).

Mouse

Outbred Swiss Webster mice were used to keep trasipain vivo. Moreover, inbred female, 20-25 gsai®-10
weeks old, BALB/c mice were used for experimente Tumiversity research ethics committee (UREC) & th
Isfahan University of Medical Science approveduke of the mice in this study.

T. gondii lysate product (TLP)

The murine fibroblast cell culture was used to wbtalarge number of tachyzoites. The harvestedgitas were
two times washed by centrifugation at 1500 xg, 4f6€ 10 min in RPMI-1640 medium (Gibco, Inc.) atien the
precipitate containing the parasite was suspende®3 ml of the same medium. Using sonication metho
ultrasonic bath the parasites were lysed undecdnelition of 25 kHz, 30 s on and 10 s off for 5 mlim order to
remove the parasite debris, the solution was daegad at 15000 xg for 15 minutes and the superhatas
collected in a sterile tube. The sample was stéittered using 0.22-um pore size filters (Denvilte.), and the
amount of its protein was measured by the Bradfoethod [9], lyophilized in the presence of trehal§s% w/v)
(Sigma, Inc.) and maintained at -80 °C until use.gxbtease inhibitor was added to this product.

The ESP from cell culture medium

The culture of murine peritoneal leukocytes wasduse this purpose. At first, 2.4 x 1@f peritoneal leukocytes
harvested from the peritoneal cavity of Swiss Wetstice were two times washed by centrifugatioh=i0 xg, 4
°C, for 10 min in RPMI-1640 medium and then about 43 cells was poured into each well of 24-well celltere
plates to which 4 x foactive tachyzoites/well was added. The plates \venebated at 37 °C, 5 % GQand 95 %
humidity in a cell culture incubator for 48 h. Thepernatants of the wells was then harvested, gpotntrifuged
at 15000 xg, 4 °C, for 15 min, and the supernata# collected, sterile filtered using 0.22-um psiee filters, and
its protein concentration was measured by the Bradfethod (9), Iyophilized in the presence of ateke (5%
w/v) and kept at -80 °C until use. Neither FBS waalsled to the cell culture medium nor was proteakitor
added to this product.

The ESP from cell free medium

A large number of active tachyzoites were harve$tedh the murine fibroblast cell culture and wereet times
washed by centrifugation at 1500 xg, 4 °C, for 1@ m RPMI-1640 medium and the number of tachyzitas
adjusted to 6 x Fotachyzoites in 2 ml RPMI-1640 medium in each tubee tubes were incubated under mild
shaking at 37 °C for 3 h and the supernatants weliected in sterile tubes, centrifuged at 15000 4&dC, for 15
min, the supernatants were collected again, poaiedije filtered using 0.22-um pore size filteasd its protein
concentration was measured by the Bradford met@hdyjophilized in the presence of trehalose (5%)vahd kept
at -80 °C until use. No protease inhibitor was adaethis product.

Injection to mice

Each of the lyophilized powders was dissolved iml2of phosphate buffered saline (PBS; pH=7.4).yAEALB/c
mice were divided into 5 groups. Four groups eadeived one of the products including the TLP, H$® from
cell culture, and the ESP from cell free mediund@des of 100-1000 pg for 1-10 mice, respectivehgeoa week
for 3 weeks, and the fourth one received 1000-1008%e tachyzoites for 1-10 mice, respectivelylyance and
three days before samples collection. The aforeoreed groups were considered as test groups. Tihegiioup
was also considered as control one and receivedd@BiSses of 100-1000 pl for 1-10 mice, respedtivehce a
week for 3 weeks. All of the injections were perfi@d intraperitoneally. No adjuvant was used foritfections.
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Sample collection
Three days after the last injection the mice werbanized and their peritoneal cavity was washe®Bg and the
harvested fluid was poured into RNAlater (Qiagem, ), a RNA stabilizer solution, and kept at -20ui@il use.

Total RNA extraction

The total RNA was extracted by Total RNA PurificetiKit (Jena Bioscience, Inc.) according to mantufissr
instruction. On-column DNA digestion was used t&iate all DNA in the samples using RNase-Free 8iNget
kit (Qiagen, Inc.). With NanoDrépND-1000 spectrophotometer the purity and concéntraof total RNA was
evaluated. At last, the total RNA was stored at*QQntil use.

Complementary DNA synthesis

The total RNA was converted to complementary DNBN@) using AccuPowét CycleScript RT PreMix (dN6)
kit (Bioneer, Inc.) according to manufacturer instion. Random hexamer primers were annealed 4Clfor 1
min, cDNA was synthesized at 45 °C for 4 min.

Primer design

For this objective, the mRNA sequences of genagfrést including murine IFM-mRNA as target gene and the
MRNA sequence of murine hydroxymethylbilane syréh@$MBS) as housekeeping gene were extracted fnem t
GeneBanR database. The primers were designed by Beacorgmasi software according to SYBRGreen
method, one of which spanned an exon-exon junclibe.primer sequences have been shown in the Table

Tablel. The sequences of primers designed in thisidy

Gene Accession numbe  Primer Sequenc Slope: Efficiency

HMBS NM_013551.2 Forward CCGAGCCAAGGACCAGGATA -3.368:0.976
NM_0011102511 ~Reverse TCAGGTACAGTTGCCCATCTTTC

IFN-y  NM_008337.3 Forward GTATTGCCAAGTTTGAGGTCAACAAC -3.382:0.972

Reverse CCGAATCAGCAGCGACTCC
b The primers were designed for the identical region of HMBStranscript variants. This region was found using MEGA6 software.

Quantitative real time-PCR (Q-PCR)

The Q-PCR was performed with Applied BiosystemspSiee" Real-Time PCR System and using gPCR
GreenMaster with UNG kit (Jena Bioscience, Incgaading to manufacturer instruction. Initial dernation was
carried out at 95 °C for 2 min, and afterwards $€les of denaturation were utilized at 95 °C forsl@nnealing-
extension at 60.2 °C for 45s.

Data analysis

The normal distribution of dada was confirmed bylrKogorov—Smirnov (K-S) statistical test. Subsedlyeithe
melting curve of reactions was evaluated for unedrgmplicons. Afterwards, the gene expression Nftkn the
test groups was examined relative to the contrel asing the REST-2009 software (Qiagen Inc.). Boiiware
also utilizes t-test to show significant differerstatistically between the test groups and therobohe at a level of
difference lower than 0.05. The standard error eam(SEM) for IFNy ACt was calculated for the groups as well.

RESULTS

The findings showed that the gene expression leflv#fN-y was decreased in the groups of the ESP from el f
medium (P=0.03), the TLP (P=0.02), and the acthdyzoite (P=0.16) relative to the control one. dbwyer, there
was no significant difference statistically regaglithe expression level of the target gene in tioeim of the ESP
from cell culture medium (P=0.33). The relative egsion values of IFN-in the aforementioned groups have been
shown in Figure 1. The values of SEM for all of reups have been presented in Table 2.

Table2. The standard error of mean (SEM) for IFNy ACt in the groups under study

Average + SEM
TLP ESP-CF _ESP-CC AT Control
3.89+0.36 4.6+0.42 4.78+0.75 3.44+0.69 3.2+0.12
TLP: Toxoplasma gondii lysate product, ESP-CF: excretory/secretory product from cell free medium, ESP-CC: excretory/secretory product from
cell culture medium, AT: active tachyzoite
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Fig.1. The relative gene expression of IFN-in the groups under study. The columns marked witiP-value relative to the control group
(P<0.05 is significant, indicated with asterisk [*]. TLP: Toxoplasma gondii lysate product, ESP-CF: excretory/secretory producfrom
cell free medium, AT: active tachyzoite, ESP-CC: exetory/secretory product from cell culture medium

DISCUSSION

A study showed that the alteration in the host gethe expression differs amomggondii strains and this is the

reason why genotypd strains develop more tissue cysts than the otbeotgpe strains [10, 11]. Cell-mediated
immune responses, especially IFNsroduction, are the most important strategy bycWwhthe host inhibits the
growth of T. gondii in the tissue cells [6]. A study revealed that ardase in the expression level of IFNan
active the tissue cysts developed by the parakk fherefore, this cytokine is crucial for stagmversion of this
parasite and also keeping the parasite in the ccystim [13]. The amino acid tryptophan is critidak rapid
replication of the parasite and IFN«eeps this amino acid out of reach of the pardsiténe induction of an enzyme
which catalyzes this amino acid called indoleanfifdioxygenase [14], resulting in the slow pamséplication
that this form is called bradyzoite. Moreover, @tedy demonstrated that the mice lack of -jene can bear a
high burden of free tachyzoites which give risehe infected mice death [15]. In addition, researstelsewhere
showed that mice infected with gondii may die because of the significant amount of Fproduction [16].Given
that the anti-toxoplasmic effect of this cytokirerelated to the induction of nitric oxide (NO) dustion [17],
therefore, the parasite should inhibit the IiFNeffects on the infected cell. One of these medmsiis the
upregulation of suppressor of cytokine signalinSOCS1) molecule that inhibits the signaling pathwaIFN-y
into the infected cell [18]. Another mechanism blyieh this parasite limits the effect of IFNis the use of some
ESPs which traffic from parasitophorous vacuoléhi host cell nucleus such as ROP16 and ROP1&ilteatthe
host cell gene expression patterns, respectivalpugh the upregulation of signal transducer anivator of
transcription factor 3 (STAT3) and the downreguaatiof nuclear factokB (NF«B) [19, 20]. The STAT3 has
multifunctional effects, of which apoptosis inhibit and reduction of IL-12 production are some eplas, helping
the parasite to survive in the infected cell [22]. 2This parasite also dysregulates If-\ducible genes in the
infected cells and inhibits the effect of this dgitee on these cells [23]. Surprisingly, the findingf the present
study showed that the twd. gondii products, the TLP and the ESP from cell free mediteduced the gene
expression level of IFN-to the lowest level possible (Fig. 1). Howeverthe group of the ESP from cell culture
medium it showed no significant difference statistly relative to the control one and it may be tméhe impurity
of this product with the secretions of the cultuostls. Nevertheless, the expression level of dnget gene in the
group of the ESP from cell culture medium was ewilyeabout one-third of the control group (Fig. 1).
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CONCLUSION

The results of this study showed a new aspect ef-hogondii interaction about the down regulation of IFN-
expression. The results of the current study rexk#dr the first time that th€oxoplasma lysate product (TLP) and
the excretory/secretory product (ESP) from ceké freedium contain molecules that are capable of deguolating
IFN-y expression. Therefore, the question arises ashtohwmolecules in these two products are involvedhis
process?
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