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GENERAL REVIEWS

Imuni mehannizmi posredovani Th-17 celijskim i IL-23 odgovorom: postoji li
regulacija putem PGE2-oslobadajucih makrofaga u BCG -imunizovanih miSeva?

Pregled literature i krajnji dometi

Th-17 CELL IL-23 PATHWAY - mediated immune responses : is there a regulation
by PGE2-releasing macrophages in BCG-immunized mice?

Literature review and up-date
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APSTRAKT

Uovom pregledu, pod autoimunim oboljenjima, uklju-
¢ujudi i neke oblike ateroskleroze, smatraju se kom-
pleksne interakcije citokina koje u datom miljeu odrza-
vaju i obnavljaju napade inflamatornih reakcija poznatih
kao,flare®. Bazi¢ni mehanizam koji omogucava ovakav
milje je disbalans veoma kompleksnog Th1/Th2 imunog
odgovora. Nasa grupa je pokazala u dosadasnjim radovi-
ma da injekcija Mycobacterium bovis bacillus Calmette-
Guérin (HK-BCG) mi$u dovodi do pojave razli¢itih popu-
lacija makrofaga (M¢)koji ili oslobadjaju ili ne oslobadjaju
prostaglandin 2 (PGE2 ) te zavisno od toga mogu dopri-
neti promociji ili inhibiciji inflamatornog procesa, disba-
lansu u odnosu Th1/Th2 imunih ¢elija i kona¢no, razvoju
autoimunog oboljenja.

Produkcija PGE2 aktiviranih makrofaga je pojaca-
na tokom inflamacije, kada ovaj lipidni medijator moze
dramati¢no da modulira imuni odgovor mada je jos ne-
poznato, kako? Stoga postoji potreba za razjasnjenjem nje-
gove modulatorne uloge u kompleksnom citokinskom mi-
ljeu (posredovanom ¢elijama),u razvoju infalamatornih i
autoimunih oboljenja. Jedno od njih je atroskleroza, $iro-
ko rasprostranjen, fatalni sindrom oboljenja koja se pro-
stiru u spektru od inflamatornih do autoimunih manife-
stacija u ljudi i misjih modela. Poslednjih godina, postalo
je o¢igledno da IL-12, STAT4 i IFN-Y , i stoga Thl (celije,
nisu primarni kreatori modela inflamatornih oboljenja.
Pre ¢e biti da su patogene celije u ovim modelima indu-
kovane u odgovoru na signale proizvedene in vivo IL-12-
sli¢énim citokinom IL-23, a karakteri$u se produkcijom
niza citokina, hemokina, efektornih molekula i transkrip-
cionih faktora koje ih razlikuju od spektra indukovanog

ABSTRACT

n this review autoimmune disease (AD), included at-

herosclerosis is considered in part result of the com-
plex cytokine interactions of different cell types in the
body and maintenance of perpetuation of inflammatory
attacks known as ,flares“. The statement that Th1/Th2
disbalance with either Th1 or Th2 dominance reflects the
complexity and uniqueness of each particular immunolo-
gical scenario is underlined. The work of our group have
demonstrated that injection of Mycobacterium bovis ba-
cillus Calmette-Guérin (HK-BCG) results in the distin-
ct COX-2 macrophage (M ¢) populations which do or do
not release PGE2 and may contribute functionally to inhi-
bition or promotion of inflammation, Th1/Th2 shift, and/
or development of autoimmune disease (AD).

The production of PGE2 from activated M¢ is en-
hanced during inflammation, when this lipid mediator
can dramatically modulate immune response although it
is not known how. Therefore, there is a need for clarifica-
tion of its regulatory role in a complex cell-mediated and
cytokine milieu within the spectrum of inflammatory
and autoimmune diseases. One of them is atherosclero-
sis, widespread, fatal syndrome ranging from inflamma-
tory to autoimmune background in both: mouse and hu-
mans. During the past few years, it has become apparent
that IL-12, STAT4 and IFN-Y, and therefore Th1 cells, are
not the primary instigators of model inflammatory disea-
ses. Rather, the pathogenic cells in these models of disease
are induced in response to signals provided in vivo by the
IL-12-like cytokine IL-23, and are characterized by the
production of a suite of cytokines, chemokines, effector
molecules and transcription factors distinct from that of
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Thl Celijama. Jedan od najeksprimiranijih gena u ovim
efektornim celijama je gen koji kodira pro-inflamatorni
citokin IL-17.

Jo§ specifi¢nije, PGE2 - zavisna akvizicija T regu-
latorne (T reg) celijske funkcije korelise sa indukcijom
FOXP3 gena i ekspresijom kodiranog proteina. Poja¢ana
inhibitorna aktivnost PGE2-tretiranih CD4+CD25+ T
reg Celija takodje je praena znadajnom ,, up-regulacijom*
FOXP3.Ovosaopstenjeosvetljavanove moguce uloge PGE2
molekula u kontroli generacije i funkcije T reg ¢elija.

Nedavno je demonstrirana i na genetskom nivou
potvrdjena polarizacija M¢. S druge strane, klini¢-
ke studije su pokazale visoku korelaciju izmedju infekcije
mikobakterijom i ateroscleroze, dok su misji modeli ate-
rogeneze utvrdjeni (postavljeni) kori$¢enjem HK-BCG.
Stoga, HK-BCG aktivirani M¢
nutno glavni cilj za razumevanje mehanizama dejstva nji-
hovih prostanoidnih sekretornih produkata u razlicitim
modelima inflamacije i autoimunih oboljenja, uklju¢uju-
¢i aterosklerozu uzrokovanom inflamacijom vezanom za
infektivne agense kao $to je HK-BCG. Da li u spektru ate-

slezine predstavljaju tre-

roskleroti¢nih oboljenja Th—17,IL-23 put vezan za pro-
dukciju prostaglandina iz M¢ ima ulogu, i do koje mere,
ostalo je da se utvrdi.

Kljucne reci:
Ateroskleroza, HK-BCG, T-17 ¢elije, IL-23, PgE2-oslo-
badjajuci makrofazi

Th1 cells . One of the genes most highly expressed in the-
se effector cells is the pro-inflammatory cytokine IL-17.

More specific, the PGE2 - dependent acquisition of
T regulatory (Treg) cell function was correlated with in-
duction of FOXP3 gene and its coding protein expressi-
on. The enhanced inhibiting activity of PGE2-treated
CD4+CD25+ T reg cells was also associated with signifi-
cant up-regulation of FOXP3. This report highlights no-
vel roles for PGE2 in controlling the generation and fun-
ction of Treg cells.

Quite recently, polarization of M¢ has been de-
monstrated and confirmed at a genetic level. On the ot-
her hand, clinical studies have shown high correlati-
on between mycobacterial infection and atherosclerosis,
while mouse models of atherogenesis were established
by using HK-BCG. Therefore, HK-BCG activated splenic
M¢ are current target for understanding mechanisms of
action of their prostanoid secretory products in different
models of inflammation and AD, including atherosclero-
sis caused by inflammation linked to infectious agents,
especially HK-BCG.

Key words:
Atherosclerosis, HK-BCG, T-17 cells, IL-23, PgE2-relea-
sing macrophages

INTRODUCTION:
BACKGROUND AND SIGNIFICANCE

he work of our group have demonstrated that injec-

tion of Mycobacterium bovis bacillus Calmette-
Guérin (HK-BCG) results in the distinct COX-2 macrop-
hage populations which do or do not release PGE, and
may contribute functionally to inhibition or promotion of
inflammation, Th1/Th2 shift, and/or development of au-
toimmune disease (AD)(1-6). Fenton’s group have shown
that both virulent and attenuated strains of M. tubercu-
losis could activate the cells in a TLR-dependent manner
(TLR2 and TLR4 pathways). Cytokines have also been
shown to play a crucial, albeit complex regulatory role
in control of inflammation and autoimmunity. Because
of their pleiotropic effect and redundancy, it is unlikely
that one single cytokine can be the key determinant in the
occurrence of immune disorders, but it may act as a boo-
ster. AD is in part result of the complex cytokine interac-
tions on different cell types in the body and maintenance
of perpetuation of inflammatory attacks known as ,fla-
res“. Th1/Th2 disbalance with either Thl or Th2 domi-
nance reflects the complexity and uniqueness of each par-
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ticular immunological scenario. Thl responses mediated
usually via IL-2 and IL-12 are implicated in some inflam-
matory and AD, such as ulcerative colitis (UC) and syste-
mic lupus erythematosus (SLE), while Th2 responses via
IL-4 are likely to contribute to allergy, atopy and asthma.
Some AD are both Thl and Th2 mediated. (Fig.1.)
IL-2, IFN-aq, IFN-B, IFN-y,
TNF-aq, can either enhance or limit inflammatory and/
or autoimmune processes. The production of PGE, from
activated macrophages is enhanced during inflammation,
when this lipid mediator can dramatically modulate im-
mune response although it is not known how? (7). There-
fore, there is a need for clarification of its regulatory role
in a complex cell-mediated and cytokine milieu within
the spectrum of inflammatory and autoimmune diseases.
One of them is atherosclerosis, widespread, fatal syndro-
me ranging according to experimental and clinical data
from inflammatory to autoimmune background in both:
mouse and humans (1-3). Our previous results on mou-

In fact, and

se model of atherosclerosis in BCG immunized mice have
demonstrated dose-dependent inflammation and calcifi-
cation of aortic wall (1-4).
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STATE OF THE ART:

»  PGE, releasing macrophages in HK-BCG induced WT
mouse model of inflammation: Role of Th-17 - IL-23
pathway in chronic inflammation and AD

The results of our studies suggest that after 1 day of
1 mg i. p. injected HK-BCG, following phagocytosis of in-
tracellular bacteria, local (peritoneal) M¢ express catal-
ytically inactive COX-2, without PGE, secretion. This may
enhance macrophage-mediated innate and Thl acquired
immune response against intracellular infections sensiti-
ve to endogenous PGE, On the other hand, after 7 and 14
days following such injection, activated local M¢ expre-
ssed induced COX-2 activity with consecutive release of
PGE, which may be relevant in particular locations and at
particular concentrations. The Th17 cells, a newly disco-
vered distinct lineage of proinflammatory T helper cells,
are now considered essential for inflammation and AD in
both: mice and humans (8) (Fig.2.)

In mice, commitment to the T h-17 lineage is depen-
dent on transforming growth factor-B (TNF-B) and
interleukin 6 (IL-6) (8-10).These cells produce the pro-
inflammatory cytokine IL-17, responsible for the recrui-
tment, proliferation and activation of granulocytes in an
inflammatory setting. The newly discovered, IL-23 (9) se-
creted by activated macrophages and DC, supports a dis-
tinct lineage of Th-17 cells (producing IL-17) by binding
to the IL-23 receptor on the surface of Th17 cells and me-
diating chronic inflammation, as it is defined in chronic
colitis in mice, and in Reumathoid Arthritis (RA), Auto-
immune Bowel Disease (IBD) and Diabetes typel in hu-
mans. (9) However, IL-17 has been also implicated in the
pathogenesis of several AD, such as EAE (experimental
autoimmune encephalitis) and CIA (collagenase induced
arthritis), the mouse models of Multiple Sclerosis (MS)
and Rheumatoid Arthritis (RA) respectively. Both IL-12
and IL-23 bind to receptors from the same family: hetero-
dimers with a unique and shared subunit p40. During the
past few years, it has become apparent that IL-12, STAT4
and IFN-", and therefore Th1 cells, are not the primary
instigators of model inflammatory diseases(12). Rather,
the pathogenic cells in these models of disease are indu-
ced in response to signals provided in vivo by the IL-12-li-
ke cytokine IL-23, and are characterized by the producti-
on of a suite of cytokines, chemokines, effector molecules
and transcription factors distinct from that of Thl cells
(11-15). One of the genes most highly expressed in the-
se effector cells is the pro-inflammatory cytokine IL-17.
Additional features of Thl7 cells include the producti-
on of IL-22 and expression of IL-23R. These IL-17-produ-
cing CD4* T cells have been recognized as key mediators
of inflammation and tissue damage in several animal mo-

dels of human diseases. Following the characterization of
Th17 cells, interest turned to identifying the factors res-
ponsible for their generation. IL-23 was initially propo-
sed as a key mediator of Th17-cell generation, because IL-
23-deficient mice displayed severely decreased numbers
of IL-17 producing CD4* T cells compared to wild-type
mice. Later work, however, revealed that IL-23 was not
required for the generation of Th17 cells from naive T ce-
lls per se, but rather acted later on cells that were already
committed to the Th17 lineage. (9-11).This was consistent
with the original finding that IL-23 promoted proliferati-
on of activated/memory, but not resting/naive CD4* T ce-
lls. (13) Subsequently, it was shown that IL-17 production
by naive CD4* T cells could be driven by TGF-& and IL-
6. These cytokines act in a STAT3-dependent manner to
induce expression of the orphan nuclear receptor ROR
t, which subsequently increases production of IL-17. Thus,
analogous to the central roles played by T-bet and GATA3
in generating Thl and Th2 cells, respectively, ROR 't is
considered to be the transcription factor responsible for
guiding the development of Th17 cells. The role of TGEF-
I in the development of these cells is particularly intere-
sting, as TGF- is also important for driving the genera-
tion of regulatory T cells. Thus, TGE- B will promote the
differentiation of inhibitory Treg. However, in the presen-
ce of additional inflammatory signals such as IL-6, Th17
cells will be generated. Thus, IL-6 represents a crucial
switch for controlling the differentiation of CD4* T cells
to the Th17 or Treg lineages. (Fig.3.)

It remained unclear, though, whether other cytoki-
nes were also capable of controlling this switch.

Recent studies from the Kuchroo, Dong, Littman
and other labs approached this question from different
perspectives, but all reached the same conclusion that IL-
21, a member of the IL-2 family of cytokines, also controls
the generation of Th17 cells.(18-21). They showed that IL-
21, in combination with TGF-, induces IL-17 produc-
tion from naive CD4" T cells. This was accompanied by
the acquired expression of RORy t and IL-23R. Converse-
ly, IL-21 inhibited the generation of FoxP3* Treg induced
by TGF-B. Furthermore, analysis of IL-6-deficient mice
revealed that the ability of IL-21 to generate Th17 cells
from CD4" T cells was independent of IL-6. Thus, IL-21,
like IL-6, can dictate the generation of Th17 versus Treg.
For both IL-21 and IL-6, this switch seems to be media-
ted by STAT3 and ROR st. These papers also demonstra-
ted that IL-6 or IL-21 could induce Th17 cells themselves
to produce IL-21 (autocrine loop). Such endogenous pro-
duction of IL-21 by Th17 cells appeared to be biologically
significant, because the number of IL-17-producing cells
generated by TGF-B and IL-6 was reduced in the absen-
ce of IL-21/IL-21R signalling. Thus, IL-6 can elicit IL-21
production by CD4* T cells, which then functions in an
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autocrine loop to amplify the Th17 response in a similar
way to IL-4 for Th2 and IFN-"# for Th1 cells. Furthermo-
re, both IL-21 and IL-6 upregulated IL-23R, thereby pri-
ming Th17 cells to the amplifying and stabilizing effects
of IL-23.

Targeting molecules involved in the generation, ma-
intenance and effector function of Th17 cells, such as
TGF-H, IL-6, IL-23 and IL-17, have been proposed as no-
vel therapeutics for human inflammatory disorders. The-
se findings on the role of IL-21 in the biology of Th17 cells
add IL-21 to this list of potential targets. In particular, sin-
ce IL-21 functions in a self-amplifying loop on established
Th17 cells, IL-21 may be a better target for inhibiting the
pathogenic inflammatory response than IL-6. Recent re-
ports showing that neutralizing IL-21 in murine models
of lupus or rheumatoid arthritis ameliorated disease se-
verity demonstrate the potential utility of IL-21-targeted
therapies for human autoimmune conditions (18-21).

These findings also raise some interesting questions
that will no doubt be addressed in future studies. First,
Th17 cells are not the only population of CD4* T cells ca-
pable of producing IL-21. Indeed, CXCR5" T follicular
helper (T,,,) cells are also a rich source of this cytokine.
Interestingly, T, cells have also been found to be overre-
presented, and assumed to be disease-causing, in murine
lupus. Humans deficient in ICOS have a reduction in the
frequency of circulating T, cells, and activated CD4* T
cells from these patients exhibit reduced production of IL-
17.(20) The reduction in IL-17 secretion may be a direct
result of the deficiency of circulating T, cells in ICOS-
deficient patients. Thus, it is tempting to speculate that
T, cells are also capable of producing IL-17. For these re-
asons, in addition to the finding that both T, and Th17
cells can provide B-cell help for Ab production, it will be
important to establish the relationship between Th17 cells
and T, cells to determine whether they have a common
developmental programme. It will also be important to
determine whether production of IL-21 by T, cells con-
tributes to the generation of Th17 cells, or whether the IL-
21 required for this process is strictly derived in an auto-
crine manner.

Second, it will be important to determine if other si-
gnature Th17 mediators, such as IL-22, are differentially
regulated by IL-6 and IL-21 and whether the abilities of
both IL-6 and IL-21 to induce Th17 cells represent redun-
dant systems, or if they favour the development of Th17
cells for responses against specific pathogens. For instan-
ce, it has been found that animal models of inflamma-
tory dermatitis can develop independently of IL-17 and
that production of IL-17 and IL-22 by Th17 cells is diffe-
rentially regulated in such conditions. Thus, it is possible
that Th17 cells induced by TGF-B and either IL-6 or IL-
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21 make qualitatively different contributions to the deve-
lopment of inflammation depending on the pathogen and
affected tissue. Notwithstanding these uncertainties, the-
se recent findings expand our understanding of Th17 cells
and highlight potential new strategies for effectively trea-
ting human inflammatory diseases.

»  PGE, receptors on hematopoietic and non-hematopoi-
etic cells: their significance for inflammation and AD

PGE,, is an important mediator of the immune res-
ponse, including the recruitment of bone marrow precur-
sor cells through CXCR4/SDEF-1 (CXCL12) system and the
shift from Thl to Th2 dominant responses (1 - 6). The
exact role of a specific prostanoid in the inflammatory
response is often ambiguous. There are 4 already cloned
and sequenced receptors for PGE, (EP1-EP4) with unique
patterns of expression and different coupling to intrace-
llular signaling pathways in different cells of immune sy-
stem (11). So, by acting on different subtype receptors on
different cells in the body, prostaglandins can exert op-
posing pro- or anti-inflammatory effects. For example,
activation of D prostanoid 1 receptor suppresses asthma
by modulation of lung dendritic cell (DC) function and
induction of regulatory T-cells (T-reg) (12). It is consi-
dered that EP2 receptors directly inhibit T- cell prolife-
ration, while EP2 and EP4 receptors together regulate an-
tigen presenting and different cell functions in DC (11). It
seems that prostaglandins can enhance or suppress both
inflammation and/or perpetuation of flares in AD by ac-
ting on different receptors expressed by Treg cells. It has
been shown that immature dendritic cells (iDC) have EPI,
EP2, and EP4 receptors. (11 ). The induction of IL-23 is
mediated through PGE2 which binds to EP2 and possi-
bly, EP4 receptors. The results (11) indicate that PGE, in-
duces the early expression of both IL-23 subunits, with no
significant effect on P35, and therefore on IL-2 expressi-
on (11-16). PGE2 induces pl9, p40 but not p35 expressi-
on in dice. So, PGE2 induces resident iDC to generate IL-
23 which in turn induces IL-17, a potent proinflammatory
cytokine secreted by activated T-cells and synovial ce-
lls. It is also found in synovial fluid of RA patients. These
known facts raise the question: what is the exact mecha-
nism of PGE, releasing macrophages in BCG-immunized
mice in regulation of TH-17 cell mediated immune res-
ponse? If DC have prostaglandin receptors and bind the
ligand with consecutive IL-23 subunit expression and IL-
17 induction in the lymph nodes, skin, and beneath the li-
nings of GIT, do macrophages in the spleen have similar
or different pattern of regulation? How does that pattern
look like in HK-BCG immunized mice?
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+  PGE, releasing macrophages in aorta and spleen of
mice treated with i. p. injection of HK-BCG

The spleen is the lymphoid tissue where PGE,
M¢ and immune lymphocytes interact in chronic infla-
mmatory diseases. PGE, inhibits production of Thl cyto-
kines (IL-2, IL-12, and INF-Y . In contrast, PGE, on de-
pending stimulatory conditions has no effect or enhances
production of Th2 cytokines (IL-4, IL-5, and IL-10). (1)
The development of Thl cells against HSP65 from BCG
mediates resistance to Mycobacterium tuberculosis whi-
ch constitutes major vaccine strategy against TBC. Howe-
ver, the results of the work of our group strongly suggest
that in recurrent or chronic infections, anti HSP65 whi-
ch does not have a decisive, protective role against myco-
bacterium infection, may promote the further progressi-
on of disease development, for example of atherosclerotic
plaques in atherosclerosis(1-4 ). Our very recent data per-
formed on cells isolated from wild type ( Wt) mouse aor-
ta and spleen have confirmed strong signal for COX-2 ac-
tivity on Western Blot and stimulation of PGE, secretion
by both HK-BCG and calcium ionophore A 23187, sugge-
sting macrophage activation in these localities 7 days af-
ter i. p. injection of 1 mg of HK-BCG and inflammation of
aortic wall.

«  PGE, induced FoxP3 gene expression in (CD4+CD25+
Treg) cells: their function in human CD4+ T cells

Human FOXP3 is a crucial regulatory gene for the
development and function of CD4+CD25+ regulatory T
cells and can be used as their reliable marker. Transcrip-
tion factor FOXP3 conversion of CD4+CD25 Naive T ce-
lIs to CD4+CD25 Tregs (TGF- induced) is described as
a step involved in Treg cell differentiation. It was also con-
firmed that prostaglandin E2 induced FOXP3 gene expre-
ssion and T reg cell function in human CD4+ T cells (13).
This was the first report indicating that PGE, can modu-
late FOXP3 expression and Treg function in human lymp-
hocytes. Their importance resides in their pivotal role in
the maintenance of immunological tolerance. Barabelli
et al, further hypothesized that PGE, secreted by tumor
associated macrophages (TAM) could contribute to tu-
mor-induced immunosupression through modulation of
Treg cell function. More specific, the PGE, - dependent
acquisition of Treg cell function was correlated with in-
duction of FOXP3 gene and its coding protein expressi-
on (13). The enhanced inhibiting activity of PGE,-treated
CD4+CD25+ T reg cells was also associated with signifi-
cant up-regulation of FOXP3 (13 ). This report highlights

novel roles for PGE, in controlling the generation and fun-
ction of Treg cells. Summary on the role of Th1,Th2, Th17
and Treg cells is given in Table 1., and is self-explanatory.

o Polarization of M#® and /or DC as a prerequisite for
T-cell polarization (differentiation))through cross talk
between M#-and T cells and/or DC and T-cells

The fate of T-cell mediated immune response is de-
pendent on the preceding polarization of primarily
M¢ and/or DC, which will through the action upon naive
and consequently regulatory T-cells finally polarize the
pool of T-cells, into Th1, Th2 and Th17-leading to proper
balance or disbalance (named Th1/Th2 or Th2/Th1 shift),
with implications for eventual immunotherapy. Exposu-
re to pathogens triggers the maturation of DC, a multi-
step process whereby DC sequentially induce innate and
adaptive responses against invading pathogens. Initially,
DC secrete cytokines and chemokines that recruit innate
effector cells, such as neutrophils and M¢ to the site of
infection; these cells exert potent antimicrobial activities,
and keep the pathogen in check. Subsequently, the matu-
ring DC (mDC) migrate to draining lymph nodes, where
they activate and expand antigen-specific T- cells, effec-
tors of adaptive immunity. Activated T-cells migrate back
to the site of inflammation, clear the infection and give
rise to the memory response. Clearly, pathogen recogni-
tion by DC is a crucial process in the host defense aga-
inst infectious agents. Once in the lymph nodes, immatu-
re DC (iDC) present self-antigens to autoreactive T-cells
that escaped thymic selection, resulting in the deletion of
the autoreactive T-cells or the induction of T-regs. The-
refore, DC orchestrate T-cell responses against self and
non-self by eliciting immunity in response to a pathogen
challenge and establishing peripheral tolerance in the ste-
ady state. Quite recently, polarization of M¢ has been
demonstrated and confirmed at a genetic level (17). On
the other hand, clinical studies have shown high correla-
tion between mycobacterial infection and atherosclero-
sis, while mouse models of atherogenesis was established
by using HK-BCG. Therefore, HK-BCG activated sple-
nic M¢ are current target for understanding mecha-
nisms of action of their prostanoid secretory products in
different models of inflammation and AD, including at-
herosclerosis caused by inflammation linked to infectio-
us agents, especially HK-BCG. Whether the Th-17 IL-23
pathway and PGE, producing M¢ have the role in at least
some section of the spectrum of this disease, is to be con-
firmed in future studies.
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Fig.3.

Summary Table 1.

. Master .
Cytokine A Effector . Pathological
g Transcriptio . Effector Functions
Type Stimulus Cytokine(s) Effects
n Factor
Autoimmunity;
Th1 IL-12 T-bet IFN-y Intracellular pathogens cell-mediated
allergies
Th2 IL-4 GATA-3 IL-4 Extracellular pathogens Asthma and IgE-
mediated allergies
TGF-B plus IL-6 . .
Th17 | Inhibited by retinoic RORy IL-17 & IL-22 Extracellular bacteria; Autoimmune
acid mediates inflammation diseases
TGF-{ minus IL-6 Immunosuppression; anti-
Treg Stimulated by retinoic Foxp3 TGF-B8 'osupp ’ None?
acid inflammatory
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