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Cytokine Secretion

L Tho: IL4, INF-»
/ CD4+25- | Th1:INF-», TNF-q, IL-2

CD4+ Th2:1L-4,5,6,10,13

TaB ceﬂ Th3 : IL-10, TGF-B**

Tcell (CD3+

CD4+/56+ (NKT)

Trd cell

— TcO: IL-4, INF-¥»
Tcl: INF-¥, TNF—a, IL-2

\ Te2: IL-4, 5, 6, 10, 13

= CD8+Tr: IL-10

U Trl: IL-10*, TGF-B Regulatory cell
: Role of immune
CD4+/254 (Treg) : TGF-B tolerance
)

Figure 1. Classifications of T lymphocytes T lymphocytes are classified to Tap and Tad lymphocyte by cell surface
receptor (A), CD47/25™ T, CD4"/25" T, CD§", and Natural Killer T cell (NKT) cell by surface marker expression (B),
and ThO, Th1, Th2, Th3, Trl, TcO0, Tcl, Tc2 and CD8 Tr by cytokine secretion (C). Th: helper T lymphocyte Tc:
cytotoxic T lymphocyte Tr: T regulatory cell Kwang Moon Yang. Roles of T Lymphocytes in Early Human

Reproduction.
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MHCII + Ag O
*.3. Treg cell activation,,” O @
* and proliferation ©
RUER  folon.
EFFERENT * Arl:;gzlt]atio;“ /4 Treg Fe“
LYMPHATICS P "/ recruitment O O
__,--—"'—“f 5. Treg cell el
- 1. Antigen upteke | effector f““di"“ o Figure 2. A working model of

and processing { Tm) apoptosis

LY the key steps in the induction and

effector pathways of Treg cell
" o QES""‘. suppression activation, expansion and suppres-
DO sive function to mediate maternal-
fetal tolerance (Modlﬁed from
Guerin et al., 2009).”

Kwang Moon Yang. Roles of T Lymphocytes in
Early Human Reproduction. Korean J Reprod

UTERUS [L-10
TGF

=

tajerogenie

TGFB PGE, GM-CSF IL-4 IL-10 G-CSF Med 2009.
Tryptophan Decreased IDO Increased
-
l DO Tryptophan Tryptophan metabolites
Kynurenine — Kynurenic ancid l
/ \ Increased
3-hyudroxykynurenine Anthranilic acid Uncharged tRNA
\ / GCN2 activation
3-hydroxyanthranilic acid
Cell cycle arrest, Apoptosis, . .
_ Treg induction?
Quinolinate T cell anergy Cell cycle arrest e

Figure 3. Molecular mechanisms of IDO-induced immunosuppression. IDO catalyzes the initial and rate-limiting step
in the degradation of tryptophan along the kynurenine pathway. Tryptophan metabolites have been shown to have
immunomodulatory activity, alone or in combination with the GCN2 signaling pathway. IDO enzymatic activity results
in the local depletion of tryptophan and a local increase in the concentration of downstream metabolites. The decrease
in tryptophan can cause a rise in the level of uncharged transfer RNA (tRNA) in neighboring T cells, resulting in
activation of the amino acid-sensitive GCN2 stress-kinase pathway In turn, GCN2 signaling can cause cell cycle arrest
and anergy induction in responding T cells. The local increase in tryptophan metabolites can cause cell cycle arrest,
apoptosis, and (in conjunction with GCN2 s1gnahng) differentiation of new Tregs from uncommitted CD4" T cells
(Modified from Mellor et al., Mellor et al. 2004)

Kwang Moon Yang. Roles of T Lymphocytes in Early Human Reproduction. Korean J Reprod Med 2009.
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LPS
CpG
AGHON — a T CLQ/’_;?__:I
Bacterial GSL e NK \
era 7w le= |
/ ’\_ < I"x T\
[ J S gLe12 %
TNF-0. <~ 12 INF=y, TNF-0.
@& TLR49 . -
-~ CD40 /
( NK \
{ codoL ( Pregnancy loss
4 CD1d \ __x| - regnancy
= NKT TCR N, @ ® //__-———-——‘
o Perforin S WL INF-y, TNF-x

Figure 4. Hypothetical model of NKT cells in immune-
mediated pregnancy loss. NKT cells are activated directly
by bacterial wall glycolipids, or they can be activated
indirectly via LPS or CpG-stimulated APCs. Pathogen
derived cell wall glycolopids are endocytosed by an APC
and loaded onto CD1d. Pathogen-derived TLR ligands
such as LPS trigger TLR4 signaling on as APC (DC and/
or macrophage) which induces loading of endogenous
CD1d agonist ligands onto CD1d. Activation of NKT
cells through TCR recognition of CDI1d and agonist
ligand leads to cytokine production and upregulation of
CD40L (CD154). Cross-linking of CD40 expressed on
the APC by CD40L in turn leads to APC activation and
results in secretion of IL-12. IL-12 production leads to
NK cell activation and subsequent production of INF-y
and TNF. (Modified from Boyson et al.)”

Kwang Moon Yang. Roles of T Lymphocytes in Early Human Reproduction.
Korean J Reprod Med 2009.
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Y] Thl ARe]EFRQD Enlef digh B2 F3A At xke] w2 oA Thl Ato]E7R]
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g A % Hjok Al A (supernatant)  Th2 AFO]E7FQ] (IL-10)S H|3F= CD4" & T

INFy 5 Thl 8 Al|EFIIe] w57t &3 Fxfof H|s)] G984 =om 33 Ul TNF-o,
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hztel mlel el wes Raslda® 5 ke Eald %ff& o] ¥4 Ul IL-69
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_ oo _ pPHK cells{C D56dim16+} APS
UMK cells with inhibitory KIR uMK cells with activating KIR mherited thrombophilic mutaton
Trez cells [CD4+ T cells FVL
| e pg+ T eells PTgene
+ - Hyperglycemia - + MTHFR
nsulin resistance ' > PAI-]
APS | HPA-1
100 production + Factor X1l
(DCs) ; + + B-fibrinogen
Antithrombin
C complement activation Acquired thrombophilia
Protein (/S deficiency
| Factor VIl deficiency
+ ¥ v Hyperglycemia
Anti-inflammetory cytokines Pro-inflammatory cytokines nsufin ?*w-i*tm ©
IL-4,5,6,10 INF-y, THF-w, IL-2,12
ToFf \
. T ophablastic
inhibition of cellopoptosis - " Placental thiammbasis
Trophoblastic h s
CPOpLasis + i

|Fetal survival

Figure 5. Inflammatory/thrombotic process at maternal-fetal junction determines fetal outcome. Pro-inflammatory
cytokines secreted by Thl and type 1 NK cells enhance placental implantation by stimulating angiogenesis and
trophoblast invasion. In contrast, excessive pro-inflammatory cytokines induce increased apoptosis of trophoblast
cells. Inflammatory responses at the maternal-fetal junction can be induced by thrombophilic conditions (acquired or
inherited), systemic autoimmune (antiphospholipid antibody syndrome) or metabolic diseases (hyperglycemia). In
addition, autoimmune abnormalities enhance complement activation on trophoblast cells, which leads to trophoblast cell
apoptosis. Treg cells and type 2 NK cells counteract inflammatory cytokines through production of anti-inflammatory
cytokines and stimulating indoleamine 2,3 dioxygenase (IDO) production. (—) positive effect; (- - -) negative effect.
ANA, antinuclear antibody; APA, antiphospholipid antibody; APS, antiphospholipid syndrome; pNK, peripheral blood
NK cells; Thl, T helper 1 cells; Tcl, T cytotoxic cells; Treg, T regulatory cells; uNK, uterine NK cells. (Modified
from Kwak- Klm etal.)®
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