
oxoplasma gondii is one of the most common parasites infecting hu-
mans and animals throughout the world. It is estimated that toxop-
lasmosis exists in a chronic asymptomatic form in 5 hundred million
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The Role of Cytokines in the
Immunopathogenesis of Toxoplasmosis

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Infection caused by the obligatory intracellular parasite Toxoplasma gondii
is generally asymptomatic in immunocompetent individuals but may be life-threatening in im-
munosuppressed patients and congenitally infected fetus. Scientists believed that the pathogenesis of
the infection could be well established if the relation between cellular and humoral immune re-
sponse was documented. MMaatteerriiaall  aanndd  MMeetthhooddss::  Starting from this point we tried to establish this re-
lation, by measuring the production of Interferon-gamma (IFN-γ) (Th1 cytokine) and interleucine
(IL)-5 (Th2 cytokine) in supernatants of peripheral blood mononuclear cells (PBMC) after in vitro
specific T. gondii antigen stimulation in 19 patients that were grouped  according to their anti-Tox-
oplasma IgM and IgG levels. RReessuullttss:: In our study, we observed that the level of IL-5 synthesis was
higher than IFN-γ in the initial phase of the infection; as the specific IgG titers started to rise, IFN-
γ synthesis increased and suppressed the synthesis of IL-5. As the infection became chronic, a de-
crease in the IFN-γ synthesis and a slight increase in IL-5 synthesis were noted. In our seronegative
patient group, cytokine production pattern showed mainly Th0 subgroup profile. CCoonncclluussiioonn::  As a
result, we suggest that evaluation of antigen specific cytokine synthesis parallel to humoral response
in the different stages of toxoplasmosis would be beneficial both in the diagnosis and in follow-up.

KKeeyy  WWoorrddss::  Toxoplasma gondii, cytokines

ÖÖZZEETT  AAmmaaçç::  İntra se lü ler, fır sat çı bir pa ra zit olan Toxoplasma gon di i’ nin in san lar da oluş tur du ğu
en fek si yon, ge nel lik le asemp to ma tik ge çi ri lir ken, im mün sis te mi bas kı lan mış has ta lar da ve kon je -
ni tal ola rak en fek te fe tus ta cid di mor ta li te ve mor bi di te ye se bep ol mak ta dır. T. gon di i en fek si yo nu -
nun oluş tur du ğu hu mo ral ve hüc re sel im mün ce vap ara sın da ki bağ lan tı nın or ta ya ko nul ma sı nın,
en fek si yo nun pa to ge ne zi nin an la şıl ma sı nı ko lay laş tı ra ca ğı dü şü nül mek te dir. GGeerreeçç  vvee  YYöönntteemmlleerr::  Bu
amaç la ça lış ma mız da IgG ve IgM an ti kor la rı göz önü ne alı na rak 4 gru ba ay rıl mış 19 has ta nın pe ri -
fe rik kan mo no nük le er hüc re le ri (PKMH)’ nin T. gon di i eri yik an ti je ni ne ver dik le ri, Th1 si to kin le -
rin den interferon-gamma (IFN-γ) ve Th2 si to kin le rin den interlökin (IL)-5 ce va bı in ce len miş tir.
BBuullgguullaarr::  Ça lış ma mız da, en fek si yo nun baş lan gı cın da IgM an ti kor la rı nın yük sel me siy le bir lik te IL-
5 sen te zi nin IFN-γ sen te zin den da ha faz la ol du ğu, IgG an ti kor la rı nın ar tı şıy la bir lik te IFN-γ sen te -
zi nin ön pla na çı kıp, IL-5 sen te zi ni bas kı la dı ğı sap tan mış tır. Th1 len fo sit le rin den sal gı la nan IFN-γ’nın,
Th2 len fo sit kö ken li si to kin ler den olan IL-5 sen te zi ni in hi be et ti ği göz len miş tir. En fek si yo nun kro-
nik leş me siy le bir lik te IFN-γ sen te zi azal mış, bu na bağ lı ola rak IL-5 sen te zin de ha fif bir ar tış tes pit
edil miş tir. Se ro ne ga tif has ta la rın si to kin sen tez so nuç la rı na ba kıl dı ğın da, bu has ta la rın T len fo sit le -
ri nin da ha çok Th0 alt-gru bu nu ta şı dık la rı gö rül müş tür. SSoonnuuçç::  Ça lış ma mı zın so nu cun da, T. gon di i
en fek si yo nu nun fark lı ev re le rin de an ti je ne öz gün si to kin sen te zi ta ki bi nin, hu mo ral ce va ba pa ra lel
ola rak ya pıl ma sı nın en fek si yo nun ta nı ve ta ki bin de önem li ola bi le ce ği ka nı sı na va rıl mış tır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Toxoplasma gondii, sitokinler
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to 1 bil li on of the world hu man po pu la ti on.. Alt ho -
ugh hu man in fec ti on with T. gon di i is usu ally
asym pto ma tic in most in di vi du als, it may ca u se se-
ri o us mor bi dity and mor ta lity in im mu no com pro -
mi sed in di vi du als and con ge ni tally in fec ted
in fants.1,2 In fec ti on with T. gon di i in du ces both hu-
mo ral and cell-me di a ted im mu ne res pon ses. Ef fec -
ti ve syste mic im mu ne res pon se is res pon sib le for
the early cle a ran ce of the T. gon di i tach yzo i tes
from the pe rip he ral blo od so on af ter the on set of
the in fec ti on and li mits the pa ra si te mi a in the cir-
cu la ti on. Sci en tists be li e ved that, the pat ho ge ne sis
of the in fec ti on co uld be well-es tab lis hed if the re-
la ti on bet we en cel lu lar and hu mo ral im mu ne res-
pon se was cle arly do cu men ted.3,4 Star ting from this
po int, we tri ed to es tab lish this re la ti on by me a su -
ring the pro duc ti on of IFN-γ (Th1 cyto ki ne) and
IL-5 (Th2 cyto ki ne) in the su per na tants of PBMCs
fol lo wing in vit ro spe ci fic T. gon di i an ti gen sti mu -
la ti on.

MA TE RI AL AND MET HODS

PA TI ENTS

Blo od samp les we re col lec ted from 19 sub jects aged
20-36 ye ars; par ti ci pants we re al lo ca ted to fo ur gro-
ups for med ac cor ding to the ir an ti-To xop las ma
IgM and IgG le vels. An ti body ti ters we re eva lu a -
ted by in-ho u se in di rect flu o res cent an ti body (IFA)
and enz yme-lin ked im mu no sor bent as say (ELI SA)
met hods and po si ti ve IgM ti ters we re con fir med by
im mu ne cap tu re ELI SA test (Or ga non Tech ni ca,
Net her lands). This study was ap pro ved by the et hi-
cal com mit te e of the Ege Uni ver sity Hos pi tal. All
pa ti ents we re in for med abo ut the study and sig ned
con sents we re ob ta i ned. De ta ils for the pa ti ents
we re shown on Tab le 1.

PRO LI FE RA TI ON AS SAY

PBMCs ob ta i ned by gra di ent cen tri fu ga ti on, we re
di lu ted to 106 cells/mL and we re ad ded to 96-well
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Serology

Group / Patient No Age / Gender Complaint IFA IgG ELISA IgM ELISA IgG

1 / 1 30 / M None NEG NEG NEG

1 / 2 33 / F None NEG NEG NEG

1 / 3 27 / F None NEG NEG NEG

1 / 4 35 / M None NEG NEG NEG

1 / 5 34 / F None NEG NEG NEG

2 / 6 * 19 / F LAP(cervical) NEG POS NEG

2 / 7 * 28 / M LAP(cervical) 1/64 POS 1/128

2 / 8 * 21 / F LAP(cervical) NEG POS NEG

2 / 9 * 33 / F Abortus history NEG POS NEG

(2 months ago)

3 / 10 26 / F None 1/256 NEG 1/2048

3 / 11 22 / F Abortus history 1/512 NEG 1/2048

(13 months ago)

3 / 12 31 / F None 1/512 NEG 1/4096

3 / 13 35 / F None 1/1024 NEG 1/16000

4 / 14 26 / M None 1/128 NEG 1/512

4 / 15 21 / M None 1/64 NEG 1/256

4 / 16 20 / F None 1/128 NEG 1/1024

4 / 17 30 / F None 1/64 NEG 1/128

4 / 18 33 / F None 1/64 NEG 1/256

4 / 19 29 / F None 1/128 NEG 1/512

TABLE 1: Details about the patients included to the study.

* Immune capture ELISA (+), LAP: Lymphadenopathy, NEG: Negative, POS: Positive.



flat bot tom mic ro ti ter pla tes (TPP). Cul tu res we re
sti mu la ted with eit her 2.5 mg/mL phyto he magg lu -
ti nin (PHA) as po si ti ve con trol or 5 mg/mL so lub le
To xop las ma tach yzo i te an ti gen (STAg).5,6 Cell cul-
tu re me di um (RPMI 1640) con ta i ning 10% fe tal calf
se rum was used as ne ga ti ve con trol in a fi nal vo lu me
of 200 ml per well. PBMCs we re cul tu red for 72 h
and su per na tants we re col lec ted and sto red at -50°C.

PRE PA RA TI ON OF SO LUB LE TO XOP LAS MA AN TI GEN (STAG) 

T. gon di i tach yzo i tes of the TRRH stra in we re ma-
in ta i ned by in vi vo pas sa ging. For an ti gen pre pa ra -
ti on, tach yzo i tes we re har ves ted from the
pe ri to ne al ca vity of mi ce and we re was hed thre e
ti mes with phosp ha te buf fer sa li ne (PBS). Tach y-
zo i tes we re then lysed with 1% so di um do decy -
lsul fa te and we re cen tri fu ged at 10.000 rpm at +4°C
for 30 min. The su per na tant was fil te red thro ugh
0.2 mm mem bra nes and af ter me a su ring the pro te -
in con cen tra ti on, it was used as so lub le an ti gen in
the ELI SA test.

CYTO KI NE DE TEC TI ON IN CUL TU RE SU PER NA TANTS

The eli ci ta ti ons of IFN-γ and IL-5 we re me a su red
by do ub le sand wich ELI SA using an ti body pa irs at
pre de ter mi ned con cen tra ti ons. Mic ro ti ter pla tes
(Nunc Ma xi sorp) we re co a ted with cap tu re an ti -
body (Mo u se an ti-hu man IFN-γ or rat an ti-mo u -
se/hu man IL-5) (Phar min gen, USA) in bi car bo na te
buf fer (pH 9.6) and we re kept at 4°C over night.
Fol lo wing 6 was hes with PBS (pH 7) con ta i ning
0.1% twe en 20, pla tes we re bloc ked with PBS con-
ta i ning 1% bo vi ne se rum al bu min and we re kept
at ro om tem pe ra tu re for fo ur ho urs. Samp les we re
app li ed in dup li ca te at ½ di lu ti ons with bloc king
buf fer so lu ti on, along with stan dards, con sis ting of
re com bi nant cyto ki ne IFN-γ or IL-5 (Phar min gen,
USA) and we re in cu ba ted at ro om tem pe ra tu re for
2 h; af ter was hing 6 ti mes, bi o tiny la ted de tec ting
an ti body (mo u se an ti-hu man IFN-γ or rat an ti-hu -
man IL-5) (Phar min gen, USA) was ad ded to each
well. The pla tes we re in cu ba ted at ro om tem pe ra -
tu re for an ho ur and hor se ra dish pe ro xi da se -con -
ju ga ted strep ta vi din (Zymed, USA) was ad ded to
each well and pla tes we re kept for an ad di ti o nal
ho ur. Pla tes we re was hed 6 ti mes aga in with was-

hing buf fer. Bin ding was vi su a li zed with tet ra -
methy lben zi di ne subs tra te (Or ga non Tech ni ca,
Net her lands). Fol lo wing in cu ba ti on for one ho ur,
ab sor ban ce va lu es we re me a su red with a Ti ter tek
ELI SA re a der at 450 nm. Cyto ki ne con cen tra ti ons
we re de ter mi ned by using com pu ter prog ram Tab -
le Cur ve 2d v.5. 

STA TIS TI CAL ANALY SIS

Dis tri bu ti on of da ta was eva lu a ted with one samp -
le Kol mo go rov-Smir nov test and nor mally dis tri -
bu ted cyto ki ne le vels we re analy zed using ANO VA
with post-hoc LSD test.

RE SULTS 
Con si de ring the pro duc ti on of IFN-γ, su per na tants
of STAg sti mu la ted cul tu res from gro up 1 (167.9 ±
141.7 pg/mL) and gro up 4 (147.3 ± 54.5 pg/mL) sho-
wed si mi lar le vels; gro up 3 (1601.6 ± 1585.4 pg/mL)
re ve a led sig ni fi cantly hig her IFN-γ pro duc ti on
than the ot her gro ups (p= 0.001). The pro duc ti on
of IFN-γ, de tec ted in gro up 2 (339.0 ± 310.1 pg/mL)
was hig her than in gro up 1 and gro up 4 but not as
high as in gro up 3 (Fi gu re 1).

When the pro duc ti on of IL-5 was con si de red,
gro up 2 (290.1 ± 171.4 pg/mL) had hig her le vels of
IL-5 pro duc ti on than the ot hers (p= 0.611). Low le-
vels of IL-5 we re de tec ted in gro up 3 (140.7 ± 114.7
pg/mL) com pa red to the ot her gro ups. Me an IL-5
pro duc ti ons we re 192.3 ± 190.8 pg/mL and 174.9 ±
79.9 pg/mL in gro up 1 and gro up 4 (Fi gu re 2).
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FIGURE 1: Mean IFN-γ production of groups. 
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As shown in Fi gu re 3, the low le vels of IL-5
and IFN-γ in gro up 1 (se ro ne ga ti ve gro up) in cre a -
sed with the ri se of T. gon di i spe ci fic IgM an ti body
in gro up 2 (IgM po si ti ve gro up); in gro up 3 (High
IgG po si ti ve gro up), when the IgG an ti body in cre -
a sed IFN-γ pro duc ti on was still in cre a sing but IL-
5 pro duc ti on was dec re a sing. In gro up 4, (low IgG
po si ti ve gro up) we no ted a slight in cre a se in IL-5
pro duc ti on whi le the re was a dec re a se in IFN-g
pro duc ti on.

DIS CUS SI ON
It is well re cog ni zed that cell-me di a ted im mu nity
plays a ma jor ro le in the host re sis tan ce to T. gon-
di i in fec ti on, alt ho ugh re cent stu di es ha ve high-
ligh ted the im por tan ce of the hu mo ral res pon se on
this in tra cel lu lar pat ho gen.7,8 Va ri o us stu di es ha ve
de mons tra ted that so me pro te ins of T. gon di i an ti -

gen can in du ce T cell pro li fe ra ti on and cyto ki ne
pro duc ti on.9-14 Ho we ver, very few stu di es ad dres -
sed the re la ti on bet we en cel lu lar and hu mo ral im-
mu nity res pon ses in du ced by T. gon di i an ti gen.7,12,13

The pro tec ti ve ro le of Th1 type im mu ne res pon ses,
es pe ci ally the pro duc ti on of IFN-γ is well es tab lis -
hed in to xop las mo sis. Ho we ver, li mi ted da ta ha ve
so far be en ob ta i ned for IL-5 from cli ni cal stu di -
es.15In the pre sent study; we sho wed the chan ges
in IFN-γ and IL-5 pro duc ti ons, re la ted with an ti -
body res pon se in pe op le with dif fe rent sta ges of 
to xop las mo sis.

We sho wed that when spe ci fic an ti- T. gon di i
IgM an ti body was for med, in cre a sed le vels of IL-5
pro duc ti on was ac com pa ni ed by low le vels of IFN-
γ pro duc ti on, which in di ca ted the do mi nan ce of
Th2 pro fi le of T cells in the ini ti al pha se of T. gon-
di i in fec ti on. In the fol lo wing pe ri od, as the an ti- T.
gon di i IgG an ti body star ted to in cre a se, the no ted
in cre a se in IFN-γ in di ca ted Th1 pro fi le of T cells,
fa vo ring pro tec ti on and con trol of the T. gon di i in-
fec ti on.16 In the sa me pe ri od IL-5 dec re a sed be ca u -
se of the in hi bi tory ef fect of Th1 cyto ki nes on Th2
cyto ki nes.17 Lymphocy tes from im mu no com pe tent
adults with ac qu i red to xop las mo sis pro bably disp-
lay a do mi nant Th1 pro fi le fa vo ring pro tec ti on and
con trol of the T. gon di i in fec ti on.13 As the in fec ti -
on be ca me chro nic, a dec re a se in the synthe sis of
IFN-γ and a slight in cre a se in the synthe sis of IL-5
we re no ted. Ex pe ri men tal mo dels of mu ri ne to xop-
las mo sis sug gest that a Th1 and Th2 ba lan ce is im-
p li ca ted in the re gu la ti on of T. gon di i in fec ti on.18

Al so in our se ro ne ga ti ve pa ti ent gro up, cyto ki ne
pro duc ti on pat tern sho wed ma inly Th0 sub gro up
pro fi le. 12 In this study, we sho wed that in all sta ges
of to xop las mo sis over pro duc ti on of IFN-γ with res-
pect to IL-5 was pre sent. 

In conc lu si on, our da ta sho wed that eva lu a ti -
on of an ti gen spe ci fic cyto ki ne synthe sis pa ral lel to
hu mo ral res pon se in dif fe rent sta ges of to xop las -
mo sis co uld be be ne fi ci al both in the di ag no sis and
in the fol low-up of to xop las mo sis. Ho we ver, furt-
her stu di es are ne ces sary to ve rify the host fac tors,
such as ge ne tic back gro und, im mu ne sta tus or
drugs used for tre at ment that co uld al ter the Th1 -
Th2 cyto ki ne ba lan ce. 
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FIGURE 3: The changes in IL-5 and IFN-γ production (pg/mL) in relation to
antibody production of groups.

FIGURE 2: Mean IL-5 production of groups.
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