S2 Table. IBD network repository. The selected nodes are reported in the column named “Receptor Node”. When
the “Receptor node” cell is pink coloured, it means that the particular node is reported as altered in IBD. The
description of the functional relationship between receptor nodes and the nodes interacting with them is listed in the
columns named “Effector Node” and “Action” respectively, summarizing the information with a brief fragment or a
graph from the literature. The explanation is followed by the “Reference” column. A code colour for the references is
used to remark the quality of the reference. On the one hand, green colour is used for trustable, clear and supported
by experiments references. On the other hand, yellow colour is used for reviews or articles containing information
from animal data. When a node/relation is in cell with orange colour, means that they are not included in final model.
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2 MDP 24 Th2
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19 IL17 41 MMPs

20 IL10 42 PERFOR

21 Thl7 43 GRANZB

22 Thl7_M

COLOUR | MEANING

Altered node in IBD
Not included in the function
Reference is clear and it is supported by experiments

Reference is a review or is supported by experiments performed in mouse




Receptor
Node

Effector
Node

Action

Reference

1-3

PGN

MDP

LPS

NOT
(PERFOR OR
GRANZ)

“NK cells kill their target cells through two major pathways, both
requiring close contact between NK cells and the target cells. In the
first pathway, cytoplasmic granule toxins including perforins and
granzymes are secreted by exocytosis and together induce
apoptosis of the target cells. The second pathway involves the
engagement of death receptors in target cells by their cognate
ligands in NK cells, resulting in classical caspase-dependent
apoptosis [8].”

“Intestinal NK cells are phenotypically distinct from their
counterparts in the blood and resemble “helper” NK cells, which
have potentially important functions both in promoting anti
pathogen responses and in the maintenance of intestinal
epithelium [13]”

“Relative reduction in CD56+ NK cells may conversely have an
impact on intestinal epithelial repair processes in the
gastrointestinal tract [18, 19].”

“These data indicate that NKp46+CD3- NK cells in gut mucosa are
distinct from conventional NK cells characteristic of IFN-y
production and cytotoxicity and may be involved in intestinal
epithelial homeostasis and prevention of intestinal inflammation”

(1]

[8] “we show in mice...”

(2]

[13] Previous studies have reported NK cell-mediated natural
cytotoxicity in lamina propria lymphocyte preparations (20-22)
e NKp46+ RORgd- intestinal NK cells: NK cells=» Produce
IFNg, GranzB, PERF. Cytolytic
e IL-22-producing NKp46+ RORgd+
LTiNKcells-> Produce 1L22. No cytolytic

LTi-derived cells:

(3]

[19]: “While one subset of lamina propria NK cells may act to
promote pathogen-specific immune responses to enhance the T
helper type 1 response via the production of IFN-g, another subset
may be involved in innate immunity and have a ‘repair’ function by
regenerating the intestinal epithelial barrier. The distinct subset of
CD56+ CD11c- cells described here may be involved in the latter
function, to limit the already established inflammation in IBD.”

(4]

“Membrane fusion and degranulation results in the release of
effector proteins (e.g. perforin and granzymes) into the
intracellular synaptic space and the appearance of secretory
lysosome associated membrane proteins on the cell surface [21, 27,
28]”

(5]
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“NK cells and supposedly is associated with the same lysosomal
compartment that is used for storage and release of perforin and
granzymes [8, 15, 29].”

“Truncated BID (tBID) translocates to the mitochondrial membrane
and plays a critical role during the induction of apoptosis [45]. Thus,
granzyme B might be considered a major cytotoxic effector
released from secretory lysosomes.”

“perforin forms pores similar to the terminal complement
components to then enable the protease granzyme B to enter the
target cell and to initiate apoptosis [49,55,57-60]"
“perforin at sublytic concentrations did not form pores but still
enabled granzyme B to enter the target cell [61].”

“binding of granzyme B to target cell membranes is charge-
dependent but perforin-independent” granzyme is transported to
an endosomal compartment within the target cell, again in a
perforin-independent manner. Interestingly, also in this scenario,
perforin acts as a cofactor for the induction of apoptosis by an
unknown mechanism”

(5]

“IBD-related inflammation is marked by mucosal accumulation of
cytotoxic, GrB-expressing CD19+ and IgA+ cells, suggesting a role
for these cells in IBD-associated epithelial damage”

“GrB-induced target cell death by NK cells and CD8+ lymphocytes is
strictly dependent on perforin (34, 35). However, it has been
demonstrated that GrB may enter the target cell by a perforin-
independent pathway (36)“

“The spectrum of functions exhibited by GrB is much more diverse
than originally thought and includes cytokine-like effects,
immunosuppressive effects, ag processing, matrix degradation,
and cleavage of autoantigens.”

(6]

“Cytotoxic lymphocytes include cytotoxic T lymphocytes (CTLs) and
natural killer (NK) cells. Despite substantial differences in how these
two cell types are activated and how they recognize their targets,
the key pathways that mediate target cell death are conserved.
Once conjugated to a target cell, the cytotoxic secretory granules
traffic to the immunological synapse and release a cargo of deadly
proteins including perforin granzymes (FIG. 1) and granulysin."

(7]

NOT
DEF

“Our group was able to show that patients with ileal CD have a
reduced expression of TCF4 and also a reduced expression of HD5
and HD6 (a defensins), resulting in a lower antibacterial activity of
intestinal mucosal extracts from patients with ileal CD, implicating a
functional relevance of these observations.”

(8]
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columnar cells produce several antimicrobial peptides, which are
known as defensins [33].

defensins as broad spectrum of microbicidal activity against Gram-
negative and Gram-positive bacteria, fungi, viruses and protozoa
[34].They are capable of forming pores in the microbial membranes
leading to disruption of the bacteria [35].

(9]

“The alpha-defensins are lacking owing to several Paneth cell
defects. In__colonic CD, the expression of beta-defensins is
inadequate. This may be related to downregulation of the
transcription factor peroxisome proliferator-activated receptor-
gamma and in some cohorts is associated with a reduced HBD2
gene”

“The lack of alpha-defensins in ileal CD was confirmed by two
other research groups [44, 45].

“This negatively charged biochemical and physical barrier lines the
entire gastrointestinal tract to prevent pathogens from coming too
close to the epithelium [39]. Thus, the entire intestinal epithelium,
covered by a shield of cationic defensins which are fixed in the
negatively charged mucus layer [40], forms the innate barrier of
the gut”

“In IBD, defects in this intestinal shield enable the luminal
microorganisms to attack the epithelium”

UC: “The mucus layer, which protects the host from the enormous
amounts of luminal microbes, is defective. This is accompanied by
an insufficient differentiation from intestinal stem cells towards
goblet cells. All these disturbances in the gut barrier shift the
balance from epithelial defence towards bacterial offence. “

“Beta-defensins and other defensin-like peptides are sufficiently
induced in UC under inflammatory conditions, and moreover, the
antimicrobial activity of the inflamed UC mucosa is significantly
higher compared with the inflamed CD mucosa [61, 62, 68].
Therefore, it seems that defensin synthesis and activity are not
disturbed in UC.”

“Overall, defective goblet cell differentiation might explain the
deficient mucus layer in UC. The sufficiently secreted defensins are
not retained by the defective mucus layer, thus allowing bacteria
to pass through the epithelium and induce inflammation (Fig.3)
[51)"

(9]

Alteration:

“Local changes in tissue integrity associated with focal areas of inflammation may
result in the selection of a dysbiotic bacterial community associated with the
propagation of a disease phenotype.”

“A health-associated microbiota plays an important role in the defense against
infectious pathogens, and mechanisms associated with colonization resistance

(10]
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facilitate pathogen clearance from the intestinal tract. Phenomena that alter
microbiota composition, such as host inflammation or antibiotic treatment, can be
exploited by obligate or opportunistic pathogens, including Salmonella enterica
serovar Typhimurium and Clostridium difficile. (Keeney and Finlay, 2011; Ng et al.,
2013), Enterococcus ssp. (Kinnebrew et al.,, 2010; Ocvirk et al., 2015) and
Escherichia ssp. (Patwa et al., 2011; Tchaptchet et al., 2013), which benefit from
the resulting pertur-bation of the microbiota (Lupp et al., 2007; Stecher et al.,
2007; Hoffmann et al., 2009; Hajishengallis et al., 2012; Lawley et al., 2012). Once
dysbiosis is established, pathogens can rapidly out-compete commensals due to
factors in their genomes (e.g. those encoding bacterial toxins, antimicrobial
resistance, adhesion fac-tors) that confer greater resistance to host defense
mechanisms (e.g. antimicrobial peptides, reactive oxygen species and phago-cyte
killing), and better utilization of the gut nutrient environment (Raffatellu et al.,
2009; Winter et al., 2010; Keeney and Finlay, 2011; Rivera-Chavez and Baumler,
2015).”

“It has been shown that infectious bacteria, such as adherent-invasive Escherichia
coli (AIEC) and Mycobacterium avium subsp. paratuberculosis, are fre-quently
associated with the pathogenesis of inflammation in CD patients (Rhodes, 2007;
Behr and Kapur, 2008; Barnich et al., 2013; Chassaing et al., 2014, 2015; Vazeille et
al., 2016). This observation leads to the tempting speculation that transient
infection with pathogens cause changes in the microbial environment of the sus-
ceptible host, and thereby triggers the development of chronic inflammation
once the pathogen has been cleared. However, it is still debated whether bacterial
infection is primary or secondary to the underlying immune dysregulation in CD
patients (Glasser et al., 2001).”

NK IBD:
e NKp46+ RORgd- intestinal NK cells: NK cells=» Produce IFNg, GRANZB, PERFOR. Cytolytic
e IL-22-producing NKp46+ RORgd+ LTi-derived cells: LTiNKcells-> Produce IL22. Are not cytolytic.

DEF CD: The expression of beta-defensins is inadequate. This may be related to downregulation of the transcription
factor peroxisome proliferator-activated...// The lack of alpha-defensins in ileal CD was confirmed by two other
research groups

DEF UC: It seems that defensin synthesis and activity are not disturbed in UC. The sufficiently secreted defensins are
not retained by the defective mucus layer, thus allowing bacteria to pass through the epithelium and induce
inflammation.

e alpha-defensins is reduced in ileal CD
® beta-defensins is decreased in colonic CD
® mucus layer is deficient in UC.

e ACUTE INFECTION:
PGN = PGN AND NOT (PERFOR GRANZB DEF)
MDP = PGN AND NOT (PERFOR GRANZB DEF)
LPS = PGN AND NOT (PERFOR GRANZB DEF)

e CHRONIC INFECTION:
PGN = NOT (PERFOR GRANZB DEF)
MDP = NOT (PERFOR GRANZB DEF)
LPS = NOT (PERFOR GRANZB DEF)




TLR2

Overexpre
ssed in UC
and CD
[11,12]

Muramyl dipeptide was recognized by NOD2 but not by TLR2
(Do not recognize MDP)

[13]

“TLR2, one member of the TLR family, recognizes conserved
molecular patterns associated with both Gram-negative and Gram-
positive bacteria, including lipopeptides / lipoproteins, lipoteichoic
acid, zymosan, and components of peptidoglycan”

PGN

“As examples; TLR2 recognizes peptidoglycan (a bacterial
cell wall component) and constituents of gram-negative bacteria,
mycobacteria and fungi”

[14-16]

“the expression of total TLR2 and sTLR2 in intestinal mucosa is increased in patients
with UC.”
“patients with a higher activity score have the lowest sTLR2 levels”

(11]

TLR2 = PGN

TLR4

upregulate
dinCDand
ucC. [17]

“TLR4 interacts with lipopolysaccharide (LPS), resulting in the
recruitment of the adapter molecule MyD88, phosphorylation of the
IL-1 receptor-associated kinase (IRAK) followed by tumor necro-
LPS receptor-associated kinase (IRAK) followed by tumor necrosis factor
(TNF) receptor-a”

(17]

“TLR4 recognizes bacterial lipopolysaccharides (LPS)”

[16]

TLR4 = LPS

NOD2

Altered
[18]

(8]
[19][20]

NOD2 ARE PART OF THE INFLAMMASOME:

Inflammasomes are formed by:
e an adaptor protein
e an inflammatory caspase.
e asensor protein. Which are:
O PRRs that act as scaffolds. Could be a member of the NLR:
m  NLR family include:
e the NOD (NOD1, NOD2, NOD3/NLRC3,
NOD4/NLRC5, NOD5/NLRX1, CIITA), NLRP or
NALP (NLRP 1-14) and IPAF (NLRC4 and NAIP)
subfamilies.
m orapyrin (PYD) and HIN domain-containing protein
(PYHIN) family.

[21]

“Peptidoglycan (PGN), as a major component of bacterial cell walls
in both Gram-positive and Gram-negative bacteria, 5 is known as a
potent immunostimulator. Nod1l and Nod2, founding members of
the NLR protein family, have been shown to recognize bacterial
PGN fragments (muro-peptides) and regulate innate and adaptive
immune responses by activating transcription factors including NF-
KB.6”

MDP

[22]
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“The minimum ligand for Nod2, on the other hand, is MDP
(muramyl dipeptide: MurNAc-L-Ala-D-isoGIn).8,9”

6 “NOD1 and NOD2 sense intracellular PGN fragments from
bacteria.”

“Additional work revealed that muramyl dipeptide (MDP), a PGN
motif widely distributed among both Gram+ve and Gram-ve
bacteria, is sufficient to trigger NOD2 activity (Girardin et al.,
2003b; Inohara et al., 2003).”

(23]

“Muramyl dipeptide was recognized by NOD2 but not by TLR2”

[13]

“NOD2 signaling is intimately entwined with TLR signaling such that
NOD2 recognition of MDP tolerizes cells to further TLR2 or TLR4
activation”

[24]

Comment: NOD2: Is in DC, stromal cells, MACR

“NOD2 plays a crucial role in regulating intestinal homeostasis. By sensing
microbiota-derived PGN fragments, NOD2 activates NF-kB, which, in turn, leads to
the production of antimicrobial peptides (AMPs) in Paneth cells (PC) that provide a
barrier between the microorganisms and the epithelial layer. Activation of NOD2 in
dendritic cells (DCs) leads to production of the interleukin-23 (IL-23) thus
promoting an early mucosal T helper 17 (Th17) cell response that enhances barrier
protection by inducing IL-22 and regenerating islet-derived protein Illy (REGIlly).
NOD2 activation in stromal cells also promotes CC-ligand 2 (CCL2)-mediated
recruitment of inflammatory monocytes (Mo) to the intestine. Interaction between
NOD2 and ATG16L1 promotes autophagosome formation in intestinal epithelial
cells (IEC) and intraepithelial bacterial clearance. Crohn’s disease-associated
NOD2 variants perturb many aspects of immune homeostasis including reduced
MDP sensing in both macrophages (Mac) and DCs, impaired anti-microbial
responses in Paneth cells, and altered autophagy leading to defective barrier
function and/or bacterial clearance. These alterations along with the
development of dysbiosis may lead to enhanced mucosal adherence and
translocation of bacteria.”

“the activation of NOD2 by intracellular pathogens induces the formation of an
autophagosome, which is mediated by ATG16L1.”

CARD is altered in IBD [25]). CARD

“Presence of a CARD15 mutation -which has been shown to be associated with
increased Crohn’s disease susceptibility- imbalances TLR2-mediated NFkB
activation in antigen presenting cells, thus leading to mucosal inflammation
through exaggerated interferon-g , IL-12, and IL-23 production, 29 which in turn
may further suppress mucosal TLR2-mediated anti-inflammatory IL-10 production
via paracrine loops. 30” [14]

Comment: MDP belongs to PGN. NOD2 apparently recognizes MDP. In some

(23]
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references [22] is reported that NOD2 recognizes PGN as well. We assume that is
because both (PGN and MDP) are part of the same structure in G+ and G-, and
NOD2 recognizes just MDP. But to initiate a simulation, we should not simulate
PGN and MDP separately.

NOD2 = MDP

MAPK

“As an example, TLR4 interacts with lipopolysaccharide (LPS),
resulting in the recruitment of the adapter molecule MyD88,
phosphorylation of the IL-1 receptor-associated kinase (IRAK)
followed by tumor necrosis factor (TNF) receptor-a associated factor
6 (TRAF6). Most TLRs use MyD88 as an adapter molecule, although
other adapter molecules such as TRIF are utilized by TLR3.
Recruitment of TRAF6 leads to the phosphorylation of Ikb- kinases
and release of NFkB as well as activation of the mitogen activated

TLR2 OR .. “
protein kinase (MAPK) pathway.

TLR4

[26] Not
well
explained

“TLR4 moves from the plasma membrane to the endosomes in
order to switch signalling from MYD88 to TRIF. Engagement of the
signalling adaptor molecules stimulates downstream signalling
pathways that involve interactions between IL-1R-associated kinases
(IRAKs) and the adaptor molecules TNF receptor-associated factors
(TRAFs), and that lead to the activation of the mitogen-activated
protein kinases (MAPKs)”

(27]

1L22 “|L-22 activates ERK and SAPK/JNK MAP kinases in IEC”

(28]

“NOD2 interacts directly with intracellular bacterial PGN fragments
containing the MDP motif. Ligand recognition relieves
intramolecular autoinhibitory interactions, leading to NOD
oligomerization. Recruitment of the downstream serine/threonine
kinase (S/T kinase) RIPK2 occurs through CARD -CARDinteractions.
Subsequent activation of the NF-kB and MAPK pathways results in
the transcriptional upregulation of proinflammatory and host-
defense genes.”

NOD2

[23,26]

MAPK = TLR2 NOD2 TLR4 IL22

NFkB

TRAF3IP2 is
altered in
IBD: [25]

“Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) is a family of
transcription factors implicated in diverse biological processes, including
inflammation, apoptosis, proliferation, and development. Based on the
components of the signaling cascade, the NF-kB signaling pathway can be
categorized as either a canonical or noncanonical pathway.”

e canonical NF-kB signaling pathway is regarded as the central regulator of
the inflammatory response in normal physiology.

® Noncanonical NF-kB signaling is regulated at multiple levels. Under normal
conditions, NF-kB-inducing kinase (NIK) proteins are kept at low levels and,
therefore, NIK stabilization is a critical step for the activation of the
pathway.

[29]
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“As an example, TLR4 interacts with lipopolysaccharide (LPS),
resulting in the recruitment of the adapter molecule MyD88,
phosphorylation of the IL-1 receptor-associated kinase (IRAK)
followed by tumor necrosis factor (TNF) receptor-a associated factor
6 (TRAF6). Most TLRs use MyD88 as an adapter molecule, although
other adapter molecules such as TRIF are utilized by TLR3.
Recruitment of TRAF6 leads to the phosphorylation of Ikb- kinases
and release of NFkB as well as activation of the mitogen activated
protein kinase (MAPK) pathway.”

TLR2 OR
LPS - TLR4 -> MyD88 -» IRAK -> TRAF6 -> NFkB and MAPK

TLR4

(26]

“Downstream cascades involve recruitment of the cytoplasmic
adaptor proteins Mal and MyD88 to the TLR2 complex, (22) which
results in activation of nuclear factor- k B (NF- k B) and subsequent
production of many cytokines and chemokines.”

(14]

“Two important families of transcription factors that are activated
downstream of TLR signalling are nuclear factor-kB (NF-kB) and the
interferon-regulatory factors (IRFs)”

(27]

“NOD?2 interacts directly with intracellular bacterial PGN fragments
containing the MDP motif. Ligand recognition relieves
intramolecular autoinhibitory interactions, leading to NOD
oligomerization. Recruitment of the downstream serine/threonine
kinase (S/T kinase) RIPK2 occurs through CARD interactions.
Subsequent activation of the NF-kB and MAPK pathways results in
the transcriptional upregulation of proinflammatory and host-
defense genes.”

NOD2

MDP -> NOD2 - CARD - RIPK2 - NFkB and MAPK

(23]

“Under normal physiological conditions, noncanonical Nuclear factor kappa- light-
chain-enhancer of activated B cells (NF-kB) signaling is mainly involved in lymphoid
organogenesis as well as B cell survival and maintenance... Aberrant activation of
this pathway is commonly observed in human malignancies, ... In particular, TNF
receptor- associated factor 3 (TRAF3) mutations ...”

[29]

TRAF3IP2 is altered in IBD

[25]

TRAF3IP2-> NFkB activator. Is altered.

http://www.ge
necards.org/cg
i-
bin/carddisp.pl
?gene=TRAF3I
P2

“TLRs activate the transcription factors NFKB, AP-1, and IRF to induce the
expression of inflammatory cytokines and type | interferons.”

“NFKB and AP-1 act primarily to induce the expression of pro-inflammatory
cytokines and chemotactic” Fig page 91.:

Comments: Node located inside the cells that present TLRs

I1BJ 1
(INTRODUCTIO
N TO
IMMUNOBIOL
OGY AND Basic
Concepts in
Immunology)
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NFkB = TLR2 NOD2 TLR4

IL6

Upregulate
din CD and
uc
(30]

NFkB
AND NOT
(IL4 OR IL10)

“The dominant MyD88 dependent pathway leads to the
phosphorylation of 1kB- kinases which releases the NF-kB
transcription factor sequestered in the cytosol, and at the same
time activates the mitogen activated protein kinase (MAPK)
pathway causing nuclear translocation and the activation of
inflammatory cytokines such as TNF-a, IL-1, IL-6 and IL- 18”. Ref
(43,81)

MyD88 -> 1kB-kinase-> NFkB and MAPK - IL6

[16]

43: Do not mention IL6.

[26]

81: Do not mention IL6.

(31]

“NFkB is likely to play a role in the expression of genes for other
cytokines such as IL-6, TNF-a, and lymphotoxin. Moreover, NF-KB
can itself be induced by TNF-a and IL-1 (Osborn et al., 1989)”

(32]

(Osborn et al., 1989): “TNF-a and IL-1 are These cytokines, both
products of activated macrophages, thus represent specific
physiologic activators of NF-KB and the HIV enhancer.”

Nothing about IL-6.

(33]

AND NOT IL4: “Suppression of IL-6 production in monocytes was
associated with decreased nuclear NF-KB activity. These findings
demonstrate that IL-4 inhibits IL-6 production in a tissue-specific
manner, and suggest a potential mechanism by which IL-4 may
regulate the expression of multiple cytokines.”

Figure3 and Figure 4

(34]

AND NOT IL10: “We demonstrate here that IL10, added to
monocytes, activated by interferon, LPS, or combinations of LPS and
IFN at the onset of the cultures, strongly inhibited the production
of IL1a IL1b, il6, iI8, TNFa, GM-CSF, and G-CSF at the transcriptional
level (NF-kB).”

Table 1.

(35]

Th17 AND
IL23

“IL-6 were the most specific for TH-17".
“IL-6 production was mostly dependent on TGF-b and IL-23, a
regulation that is more closely related to that of IL-17".

Comment: Th17 AND IL23 instead of Th17 AND IL23 AND TGFb
because TGFb inhibit Th17 in its boolean function and IL6 would not
be activated. The graph from the experiment shows how IL6 is also
secreted by Th17 in the presence of IL23, but in a less extent.

(36]

MACR AND

“Wild-type macrophages showed dose-dependent production of

(37]
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PGN

IL-6, TNFa and IL-12 in response to MALP-2 and PGN.”

DC

“Compared with colonic DCs from healthy controls, more DCs from
patients with active Crohn’s disease produced IL-12 and IL-6 (Figure
8). In contrast, production of IL-12 and IL-6 by DCs from patients
with ulcerative colitis did not differ from that of control DCs.”

Figure 8 B

(38]

DC AND (LPS
OR PGN)

“Monocytes and circulating conventional DCs (cDCs) activated by
lipopolysaccharide (LPS) and peptidoglycan, which produce large
amounts of IL-1b and IL-6.”

(39]

(Th17 OR
MACR) AND
IL23

“..IL-23 binds to Th17 T cells and macrophages, promoting the
release of IL-17, IL-6, IL-1 and TNF.”

[40]

“IL23 is produced by activated myeloid cells including macrophages
and dendritic cells (DCs) following bacterial stimulation20 and drives
or via CD40 signalling,6 increases in a number of inflammatory
cytokines in the intestine in the absence of T cells, including TNFa,
IFNc, IL6 and 1L17.”

“The IL23R is expressed by activated DCs and macrophages, and
IL23 can induce production of inflammatory cytokines by
macrophages.9”

Ref 9. [41] Does not indicate that IL23 is implicated in IL6 synthesis.
“We analysed the DLNs from MOG-immunized mice by real-time
quantitative PCR to determine in vivo expression of
proinflammatory cytokines. p19 2/2 mice produced a strong in vivo
IFN-g, IL-1b, tumour-necrosis factor (TNF), IL-6 and
granulocyte/macrophage colony-stimulating factor (GM-CSF)
response, comparable to wild-type controls, whereas p402/2 mice
showed no induction of proinflammatory cytokines, including IL-23
p19 (Fig. 3c). DLNs from p35 2/2 mice expressed elevated levels of
IL-1b, TNF, IL-6, GM—CSF and IL-23 p19, but not IFN-g”

(42]

“These observations suggest that IL-23 can induce chronic
inflammation through 2 independent pathways: (a) activation of
Th17/ThiL-17 cells; and (b) induction of IL-1 and IL-6 production via
myeloid cell activation (Figure 2).”

In chronic inflammation: IL-23 also acts on dendritic cells and
macrophages in an autocrine/paracrine manner to stimulate the
generation of proinflammatory cytokines, such as IL-1, IL-6, and
TNF-a.

There is not reference for the statement (IL6 = MACR AND I[L23)

(43]
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IL22

“In addition to regulating the expression of antimicrobial peptides
and defensins, IL-22 contributes to the expression of a range of
genes encoding molecules involved in inflammatory responses,
including IL-6, G-CSF, IL-1a, LPS-binding protein, serum amyloid A,
al-antichymotrypsin and haptoglobin 15,20-23"

[44]

15, 20, 22, 23: Do not provide relevant information

21: MICE, pneumonia: “In the absence of IL-17A, antibody
neutralization of IL-22 resulted in a further reduction in IL-6 and
CCL3 abundance, suggesting a requirement for both IL-17A and IL-
22 in this response.”

(45]

FIBROBLAST

“IL-6 is produced by cells of the innate immune system such as
DCs, monocytes, macrophages, mast cells, B cells, and subsets of
activated T cells, but also by tumor cells, fibroblasts, endothelial
cells, and keratinocytes (37, 38).

[15]

38: Nothing related to fibroblasts.
37: Human IL-6 purified from supernatants of T cells (7), fibroblasts
(19), and peripheral blood mononuclear cells (27)

19: Reference from 1988

[46]

IL6 = (MACR AND PGN)

(DC AND (LPS OR PGN)) OR (Th17 AND IL23) OR (NFkB AND NOT (IL4

IL10)

TNFa

Upregulate
din CD and
uc
(30]

LPS AND
NFkB

“TNFa induces its own transcription through (NFkB) activation “ 7

[47]

7: Mouse macrophages, and not very clear

(48]

“Nuclear factor kappa- B (NFkB) is activated by phosphorylation of
inhibitory kappa-B (I1?B) and then translocates to the nucleus to
activate TNF promoters. “ 10

[49]

10: “NFkB is activated by inhibitory kappa B (I?B) phosphorylation
(which disengages its inhibitory subunit, I?B) and translocates to the
nucleus to activate TNF promoters”

Figure 4

“LPS-LBP-CD14 interaction provokes rapid activation of protein
tyrosine kinase (PTK) causing tyrosine phosphorylation of several
intracellular protein kinases (116, 244, 252, 296-298). PTK activates
a pathway involving Ras/Raf-1/mitogen-activated protein kinase
kinase (MEK)/MAPKs/NF?B (46, 70, 162, 163). Several studies have

(50]
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demonstrated that LPS activates PTK and that PTK inhibition
TNF and IL-1
production, and macrophage-mediated tumoricidal activity (46, 127,
205, 237, 282).”

abolishes downstream activation of MAPKs,

116-» “Endotoxin induces rapid protein tyrosine phosphorylation in
70Z/3 cells expressing CD14.

LPS (endotoxin) - CD14”

224 - Murine Macrophages

252 - Nothing relevant unless this reference: 251[51]- mouse
296-298 - mitogen-activated protein kinases in macrophages....
46,127, 205 - Nothing relevant.

237 - “The early steps in LPS signal transduction involve the
tyrosine phosphorylation and activation of a number of kinases of
the src family, and inhibition of this pathway causes a severe
impairment in the production of the cytokines TNF-a and IL-1 p. We
find that LPS-induced macrophage activation also involves the Raf-1
kinase, a key component transduction.
BAC-1.2F5
phosphorylation and activation of Raf-1” But: mouse macrophage

cell line, BAC 1.2F5.

in mitogenic signal

Treatment of macrophages with LPS causes

116[52]
237 [53]

“The canonical pathway is induced by tumour necrosis factor-alpha
(TNF-alpha), interleukin-1 (IL-1) or byproducts of bacterial and viral
infections. This pathway relies on IKK- mediated l|kappaB-alpha
phosphorylation on Ser32 and 36, leading to its degradation, which
allows the p50/p65 NF-kappa B dimer to enter the nucleus and
activate gene transcription.” Figure Kegg

http://www.ke
gg.ip/kegg-
bin/highlight
pathway?scale
=1.0&map=ma

p04064&keyw
ord=tnfa

Figure Kegg

http://www.ke
gg.ip/kegg-
bin/highlight
pathway?scale
=1.0&map=ma
p05321&keyw
ord=tnfa

Figure 1

(54]

IL-1b

“IL-1B on the other hand, can activate the release of other
proinflammatory cytokines such as TNF-a, IL-23 and IL-6, which can
promote a Th17 bias adaptive response, or IL-1B can co-stimulate IL-
6 production and act as a growth factor for B cell proliferation and
enhanced antibody production in the Th2 response” [30,71,116]

(16]

30: Do not mention that IL1b induces TNFa

(55]
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71. Do not mention that IL1b induces TNFa

(56]

116: Do not mention that IL1b induces TNFa

(57]

(IL2 ORIL15
) AND NK

“IL-2 and IL-15 equally lead to the upregulation of perforin and
granzyme B expression as well as cytokine production including IFN-
g, TNF-a, and granulocyte-macrophage colony- stimulating factor
(GMCSF) by NK cells.”

(58]

AND NOT
(IL10 AND
(TLR2 OR
TLR4))

“To confirm the role of endogenous IL-10 in suppressing TLR2-
induced TNFa production, we used anti-IL-10 neutralizing
antibodies”

“IL-10 and Stat3 mediate feedback inhibition of TLR2-induced TNFa
production”

“Compared with TLR2, TLR4 induced higher levels of TNFa, with an
incremental increase in TNFa production when IL-10 was
neutralized”

Figurel E

“We “IFN-g augments induction of TNFa by TLR ligands, immune
complexes, and zymosan by suppressing IL-10 production”
Figure 2

(59]

“Interestingly, at 48 h, a 13-fold increase in IFN-y and a 2-fold
increase in TNF-a mRNA levels were observed in IL-10— depleted
cultures compared with control cultures (mouse)”

(60]

TGFb

“IL-1, IFN-c, GMCSF, TGF-b, and TNF-a itself by autocrine
mechanisms are able to induce the expression of TNF-a.”19

(61]

19: Do not mention that TGFb induces TNFa secretion.

(49]

CD4_NKG2D

“We show that during the NKG2D-TCR costimulation of
lymphocytes, all IL-17-secreting CD4+ T cells also express TNF-a”
Figure 4

[62]

CD8_NKG2D

“Our results show that cells that were primed with anti-CD3 mAb in
the presence of NKG2D costimulation tend to produce more type 1
cytokines (IFNG and TNFa )”

(63]

“CD8+NKG2D+ T cells almost did not produce IL-17 but highly
expressed IFN-g”
Figure 6

(62]

NK_NKG2D

“In human NK cells, crosslinking with multivalent soluble ligands
(ULBPs) stimulates the production of several cytokines including
IFN-y, TNFa” 8,22,49

[64]
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FIBROBLAST
AND IFNg

“CD4+CD28- T cells are thought to promote the formation and
maintenance of RA inflammatory lesions mainly through IFNg
release. IFNG perpetuates synoviocyte pathology, which is
associated with secretion of TNFa, IL-15, and tissue-injurious
metalloproteinases by synovial fibroblasts and macrophages”

(65]

MACR AND
(IFNg AND
LPS)

“Macrophages are the main source of TNF...”

[49]

“Wild-type macrophages showed dose-dependent production of IL-
6, TNF-a and IL-12 in response to MALP-2 and PGN”: MOUSE

(37]

“Preincubation of macrophages with interferon (IFN)-g augments
TNF production in response to LPS stimulation” 7

[47]

“We report that IFN-g augments induction of TNFa by TLR ligands”
“Control or IFN-g-activated human macrophages were stimulated
with 10 ng/ml of Pam3Cys (anti IL10) for indicated periods of time,
and levels of IL-10 and TNFa in culture supernatants were
determined by ELISA.”

(59]

MACR AND
PGN

“Wild-type macrophages showed dose-dependent production of
IL-6, TNFa and IL-12 in response to MALP-2 and PGN.”

“Cytokine production in peritoneal macrophages in response to TLR
ligands. a, Peritoneal macrophages from wild-type (p/p) and TIRAP-
deficient (2/2) mice were cultured with 1 ngml21 LPS, 10nM R-848
or 1 g m M CpG DNA in the presence (IL-12) or absence (IL-6 and
TNF- )of 30 ngmI21 IFN- a for 24 h. Concentrations of IL-6, TNF-a and
IL-12 in the culture supernatants were measured by enzyme-linked
immunoabsorbent assay (ELISA).”

Figureaand b

(37]

MACR AND
IL2

“IL-2, granulocyte-macrophage colony—stimulating factor, and
macrophage colony—stimulating factor have also been reported to
induce TNF release from macrophages.”9

(47]

9 “Other cytokines, IL2, ....”

(66]

14 “As a result of our in vitro and in vivo studies we propose that
some of the in vivo effects of IL-2 may in fact be mediated by TNF
produced by macrophages, including some of. the toxicity and/or
anti-tumour activity associated with IL-2- based clinical
immunotherapy regimens.”

Figure 1

(67]

NK AND IL23

Figure 5. IL-23 enhances NK cell proinflammatory cytokine
secretion and cytolytic activities. (A and B). Purified NK cells
(2.0?105/ml) from PB of ? g/ml) IBD patients and healthy controls
were cultured in a 96-well flat-bottom plate, immobilized with

(68]
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human I1gG (higG; 100 ? g/ml) in the absence or IFN-G and TNF by
ELISA. Results are representative of three independent experiments.
Figure 5

“Secretion (induced by IL23) in IBD”

(69]

(MACR OR
DC) AND
IL23

“TNF-a is produced in response to bacteria or IL-12 and IL-23
cytokines by mononuclear cells through the activation of cellular
receptors (e.g. the Toll-like receptor 4), which are critical in CD4
lymphocyte differentiation(5,6)”

(40]

5“it induces the NK cells to secrete IFN-y and TNF-a[75,76]”

-> It did not mention that TNFa is produced by mononuclear cells
and IL12 or 23.

[70]

6 It did not mention that TNFa is produced by mononuclear cells
and IL12 or 23.

(71]

table 1

[72]

“..IL-23 binds to Th17 T cells and macrophages, promoting the
release of IL-17, IL-6, IL-1 and TNF. b) IL-23 is one of the cytokines of
IL-12 family and, like IL-12, is a pro-inflammatory cytokine. 11-23
shares p40 subunit with IL-12, and holds a specific subunit, p19. IL-
23 binds to a heterodimeric complex receptor consisting of IL-12
receptor (IL-12 R) B1, binding p40 subunit, and IL-23 receptor
complex (IL-23 R), binding p19 subunit, while IL-12, composed of
p40 and p35 subunit, binds to a different complex, composed of IL-
12 R B1and IL-12 R B2.

[40]

“In innate colitis, IL-23 was found to control the production of a
number of inflammatory cytokines such as IL-1b, IL-6, TNF-a and
IFN-g and both TNF-a and IFN-g were found to play a functional role
(7). This finding is consistent with the ability of IL-23 to induce
production of these

inflammatory cytokines by activated DCs and macro-phages (34).”

(73]

7 = T and B cell-deficient mice

[74]

34 - “IL-23 induced the production of IL-1b and TNF by peritoneal
macrophages, which occurred even in the presence of neutralizing
antibodies to IFN-g (13).”

[75]

13 - MICE

[41]

75 It did not mention that TNFa is produced by NK.

[76]
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NK AND
(IL12 AND
(IL15 OR IL2
OR IL18))

76 “Whereas IL-2 and IL-12 synergize to induce IFN-y production,
the effect of the two cytokines on TNF production by NK cells is
additive. To analyze a possible role of these cytokines in the IL-12-
dependent inhibition of the IL-2-induced proliferation in NK and
TCR-yG+ cells, proliferation was studied. As shown in Figure 8, anti-
TNF, but not anti-IFN-y antibodies, were able to reverse almost
completely the inhibitory effect of IL- 12 on IL-2-induced
proliferation of NK cells”

[77]

Figure 4. IL15 and IL-2 stimuhte CD56 dim NK cell cytokine
production in a similar fashion. 1075 sorted CD56 dim NK cells
(>97% pure) were plated in U-bottom wells in 200 #1 of medium
supplemented with one or more of the following cytokines: TNF-~,
(300 U/ml), IL-12 (10 U/ml), 11.,2 (10 ng/ml), or IL-15 (10 ng/ml).
Cells were incubated for 72 h at which time the -culture
supernatants were harvested and assayed for the presence of either
IFN-3, (A), TNF-~ (B), or GM-CSF (C), using an ELISA. Cytokine
production is measured in pg per ml”

(78]

Figure 3:

[79]

“We show that although IL12-cultured NK cells produced abundant
IFNg, TNFa, and GM-CSF in response to stimuli acting on the NKp46-
activating receptor, IL-4-cultured NK cells did not release detectable
levels of these cytokines.”

Figure 2:

“NK cells from donor A were cultured overnight in the presence of
the indicated cytokines, used alone or in combination.
Subsequently, NK cells were stimulated with either plate-bound
anti-NKp46 (b) or PMA plus ionomycin (c). After 4-h stimulation,
supernatants were harvested and as-sessed for IFN-g, TNF-a, and
GM-CSF (b) or for IFN-, TNF- , GM- IL-5, and IL-13 (c) by specific
ELISA (n ? 3; mean ? SD). Data are representative of five different
experiments.”

(80]

TNFa = ((NFkB AND LPS)
(1L23 OR IL12 AND (IL2

(IEC_MICA B

((MACR AND (IL2
IL15))))
IEC_ULPB1_6))) AND NOT (IL10 AND (TLR2

(IFNg AND LPS)
(FIBROBLAST AND IFNg)

PGN)) ((NK AND (MDP
(CD4_NKG2D CD8_NKG2D
TLR4) AND TNFa)

PGN

LPS) AND

NK_NKG2D) AND

10

TGFb

Upregulate
din CDand
uc
(81]

Treg

“Active TGF-B is a cytokine produced by various cell types, including
natural Treg cells (nTreg) and cells of the innate immune system”

[15]

TGF-B1 induces FOXP3 - Treg transcription factor
Figure 2:aand b

(82]

“Treg cells exert their immunoregulatory functions through various
mechanisms requiring CTLA-4, direct killing of antigen presenting
cells or T cells, consumption of IL-2, and the production of
immunosuppressive cytokines such as IL-10, transforming growth
factor (TGF)-b, IL-35 and galectin-1 [53"]”

(83]
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“Treg cells suppress adaptive immune responses through cell—cell
contact dependent mechanisms or secretion of the anti-
inflammatory cytokines IL-10 or TGF-B”(14, 15)”

(84]

“TLR2 also activates regulatory T cells via PI3K to secrete
transforming growth factor-b 27”
PI3K is part of MAPK

(14]

27: “The finding that HSP60-treated Tregs significantly upregulated
their secretion of TGF-B and IL-10 (Figure 7A) suggests that
costimulatory signals, such as HSP60, might account for the
importance of these cytokines detected in Treg-mediated
suppression in vivo (13-15).”

(85]

MACR

“There are three isoforms of TGF-, TGF-1, -2, and -3. TGF-1 is the
predominant isoform, present at sites of inflammation/injury, and is
the major isoform secreted by circulating monocytes and tissue
macrophages (Assoian et al., 1987; Grotendorst et al., 1989).”

(86]

Fig 1: “In the present of inflammation and dysregulated mucosal
homeostasis, newly recruited monocyte-derived macrophages (and
other innate host defense cells) generate transforming growth
factor-B (TGF-B) and chemokines to recruit monocytes and other
leukocyte populations to contain the infection.”

(87]

“The studies reported here demonstrate that TGF-b, rmRNA is
expressed at similar levels in unstimulated monocytes and in
monocytes activated to become macrophages”.

“TGF-b itself is only secreted by activated macrophages.”

(88]

“Upregulation of stem cell markers and mitotic activity in the
cultures was shown to be controlled by autocrine
production/secretion of activin A and transforming growth factor-
beta (TGF-b). These reprogrammed monocyte derivatives were
termed “programmable cells of monocytic origin” (PCMO).”

“Moreover, we found that TGF-b is secreted by PCMO into the
culture supernatant as determined by ELISA, with levels of TGF-b1
declining during monocyte conversion to PCMO.”

(89]

IL6

IL21

INHIBIT SECRETION
IL-6 and IL-21 inhibit FOXP3—> No TGF-B por parte deTreg

(82]

While the ELISA analyses, which measured total (latent and active) TGF-b, showed
increased levels of TGF-bl and TGF-b2in IBD patient plasma relative to uHC
(unrelated healthy controls), the differences did not reach statistical significance.

(81]

TGFb = Treg MACR
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Inflammasomes are formed by
e an adaptor protein
e an inflammatory caspase.
e asensor protein. Which are:
o PRRs that act as scaffolds. Could be a member of the NLR:
m  NLR family include:

e the NOD (NOD1, NOD2, NOD3/NLRC3, [21]
NOD4/NLRC5, NOD5/NLRX1, CIITA), NLRP or
NALP (NLRP 1-14)
o and IPAF (NLRC4 and NAIP) subfamilies.
o ora pyrin (PYD) and HIN domain-containing protein (PYHIN)
family.
“So far, bacterial muramyl dipeptide (MDP) and lethal toxin (LeTx)
produced by Bacillus anthracis have been shown to activate the
NALP1 inflammasome [35,54,82].”
MDP “Early studies by Faustin et al [38] using purified recombinant [16]

proteins defined the minimal requirements for caspase-1 activation
in the NLRP1 inflammasome as being; MDP, NLRP1, ATP and
procaspase-1, a process not requiring ASC, but enhanced in the
presence of ASC.”

“The inflammasomes can sense an array of stimuli via PRRs,
LPS including PAMPs from the bacterial cell wall (e.g. [21]
lipopolysaccharides (LPS), lipoproteins or flagellin)....[5,11,17].”

INFLAM
“The NLRP3 inflammasome uses the adaptor molecule ASC and
caspase-1 to convert pro-lL.-1b and pro-IL-18 into their active
forms.”

“NLPR3 can be activated by an array of stimuli including

. . . . . T 21
microorganisms such as viruses,fungi and bacteria; individual [21]
PGN bacterial components such as LPS, single stranded RNA (ssRNA),

double- stranded RNA (dsRNA), peptidoglycans (PGN), CpG DNA,

MDP and bacterial pore-forming toxins [74,78,91].”

“NLRP3 inflammasome is involved in the induction of ROS on IL-1b [90]

production by PGN/LPS-induced MDMs”

“the level of negative regulators of inflammasomes, including
activated T cells and microRNAs, have the potential to augment the
inflammatory response [21,22]" [91]
“Human CD4+ memory T cells dampen NLRP3 activation via
downregulation of P2X7R signaling [88].”

[88] “human activated CD4+CD45RO+ memory T-cells specifically
suppress P2X7R-mediated NLRP3 inflammasome activation,
without affecting  P2X7R-independent NLRP3 or NLRP1
inflammasome activation.” [92]

Tho_M

“Soluble Caspase-1 Release is Decreased in Monocytes Cultured
with Activated CD4+CD45R0+ Memory T-cells”
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Not included in the boolean function because ThO_M inhibits only two pathways of
inflammasome activation. It could be expressed as a partial inhibition.

Adding: AND NOT (ThO_M AND (PGN OR MDP OR LPS) would lead to the total
inhibition of the INFLAM node in a CD patient simulation (see ThO_M Boolean

function) and will not be real.

12

Tho

Downregul
ated
CD

INFLAM = MDP LPS PGN
“Naive T cells are inexperienced T cells that have yet to see their cognate antigen.
T-cell receptor (TCR) engagement in an inflammatory cytokine milieu induces the
cell to undergo numerous changes, including chromatin remodeling and DNA [93]
methylation modifications, leading to the induction or repression of transcription
factors in differentiated cell subsets [1].”
LPS “Lymphocytes circulate in the blood and the lymph and are also BJ 1
found in large numbers in lymphoid tissues or lymphoid organs,
. . . (INTRODUC
which are organized aggregates of lymphocytes in a framework of TION TO
MDP non lymphoid cells. IMMUNOBI
y . OLOGY
Once they have completed maturation, both types of lymphocytes AND Basic
enter the bloodstream as mature naive lymphocytes. They .
. X c 1 e . . Concepts in
PGN circulate through the peripheral lymphoid tissues, in which an s
adaptive immune response is initiated if a lymphocyte meets its
corresponding antigen.” v)
“Absolute quantitation of T cell subsets revealed that the higher proportion of
memory T cells was attributable to lower concentrations of CD45RA naive T cells
in patients and siblings compared with controls, whereas memory T cell
frequencies did not differ significantly compared with ontrols, figure 1B—E.”
“Although concentrations of T cells in patients were contributed to by the use of
immunosuppressants by half of patients, concentrations of naive T cells were also
reduced in immunosuppressant naive siblings, and in the CD4 naive T cell [94]
population this difference was significant. Whole blood was labelled with
fluorescently conjugated monoclonal antibodies before acquisition of data using a
LSRII flow cytomete”
Figure 1D

Comment: ThO node represent the CD4+T activated (ThO naive once their TCR have been

encountered Ags)

ThO is activated by antigens instead of APC (MACR OR DC) because MACR and DC nodes are
created as immune cells (cytokine producers, with its inhibitors) Antigen presenting takes part

always there are antigen.

ThO = U (LPS ©' MDP " PGN " GLY)
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Tho_M

Upregulate
din CD
[94]

Figure 3. ThO_M time (days):

[95]

IL23 OR IL12

“IL-23 stimulates the proliferation of CD4+ memory T cells rather
than naive CD4+ T cells 14”

[96]

14 :“IL-23 induces strong proliferation of mouse memory
(CD4+CD45Rblow) T cells, a unique activity of IL-23 as IL-12 has no
effect on this cell population”

“Similar to IL-12, human IL-23 stimulates IFN-g production and
proliferation in PHA blast T cells, as well as in CD45RO (memory) T
cells”

CD4+ memory Tcells: p19p40 complex: expressed by human DC.
Interaction with IL-12Rb1 and an additional receptor subunit.

“In contrast, both mouse and human memory T cells respond
strongly to p19p40 by enhanced proliferation and, in the case of
human cells, by enhanced IFN-g production. Interestingly, human
memory T cells but not mouse memory T cells were also very
responsive to IL-12.”

Figure cand d:

“(C and D) p19p40 has a more pronounced effect on human
CD45RO (memory) than on CD45RA (naive) T cells. FACS-purified
CD45RA and CD45RO T cells were cultured on anti-CD3 (10 ?g/ml)
and anti-CD28 (1 ?g/ml) coated 96-well plates and stimulated with
40 ng/ml hHy-p19-p40, 1 ng/ml IL-12 (R&D Systems), or 100 U/ml
IL-2 (R&D Systems) for 60 or 136 hr. IFN-g production (C) and
proliferation (D) were determined as in (A) and (B).”

[97]

IL15

“L-15 is known to exert essential signals that favor cell proliferation,
development, and maintenance of memory T cells as well as
promote survival and increases cytotoxicity of T and NK cells”

(58]

IL2

IL4

“Despite the efficiency of AICD (activation induction cell death), the
expression of several molecules may allow cells to escape apoptosis.
Some of these factors are secreted growth factors such interleukin-2
(IL-2), IL-4, IL-7 and IL-15, which have been shown to be
antiapoptotic in vitro as well as in vivo [7, 8]. Others are
antiapoptotic members of the TNF family, such as CD30 [9] and 4-
1BB [10, 11]. In addition, several Bcl-2 family members, such as Bcl-
X, have been shown to inhibit apoptosis triggered by a variety of
stimuli [12]. The action of these antiapoptotic proteins may allow a
cell to escape AICD and form long-living memory cells”

(98]

“The proportion of blood T cells that were CD45RA- memory T cells was
significantly higher in patients and siblings compared with controls, figure 1A.”

Figure 1A

[94]
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(ThO_M AND (IL15 OR IL2

it will remain activated. Upregulation would not affect.

IL4)) not included in the boolean function. Once ThO_M is activated,

ThO_M = ((ThO AND (IL23 © IL12)) ©'* ThO_M

14

IL18

Upregulate
din CD and
uc
(30]

NFkB

“Stimulation of NLRs results in activation of the caspase-1 signaling
complex (known as the inflammasome) mediating cleavage of pro-
IL-18 and pro-IL-1b or activation of NF-kB signaling.”

[24,99]

“The processing and secretion of active IL-1b and IL-18 by innate
immune cells is dependent, first, on induction of pro—IL-1b and pro—
IL-18 through TLR-induced NF-kB activation and then on activation
of caspase- 1, which is required for cleavage of pro-IL-1b and IL-18
into mature IL-1b and IL-18.”

TLR - NFkB - prolL18 - caspase-1 - IL18

Comment: INFLAM is not a node. NFkB is activated by all antigens
and LPS is required as well

[100]

((MACR OR
DC) AND
LPS)

“Upon stimulation with LPS, macrophages secrete biologically
active IL-18 in a caspase-1-dependent manner.”
Figurel:

“Dendritic cells express IL-18 mRNA and produce mature I1L-18” [45].

[101]

45: “Signals for IL-18 mRNA are detectable in various DC fractions by
Northern blot analysis.”

“We, therefore, highly enriched various subtypes of DC, such as
lymph node-derived DC, bm-DC and human blood-derived DC, and
assayed for the presence of IL-18 mRNA by Northern blot and
tested the supernatants for release of functional IL-18 protein. All
DC were shown to be sources of IL-18 mRNA and protein.”

Enriched: “

Briefly, whole blood buffy coats were used for preparation of
PBMC isolated in Ficoll-Histopaque (Seromed, Berlin, Germany).
Lymphocytes were depleted using immunomagnetic beads coated
with either anti-CD2- or anti-CD19 mAb (Dynal) and the resulting
cell fraction was cultured in X-VIVO-15 (Bio-whittacker,
Walkersville, MD) supplemented with 800U/ml hGM-CSF
(Leukomax; Sandoz, Basel, Switzerland), 1000U/ ml hiL-4 (PBH) and
1% autologous plasma. Cells were fed every other day with fresh
complete medium containing 1600U/ml hGM-CSF and 1000U/ml
hIL-4.0n day 7, nonad-herent cells were transferred to fresh six-well
plates in complete culture medium and stimulated with 10ng/ml
hiL-1 g (PBH), 10 ng/ml hTNF- § (PBH) and 1000U/ml hIL-6 (R&D
Systems) to induce and stabilize the maturation of DC.”

Figure2:

“Human CD83+ blood- derived DC express IL-18 mRNA. Blood-

[102]
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derived DC were prepared and enriched for CD83+ cells as
described, and total mRNA was analyzed by quantitative RT-PCR.”

MACR OR
DC

“However, in agreement with previous reports (20, 31), these
proinflammatory cytokines as well as endotoxin induced expression
and release of IL-18 by M@”

[103]
“Proinflammatory cytokines including IL-1b , TNF- a, or IL-6, as well
as LPS, induce IL-18 gene expression (20)”
20: “Murine and human dendritic cells constitutively express IL-18 [104]

mMRNA and produce mature IL-18 (68)”

Comment: NFkB could be deleted from the Boolean function because it is going to be activated if
LPS is activated. But it is possible that there is a polymorphism that alters NFkB and leaving the
node in the function could be implemented.

IL18 = ((MACR OFR DC) AND LPS) AND NFkB

15

IL1b

Upregulate
din CD and
uc
(30]

NFkB

“Stimulation of NLRs results in activation of the caspase-1 signaling
complex (known as the inflammasome) mediating cleavage of pro-
IL-18 and pro-IL-1b or activation of NF-kB signaling.”

[24,99]

“The processing and secretion of active IL-1b and IL-18 by innate
immune cells is dependent, first, on induction of pro—IL-1b and pro-
IL-18 through TLR-induced NF-kB activation and then on activation
of caspase- 1, which is required for cleavage of pro-IL-1b and IL-18
into mature IL-1b and IL-18.”

TLR - NFkB - prolL1lb - caspase-1 - IL1b

Comment: INFLAM is not a node. NFkB is activated by all antigens
and LPS is required as well

[100]

(MACR OR
DC) AND LPS

“The inflammasome functions to convert inactive procaspase-1 to
active caspase-1, which cleaves the inactive IL-1B precursor to a
secreted, active cytokine. Caspase-1 also cleaves the precursors of
IL-18, IL-33, and IL-1F7.”

“The primary sources of IL-1B are the blood monocyte, tissue
macrophages, and dendritic cells.”

[105]

“Inflammasome formation is essential for the production of the
mature IL-1B and IL-18 cytokines and is seen as a two-step process
[1]. Step one, is the priming step and involves TLR signaling to
induce NF-kB transcription of prolL1B, prolL18 and inflammasome
component such as; NLRP3 and NLRP1 [3,82]. Step two; another
stimulus leads to inflammasome oligomerization, caspasel auto
activation, cytokine cleavage and mature IL-1B and 1l-18 production
and cellular release.”

Comment: INFLAM is not a node. NFkB is activated by all antigens

[16]
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and LPS is required as well

“The peptides containing C-terminal 15 amino acids of Escl protein
could significantly activate NLRC4 inflammasome responses in
macrophages pre-stimulated with lipopolysaccharide. Intracellular
caspase-1 was activated and pyroptotic dead cells were found after
peptides delivery. The contents of cytokines, IL-1B and IL-18, in
supernatants were elevated significantly compared with that of the
control (P < 0.05). Besides, through comparison of IL-1B contents
under different stimulation conditions, 4 h incubation after peptides
delivery (peptides: lipofectamine 2000 = 70 ug/uL) could obviously
promote the secretion of IL-1B.”

No paper access.

“The peptides containing C-terminal 15 amino acids of Escl protein
could significantly activate NLRC4 inflammasome responses in

macrophages pre-stimulated with lipopolysaccharide. Intracellular [106]
caspase-1 was activated and pyroptotic dead cells were found after
peptides delivery. The contents of cytokines, IL-18 and IL-18, in
supernatants were elevated significantly compared with that of the
control (P < 0.05). Besides, through comparison of IL-1B contents
under different stimulation conditions, 4 h incubation after peptides
delivery (peptides: lipofectamine 2000 = 70 pg/uL) could obviously
promote the secretion of IL-1B.”
"Peptides containing C-terminal 15 amino acids of E. coli Escl
protein can significantly induce NLRC4 inflammasome activation in
macrophages.”
No paper access.
Figure 3. Contents of IL-1B3(A) and IL-18(B) in supernatants.
“IL10 was shown to inhibit macrophage activation and production of [35,107]
cytokines such as TNFa and IL-1 (19-24).” !
AND NOT Activation of monocytes with LPS (1/~g/ml) resulted in production
(ILllLblg)'\lD of high levels of IL1a, IL1b IL6, IL8, IL10, TNFa, GM-CSF, and G-CSF.
Interestingly, IL-10 inhibited the production of IL1a, IL1b, IL6, ILS, [35,107]
IL10, TNFa, GM-CSF, and G-CSF to various extents. The inhibition of
IL1b and IL6 production was less pronounced.
“..IL-23 binds to Th17 T cells and macrophages, promoting the [40]
release of IL-17, IL-6, IL-1 and TNF.
Figure: [108]
MACR AND
IL23 “IL-23 induced the production of IL-1b and TNF by peritoneal
macrophages, which occurred even in the presence of neutralizing [75]

antibodies to IFN-g (13).”

13 - MICE

[41]
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IL1b = ((MACR

DC) AND LPS AND NFkB) AND NOT (IL1b AND IL10)

16

IFNg
Upregulate
din UCand

CD

[30,109]

NK AND I1L23

“IL-23 potently induces IBD NK cell differentiation, leading to
secretion of proinflammatory cytokines such as TNF and IFNg”

(69]

“Human IL-23R is expressed by both T cells and NK cells, including
NKL cells (Fig. 5, a and b), consistent with the ability of these cells
to respond to IL-23. We demonstrate here that IL-23 enhanced the
production of IFN-? by NKL cells. The combination of IL-2, IL-18, and
IL-23 induced levels of IFN-g that were substantially greater than
those induced by either cytokine alone or when combined solely
with IL-2”

[110]

AND NOT
(TGFb AND
IFNg)

Inhibits production DOWNREGULATION (concentration dependent).
“The mean production of IFNg was respectively 45.9%, 41.6%, 69.9%
and 92.1% of that measured in the presence of medium only”

“Crohn’s disease as they are in cells from controls.40 We confirmed
this here in that TGFb did not shut off IFNg production, only
reducing it by about 50%.” - downregulation

[109]

Thl

Reviews: IFNg secretion by Th1 cells.

e Silva et al. 2005: “Using organ cultures of colonic tissue
explants from pediatric CD patients, we observed that
recombinant human IL-15 (rIL-15) inhibited the production
of TH1 cytokines INF-g and TNF-a”

e Strober and Fus 2011: Mice

[109,111-
113]

(MACR OR

ThO) AND

IL18 AND
IL12

“M@ expressed IFNg more uniformly after stimulation with IL-
12/1L-18” (both).

[103]

“Human T cells also require stimulation with both IL-12 and -18 to
produce significant amounts of IFNG [82 ,91”

[101]

82: “IL-12 and IL-18 Differentially Regulate the Transcriptional
Activity of the Human IFN-g Promoter in Primary CD4+ T
Lymphocytes”

“The data reported here show that that IL-12 and IL-18 act
differentially to activate IFN-g gene transcription in primary
human CD4+ T cells. Furthermore, they suggest that both AP-1 and
STAT4 are required for IL-12-dependent IFN-g promoter activation,
whereas IL-18 causes direct promoter activation via AP-1. This
differential activation of the IFN-g promoter gives further insights
into molecular pathways governing Thl T cell development and
differentiation.”

[114]

91: Human CD4+CD45RA+ T cells
“The requirement of pretreatment with IL-12 for rendering T cells

[115]
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responsive to IL-18 suggests that IL-12 stimulates T cells to express
IL-18R.”

AND NOT
(IFNg AND
IL10)

“Interestingly, at 48 h, a 13-fold increase in IFN-y and a 2-fold
increase in TNF-a mRNA levels were observed in IL-10- depleted
cultures compared with control cultures (Figure 3A).”

(60]

Th17 AND

(PGN OR

MDP OR
LPS)

“Secretion from ThO stimulated with cytokines which induces Th17
cell differentiation.”

[96]

“A prominent feature in these cells is a functional plasticity towards
the Thl subset, being reported that some Th17 cells are able to
produce both IL-17 and IFN-y [15].”

“Based on this, it is obvious that Th17 cells play an important role in
IBD pathogenesis. It has been shown that the numbers of IFN-y
secreting T cells in peripheral blood from IBD patients significantly
correlated with disease severity in CD but not in UC [47].”

[47] - do not mention IFNg

[116]

[15]: “In this study, we demonstrate the existence of remarkable
proportions of Th17 and of IFNg producing Th17 (Th17/Th1) in the
gut of subjects with Crohn’s disease (CD).”

“Proportions of Th17 also producing IFNg were higher among gut T
cells than PB CD4 T cells from subjects with CD.”

[117]

AND NOT
Th2

“Th2 inhibits IFN-g secretion (GATA-3 represses T-bet expression
and IFN-g secretion and therefore TH1 differentiation)”

[118]

Treg

Treg-Th17 like: “Moreover, CD-derived LP FoxP3+IL-17+ Treg cells
also acquired the capacity to produce significant amounts of
another effector cytokine, IFN-y” Fig 4

[119]

NK_NKG2D

“Next we determined whether binding of ULBP to NK cells induced
any biological effects. Purified NK cells were stimulated with IL-15
for 20 h, washed and recultured in the presence or absence of IL-12
(1 ng/ml) and stimulated with various concentrations of LZ forms of
ULBP1-LZ or ULBP2-LZ. Cell-free supernatants were analyzed by
ELISA after 24-h incubation for the presence of IFN— + ,TNF- § and
MIP-1 g . Production of all three proteins from NK cells was induced
in a dose dependent manner by ULBP (Fig. 2A—C).”

“A strong enhancing effect on IFN- g + ,TNF- a , and MIP-1 g
production and proliferation was observed when NK cells were
stimulated with ULBP in the presence of IL-12”

[120]

CD8_NKG2D

“In this regard, we investigated the functional capacity of TCR-
stimulated CD8+ T cells with or without costimulation by NKG2D.
Cells cultured for 7 days were restimulated with anti-CD3 mAb for
24 h in a recall assay, followed by analyses of the cytokine
production profile. Our results show that cells that were primed
with anti-CD3 mAb in the presence of NKG2D costimulation tend

(63]
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to produce more type 1 cytokines (IFN-g and TNFa).”

NK AND
((IL12 AND
(IL2 ORIL15
OR IL18))

“IL-12...and it induces the NK cells to secrete IFN-y and TNF-
a[75,76]"

[70]

Figure 4. IL15 and IL-2 stimuhte CD56 dim NK cell cytokine
production in a similar fashion. 1075 sorted CD56 dim NK cells
(>97% pure) were plated in U-bottom wells in 200 #1 of medium
supplemented with one or more of the following cytokines: TNF-~,
(300 U/ml), IL-12 (10 U/ml), 11.,2 (10 ng/ml), or IL-15 (10 ng/ml).
Cells were incubated for 72 h at which time the culture
supernatants were harvested and assayed for the presence of either
IFN-3, (A), TNF-~ (B), or GM-CSF (C), using an ELISA. Cytokine
production is measured in pg per m|”

(78]

Figure 3:

[79]

“We show that although IL12-cultured NK cells produced abundant
IFNg, TNFa, and GM-CSF in response to stimuli acting on the NKp46-
activating receptor, IL-4-cultured NK cells did not release detectable
levels of these cytokines.”

Figure 2:

“NK cells from donor A were cultured overnight in the presence of
the indicated cytokines, used alone or in combination.
Subsequently, NK cells were stimulated with either plate-bound
anti-NKp46 (b) or PMA plus ionomycin (c). After 4-h stimulation,
supernatants were harvested and as-sessed for IFN-g, TNF-a, and
GM-CSF (b) or for IFN-, TNF- , GM- IL-5, and IL-13 (c) by specific
ELISA (n ? 3; mean ? SD). Data are representative of five different
experiments.”

(80]

Th1l AND
IL12

“While IL-12 promotes the release of IFN-y from Th1 T cells....,”

(40]

IL4

“IL-12-mediated induction of IFN-g can be modulated by a number
of cytokines, including IL-4, IL-10, and IL-18 (16, 18, 37-39).”

16 > MOUSE
18 - MOUSE
37 - Do not mention IL4
38 > MOUSE
39 > MOUSE

[75]

(MACR OR
DC) AND
IL23

“In innate colitis, IL-23 was found to control the production of a
number of inflammatory cytokines such as IL-1b, IL-6, TNF-a and
IFN-g and both TNF-a and IFN-g were found to play a functional role
(7). This finding is consistent with the ability of IL-23 to induce
production of these inflammatory cytokines by activated DCs and
macro-phages (34).”

[73]
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7 = T and B cell-deficient mice

[74]

34 - “Moreover, IL-23 stimulation could drive IL-12 and IFN-g
production at levels comparable to stimulation with IL-12 (43).”

“IL-23 was reported originally to enhance IFN-g production by
human memory (CD45R0) T cells. This finding has led to some
confusion regarding the importance of IL-23 in Th1 cell development
and IFN-g production... However, in human, this developmental
progression does not appear to be quite as clear cut, as activated T
cells can produce IFN-g in response to IL-23 stimulation but at far
lower levels than that induced by IL-12 (9)”

[75]

ThO_M AND
(LPS OR
MDP OR

PGN)
AND (IL12
OR IL23)

43-> MURINE

9 - “Similar to IL-12, human IL-23 stimulates IFN-g production and
proliferation in PHA blast T cells, as well as in CD45RO (memory) T
cells.”

Figure 6. “p19p40 Stimulates the IFN-g Production and the
Proliferation of Human PHA Blasts and Activated/Memory T Cells (A)
PHA blasts were derived from cultured PBMC in PHA (0.1 ?g/ml)-
and IL-2 (10 U/mL)- containing medium. After 7 days, cells were
stimulated for 60 hr with 40 ng/ml hHy-p40- p19 or 1 ng/ml IL-12
and 1 ?g/ml soluble anti- CD28 in 96-well plates coated with 10 ?g/
ml anti-CD3 mAb. IFN-? was measured by ELISA.”

Figure cand d:

“fig (C and D) p19p40 has a more pronounced effect on human
CD45RO (memory) than on CD45RA (naive) T cells. FACS-purified
CD45RA and CD45RO T cells were cultured on anti-CD3 (10 ?g/ml)
and anti-CD28 (1 ?g/ml) coated 96-well plates and stimulated with
40 ng/ml hHy-p19-p40, 1 ng/ml IL-12 (R&D Systems), or 100 U/ml
IL-2 (R&D Systems) for 60 or 136 hr. IFN-g production (C) and
proliferation (D) were determined as in (A) and (B).”

[97]

IFNg = ((NK AND (PGN

LPS

MDP) AND (IL23 (IL22 AND (IL2 IL15 1L18))))

(ThO_M AND (LPS

MDP PGN) AND (IL12 1L23)) Thl ((CD8_NKG2D NK_NKG2D) AND (IEC_MICA_B IEC_ULPB1_6))
(Th17 AND (PGN OR LPS OR MDP)) OR ((MACR OR ThO) AND IL18 AND IL12)) AND NOT ((IFNg AND (TGFb OR IL10))
Th2))
“IL.-1b on the other hand, can activate the release of other
proinflammatory cytokines such as TNF-a, IL-23 and IL-6” [16]
1123 [30,71,116].
16 U IL1b AND 30: “Production of IL-23 in monocytes from these patients by beta- [55]
din CD MACR glucan is IL-1B dependent (43).
[30] (43) “IL-1 system regulates IL-23 production from human
monocytes” Figure 4 [121]
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DC

“IL-23 is predominantly produced by cells of the innate immune

1
system, including DCs and macrophages in the gut” [15]
“...Their most potent effector functions are stimulated by sensing
the production of IL-23 by macrophages and DCs activated in [24]
response to microbial stimulation [57]”
[57] MICE “IL-23 and IL-1 secreted by DCs in response to microbial [122]

stimulation work together to induce IL-17A production by ILCs.”

“Secreted by activated dendritic cells and activated macrophages,
IL-23 functions in innate and adaptive immunity to regulate Th17
function and proliferation. In addition, this cytokine induces CD8+
memory T cells to proliferate and produce IL-17. As such, IL-23 has
been described as a key cytokine controlling inflammation in
peripheral tissues. These activities are mediated by activation of
the JAK/STAT pathway following IL-23 binding.”

http://www.e
bioscience.co
m/knowledge-
center/antigen
/il-23.htm

MICE “We demonstrate that IL-23 and IL-1 secreted by DCs in
response to microbial stimulation work together to induce IL-17A
production by ILCs”

[123]

MACR OR
DC

“IL-23 is expressed by macrophages and activated by dendritic cells
in response to microbial stimulation, to endogenous signals like
prostaglandin E2, and stimulation via CD40L, a protein that is
primarily expressed on activated T cells [31].”

[31] Review Nature.

[40]

AND  NOT
(MACR AND
TNFa)

41-> MICE

[46]

“To investigate the relationship between on LPS-and IL-12
production, we analyzed the effects of exposure of human
monocyte-derived macrophages to

TNF-a on LPS, we anafiyze the effects of exposure of human
monocyte-derived macrophages to TNFa on LPS or SAureus induced
IL12 production in the presence or absence of IFNg. “

“TNFa is a potent inhibitor of IL12 p40 and p70 section from
human macr induced by LPS or S.aureus.”

“IL10 is not responsible for the TNFa mediated inhibition of IL12.”

“These data demonstrate a selective negative regulation on IL12 by
TNFa, identifying a direct negative feedback mechanism for
inflammation-induced suppression of IL12 gene expression.”

“We show here that in human monocyte-derived macrophages
(MDM),3 selectively inhibits IL-12 p40 transcription, but not p35,
identifying a novel regulatory mechanism of action for TNF-a -
induced suppression of IL-12 production.”

“In this report, we observed that TNF-a is a potent and selective

[124]
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TNF-a inhibitor of IL-12 p40 and p70 production from human
MDM(Fig.1). This inhibition is observed when MDM were pre-
exposed to TNF-a before, but not at, the time of stimulation with
LPS or S. aureus”

comment:
IL23 shares p40 subunit, then TNFa inhibits also IL23 production ¢?

Comment:

“Antibodies to p40, it turns out, also suppress the activity of IL-23, because IL-23
shares the p40 subunit with IL-12. Thus the role of IL-12 may have been
overestimated.”

“However, selective targeting of IL-23 is now emerging as an attractive concept—
not only with the new findings, but also because IL-12 mediates protective systemic
antimicrobial immunity.”

Comment:

“However, there is evidence that IL23 contributes to antibacterial immunity at
mucosal surfaces,15 35 and further understanding of this pathway will be required
to balance the beneficial effects of IL23 depletion on chronic inflammation with
potential deleterious effects on host protective mucosal immunity.”

Comment: In the absence of IL-23, both Th1 and Th17-associated cytokines were
reduced, suggesting that IL-23 promotes both types of response in the intestine (5).

Comment:

“Recent extensive genome-wide association studies on two large cohorts of CD
patients (567 patients with ileal CD) showed a correlation between several
polymorphisms in the IL-23R gene locus on chromosome 1p31, and CD: an
uncommon variant of the gene IL-23R seems to be related to a protective activity
against CD [24 These data, although the underlying mechanism behind the
differential susceptibility is not clear, have lead to the evaluation of the IL-23
pathway, as a target for new therapeutic agents.”

[125]
(42]
(73]
(40]

IL23 = (MACR AND IL1b) DC

17

IL22

upregulate
din CD
[126]

“Like 1L-23, IL-1b induced the expression of IL-17A, IL-17F, IL-22 and
IFN-g by naive CD4+ T cells. IL-23 strongly upregulated the
Th17 expression of IL17A, IL17F, IL22, IL26 and CCL20.”

Comment: ThO AND (IL230OR IL6 OR IL1b) is Th17.

[96]

“A recent publication by Cella et al. has shown that IL-22 is also

NK AND produced by human and mouse mucosal natural killer (NK-22) cells
(IL18 AND [18]. This subset of NK cells is present in the mucosa-associated
IL12) OR lymphoid tissue and produce IL-22 in response to IL-23.”

[127]

IL23
18: “NKp441 NK cells revealed production of IL-22”

[128]
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“NK cells produce IL-22 in response to IL-12 and IL-18 or IL-23. This
activation by IL-12 and IL-18 can also induce NK cells to secrete I1L-22
(26, 27).”

[129]

27: Mice: “IL-12 and IL-18 induced IL-22 mRNA and protein in NK
cells, but only in the CD27 high population. On the other hand, IL-23
was able to induce IL-22 in both subsets.”

[130]

26: “In this study we show that IL-22 expression is specific for
activated T cells and, at lower levels, NK cells in which it increases
with time.” Figure 1

[131]

“However, IL-22 is not exclusively produced by Th17 cells, but rather
appears to be produced by activated T cells in general, as well as by
IL-2- or IL-12-stimulated natural killer(NK)cells (36).”

36: [131]

(15]

“NK cells developed in the absence of this transcription factor (15,
16). Of note, the majority of NKp46+ RORgd+ cells were localized
within the cryptopatches of the small intestine and ROR?t was
required for their development, whereas RORgd+ is required for the
lineage commitment of lymphoid tissue inducer cells (LTi cells)”

“NKp46+ ROR?t- cells but not NKp46+ ROR?t+ cells mediated
cytotoxicity and produced IFN-g albeit at lower levels than did
mature splenic NK cells (15, 16). These data suggest that NKp46+
RORgd- cells are the LP-resident NK cell population, whereas the
NKp46+ RORgd+ cells might have derived from LTi cells. “

“NKp46+ ROR?t+ cells constitutively produce IL-22, a cytokine
regulating epithelial expression of antimicrobial proteins”

(3]

CD4_NKG2D

“It has been shown that IL-22 is increased in active In CD and
promotes proinflammatory gene expression.14 our study, a notable
fraction of CD4+ T cells produced IL-22 in the mucosa and in the PB.
As observed for IL-17, the LP CD4+NKG2D+ T cells produced higher
levels of 1L-22 (17.3%?7.3%) than CD4+NKG2D- T cells (6.2%?4.6%,
P ?.001, n ? 10).” Figure 6

(62]

(ThO AND
IL22 AND
IL21) AND
NOT TGFb

“In contrast to what has been observed in mice, IL-21 also increased
IL22 mRNA levels in naive CD4+ T cells in the absence of any
exogenous IL-23. However, TGF-B suppressed the expression of
IL21 and IL22 mRNA induced by IL-21”

[132]

IL2

2=Thl7

(NK AND ((IL18 AND 1L12) IL23)) CD4_NKG2D ((IL22 AND ThO AND IL21) AND

NOT TGFb)

18

IL21

Th1l7

“Th17 cells also secrete IL-21 to communicate with the cells of the
immune system”

[134]
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Upregulate
din CD and
ucC.

(30]
[133]

“Because Th17 cells themselves are a major source of IL-21, an
autocrine amplification loop was proposed by which Th17 cells en-
hance their own differentiation and precursor frequency (5-7, 25)
(Figure 1).”

6 mice: Figure a

[135]

5 mice
7 mice
25 mice

[136-138]

NK

“IL-21 is a pleiotropic type | cytokine that is produced mainly by
T cells and natural killer T (NKT) cells.”

[139]

(ThO AND
IL6) AND
NOT (IL4 OR
IFNg OR
TGFb)

Mice: “Naive CD4 + T cells were stimulated with anti-CD3 mAb/anti-
CD28 mAb in the presence of IL-6, anti — IL-4 mAb, and anti — IFNG
mAb with or without TGFb. We found that IL-6 together with the
blocking antibodies to IL-4 and IFNg strongly induced the
development of IL-21 — producing CD4 + T cells without the
induction of IL-4, IFNG, IL-17A, or IL-17F production. Furthermore,
unexpectedly, TGFb inhibited the development of IL-21 — producing
CD4 + T cells in a dose- dependent manner.”

[140]

IL21 = Th17

((ThO AND IL6) AND NOT (IL4 OR IFNg OR TGFb))

19

IL17

Upregulate
din CDand
uc

(30]
[109]

Th17

Figure 2 : ThO AND (IL1b OR IL23) which is Th17

[96]

(CD4_NKG2
D AND
(IEC_MICA/
B OR
IEC_ULPB1_
6))

“NKG2D is present on more than 70% of IL-17—positive CD4+ T cells
and almost absent in CD4+ IL-17 negative cells.”

“CD4+NKG2D+ T cells showed a strong responsiveness to Th17-
promoting signals. These results emphasize that NKG2D strongly
identifies Th17 cells in CD”

“in HCs, NKG2D and IL-17 expressions on CD4+ T cells were
significantly lower, and IL-17-producing CD4+ T cells slightly
expressed NKG2D"”

(62]

Th1l7

“It is also well established that Th17 like Treg cells are present at
elevated levels in the intestinal mucosa and in circulation of IBD
patients, compared to healthy controls [10,75-77].”

“Taken together, these data demonstrate that inflammatory
conditions in IBD can induce IFN-c or IL-17A production in a fraction
of Foxp3+ Tregs in vivo, but do not affect their immunomodulatory
functions”

Comment:
e Inflammatory conditions AND IL6 AND IL23 AND IL1b which

(83]
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is Th17.

® ltis produced by Treg-Th1 cells (because of T cell plasticity)
but in Th17 conditions. It has been simplified with Th17 in
the Boolean function because it is not possible to write
Treg because it is inhibited in this cytokine environment
and this relation in the Boolean equation would not
happen.

10 “IL17+FoxP3+ T cells were identified in inflamed intestinal
mucosa of patients with Crohn’s disease (CD), but not in patients
with ulcerative colitis (UC) or healthy controls.”

“These cells shared phenotypic characteristics of Th17 and Treg
cells, and showed potent suppressor activity in vitro. Transforming
growth factor-® was necessary and sufficient to induce development
of a IL17+ FoxP3+ cell population in CD4+ LPLs derived from patients
with UC”

“TGF-B is an essential factor in the development of FoxP3+IL-17+
cells, and that this population originates from FoxP3+ precursor cells
in a distinct inflammatory microenvironment.”

[119]

Recently, it has been demonstrated that Tregs in healthy humans
are able to produce IL-17A after activation [15,16].

[141]

Th17_M

Figures b (Central memory T cell):
ThO_M AND (IL23 OR IL1b OR IL6) and this is equal to Th17_M

(82]

“IL-1b and IL-6 induced during the early stages of an inflammatory
response may act on memory T cells to promote IL-17 and IL-21
secretion”

[96]

CD4+T OR
NKT OR
CD8+T OR
gdT

“There are other immune cells that also produce IL-17, such as
gammadelta T cells [10, 19, 26], innate Th17 (iTh17) [27], natural
killer (NK) cells, mast cells, and neutrophils [10, 19].”

[142]

19 Do not mention

[143]

10 “In addition to T cells, other cellular sources of IL-17 include
natural killer (NK) cells, mast cells and neutrophils”

“INK cells that produce IL-17A have been shown to express
neuropilin 1 (55) and are recent thymic emigrants, suggesting that
they may be genetically programmed to produce IL-17A.”

“IL-17 can also be produced by several other innate immune cell
types, such as lymphoid tissue inducer cells, natural killer and
natural killer T cells, macrophages and Paneth cells (reviewed in
references 39 and 40). The functional importance of the IL-17
produced by these cell types during inflammation is not very well
characterized.”

[144]
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39 “A role for NK cells in exhibiting certain Th17-like factors has
previously been described. In certain situations NKp44+ NK cells
produce high levels of innate IL-22 (93). Additionally, NK cells can
express high levels of the transcription factor RORy (94). Thus, it
seems plausible that NK cells would be another innate source of IL-
17 and IL-17F, especially considering their developmental similarity
to LTi cells. However, only one report has demonstrated that NK
cells have this potential. In a model of toxoplasmosis, NK cells
were able to generate IL-17 through a mechanism that was
dependent on IL-6 (95). Thus, further assessments of NK cells as IL-
17 producers are warranted.”

“Of particular importance are the invariant NKT cells (iNKT) that
express a single restricted TCR receptor and are activated by
aGalCer. These cells were also shown to produce IL-17 in an innate
capacity following TCR ligation and IL-23 stimulation (97). iNKT
cells did not, however, require IL-6 to induce IL-17.”

“Furthermore, CD4-/NK1.1+ NKT T cells were recently described as
being the most potent IL-17 producers compared to the CD4+ and
NK1.1+ NKT subsets (98).”

Table 1 and 2

Comment: CD4+T OR NKT OR CD8+T OR gdT not in the network

[145]

AND NOT
IL13

“Conclusions—IL-13Ral is expressed on human CD4+ Thl7 cells,
and IL-13 attenuates IL-17A production at polarization and
restimulation. While IL-13 is an attractive therapeutic target for
decreasing symptoms associated with asthma, these results suggest
that therapies inhibiting IL-13 production could have adverse side
effects by increasing IL-17A production.”

Figure 13

“lIL-13 attenuated IL-17A levels in human CD4+ Th17 cells, but the
amount of IL-13 necessary for inhibiting IL-17A production was
greater in humans than in mouse Th17 cells, in which 5ng/ml of IL-
13 attenuated IL-17A production.8”

“This study shows that IL-13 is important in negatively regulating
Th17 cytokine production. However, further studies need to be
conducted to determine the precise mechanisms for

IL-13 inhibiting IL-17A production in human Th17 cells. In contrast,
IL-13 may provide a potential therapeutic for treatment of Th17
mediated diseases, including Crohn’s disease and rheumatoid
arthritis, by decreasing IL-17 production.”

Figure 4

[146]

AND NOT
TGFb

Figure 1: “A combination of TGF-b and IL-6 reduced the IL-23-driven
production of IL-17A, IL-17F and IL-22”.

[96]
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Inhibits production. Downregulates in a concentration dependent
manner:

“At different concentrations of TGFb1 (10, 1, 0.1 and 0.01 ng/ml)
The mean production of IL17 was, respectively, 67.7%, 61.2%, 89.6%
and 86.2% of that measured in the presence of medium only”

[109]

Th17 AND
IL23

“..IL-23 binds to Th17 T cells and macrophages, promoting the
release of IL-17, IL-6, IL-1 and TNF.

“The difference between the heterodimeric complex binding IL-12
and IL-23 confers to IL-23 a specific intracellular signaling, with
consequent lymphocyte activation and cytokine, mainly IL-17
production [23”

FrdZAND-H23-> IL23 induces Th17, then once it is active IL17
would be secreted

[40]

IL17 =Th17 (Th17_M AND (LPS MDP PGN)) ((CD4_NKG2D AND IEC_MICA/B IEC_ULPB1_6)) AND
NOT ((TGFb IL13) AND IL17)

IL10 “TLR2 is a potent inducer of anti-inflammatory interleukin-10 (IL-

10), which critically inhibits multiple macrophage and dendritic cell

Altred: (DC) effector functions, thus limiting exaggerated immune
responses. Downstream recruitment of the adaptor proteins Mal or

MyD88 lead to diverse immune responses through cytokine

production (such as anti-inflammatory interleukin-10 (IL-10)) via

[147]: transcriptional activation of nuclear factor-kB (NFkB).”

“ . . [14]
Wang et Presgnce of a. CARP15 mutation -which h.as been shown .t(.J.be
al[18] associated with increased Crohn’s disease susceptibility-
sk imbalances TLR2-mediated NFkB activation in antigen presenting
dincD cells, thus leading to mucosal inflammation through exaggerated
interferon-g , IL-12, and IL-23 production, 29 which in turn may
Kucharzik (TLR2 further suppress mucosal TLR2-mediated anti-inflammatory IL-10
et al[82] AND NFkB) | production via paracrine loops. 30”
20 Upregulate AND NOT “ s . . -
din CD or (MACR AND | “IFN-g inhibits IL-10 production by regulating the activity of GSK3
uc IFNg) and MAPKs downstream of TLR2”

. “Taken together, our results support a model whereby IFN-g
LTSI suppresses IL-10 production by two mechanisms: (1) IFN-g-
Etprzlgul[astse] dependent suppression of MAPKs and (2) IFN-g activation of GSK3”
¢l “TLR2 stimulation induced the time-dependent production of [149]

. substantial amounts of IL-10 in control cultures (Figure 2A, top). In
hilEn @ striking contrast, TLR2 stimulation of IL-10 production was strongly
::'i:(]ed not suppressed in IFN-g-activated macrophages”

Comment: AND-FLR2-Can be suppressed from the Boolean function
[148] because TLR2 is needed for the activation, thus the inhibition is

going to take place only if something is activated, and IL10 is
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KAT2B
down-
regulatio
nin IBD:
Downregu
lated

activated in the presence of TLR2.

TLR2 AND NOT (MACR AND IFNg AND-FLR2)

Mice: “Regulatory T cells (Treg), Trl cells, and/or Th3 cells produce

IL-10” [111]
“Treg are crucially involved in the maintenance of gut mucosal
homeostasis by suppressing abnormal immune responses against
the commensal flora or dietary antigens. In particular, Treg exert
their function by producing the anti-inflammatory cytokines IL-10 [150]
Tre and TGF-B and by preventing both the activation and the effector
& function of T cells that have escaped Innate and adaptive i other
mechanisms of tolerance [81]”
[81] “CD4?CD25hi T cells proliferated poorly to immobilized anti-
CD3 (Figure 2A), and produced no detectable amounts of IL-2, IL-10,
IL-4, TGF?, IFN?, or IL-6 (data not shown).” [151]
Comment: assuming that in normal conditions Treg produced IL10
“Interleukin (IL)-23 suppresses IL-10 in inflammatory bowel
Th2 disease.”
AND NOT | “IL-23 Suppresses Expression of IL-10 in Th2 Cells.” [152]
IL23 “The data suggest a potential that the decrease in IL-10 in the IBD
colon mucosa may be induced by the increase in IL-23”
“There is evidence that differentiation of Th17 cells in the absence
of IL-23 leads to Th17 cells producing IL-10, an anti-inflammatory [113]
Th17 AND cytokine, which are therefore poor inducers of inflammation 23”
NOT IL23
23 All in mice. [153]
“We recently demonstrated that IL-2 enhanced IL-10 production
through STATS activation.”
IL10 AND
(Treg AND | We do not include: [154]
IL2) (IL10 AND Treg AND IL2)
Because Treg already activates IL10. The upregulation will do
nothing
('\flfsc):RAﬁlgD ;:I;:ocsi:i?gly inhibited IL-10 production by LPS activated [35]
NOT IL4 Y
“In cells from control tissue, the proportion of IL-12—producing DCs
was variable and low; overall, it did not reach statistical significance.
DC AND LPS There were no detectable IL-6—producing DCs. However, a 38]

significant proportion of colonic DCs from healthy tissue produced
IL-10. Figure
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Mice “The ambiguous Th2/Treg marker cytokine IL-10 was
detectable only when stimulated DCs were used for T cell
stimulation. In case of stimulated ROF-DCs, IL-10 levels were much
lower than observed for cocultures that contained LPS-stimulated
control BM-DCs.”

e ROF-DCs: PDE4 inhibitor roflumilast (ROF, trade name:

Daxas)
e BM-DCs: bone marrow-derived (BM-) DCs

[155]

Comment: bone marrow-derived (BM-) DCs produce IL10 when they
are stimulated.

To examine the molecular consequences of KAT2B down-regulation in IBD:
-IL-1B, IL-6, and IL-18 were significantly up-regulated

-whereas IL-4, IL-8, and IL-10 were significantly down-regulated in a dose-
dependent manner.

-IL-13, IL-17A, IL-23A, and TNFa expression was not influenced by KAT2B

[148]

Comments:

“Studies have been inconsistent regarding serum levels of IL-10 in IBD, as stated
earlier some studies show higher IL-10 levels in CD, Wang et al[18] found that CD
patients had significantly higher levels of IL-10 compared to controls. Kucharzik et
al[82] reported increased serum IL-10 concentrations in patients with active CD or
UC compared to controls. Mitsuyama et al [85] showed an increase in serum IL-10
in active UC patients but not CD. In contrast, Nielsen et al[81] concentrations did
not differ among UC, CD and healthy control subjects.” [147]
“However, to date, the results of the clinical trials have been disappointing.
Although CD activity was reduced as measured by the CD activity index, IL-10
supplementation did not result in significantly reduced remission rates or clinical
improvements when compared to placebo”

“Table 1 Summary of key findings from interleukin-10 trials in human and animal
studies”

IL10 = Treg OF (Th2 AND NOT IL23) OF ((TLR2 AND NFkB) AND NOT (MACR AND IFNg)) OF ((MACR AND LPS) AND
NOT IL4) (DC AND LPS)
EMAIL: rene.de.waal.malefyt@merck.com related to their work [96]
“Following this initial paper, we have conducted many more studies that were published by Katia
Boniface and Melanie Kleinschek in JI and JEM. We found consistently that using our culture
conditions both IL-1 and IL-23 are able to induce Th17 differentiation. We also showed that
Th17 there are many different subtypes of TH17 cells.
From our first paper on we have never seen a positive effect of TGFb on human Th17
U;?regulate differentiation. TGFb is mainly immunosuppressive and inhibits T cell responses and
21 |ENRERIEE differentiation. Later on it was demonstrated that Th17 differentiation in the mouse could also
e occur in the absence of TGFb :
[156] http://www.nature.com/nature/journal/v467/n7318/abs/nature09447.html
[157] As far as | know, no one has been able to repeat the results from Yang.”

15 “IL-2 will ultimately lead to the population expansion of TH-17 cells” [158]
([96], [39]):
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® [96]: Do not show it

[39]: Several cytokines, including type | and type Il interferon, IL-4,

IL-12, IL-27 and IL-2, inhibit TH-17 differentiation 1,2,4,18-20. [39]
1: MICE [159]
2: MICE [160]
18: In addition, IL-2 and IL-15 also induce IL-17 production in human
PBMC [24]. 161
We show that not only IL-2 and IL-15, but also IL-23, IL-18 and IL-21 L6
stimulate IL-17 production by human T cells.é?
“IL1b and IL23 were able to drive human naive CD4+ T cells toward
" [96]
a Th17 phenotype
“IL-6 did not enhance this apparently spontaneous TH-17
differentiation, whereas TGF-b suppressed the production of both 39]
IL-17 and IFN-g. Also, IL-1b strongly induced the differentiation of
IL-17-producing cell”
IL1b OR IL23
MICE:
39: “The development of TH-17 cells from naive precursor cells was
potently inhibited by interferon-g (IFN-G) and IL-4, whereas
committed TH-17 cells were resistant to suppression by TH1 or TH2 [160]
cytokines. In the absence of IFN-g and IL-4, IL-23 induced naive
precursor cells to differentiate into TH-17 cells independently of the
transcription factors STAT1, T-bet, STAT4 and STAT6.
TGFb and “TGF-B and IL-21 was uniquely able to induce TH17 differentiation.”
. [132]
IL21 Do not: email Rene
IL-21 drives differentiation of naiive T cells into Th17 cells. [142]
IL21 AND | [35-38(humanos)]
TGFb
Promotes differentiation [15]
“IL-6 induces the generation of Th17 cells from nai“ve T cells
together with TGF-b and inhibits TGF-b-induced Treg (iTreg) [162]
IL6 differentiation [13-15].”
Promotes differentiation(needs TGFB) [15]
“In contrast to what might have been predicted based on
AND NOT experiments in mice, TGF-b and IL-6 did not induce TH-17 [96]
TGFb differentiation and even blocked IL-23-induced development of [163]

TH-17 cells”
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“TGF-B suppressed the production of both IL-17 and IFN-g.” [39]
TGF-B inhibits IL-17 production
e 1. Reference Wilson [158]
® 2. A costa RodrigueZ
“Regulatory T cell (Treg) generation (depicted by the cells shown in
red) and thus counter-acts the inhibitory effect on Tregs on both
Th1 (IFN-y) and Th17 (IL-17) pro- inflammatory responses.”
L . . . . [113]
This is seen in the fact that induction of Foxp3 expression, the
AND NOT [ signature protein of regulatory T cells, inhibits RORyt function, the
Treg main IL-17 transcription factor. Similarly, the induction of Th17 cells
inhibits Foxp3 expression” 25,26
25: High concentrations of TGF-B, together with retinoic acid (RA),
may be required for induction of Foxp3+Tregs to suppress [164]
potentially detrimental inflammatory Th17 cell responses [57-62].
AND NOT “IL-12, IFN-g, and IL-4 suppress Th17 cell differentiation [22, 23, 39]”
IL12
e ref22: MICE
AND NOT
IL4 e ref23:MICE [111]
ref 22:[165]
e ref39: MICE: ref 23:[166]
“The development of TH-17 cells from naive precursor cells was ref 39:
potently inhibited by interferon-g (IFN-G) and IL-4, whereas [160]
committed TH-17 cells were resistant to suppression by TH1 or TH2
cytokines. In the absence of IFN-g and IL-4, IL-23 induced naive
precursor cells to differentiate into TH-17 cells independently of the
transcription factors STAT1, T-bet, STAT4 and STAT6.”
“Th1 and Th2 cells are known to antagonize each other, and not
surprisingly, IL-12, IFN-y, and IL-4 can inhibit Th17 differentiation in
AND NOT | both mouse and human (2, 3, 17, 19, 20, 25, 26).”
IFNg 2 - mice [167]
3 >mice
19 - mice
17 ->"”Even the neutralization of IL-4 produced by Th2 is critical in
neutralizing the development of IL-17; however, neither IFN-y nor [168]
IL-4 seem to be effective on already established Th17 (20).”
20 - “both IL-12 and IL-4 prevented IL-23-induced TH-17 [169]

development (Fig. 1e).”
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26 -“IL-23 enhanced IL-17 secretion, as did IL-2, IL-15, IL-18 and IL-

21. In contrast, IL-12 mediated specific inhibition of IL-17 [161]
production.”
“IL-23 primarily induces proliferation and survival of Th17 cells.” [70]
“IL-23 specifically induces the differentiation of naive CD4+ T cells
into Th17 cells, with the activation of a cascade of several pro-
Th17 AND inflammatory cytokines: IL-17, IL-17F, IL-6, and TNF-alpha [25”
IL23
ves . . . . . [40]
Since the cytokine microenvironment can modify the behavior of
some T helper (Th) subtypes and there is an overlap between Thl
and Th17 pathways, a precise differentiation between the specific
effects exerted by IL-12 and IL-23 has not been defined [30].”
In chronic inflammation, antigen-stimulated dendritic cells and
ThO AND .
1123 macrophages produce IL-23, which promotes the development of [43]
Th17/ThIL-17 cells
Th1 does not difference between CD from HC
Th17 Upnregulated
Th17/Th1 Upnregulated
“A larger proportion of commensal-specific CD4+ T cells from patients with CD have
a Th17 phenotype or produce Thl and Th17 cytokines, compared with T cells from
controls; this might contribute to intestinal inflammation in patients with CD.”
“To define the cytokine profile of microbial antigen-driven T cell responses, we first
measured IFN-y and IL-17 in culture supernatants of total PBMCs stimulated for 7 [157]

days with TT, ASCA Ag, CBirl, FlaX, A4-fla2, and YidX. We looked at IFN-y and IL-17
as they are characteristic of Thl and Th17 response, respectively, both of which
have been associated with gut inflammation in CD 28. Both cytokines were
significantly increased in CD compared to control supernatants in response to
FlaX, A4-fla2, and YidX (Supplementary Figure 4A-B).”

“While the percentage of single IFN-y+ IL-17- cells (Th1l) was similar for CD
patients patients and controls (Figure 2B), the frequency of IL-17-producing T cells
was significantly higher in the former. Remarkably, we noted significantly higher
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frequencies of IL-17+ IFN-y- single (Th17) and IL-17+IFN-y+ double-positive
(Th17/Th1l) CD4+ T cells that recognized FlaX single (Th17) and IL-17+IFN-y+
double-positive (Th17/Th1l) CD4+ T cells that recognized FlaX, A4-fla2 and YidX in
CD patients compared to control individuals (Figure 2C-D). These data indicate that
commensal-specific CD4+ T cells in CD patients present a Th17 and Th17/Th1
phenotype upon antigen recall that is not observed in T cells responding to the
same antigen in healthy controls”

Upregulated in CD and UC:

“the prevalence of IL-17A-producing Th17 cells was increased in both IBD cohorts
(Fig. 3C), as were CD25 and FoxP3 double-expressing or FoxP3 single-expressing

Treg (Fig. 3D) compared with HC. However, no Significant differences in the [156]
prevalence of Th17 or Treg cells were observed between the 2 IBD cohorts (Fig. 3C,
D)'H
Th17 = ((ThO AND (IL1b OR IL23 OR IL6)) OR (Th17 AND IL23)) AND NOT ((TGFb OR IL12 OR IL4 OR IFNg OR Treg) AND
Th17)
“Here we demonstrate that human naive CD4+ T cells develop into
TH-17 cells in response to IL-23 or IL-1b.”
IL23 “we identified TH-17 cells in situ as a subpopulation of CD4+ [96]
memory T cells expressing the IL-23 receptor (IL-23R).”
Figure 3
“These data are consistent with another study showing that IL-17-
producing memory T cell populations are expanded by IL-2 in both [158]
Thl7_M species” 13.
22 | Overexpres IL2 13: “We also found, by an intracellular cytokine analysis assay, that
sion in CD the IL-17 expressing cells were predominantly CD4+ T cells (Fig. 1d)
[94] with a memory phenotype. Fig. 1e: “Detection of IL-17— and IFN-g— [170]
expressing naive (CD62L) or memory (CD45R0) cells in human CD4+
T-cell cultures propagated in the presence or absence of IL-2”
Th0_M AND “IL-1b and IL-6 induce IL-17A secretion from human central memory
(IL1b AND ) [132]
CD4+ T cells..
IL6)
“The proportion of blood T cells that were CD45RA- memory T cells was
significantly higher in patients and siblings compared with controls, figure 1A.” [94]
Th17_M = (((ThO_M AND (PGN ©'" MDP ' LPS)) AND ((IL1b AND IL6) ©'* IL23 ©1 [L2))) ©'F Th17_M
73 Thl IL12 A cytokine initially |d"ent|f|ed as IL-12, the master cytokine driving [113]
the Thl response 4,5
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Downregul
ated

[156]
Upregulate

d-equal
[157]

4: MICE

5:MICE: “IL-12 promotes Th1 cell differentiation and cell-mediated
immunity. In the present study, the potential role of IL-12 was
analyzed in an experimental colitis model in scid mice”

[171]

“When T cells were stimulated with IL-12 and IL-18 in the
presence or absence of anti-CD3, only those T cells stimulated by
engagement of the T-cell receptor (TCR) could develop into Thl
cells [62].”

[101]

“Thus, IL-12 can promote the differentiation of Thl cells, and IL-6
and TGFb or IL-23 can promote the differentiation of Th17 cells [9-
13].”

[111]

“In the same culture conditions, IL-12 inhibited TH-17 differentiation
but promoted TH1 differentiation (Fig. 1a,b)”

(39]

IFNg

“IFN-y and IL-12 initiate the differentiation of Thl cells that are
characterized by high production of IFN-y and are indispensable for
clearing intracellular pathogens.”

(15]

Figure 3:

“Human IFNG expression by (B) primary and (C) effector un-
polarized (Th0), Th1 and Th2 cultures from BACdell, BACdel2 or the
full-length human 190 kb BAC transgene. Results are expressed as
mean = the SEM of human IFNG expression relative to murine
Gapdh expression.”

[172]

AND NOT
Treg

“Regulatory T cell (Treg) generation (depicted by the cells shown in
red) and thus counteracts the inhibitory effect on Tregs on both
Th1 (IFN-y) and Th17 (IL-17) proinflammatory responses.”

[113]

“while TREG can inhibit both TH1 and TH2 induction (Gorelik et al.,
2000, 2002).”

[173]

IL18

“IL-18 is an important mediator in the Thl response, primarily by
induction of IFN-y secretion from T cells and natural killer (NK) cells”
[33,34]

[174]

33: MICE

“This observation of IL-12 synergy with IL-18 is consistent with the
observations of others who claimed that IL-18 alone was able to
drive the TH1 response independently of IL-12, 21,28"

[104]

34: Review. Mouse

[101]

“When T cells were stimulated with IL-12 and IL-18 in the presence
or absence of anti-CD3, only those T cells stimulated by
engagement of the T-cell receptor (TCR) could develop into Thl
cells [62].”

[101]
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[62] “Like these NK cells, T cells produce IFN-g in response to IL-12
and IL-18 without their TCR engagement or development into Thl
cells.”

[175]

IL1b OR IL21

Fig 1b

[132]

IL10

“The suppressive function of IL-10 involves the inhibition of
macrophages and DCs and direct suppressive effects on Thl
cells”[18].

[176]

18 MICE: “Interleukin-10 (IL-10) was first described as cytokine
synthesis inhibitory factor (CSIF) (1), an activity produced by mouse
Th2 cells that inhibited activation of and cytokine production by
Th1 cells.”

“the effects of IL-10 on DC are consistent with inhibition of Thl
inflammatory responses and can be achieved by inhibitory effects
on “inflammation-inducing DC” or by induction of anti-inflammatory
T cell populations by IL-10-producing DC”

[177]

AND NOT

((L23 OR

IL17) AND
IL12)

“IL-17 signaling via these receptors inhibit Thl differentiation by
suppressing expression of T-bet, a factor necessary for Thl T cell
developmenT. 46”

[113]

46: MICE Figure 2: IL-17 modulates TH1 differentiation.

[178]

“whereas IL-23 suppressed Th1 cell differentiation”
“IL-23 or IL-17 can suppress Th1l cell differentiation in the presence
of exogenous IL-12.”

[111]

L4

“IFNg suppressed TH2 and TH17 development, IL-4 inhibits the TH1
and TH17 lineages (Harrington et al., 2005; Park et al., 2005;
Yamane et al., 2005)”

[173]

TGFb

“TGF-B suppresses the functions of Thl and Th2 CD4+ effector cells
and NK cells, and promotes the generation of Treg cells. To promote
immune responses, TGF-B induces the generation of Th17.”

“we have found that TGF-B potently inhibits effector functions of
activated T cells and thus their differentiation into Thl or Th2
effector cells under tissue culture conditions (76).”

[179]

“Thus, in humans, TGF-b seems to inhibit the three main pathways
(TH1, TH2 and TH-17) of effector T cell differentiation.”

(39]

ThO AND
IL12

“IL-12 induces activated T-cells to differentiate into IFN-y producing
Thl cells and it induces the NK cells to secrete IFN-y and TNF-
a[75,76]”

[70]
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“Bacterial-derived products [e.g., lipopolysaccharide (LPS) from
Gram-negative and muramyl dipeptide (MDP) from Gram-positive

bacteria] are proposed to play a pivotal role in the generation of [180]
neurological and neuroinflammatory/immunological responses
during bacterial infections of the nervous system.”
GnB: Gram-negative bacteria
“The elevated expression levels of IL-23 and IL-27 may suggest that
these cytokines may act as a cofactor, together with IL-12, in the
induction of Th1 responses by GnB-primed moDC.”
ThO AND DC “This study demonstrates that GnB have a clear immuno-
AND IL12 modulatory effect on DC by the imprinting of a strong Thl [181]
polarizing capacity. This capacity is only partly dependent on the
AND IL23 . . . .. . .
AND LPS activity of the classical Thl polarizing cytokine IL-12, and it is
suggested that this Th1 polariza-tion may as well be driven by the
action of the novel IL-12 family members IL-27 and/or IL-23.”
“Intestinal GnB but not GpB prime moDC for a high Thl polarizing
capacity”
“In addition, NFkB activation of APCs (including dendritic cells) by
microbial adjuvants induces the expression of MHC class Il antigens,
co-stimulatory molecules, IL-12 and IL-23, which can activate TH1
and TH17 cells, respectively, if the appropriate antigen is present.” [182]
- 1L12
Figure 3:
Th1 does not difference between CD from HC
Th17 Upnregulated
Th17/Th1 Upnregulated
“A larger proportion of commensal-specific CD4+ T cells from patients with CD have
a Th17 phenotype or produce Thl and Th17 cytokines, compared with T cells from
controls; this might contribute to intestinal inflammation in patients with CD.”
“To define the cytokine profile of microbial antigen-driven T cell responses, we first
measured IFN-y and IL-17 in culture supernatants of total PBMCs stimulated for 7
days with TT, ASCA Ag, CBirl, FlaX, A4-fla2, and YidX. We looked at IFN-y and IL-17 [157]

as they are characteristic of Thl and Th17 response, respectively, both of which
have been associated with gut inflammation in CD 28. Both cytokines were
significantly increased in CD compared to control supernatants in response to
FlaX, A4-fla2, and YidX (Supplementary Figure 4A-B).”

“While the percentage of single IFN-y+ IL-17- cells (Th1l) was similar for CD
patients patients and controls (Figure 2B), the frequency of IL-17-producing T cells
was significantly higher in the former. Remarkably, we noted significantly higher
frequencies of IL-17+ IFN-y- single (Th17) and IL-17+IFN-y+ double-positive
(Th17/Th1) CD4+ T cells that recognized FlaX single (Th17) and IL-17+IFN-y+
double-positive (Th17/Th1) CD4+ T cells that recognized FlaX, A4-fla2 and YidX in
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CD patients compared to control individuals (Figure 2C-D). These data indicate that
commensal-specific CD4+ T cells in CD patients present a Th17 and Th17/Thl
phenotype upon antigen recall that is not observed in T cells responding to the
same antigen in healthy controls”

Th1 Downregulated
Th2 Upnregulated in UC

e “Anincreased IFN-g-producing or T-bet-expressing Th1 cells (Fig. 3A) and
a decreased IL-13-producing or Gata3+-expressing Th2 cells (Fig. 3B) in
patients with CD were observed compared with patients with UC.”

o “Interestingly, the prevalence of IFN-g+ or T-bet+ Thl cells were
significantly decreased in both patients with UC and CD in comparison
with HC (Fig. 3A).”

® An increased IL-13-producing or Gata3-expressing CD4+ Th2 cells were
found in patients with UC, but not in patients with CD, when compared
with HC (Fig. 3B). Interestingly, the prevalence of IFN-g+ or T-bet+ Thl
cells were significantly decreased in both patients with UC and CD in
comparison with HC (Fig. 3A).

[156]

Th1 = (ThO AND ((IL12 OF IFNg OF IL18) OF (DC AND IL12 AND IL23 AND LPS))) AND NOT ((UIL17 AND UIL12)

((Treg OF Th2 O TGFb 07 IL10 O IL4) AND Th1))

24

Th2

Upnregulat
edin UC

[156]

“IL-4 triggers the differentiation of Th2 cells.”

“however, the effector cytokines that are subsequently produced

1

by Thl and Th2 cells (i.e., IFN-y and IL-4) can potentially feed back 15
to amplify Thl and Th2 cells and further enhance differentiation of
the respective T cell subset.”
“IL-4, a member of the g-chain receptor cytokine family, is
considered a crucial mediator of CD4? Th2 T cell differentiation and [183]
suppression of IFN-g-producing CD4+ Th1 cells [1]”.

Th2 AND IL4 | [1] “IL-4 such cells to develop into cells capable of producing IL-4
and a series of other cytokines including IL-5, IL-10 and IL-13 (i.e.
TH2-like cells) (7, 8).” [184]
7,8 - MICE
“Interleukin-4 (IL-4) promotes a Th2 response in lymphocytes [14].” [185]
[14] Mouse: nothing. [186]
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“Conversely, cells activated in the presence of IL-4 down-regulate

the IL-12 receptor and mature along the Th2 pathway, activating [187]
the STAT-6 [15], C-maf [16] and GATA-3 [17] transcription factors.”
[15] “mice deficient in Stat6 by gene targeting...”
[16] “Murine Thl (D1.1, OF6, Ar5, AE7, and S53) and Th2” [188-190]
[17] “In transgenic mice...”
“while Treg can inhibit both TH1 and TH2 induction (Gorelik et al.,
” [173]
AND NOT 2000, 2002).
Treg
(Gorelik et al., 2000, 2002). - Mice (references explained below). [191,192]
“demonstrating that Nod2-mediated PGN recognition elicits Ag-
specific T and B cell immunity with a predominant Th2 polarization
profile.”
“Taken together, our findings show that Nod2 preferentially skews
NOD2 AND . 1 n
the immune response toward a Th2 profile [99]
PGN )
Mice cells
Comments:
e NOD2 recognize PGN?
e Mice presents a different Th differentiation pathway
“IL-10 promotes Th2 responses in vivo” (Agrawal et al., 2003; [59]
Dillon et al., 2004; Pulendran et al., 2001; Redecke et al., 2004)
Pulendran et al: “Good candidates for Th2-inducing cytokines are (193]
IL-10 and IL-4. However, significant levels of IL-10 or IL-4 could not
be consistently detected in these cultures (data not shown).”
Dillon et al., 2004: MICE: “In summary, the present data suggest
that Pam-3-cys induces lower levels of the Thl-inducing cytokine IL- [194]
12(p70), and much higher levels of the Th2-inducing IL-10, than E.
IL10 coli LPS”
Agrawal et al., 2003: “IL-10, a regulatory cytokine that is known to [195]
dampen both Thl and Th2 responses in humans (6),” ?éé?
Redecke et al., 2004: Nothing related to Th2 induction by IL10 [196]
“Like 1L-10, IL-19 also promotes an increase in Th2 to Thl T [185]

lymphocyte ratios [25].”
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[25] “T-cell activation in the presence of elevated levels of IL-10
such as those found in the periodontal lesion, systemic lupus
erythematosus and the rheumatoid joint, leads to incomplete
maturation of Thl cells and skewing towards the IL-10 dependent
Trl subset [4,5].”

[187]

“IL-12 and IL-10, respectively, stimulate Thl and Th2 immune
responses.” - It is an assumption. no references. Paper related to
histamine.

“In humans, initial clinical trials demonstrated that IL-10
administration ameliorated inflammatory symptoms associated with
endotoxemia (10), inflammatory bowel disease (11), and
rheumatoid arthritis (12).”

[197]

AND NOT
IFNg

“IFN-y and IL-4 antagonize each other on different levels, and thus
Th1 and Th2 development is considered mutually exclusive”

“however, the effector cytokines that are subsequently produced
by Thl and Th2 cells (i.e., IFN-y and IL-4) can potentially feed back
to amplify Thl and Th2 cells and further enhance differentiation of
the respective T cell subset.”

(15]

“IFNg suppressed TH2 and TH17 development, IL-4 inhibits the TH1
and TH17 lineages (Harrington et al., 2005; Park et al., 2005;
Yamane et al., 2005)”

[173]

Harrington et al., 2005 - IL17
Park et al., 2005 - IL17

Yamane et al., 2005 - Mice

[198]

(IL18 AND
IL4) AND
NOT IL12

“In the absence of IL-12, IL-18 drives the Th2 response by inducing
IL-4, resulting in increased numbers of IL-4 positive cells from NK T
cells [30]”

(16]

30: For example, IL-18 induces IL-4, resulting in increased numbers
of IL-4-positive cells from activated natural killer (NK) T cells in the
absence of IL-12. - Without reference

[105]

MOUSE “moreover, naive T cells can develop into Th2 cells and
produce both IL-4 and IL-13 in response to stimulation with TCR
engagement after being stimulated with IL-2, IL-18 and Ag”

[101]

AND NOT
TGFb

“TGF-B suppresses the functions of Thl and Th2 CD4+ effector cells
and NK cells, and promotes the generation of Treg cells. To promote
immune responses, TGF-b induces the generation of Th17”

“we have found that TGF-B potently inhibits effector functions of
activated T cells and thus their differentiation into Thl or Th2
effector cells under tissue culture conditions (76).”

[179]
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“While the detailed mechanism remains unknown, our and others’
studies showed that T-bet and Gata-3 expression is inhibited by
TGF-B (32,33,77,78), possibly, in the latter case, through a
mechanism via blocking Itk kinase activity and calcium influx (31).”

(76) “in the presence of , and CD4+ TGF-B do not acquire CTL

191
function 16 T cells fail to become TH1 or TH2 cells 14,15 (FIG. 1).” [191]
14: “TGF-P inhibited the development of T cells that could produce
the Th2 cytoki IL-4 IL-5.” = MICE
e cytokines and IL-5.” = MIC [199]
15- MICE
32 Thl
33 - MICE 33: [192]
77-> MICE
“Thus, in humans, TGF-b seems to inhibit the three main pathways
(TH1, TH2 and TH-17) of effector T cell differentiation.”
“Finally, the finding that in humans, TGF-b inhibits TH-17 as well as [39]
TH1 and TH2 differentiation suggests particular caution should be
taken in the use of TGF-b-blocking antibodies in autoimmune
diseases, as they may unleash powerful pathogenic T cells.”
Th1 Downregulated
Th2 Upnregulated in UC
e “Anincreased IFN-g-producing or T-bet-expressing Th1 cells (Fig. 3A) and
a decreased IL-13-producing or Gata3+-expressing Th2 cells (Fig. 3B) in
patients with CD were observed compared with patients with UC.”
o “Interestingly, the prevalence of IFN-g+ or T-bet+ Thl cells were [156]
significantly decreased in both patients with UC and CD in comparison
with HC (Fig. 3A).”
e An increased IL-13-producing or Gata3-expressing CD4+ Th2 cells were
found in patients with UC, but not in patients with CD, when compared
with HC (Fig. 3B). Interestingly, the prevalence of IFN-g+ or T-bet+ Th1l
cells were significantly decreased in both patients with UC and CD in
comparison with HC (Fig. 3A).
Th2 = ((ThO AND (IL10 OR ((IL18 AND IL4) AND NOT IL12)) OR (Th2 AND IL4)) AND NOT ((Treg OR IFNg OR TGFb) AND
Th2)
“In the absence of IL-12, IL-18 drives the Th2 response by inducing
IL4 IL18 IL-4, resulting in increased numbers of IL-4 positive cells from NK T [16]
cells [30].”
25 Altered
[200] Tha Th1 cells are major producers of IFN-g, and Th2 cells are major [111]

producers of IL-4, IL-5, and IL-13.”
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“By intracellular FACS analysis, Th2-type cytokines (e.g. IL-4 and IL-
13) were hardly detectable in Thl or Th17 cells (Fig. 4A).”

“TH2-cell lineage, producing IL4, IL5 and 1L13”

“Gata3 is to reorganize chromatin structure in the so called TH2-
locus (see below), encompassing the IL4, IL5 and IL13 genes[8].”

“Gata3 reorganizes chromatin structure in the Th2 locus,
encompassing the 114, 1I5 and 1113 genes, enhancing their
transcription competence (13).”

[201]

[8] Review, mice: “Mast cells, like Th2 cells, produce large
guantities of I1L-13
and IL-4 (36).”

“Despite the minor effect on 1I-4 expression, acute deletion of Gata3
in differentiated Th2 cells led to pronounced reduction of 15 and
I113 expression, consistent with the fact that both the II5 and 1113
promoters contain functional GATA3 binding sites (31, 32).”

“Th2 cells activate 114, 1113, and II5 transcription with similar kinetics,
the peak steady-state level of transcripts and the resulting amounts
of cytokine protein are dramatically greater in Th2 cells (43-45)"

[202]

(13) mice: “This response is dominated by a Th2 cytokine secretion
profile characterized by high levels of IL-4, IL-5, IL-10, and IL-13, and
importantly, fails to result in appreciable IL-12 production (34, 35)”

(34, 35): Mice

[203]

Review, mice: “TH2 cells function both through their production of
various TH2 cell-associated cytokines, including interleukin-4 (IL-4),
IL-5, IL-9, IL-13 and IL-25”

[204]

“IL4 is produced by several cell types including mast cells, basophils
and activated T lymphocytes (7,8).”

[205]

8: “The cytokines IL-4 and IL-13 are produced by T helper type 2
(Tj,2} cells in response to antigen receptor engagement, and by
mast cells and basophils upon cross-linkage of the liigh-affinity
receptor for immunoglobulin E (IgE) (/, 2).”

[206]

“IL-4, a member of the g-chain receptor cytokine family, is
considered a crucial mediator of CD4? Th2 T cell differentiation and
suppression of IFN-g-producing CD4+ Th1 cells [1]”.

[183]

[1] “IL-4 such cells to develop into cells capable of producing IL-4
and a series of other cytokines including IL-5, IL-10 and IL-13 (i.e.
TH2-like cells) (7, 8).”

7,8 > MICE

[184]
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Secretion: The text do not mention what the picture shows.
“The above studies of ulcerative colitis provide a basic framework
NK (with with which to understand the immunopathogenesis of UC; [113]
GLY act) nevertheless, they leave certain basic questions unanswered
including the identification of the glycolipid antigen or antigens
that stimulate UC NKT cells and the mechanism by which IL-13
stimulates NKT cell cytotoxic activity.”
“TGFb- could serve to inhibit IL-4 and IFN- g”
AND NOT s
TGEb (Already inhibits Th2) [207]
Downregulated CD Figure [208]
Alteration:
Downregulated?
Upregulated?
“The number of IL-4 secreting cells in the mucosa of CD patients is only a third of
that of healthy controls, and the amount of IL4 mRNA and secreted protein is also [200]
significantly lowered. Conversely, significantly increased expression of IL4 mRNA
expression is associated with early ileal lesions of CD patients. A functional
polymorphism in the IL4 gene promoter (-34C/T) was associated with CD in a
British population [Aithal et al. (2001) Association of single nucleotide
polymorphisms in the interleukin-4 gene and interleukin-4 receptor gene with CD in
a British population.”
IL4 =Th2
“A study by Liu et al,3 involving LPMCs and PBMCs isolated from
adult patients, ascertained the potential relevance of IL-15 as a
proinflammatory cytokine in the immunopathogenesis of IBD. They
reported that IL-15 was highly expressed after lipopolysaccharide
or TNF-a stimulation of LPMCs from IBD patients but not from [112]
controls.”
IL15 . .
Comment: LPMCs: Lamina Proprial Mononuclear cells. In the
Overexpres | MACR AND network they are expressed as MACR
26 S|o;1 iJnCCD (I_llI:;OR Liu et al,3:
an 8) FIGURE 2: “IL-15 production by LPMC were incubated with LPS or
IFN-g”
[209] g
“Our results show local production of IL-15 in the inflamed mucosa [210]

in IBD as evidenced by immunohistochemistry but also by culture of
LPMC with LPS or IFN-g, allowing us to demonstrate the actual
secretion of this cytokine.”

Figure 2
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TNFa

“A study by Liu et al,3 involving LPMCs and PBMCs isolated from
adult patients, ascertained the potential relevance of IL-15 as a
proinflammatory cytokine in the immunopathogenesis of IBD. They
reported that IL-15 was highly expressed after lipopolysaccharide
or TNF-a stimulation of LPMCs from IBD patients but not from
controls.”

Liu et al: IL15 is not produced after TNFa stimulation!!!

[112]

NFkB

“Interestingly, interleukin-15 (IL-15), a cytokine induced upon NF-«kB
activation in multiple cell types 8, is highly upregulated in the
epithelium and the lamina propria (Lp) of CD patients9”

8:[211] Do not mention this.

[209]

MACR

“during periods of immune response and inflammation, low level of
IL-15 protein is produced, only by a limited number of cells like
activated macrophages and epithelial cells.”

“In terms of transcriptional control, levels of IL-15 mRNA were up-
regulated in lipopolysaccharide (LPS)-stimulated macrophage and
virus-infected cell lines”

[212]

“Immunohistochemistry demonstrated local IL-15 production by
macrophages in inflamed mucosa from IBD patients”

[210]

FIBROBLAST

OR

MACR

“CD4+CD28- T cells are thought to promote the formation and
maintenance of RA inflammatory lesions mainly through IFNg
release. IFNG perpetuates synoviocyte pathology, which s
associated with secretion of TNFa, IL-15, and tissue-injurious
metalloproteinases by synovial fibroblasts and macrophages (33)”

(65]

(33) “fibroblast-like synoviocytes.”

Comment: We assume that it would be the same for IBD fibroblast.

[213]

“IL-15 is expressed preferentially by nonlymphoid tissues, epithelial,
and fibroblast cell lines and by activated monocytes/macrophage”

[214]

IL15 = (FIBROBLAST AND (MDP LPS

PGN)) 0% (MACR AND (LPS OF IFNg))

27

IL12

Upregulate
din CD
(30]

AND NOT
(TNFa AND
MACR)

“TNF-a is a potent and specific inhibitor of IL-12 p40 and p70
secretion from human macrophages”

“TNF-a inhibits IL-12 p40 production in human MDM independently
of IL-10”

“In this report, we observed that TNF-a is a potent and selective
inhibitor of IL-12 p40 and p70 production from human MDM
(Fig.1). This inhibition is observed when MDM were pre-exposed to
TNF-a before, but not at, the time of stimulation with LPS or
S.aureus (Fig. 2). The fact that the inhibitory effects of TNF-a
macrophages take a considerable preincubation period (16 h) to

[215]
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attain suggests that TNF-a may be inducing de novo protein
synthesis required for its inhibitory activities.”

MDM: monocytes derived macrophages

“The basis for decreased IL-12 production in vivo is clearly
multifactorial, involving both loss of CD11lchigh DCs as well as
alterations in the responsiveness of macrophages and remaining
splenic DCs. There is no demonstrable mechanistic role for B or T
lymphocytes, the soluble mediators IL-10, TNF-a, IFN-a/B, nitric
oxide, or the NFkB family members p50, p52, or RelB140”

Comment: is multifactorial. No demonstrable mechanistic role for
TNFa. Ma et al. 2000 uses MDM cells which il12 expression was
inhibited by TNFa when previous exposure.

(MACR OR
DC) AND
(LPS AND

IFNg)

“Goriely et al. showed that lipopolysaccharide (LPS)- and IFN-y-
induced human Il12a gene activation was immediately”

“An important pathway in robust IL-12 induction is the requirement
for “priming” of LPS-activated macrophages and DCs by IFN-y for
the expression of maximal amounts of [112a and 1112b mRNAs and
for IL-12 production4,20,38”

[216]

MACR AND
PGN

“Wild-type macrophages showed dose-dependent production of
IL-6, TNFa and IL-12 in response to MALP-2 and PGN.”

(37]

AND NOT
IL10

“For instance, enhanced IL-10 production by TLR2-primed DCs
abolishes TLR3 / 4-mediated production of proinflammatory IP-10
and IL-12p35, 25 “

(14]

“IL-10 is one of the most potent inhibitors of macrophage activation
including the suppression of IL-12 production (24).”

[215]

“IL-10 is a cytokine with potent anti-inflammatory activity that has
been demonstrated to be able to inhibit the synthesis of several
cytokines (24), including IP-10 (25) and IL-12 (26)”

[217]

Comment: Not need to add: AND NOT IL10 because it inhibits MACR and DC

DC

“In cells from control tissue, the proportion of IL-12—producing DCs
was variable and low”

“In cells from the healthy colonic mucosa, there were no IL-6 —
positive DCs and few, if any, IL-12—positive DCs”

“In contrast, DCs making IL-12 and IL-6 were prominent in cells
from active Crohn’s disease tissue.”

(38]

“In addition, NFKB activation of APCs (including dendritic cells) by
microbial adjuvants induces the expression of MHC class Il antigens,
co-stimulatory molecules, IL-12 and IL-23, which can activate TH1
and TH17 cells, respectively, if the appropriate antigen is present.

“In vivo studies show that commensal bacteria selectively activate

(30]
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IL-12 p40 in dendritic cells of the distal ileum.47”

Figure2: “In antigen-presenting cells, TLR2-NFkB signaling may be
altered by CARD15 mutations, leading to exaggerated immune [14]
responses through proinflammatory cytokine production (such as IL-
(DCOR 12 or interferon-g.”
MACR) AND
TLR2 AND | “In addition, NFkB activation of APCs (including dendritic cells) by
NFkB microbial adjuvants induces the expression of MHC class Il antigens, 30]
co-stimulatory molecules, IL-12 and IL-23, which can activate TH1
and TH17 cells, respectively, if the appropriate antigen is present.”
41-> MICE
AND NOT [46] = “Ma and coworkers demonstrated that in human monocyte-
TNEa OR derived macrophages TNF-a inhibits both LPS-induced and IFN-y-
(IL10 OR enhanced IL-12 production at the level of transcription of the p40
TGFb) gene, but not the p35 gene whose MRNA expression is not
significantly suppressed”
OR IFNg IL12 = AND NOT TNFa 41,46 [72]
OR (IL4 OR IL12 = IFNg 30
:\l;lisc);\ND IL12 = (IL4 OR IL13) AND MACR 57
IL12 = AND NOT (IL10 OR TGFb) 35, 17
41-> MICE
[46]:
“To investigate the relationship between on LPS-and IL-12
production, we analyzed the effects of exposure of human
monocyte-derived macrophages to TNF-a on LPS or SAureus
induced IL12 production in the presence or absence of IFNg. “
“TNFa is a potent inhibitor of IL12 p40 and p70 section from
human macr induced by LPS or S.aureus.”
(MACR AND | “Fig. 1A shows that pre-exposure of MDM to TNF-a inhibited the
((LPS OR | production of IL-12 p40 and p70 induced by IFN-g and S. aureus in a
PGN) AND | dose-dependent manner.” [124]
IFNg)) AND
NOT TNFa “These data demonstrate a selective negative regulation on IL12 by

TNFa, identifying a direct negative feedback mechanism for
inflammation-induced suppression of IL12 gene expression.”

“We show here that in human monocyte-derived macrophages
(MDM),3 selectively inhibits IL-12 p40 transcription, but not p35,
identifying a novel regulatory mechanism of action for TNF-a -
induced suppression of IL-12 production.”

“In this report, we observed that TNF-a is a potent and selective
TNF-a inhibitor of IL-12 p40 and p70 production from human
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MDM(Fig.1). This inhibition is observed when MDM were pre-
exposed to TNF-a before, but not at, the time of stimulation with
LPS or S. aureus”

“FIGURE 3. TNF-a inhibits IL-12 p40 production induced by S.
aureus alone or by IFN-g and S. aureus.”

IL10: “IL10 is not responsible for the TNFa mediated inhibition of
IL12.”

IL6: “Although IL-6 has been reported to inhibit IL-12 secretion (22),
our data showed a selective effect by TNF-A in suppressing IL-12 p40
secretion.”

NFkB: “TNF-a treatment does not alter the nuclear translocation
and/or DNA binding of the major transcription factors involved in IL-
12 p40 gene promoter activation”

“Fig. 7 shows that pre-exposure of MDM to TNF-a alone for 40 h
induced marginal NF- kB binding to the kB “half site” element at -
107/-117 (TGAAATTCCCC) of the IL-12 p40 promoter (26), whereas
stimulation with LPS and IFN-g caused a strong increase in the
binding IFN-g activity to this element, which was not inhibited by
the pretreat-ment with TNF-a”

“These results suggest that the inhibitory effects of TNF-a on IL-12
gene expression are not mediated through NF- kB.”

comment:
e S Aurueus =PGN

IL23 shares p40 subunit, then TNFa inhibits also IL23 production,
although:

“’TNFa-mediated inhibition is selective for IL-12 p40 gene
expression”

IL12 = AND
NOT (IL10
OR TGFb)

“There are also effective mechanisms that down-regulate IL-12
production and the responsiveness of T and NK cells to IL-12, such
as those mediated by cytokines IL-10 and (5).”

[124]

5

“IFN-3' and GM-CSF are among the stimulatory cytokines, enhancing
IL-12 production and other functions of monocytes/macrophages
(12, 13), whereas IL-10, IL-4, and TGFb are usually considered as the
most important deactivating factors (14).”

[218]

Figure 3 :

“In contrast to IL-10 and TGFb, which consistently inhibited
cytokine production induced by either LPS or S. aureus, IL-4 and IL-
13 often failed to inhibit cytokine production in response to S.

[218]
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aureus and were always less potent in inhibiting”
Fifure 4:

IL12 = (L4
OR  IL13)
AND (MACR
OR DC)
AND  (LPS
OR PGN)

Figure 2> “we show that pretreatment of PBMC with IL-4 or IL-13
for/>20 h enhances several fold their ability to produce IL-12 and
TNF-ot in response to Staphylococcus aureus or LPS.”

“The data presented here show that treatment of PBMC with IL-4 or
IL-13 for />20 h primes them for production of IL12 and TNF-cz in
response to S. aureus and LPS, whereas their ability to produce IL-1B
or IL-10 in response to LPS”

“In the absence of a cytokine-inducing stimulus such as S. aureus
or LPS, IL-4 did not have a direct stimulatory effect on the mRNA
accumulation or production of either IL-12 or TNF-a.”

“The ability of IL-4 and IL-13 to prime PBMC for IL.-12 production is
particularly surprising because IL-12 and IL-4 are known to play an
antagonistic role in inducing development of Thl and Th2 immune
response, respectively (47). The equilibrium between IL-12 and IL-4
early during an im-mune response most likely determines whether
the response is Thl or Th2 (48).”

“The priming effect of IL-4 and IL-13 on IL-12 production by PBMC
is almost completely suppressed by IL-I0, another cytokine
prevalently produced by Th2 cells, suggesting that the priming effect
of IL-4 on 11.-12 production is not effective when a Th2 response
predominates.”

Comment:
“PBMCs include lymphocytes (T cells, B cells, and NK cells),
monocytes, and dendritic cells.”

[218]

IL12 = DC AND LPS
figure 2.

[219]

DC AND IL1b

“Here, IL-1B is identified as a new IL-12-inducing agent, acting
conjointly with CD40 ligand (CD40L) on human monocyte-derived
DC in vitro. The effects of IL-1p were dose dependent, specifically
blocked by neutralizing antibodies, and were observed both in
immature and mature DC. Immature DC secreted more IL-12 than
mature DC, but the effects of IL-13 were not due to a block of DC
maturation as determined by analysis of DC surface markers.”

“The mechanisms of action of IL-1B could be contrasted to that of
other inducers of IL-12 such as IFN-y and lipopolysaccharide (LPS).”
figure 1.

[220]

IL12 = LPS
AND NFKB
AND MACR
AND IFNg

“We and others have shown previously that NF-KB is a critical factor
involved in the induction of IL-12 p40 transcription by LPS and IFN-
G (26, 27). Fig. 7 shows that preexposure of MDM to TNFA alone for
40 h induced marginal NF- KB binding to the “half site” element at

[124]
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?107/?117 (TGAAATTCCCC) of the IL-12 p40 promoter (26), whereas
stimulation with LPS and IFN-G caused a strong increase in the

binding”

27 “A NF-kB element was found to be functionally important for [221]
promoter activation in response to LPS and IFN- g (17).”

26,

“We demonstrate binding of this sequence to NF-?B (p50/p65 and

p50/c-Rel) complexes in macrophages activated by several p40-

inducing pathogens and provide functional data to support a role [222]

for NF-kB family members in IL-12 p40 activation. Finally, we find
that IFN-g treatment of cells enhances this binding interaction,
thus potentially providing a mechanism for IFN-? augmentation of
IL-12 production by macrophages.” -> MURINE

“IL-12 production is controlled by a variety of cytokines including
interferon  (IFN)-g, IL-18, granulocyte—macrophage colony-
stimulating factor (GM-CSF), IL-4, and even IL-12 itself, partly
explained by upregulation of the IL-12R by these cytokines. Optimal
induction of IL-12 very often requires a combination of microbial, [75]
CD40, and cytokine stimuli (17, 26).”

“Moreover, IL-23 stimulation could drive IL-12 and IFN-g

IL18 production at levels comparable to stimulation with I1L-12 (43).”
17 - Do not mention IL18 [223]
26-> Do not mention IL18 [224]

43— “IL-23 and IL-12 have overlapping, but distinct, effects on

murine dendritic cells” [225]

Comment: the BF can be reduced but the results would be the same. It is not reduced just in case
a polymorphism in one of the nodes is implemented

Comment:

“This receptor family includes receptors for IL-12 and IL-23 which are both heterodimeric
cytokines consisting of two protein subunits, namely p35/p40 and p19/p40 subunits,
respectively, hence sharing the p40 subunit[71].

e |L-12 binds to the IL-12R which is composed of IL-12RB1 and IL-12RB2 subunits,
o whereas IL-23 binds to the IL-23R complex, composed of IL-23R and IL- 12RB1[72]"
[}
“The IL-23R is expressed on T-cells, but has also been found to be expressed by NK cells[72,77]"

“The binding of ustekinumab to free IL-12 and IL-23 cytokines block their interaction with IL-
12RB1[89] expressed on T-cells, NK cells, macrophages, DCs, and B-cells.” [70]

IL12 = ((((MACR

DC) AND (LPS OR PGN) AND IFNg) AND NOT TNFa) OR (DC AND IL1b) OR (IL12 AND (IL13 OR IL4)))
AND NOT (IL10 OR TGFb)f
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IL5

(eliminada,
no hace
nada en la
red)

Secretion

[109]

T TH2-cell lineage, producing IL4, IL5 and IL13

[201]

TH2 cells function both through their production of various TH2 cell-
associated cytokines, including interleukin-4 (IL-4), IL-5, IL-9, IL-13
and IL-25

[204]

IL5 = Th2

28

IL13

Upregulate
din UC

(30]

“IL-13 is known as an effector cytokine that drives inflammation in ulcerative
colitis. This role has been shown by using a suit of murine models of ulcerative
colitis from confirmed excess production of IL-13 in human disease [145].”

“IL-13 level in patients with active ulcerative colitis is higher which is resulted from
lamina propria mononuclear cells. They also have shown increased epithelial
pSTAT6 in comparison to the active Crohn’s patients and healthy controls [148,
149]".

“The deleterious effects of IL-13 on the epithelial barrier and colonic epithelial cells
occur when the production of IL-13 in ulcerative colitis is extremely High. IL-13 has
been reported to activate the proapoptotic molecule cysteine-aspartic acid
protease 3 (CASP3) in mouse colonic epithelial cells as well as in patients with
active ulcerative colitis [150].”

“In vitro studies show that IL-13 can induce epithelial cell apoptosis and it also
causes disruption in tight junction by inducing claudin 2 [151]. These observations
support the idea that IL-13 is a potentially valuable target for therapeutic objects in
ulcerative colitis.”

[226]

“Th1 cells are major producers of IFN-g, and Th2 cells are major
producers of IL-4, IL-5, and IL-13.”

“By intracellular FACS analysis, Th2-type cytokines (e.g. IL-4 and IL-
13) were hardly detectable in Thl or Th17 cells (Fig. 4A).”

[111]

“TH2-cell lineage, producing IL4, IL5 and IL13”

“Gata3 is to reorganize chromatin structure in the so called TH2-
locus (see below), encompassing the IL4, IL5 and IL13 genes[8].”

Th2 p . . .
Gata3 reorganizes chromatin structure in the Th2 locus,
encompassing the 114, II5 and I1l113 genes, enhancing their
transcription competence (13).”

[201]

[8] Review, mice: “Mast cells, like Th2 cells, produce large
guantities of IL-13 and IL-4 (36).”

“Despite the minor effect on 1I-4 expression, acute deletion of Gata3
in differentiated Th2 cells led to pronounced reduction of II5 and
1113 expression, consistent with the fact that both the II5 and 1113

[202]
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promoters contain functional GATA3 binding sites (31, 32).”

“Th2 cells activate 114, 1113, and II5 transcription with similar kinetics,
the peak steady-state level of transcripts and the resulting amounts
of cytokine protein are dramatically greater in Th2 cells (43-45)”

(13) mice: “This response is dominated by a Th2 cytokine secretion
profile characterized by high levels of IL-4, IL-5, IL-10, and IL-13, and
importantly, fails to result in appreciable IL-12 production (34, 35)”

(34, 35): Mice

[203]

Review, mice: “TH2 cells function both through their production of
various TH2 cell-associated cytokines, including interleukin-4 (IL-4),
IL-5, IL-9, IL-13 and IL-25"

[204]

“Interleukin-13 (IL-13) is a cytokine secreted by activated T-helper 2
(Th2) cells. It is a counter-regulatory system for the type | immune
response and has emerged as an important regulator of type II
cytokine-mediated immune responses [1].”

“...Several years later, three groups cloned the complementary DNA
(cDNA) for human IL-13 [5-7].”

“This effect has been proved by investigating related responses on
both human and mouse cells which suggests a homeostatic role of
IL-13 in the gut [142].”

[226]

[1] Review (old): Th2 cells secrete the cytokines IL-4, IL-5, IL-10 and
IL-13, which effect humoral immunity to helminthic parasites and
are responsible for immune responses to persistent antigens, for
instance allergens 1, 2 and 3”

[227]

5 “Here we report the discovery by molecular cloning of a new
interleukin (interleukin-13 or IL-13) expressed in activated human T
lymphocytes. Recombinant IL-13 protein inhibits inflammatory
cytokine production induced by lipopolysaccharide in human
peripheral blood monocytes.”

[228]

[142] mice: “we extend our in vitro findings and determine that IL-
13 increases IL-10 production from Th17-polarized cells and that IL-
13—-induced IL-10 production negatively regulates the secretion of
IL-17A and IL-21.”

“We have shown previously that IL-13 negatively regulates IL-17A
production from Th17 cells in both mice and humans (13, 14)”

[229]

14: “Conclusions—IL-13Ral is expressed on human CD4+ Th17 cells,
and IL-13 attenuates IL-17A production at polarization and
restimulation. While IL-13 is an attractive therapeutic target for
decreasing symptoms associated with asthma, these results suggest
that therapies inhibiting IL-13 production could have adverse side
effects by increasing IL-17A production.”

[146]
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“inflammation of ulcerative colitis (UC) has recently been shown to be associated
with excess production of IL-13 [1].”

[230]

IL13 = Th2
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Treg

Downregul
ated in
Blood,

Upregulate

din
inflamed
IBD
mucosa

CD and UC

[231]

TGFb

“since Th1l7 cells usually require TGF-B for differentiation, a
cytokine also involved in regulatory T cell differentiation”

Comment: Th17 do not need TGFb for differentiation.

[113]

MICE: “Transforming growth factor- b (TGF-b) is a critical
differentiation factor for the generation of Treg cells 7”.

[207]

“We fortuitously identified TGF-B and IL-6 as the differentiation
factors for Th17 cells while looking for the factors that inhibited the
TGF-B-driven conversion of naive Tcells into Foxp3+ Tregs in vitro
and in vivo”

(15]

“TGF-b1 promotes Treg differentiation, which in turn suppresses
adaptive T-cell responses and prevent autoimmunity [11, 12].”

[162]

“TGF-B has been extensively characterized as being required to
maintain immunological tolerance, acting in both differentiation
and maintenance of Foxp3+ Tregs that restrain effector T cell
responses [33].”

[164]

TNFa

“Previous work has suggested that the subset of CD4?CD25hi cells is
enriched in Tregs,24 and, therefore, this population was isolated.”

“As Tregs appeared to express TNFRII, we next determined whether
signaling through TNFRIl influenced the regulatory function of
CD4+CD25hi Tregs. The addition of soluble TNF to the culture of
CD4+CD25hi responders and CD4?CD25hi Tregs completely
reversed the suppression of the proliferation of CD4?CD25? T cells
without influencing the anergic phenotype of CD4?CD25hi Tregs
(Figure 3A)...”

[151]

AND NOT
(Th17 OR
IL22)

“it is not surprising that Th17 cells and regulatory T cells have a
“ying-yang” relationship wherein the development of one type of
cell is reciprocal to the development of the other type of cell. This is
seen in the fact that induction of Foxp3 expression, the signature
protein of regulatory T cells, inhibits RORyt function, the main IL-17
transcription factor. Similarly, the induction of Th17 cells inhibits
Foxp3 expression 25,26.”

[164]

25 “We have found that AhR cooperates with RORyt to induce
maximal amounts of IL-17 and IL-22 and also inhibits TGF-$-
induced Foxp3 expression, thus highlighting the antagonism
between Th17 and Treg cell differentiation (L. Zhou and D. R.
Littman, unpublished)”

AhR: aryl hydrocarbon receptor (the regulation of transcription of

[164]



https://paperpile.com/c/wRto0r/HD9nj
https://paperpile.com/c/wRto0r/YAllM
https://paperpile.com/c/wRto0r/NDQrg
https://paperpile.com/c/wRto0r/WeNtX
https://paperpile.com/c/wRto0r/0x9MW
https://paperpile.com/c/wRto0r/0R8ja
https://paperpile.com/c/wRto0r/wInhF
https://paperpile.com/c/wRto0r/vTdSU
https://paperpile.com/c/wRto0r/wInhF
https://paperpile.com/c/wRto0r/wInhF

Th17 cytokines)

26 “Figure 5”

[232]

AND NOT
(IL6 OR 1L21)

MICE: “IL-6, an acute phase protein induced during inflammation
8,9, completely inhibits the generation of Foxp3+ Treg cells
induced by TGF-b”

[207]

“in contrast, IL-6 inhibits TGF-b- induced Treg differentiation.”

“IL-6 induces the generation of Th17 cells from naive T cells
together with TGF-b and inhibits TGF-b-induced Treg (iTreg)
differentiation [13-15].”

(Comment: EMAIL: rene.de.waal.malefyt@merck.com assure that
TGFb do not induce Th17 differentiation. Reference is not trustful)

[162]

“Recent studies have demonstrated that IL-6 has a very important
role in regulating the balance between IL-17 producing Th17 cells
and Treg. IL-6 (plus TGFb) induces the development of Th17 cells
from na“ive T cells; in contrast, IL-6 inhibits differentiation into
Treg [34].”

[142]

“Induction of FOXP3 was inhibited by IL-6 and to a greater extent by
IL-21—transcription factors that induce RORC2”.
Figure 2: IL-6 and IL-21 inhibit FOXP3

(82]

AND NOT
IL23

MICE: “These findings strongly suggest that IL-23 suppresses
regulatory T cell development and thus introduce the possibility
that mice that lack IL-23 fail to develop colitis, not because they
cannot produce a key effector cytokine (IL-17) but rather because
they have a dominant regulatory T cell response.”

[113]

TLR2

TLR2 also activates regulatory T cells via PI3K to secrete
transforming growth factor- B 27, which is essential for tissue
healing and epithelial restitution in the intestine.

(14]

27: The finding that HSP60-treated Tregs significantly upregulated
their secretion of TGF-B and IL-10 (Figure 7A) suggests that
costimulatory signals, such as HSP60, might account for the
importance of these cytokines detected in Treg-mediated
suppression in vivo (13-15).

(85]

Treg = CD4+CD25highFoxP3+

[141]

“Although there are many types of Treg, naturally occurring Treg (nTreg) and iTreg
are the best characterized:
e nTreg are generated in the thymus and acquire the expression of the
transcription factor Foxp3.

[162]
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o iTreg are generated from nai“ve T cells in the periphery or in vitro, after
stimulation with antigens and TGF-b [58]

Downregulated in Blood, Upregulated in inflamed IBD mucosa. But do not
present a compromised function

“In peripheral blood, CD4?CD25high T cells from IBD patients retain their
suppressive activity. CD4?CD25high and FOXP3?Treg cells are increased during
remission but decreased during active disease.”

“Different than peripheral blood, inflamed IBD mucosa contains an increased
num-ber of CD4?CD25high T cells, FOXP3? T cells, and tran-scripts for FOXP3
compared with noninflamed mucosa. However, the increase of FOXP3? T cells in
IBD lesions is significantly lower compared with inflammatory controls.”

e Regulatory T cells in peripheral blood from IBD patients and controls.
Figure 2

® (CD47? CD25high T cells are increased in IBD lesions.
Figure 4

“Because our data demonstrate that IBD is character-ized by an inadequately low
number of CD4?CD25? Treg cells, it is interesting to note that, to date, there is no
indication to suggest that CD4?CD25? Treg cells from IBD patients might have a
compromised suppressor function.”

[231]

Downregulated:

“We showed that CD4?CD25high T-cell frequency was diminished in patients with
nai“ve CD. Compared to CD, the CD4?CD25high T-cell frequency decrease was
stronger in UC.”

“In CD, the percentage of CD4?CD25high T cells was not correlated to CD activity,
and did not differ between patients having a CDAI superior or equal to 150 (2.29 +
0.22%) and those with a CDAI inferior to 150 (2.41 + 0.27%) (Table 3).
CD4?CD25high T-cell frequency was not significantly influenced by the site of
disease (terminal ileum and/or upper gastrointestinal [L1, L4] versus colon [L2] or
ileocolon [L3]), disease behavior”

“However, CD4?CD25high T cell frequency was significantly lower in the group of
patients who had no treatment for 6 months or who were recently diagnosed
(nar“ve CD)”

Figure 3

[233]

Treg = (THR_ThO AND (TGFb O TLR2)) AND NOT ((IL6 OF IL21 OF IL23 OR Th17 OF IL22 O TNFa) AND Treg)
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(1]

NK

Upregulate
din CD and

uc

(NKT AND

1L13) “..in addition, IL-13 enhances NKT cell cytotoxity.” [113]
(DC AND “It has also been shown that IL-15 stimulates the functional
IL15) maturation of DCs and IL-15 enhances the ability of DCs to activate [212]

CD8+ cells and NK cells by up-regulating the expression of
ORIL2 OR | costimulatory molecules and IFN-c [37,38]”
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(NK AND
IL12

(NK BRIGHT)

“IL-15R complex is expressed on T cells, B cells, natural killer (NK)
cells, monocytes, macrophages, fibroblasts and dendritic cells (DCs)
[25]"

[38]: “IL-15 is able to activate innate mediators of immunity such as
NK cells and macrophages (14, 24).”

[234]

[37]: IL-15 also modulates the functional maturation of dendritic
cells and contributes to the survival and activation of neutrophils,
B and NK cells (23,24,25)

[235]

23 “We therefore proceeded to compare the proliferative effects of
IL-15 and IL-2 on highly purified NK cells that constitutively express
the IL-2R. CD56b™ ht NK cells constitutively express a high affinity IL-
2R and exhibit a proliferative response to concentrafions of IL-2 that
partially or fully saturate this receptor”

“In contrast to IL-2, IL-15 did not induce proliferation of CD56 bright
NK cells at concentrations ranging from 0.01 to 1.0 ng/ml in over 20
separate experiments. However, at 10 ng/ml, IL-15 produced a
maximal proliferative response in CD56b~g ht NK ceils.”

“IL15 or IL.2 synergize with IL-12 to enhance the cytotc~ic activity of
CD56 ~NK cells.”

(78]

“We evaluated IVIG modulation of human blood lymphocyte
response to IL-2 and other cytokines. Neither IVIG nor low
concentrations of IL-2 (3-30 U/ml) induced Iymphocyte
proliferation, but in combination they synergistically enhanced
proliferation of NK cells. The CD56bright cells expanded more than
CD56dim NK cells, with 90% of NK cells dividing up to 8 generations
by day 6,while b8% of T cells divided. IVIG also potentiated NK cell
proliferation with IL-12, IL-15 and IL-18. The IVIG+cytokine-
expanded NK cells were less cytotoxic for K562 cells, than NK cells
with cytokine alone.”

[236]

“NK cell activation and cytolytic function is regulated by many
mechanisms, including expression of activating or inhibitory
receptors on the surface of NK cells, cytokine signals, such as IL-2 or
IL-15, and transcription factors associated with NK cell maturation
and effector function (Waldmann et al., 2006).”

[237]

(Waldmann et al., 2006).
“IL-2 and IL-15 also stimulate the generation proliferation and
activation of NK cells 16.”

[238]

16 “Mice that lack the IL-2 gene have NK cells, whereas mice and
humans that lack IL-2Rgc do not have NK cells. Further, treatment of
mice with an antibody directed against IL-2Rb results in a loss of the
NK cell compartment. These data suggest that a cytokine other
than IL-2, which binds to IL-2Rbgc, is important for NK cell

[239]
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development and survival in vivo. “

IL10 AND
IL18

Furthermore, IL-10 can also co-stimulate NK cell proliferation and
cytokine production [22].

[176]

22 MICE: “Our data showed showed that IL-10 or IL-18 alone could
elevate NK cell cytotoxic activity (Fig. 2A). How- ever, the
combination of IL-10 and IL-18 resulted in a greater than fourfold
increase in NK cell cytotoxicity”

[240]

IL21

“IL-21 has emerged to be a strong driver of NK cell proliferation
and expression of effector molecules in NK cells, while being a
poorer driver of T-cell expansion.” 12

(58]

12 review: “IL-7 is also a potent vaccine adjuvant and it increases
the effectiveness of adoptive transfer therapies, properties that it
shares with IL-15, IL-21 and, in some cases, IL-2 (REF. 108).” do not
mention NK

[241]

(REF. 108) - Do not!

“L-7, IL-15, and IL-21 each possess properties that can be exploited
in the context of immunotherapy for cancer. Each has been
demonstrated to mediate potent vaccine adjuvant effects in tumor
models, and each can enhance the effectiveness of adoptive
immunotherapies. Although the overlap among the agents is
significant, IL-7 is uniquely immune restorative and preferentially
augments reactivity of naive populations, IL-15 potently augments
reactivity of CD8 memory cells and natural killer cells, and I1L-21
preferentially expands the inflammatory Th17 subset and may
limit terminal differentiation of effector CD8 cells.”

[242]

AND NOT
Treg

“nTreg and iTreg are immunosuppressive and could efficiently
suppress the function of CD4, CD8, and NK cells.”

(58]

IL2

IL-2 and IL-15 are known to have overlapping roles in inducing NK
cell activation and cytolytic activity as well as in maintaining NK cell
homeostasis and survival. Recent data from us and others have
shown that both IL-2 and IL-15 efficiently induce proliferation of NK
cells [8,9].

(58]

“Here, we demonstrate that CD56bright NK cells are present in
human lymph nodes and that endogenous T cell-derived IL-2, acting
through the NKhigh-affinity IL-2 receptor, costimulates CD56bright
NK cells to secrete IFN-g”

“The majority (approximately 90%) of human NK cells are CD56dim
and express high levels of Fc?Rlll (CD16), whereas a minority
(approximately 10%) are CD56bright and CD16dim/neg”

[243]

Figuresa, b,candd

(78]
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“NK cell activation and cytolytic function is regulated by many
mechanisms, including expression of activating or inhibitory
receptors on the surface of NK cells, cytokine signals, such as IL-2 or
IL-15, and transcription factors associated with NK cell maturation
and effector function (Waldmann et al., 2006).”

[237]

(Waldmann et al., 2006).
“IL-2 and IL-15 also stimulate the generation proliferation and
activation of NK cells 16.”

[238]

16 “Mice that lack the IL-2 gene have NK cells, whereas mice and
humans that lack IL-2Rgc do not have NK cells. Further, treatment of
mice with an antibody directed against IL-2Rb results in a loss of the
NK cell compartment. These data suggest that a cytokine other
than IL-2, which binds to IL-2Rbgc, is important for NK cell
development and survival in vivo. “

[239]

IFNg OR
IL15 OR IL18

“It has been suggested that NK cells in gut, like T cells, require
priming for activation, a process that involves cytokines such as IFN-
y, IL-15, and IL- 18 [13]”

(1]

[13] = do not mention that IL18

(3]

IL23

“purified NK cells (2.0?105 /ml) from PB of IBD patients and healthy
controls were cultured...”

“IL-23 potently induces IBD NK cell differentiation, leading to
secretion of proinflammatory cytokines such as TNF and IFNg”
Figure A

“IL-23-activated IBD NK cells exhibited stronger cytotoxicity against
the target cells.”

“IL-23 signaling plays an important role in the maintenance of NK
cell maturation and cytotoxicity potential [37]. Figure

(69]

“Human IL-23R is expressed by both T cells and NK cells, including
NKL cells (Fig. 5, a and b), consistent with the ability of these cells
to respond to IL-23. We demonstrate here that IL-23 enhanced the
production of IFN-? by NKL cells. The combination of IL-2, IL-18, and
IL-23 induced levels of IFN-g that were substantially greater than
those induced by either cytokine alone or when combined solely
with IL-2”

[110]

IL12

“The IL-12R is primarily expressed by activated T-cells and natural
killer (NK) cells, but has been found to be expressed on dendritic
cells (DCs) and B-cells as well[73,74]"

[70]
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73 —Figure 2

“The cytokine is primarily produced by phagocytic and dendritic
cells in response to microbial stimulation2 and drives cell-mediated
immunity by activating natural killer cells, inducin
lymphokine-activated killer cells, and triggering IFN-y production
and T-cell proliferation by TH1 cells 4.”

[244]

74 - “IL-12 was identified as a product of Epstein—Barr virus (EBV)-
transformed human B-cell lines that can acti-vate NK cells, generate
lymphokine-activated killer cells (LAKs), and induce IFN-y production
and T-cell proliferation 9,12”

“IL-12R is undetectable on most resting T cells, but it is expressed at
a low level by NK cells, which probably explains the abil-ity of these
cells, and possibly of certain subsets of T cell, to respond rapidly to
IL-12.”

“IL-12 does not induce proliferation of resting peripheral-blood T
cells or NK cells, although it augments proliferation induced by
mitogenic lectins, alloantigens, CD3-specific antibodies diesters
9,69, and it has a direct proliferative effect on pre-activated T cells
and NK cells 12,69”

“IL-12 induces T cells and NK cells to produce several cytokines —
for example, granulocyte—-macrophage colony-stimulatory factor
and TNF — and it is particularly efficient at inducing the

production of IFN-y9,70,72”

[245]

“IL-12 ..., and it principally activates natural killer (NK) cells and
induces the differentiation of naive CD4+ T lymphocytes to become
interferon-gamma (IFN-y)-producing T helper 1 (Th1l) effectors in
cell-mediated immune responses to intracellular pathogens 2”

[216]

2 - Not clear

[246]

“IL-12 is produced early in responses to infection (15) and has
powerful effects on NK cell function and T-cell development (8).”

“Along with the important effect that macrophage/DC-derived IL-12
has on T-cell development (15) and NK function (32), IL-12 can also
feed back to regulate APC function.”

[75]

“IL15 or IL.2 synergize with IL-12 to enhance the cytotc™ic activity
of CD56 ~NK cells.”

“(D) IL15 or IL.2 synergize with IL-12 to enhance the cytotc~ic
activity of CD56 ~ NK cells. CD56 am NK cells were incubated in 1
ng/ml IL-2, 1 rig/m1 LL-15, 10 U/ml ID12, alone or in combination,
for 24 h and then tested for cytotoxicity against COLO 205 target
cells at an E/T ratio of 5:1. Results represent the mean + SE of
triplicate wells.”

(78]



https://paperpile.com/c/wRto0r/IHuXF
https://paperpile.com/c/wRto0r/JOpnm
https://paperpile.com/c/wRto0r/a7eEb
https://paperpile.com/c/wRto0r/fVQD7
https://paperpile.com/c/wRto0r/a8vid
https://paperpile.com/c/wRto0r/D4c3J

“A number of studies have shown that activation of human NK cells
with IL-2, IL-12, or TNF-a can result in cytokine production by human
NK cells (16-18).”

ntravenous IgG (IVIG) therapy:

“We evaluated IVIG modulation of human blood lymphocyte
response to IL-2 and other cytokines. Neither IVIG nor low
concentrations of IL-2 (3-30 U/ml) induced Iymphocyte
proliferation, but in combination they synergistically enhanced
proliferation of NK cells. The CD56bright cells expanded more than
CD56dim NK cells, with 90% of NK cells dividing up to 8 generations
by day 6,while b8% of T cells divided. IVIG also potentiated NK cell
proliferation with IL-12, IL-15 and IL-18. The IVIG+cytokine-
expanded NK cells were less cytotoxic for K562 cells, than NK cells
with cytokine alone.”

“As shown in the representative histograms in Fig. 8, after 6 days of
culture, CD56 NK cells were the predominant proliferating cells in
response to the combination of IVIG with IL-12, IL-18 or IL-15, with
very low or no response to IVIG, IL-12, IL-18 or IL-15 alone used at
the same concentrations.”

[236]

“The activity of IL-23 has primarily been described in the context of
TH17 cells. However, activity on other cell types, such as CD8+ T
cells and natural killer primarily been described in the context of
TH17 cells. However, activity on other cell types, such as CD8+ T

1123 cells and natural killer T cells has been recently reported 29,30.”

[244]

“IL-23 contributes to the functional response of several effector
cell sub-types other than CD4+ T cells, including CD8+ T cells [26,
natural killer (NK), NK T [27, y6 T cells [28], and innate lymphoid
cells [29].

[40]

killing activity is increased 20-100-fold when NK cells are exposed to IFN-a and
IFN-b, or to IL-12, which is one of the cytokines produced early in many infections
by dendritic cells and macrophages

[247]

Comments:

“NK cells have been found to be increased in inflamed mucosa of IBD patients, and
NK cell differentiation is also accelerated in the lamina propria, suggesting that NK
cells are involved in the disease pathophysiology.”

“CD16+ NK cells are found to be increased in the lamina propria from both CD and
UC patients compared with healthy controls, and azathioprine preferentially
inhibits proliferation of CD16+ NK cells and induces apoptosis in resting but not in
preactivated NK cells [23], indicating that NK cells with cytolytic potential are
enriched in the colonic lamina propria of IBD patients and that azathioprine is
associated with a reduction in these cells and a normalization of NK cell population

(1]
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in gut mucosa.”

“However, previous work has reported that the populations of CD161+ NK cells are
significantly decreased in the inflamed mucosa of UC, whereas the frequency of
conventional CD161+ cells is similar among IBD patient and healthy controls” ¢?

NK = (IL15 OF IL2 OF IL12 OR 123 OR (IL18 AND IL10)) AND NOT (Treg AND NK)

31

DEF
Downregul
ated UC
and CD

[248][8]

DEF are secreted by Paneth cells:

Mutations that alter Ag elim (AMPs):

e ATG16L1 (altered granule exocytosis XBP)
XBP1 (altered Paneth cell morphology)
KCNN4 (reduced AMP secretion)
Wnt/TCF4 (reduced a-defensins)

NOD2 mutations (reduced a-defensins)

“HBD2 and HBD3 are neighboring genes on chromosome 8p23.1. In healthy
humans the DNA copy number of this gene cluster is highly polymorphic [45] In
colonic CD however the median number of HBD2 gene copies was only 3 per
genome compared to 4 in UC patients and the healthy control group. Accordingly,
patients with 3 or less HBD2 gene copies are more susceptible to phenotypically
develop colonic CD than individuals with 4 or more gene copies (odds ratio 3.06,
95% confidence interval 1.46-6.45). Additionally, these patients show a diminished
HBD2 mRNA expression [44] .

However, these data could not be confirmed in another cohort from New Zealand

[46]"

e a further defensin called HBD2 is not constitutively expressed in the
uninflamed colon but is induced under inflamed conditions especially in
UC [38]

e Remarkably the strong induction of HBD2 during inflammation observed in
UC patients is attenuated in patients with acute inflamed colonic CD [37]

e This deficiency of HBD2 can be observed on the protein level in colonic CD,
too [39]

“about 300- to 1,000-fold enhanced expression of HBD2 and HBD3 and other AMPs
during inflammation implicates an intact bacterial shield, and, as a matter of fact,
we were able to show an increased antimicrobial activity of biopsy extracts from
UC patients against various bacteria [42, 43]. However, this overwhelming
antibacterial activity might be dearly bought through enhanced inflammatory
processes mediated by the proinflammatory and chemokinelike effects of AMP.

In terms of modulating the mucus layer function the ad- ministration of
phosphatidylcholine formulations could be promising agents in UC [53,54.

(8]

e Alpha defensins

o HNP14

o HD5-6
e Beta Defensins

o HBD1

o HBD24

[249]
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“However, the mechanisms responsible for regulating HD5 and 6 expression in
human Paneth cells is less clearly understood.”

“A major function of these defensins is believed to be protection of the adjacent
epithelial stem cells at the base of the crypt,19. therefore continual expression of
these defensins allows constant protection of the epithelial barrier integrity.”

“Pathway responsible for induction is not completely understood, however is
known to involve NOD2 as an intracellular bacterial receptor that activates Nuclear
Factor (NF)-kB, which in turn triggers transcription of b-defensin genes 17”

“In mice, maturation of Paneth cell a-defensins from precursor pre-propeptides to
their active form depends on proteolytic cleavage by matrix metalloproteinase 7
(MMP7; matrilysin), which is also expressed specifically in Paneth cells [29].
Genetic deletion of MMP7 in transgenic mice completely abolishes the
production of mature a defensins, and the demonstration that such mice have a
measurable defect in intestinal antibacterial defense was an important milestone
in establishing a role for Paneth cells in host defense [30].”

[250]

17: Culture of Epithelial Cells: HEK293 cells and primary
keratinocytes: “Human beta-defensin-2 (hBD-2) is an antimicrobial
peptide induced in various epithelia upon extracellular as well as
intracellular bacterial challenge. Nucleotide-binding oligomerization
domain protein 2 (NOD2/CARD15) is a cytosolic protein involved in
intracellular recognition of microbes by sensing peptidoglycan
fragments (e.g.muramyl dipeptide)”

“Together, these data suggest that NOD2 serves as an intracellular
pattern recognition receptor to enhance host defense by inducing
the production of antimicrobial peptides such as hBD-2.”

“These observations further support the hypothesis that
decreased production of antimicrobial peptides may promote
THR_NOD2 | bacterial-mediated inflammation in Crohn disease (61). Our data
revealed that HEK293 cells overexpressing the 3020insC NOD2
(AND NOT | variant (the major NOD2 mutation associated with Crohn disease)

NOD2 failed to induce hBD-2 upon stimulation with MDP. This gives
mutation) reason to hypothesize that hBD-2 expression might be dysregulated
in patients with Crohn disease and could also offer an explanation
for the recent findings regarding a lack of induction of the inducible
beta-defensins hBD-2 and hBD-3 in Crohn disease as compared with
ulcerative colitis (62).”

Comment: UNOD2 in the Boolean function because NOD2 is
activated with the Antigen and DEF would be activated very quick to
eliminate the Antigen. Introducing the U, NOD2 should be activated
for longer to activate DEF in the network.

[251]

-”In the presence of functional Nod2, Paneth cells sense the
presence of bacteria or bacterial antigen and release anti-microbial
peptides”

[30,31]

[248]
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-"The link between Nod2 mutations and Paneth cell-derived
defensins was discovered through a number of human and rodent
studies [74, 81, 82].”

-In humans, CD patients with ileal involvement showed reduced
levels of the Paneth cell- derived human a-defensins HD-5 and 6
[82—-84]. This decrease in the amount of a-defensins occurs
irrespective of Nod2 mutations, but levels are much more
drastically reduce in CD patients harboring NOD2 mutations [82]

IL22

“Stimulation of keratinocytes with IL-22 resulted in marked
induction of genes encoding proteins involved in antimicrobial host
defense, including S100A7, S100A8, S100A9, B-defensin-2 and -
defensin-3 (refs. 13,14,20,22).”

“In addition to regulating the expression of antimicrobial peptides
and defensins, IL-22 contributes to the expression of a range of
genes encoding molecules involved in inflammatory responses,
including IL-6, G-CSF, IL-1a, LPS-binding protein, serum amyloid A,
al-antichymotrypsin and haptoglobin 15,20-23"

[44]

MOUSE “IL-22 expression was increased in murine dextran sulfate
sodium-induced colitis. IEC express functional receptors for IL-22,
which increases the expression of proinflammatory cytokines and
promotes the innate immune response by increased defensin
expression”

HUMAN: “IL-22 promotes the intestinal barrier integrity in vitro
through stimulation of IEC migration and defensin expression.
Overall, our data indicate a role for this cytokine system in
protecting the intestinal barrier by enhancing IEC migration,
suggesting an important function in intestinal inflammation and
wound healing”

“IL-22 significantly increased cell proliferation (P <0.002) and
phosphatidylinositol 3-kinase-dependent IEC cell migration (P <
0.00001) as well as mRNA expression of TNF-a, IL-8, and human b-
defensin-2.”

Figure E: after stimulation with IL-22 (100 ng/ml), human b-
defensin-2 (hBD-2) mRNA is upregulated 6-fold in HT-29 cells as
determined by semiquantitative PCR.”

[126]

IL17

“More notably, neutralization of IL-17A in TH-17 cell supernatants
suppressed the induction of b-defensin 2 to the degree induced by
THO supernatants, but neutralization of IFN-g did not (Fig. 5e)”

“(e)ELISA of b-defensin 2 in supernatants of NHEKs stimulated for
48 h with conditioned media from CD4+ T cells cultured with IL-2
(THO) or IL-23 (TH-17) in the presence of control IgG, anti-IL-17A or
anti-IFN-g”

[96]



https://paperpile.com/c/wRto0r/Jepyi
https://paperpile.com/c/wRto0r/KlHhz
https://paperpile.com/c/wRto0r/xAP4N

Comment: ThO AND IL2 - Th0??

“Our group was able to show that patients with ileal CD have a reduced expression
of TCF4 and also a reduced expression of HD5 and HD6 (DEF), resulting in a lower
antibacterial activity of intestinal mucosal extracts from patients with ileal CD,
implicating a functional relevance of these observations.”

(8]

“In humans, CD patients with ileal involvement showed reduced levels of the
Paneth cell- derived human a-defensins HD-5 and 6 [82—-84] “

[248]

DEF =1L22 IL17 OF THR_NOD2
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[252]

ThO

“IL-2 is produced primarily by antigen-specific CD4+ and CD8+ T
cells following activation and mediates an autocrine/paracrine
proliferative program through the IL-2 receptor (IL-2R).17”
“Antigen-activated T cells express the HA IL-2R and use low
concentrations of IL-2 for proliferation and survival”

[243]

17 “As evidenced by the results of the very hrst IL-2 experiments (1),
resting T cells do not produce IL-2, nor are they capable of
responding to IL-2 when it is added exogenously. It follows odlat
signals emanating from the T cell antigen-receptor complex
coordinate the transcriptional activation of both the IL-2 gene and
the genes encoding IL-2 receptors (51)”

[253]

“Interleukin-2 (IL2) is a protein initially identified as a T cell growth
factor [1]. IL2 is mainly produced by activated CD4+CD25- (helper) T
cells, and induces the proliferation of these and others cells like
CD8+ T cells, B and NK cells [2].”

[254]

[1] “During steady-state conditions, IL-2 is produced mainly by
CD4+ T helper (TH) cells in secondary lymphoid organs (FIG. 1) and,
to a lesser extent, by CD8+ T cells, natural killer (NK) cells and
natural killer T (NKT) cells 3,4”

“Under certain conditions, IL-2 can also be synthesized in small
amounts by activated dendritic cells (DCs) and mast cells 5,6”

“IL-2 production by CD4+ and CD8+ T cells is strongly induced
following activation by antigen, although IL-2 synthesis by CD8+

T cells is comparatively weak and the responses of these cells often
require help from CD4+ T cells.”

“t Fibroblast cell lines have been reported to express CD25 and
CD122, but not yc 75,76” (IL2 R).”

[95]

3: “IL-2 is rapidly and transiently produced upon engaging the TCR
and costimulatory molecules such as CD28 on naive T cells. The
transient nature of IL-2 secretion depends on transcriptional

[256]
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induction by TCR signals and stabilization of IL-2 mRNA by
costimulatory signals, followed by transcriptional silencing of the IL-
2 gene and rapid degradation of IL-2 mRNA (30-34).”

Figure 1

4: Mice [255]

DC

5: The most unanticipated finding of this study was that DCs
produce IL-2 in a tightly regulated time-frame. Thus, the adjuvant
property of bacteria is explained by induction, in DCs, not only of
the up-regulation of costimulatory surface proteins and the
maximization of the effi- ciency in presenting antigens 5, but also by
induction of the production of costimulatory molecules such as IL-2.
This seems to be a unique feature of DCs because macrophages are
unable to produce IL-2 upon bacterial activation. Two waves of IL-2
production by DCs after bacterial encounter were observed. The
first was 4-8 h after bacterial uptake and the second was 14-18 h
after activation”.

Figure 4

[257]

NK AND IL2

“IL-2 is produced by antigen-activated CD4+ T cells [13],CD8+ T
cells, NK cells [14], and NKT cells [15]”

14: (CD56bright NK which are only a 10% of NK )

(58]

“NK cells are present within the gut-associated lymphoid tissue
including intraepithelial lymphoid compartment, intestinal lamina
propria, Peyer’s patches, and mesenteric lymphoid nodes and
display a proinflammatory cytokine profile (e.g., IFN-y, TNF, IL-2, IL-
17, and IL-22) in response to commensal enteric bacteria through
the innate immune system and cytolytic activity, indicating that
intestinal NK cells play an important role in mucosal innate
immunity and tolerance [13-17].”

“IL-2 is a lymphocytotrophic cytokine that is involved in the growth
and differentiation of T and B cells and enhances the cytolytic
activities of NK cells.”

(1]

13 nothing: [3]

14 “In conclusion, CD3+ IEL were capable of strong lytic activity after
in vitro expansion with IL-2, comparable to IL-2—stimulated
peripheral blood NK cells.” [258]

15
16
17

(3]

TO_M

(24,25) “CDA5RA-CCR7+ central memory T (TCM) cells: traffic to
lymphoid tissues: produced more interleukin-2 (IL-2) “

[259]
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“IL2 expression was significantly elevated in CD patients not treated with anti-
TNFs in comparison to healthy controls and CD patients treated with anti-TNFs,
and similar in infliximab-treated patients and controls.”

Fig 2. Comparison of cytokine expression by CD4+ PBL of CD patients with and
without anti-TNF therapy as demonstrated by FACS analysis. Only significant (<
0.05) P values are demonstrated. PBL: peripheral blood lymphocytes; CD-anti-TNF
treatment (n = 11): CD patients treated with anti-TNFs; CD-no anti-TNF treatment
(n = 12): CD patients not receiving anti-TNF treatment; n: number of patients
included in the experiment.

Biopsy of colonic cells-» cultured cells-> IL2 measurement

[252]

IL2 = ThO OF (TO_M AND (MDP OF LPS O PGN)) O DC
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(30]

“APC function in the gut is in turn directly shaped by the
microbiota”

[260]

“Monocytes and circulating conventional DCs (cDCs) activated by
lipopolysaccharide (LPS) and peptidoglycan..”

(39]

(TLR2 OR
TLR4 OR
NOD2)

MOUSE:

“LPS-induced production of inflammatory cytokines from peritoneal
macrophages. Wild-type macrophages produced IL-6, tumour-
necrosis factor-a (TNF- )and IL-12 in response to LPS”

PGN OR LPS
“PGN and LPS activates macrophages that secrete IL-6, TNFa and IL-
12”

(37]

“Lipopolysaccharide binds to a variety of serum proteins that
influence the macrophage-mediated proinflammatory response”

(49]

“(B) Control or
treated...”

IFNg IFN-g-activated human macrophages were

(59]

“IL-15 is pivotal for modulating the functional maturation of
macrophages. IL-15 not only enhances the phagocytic activity of
macrophages but also induces the production of proinflammatory
factors such as IL-1, TNF, MCP- 1 and IL-8 [35]”

[212]

35: “We have shown that IL-15, in addition to its effect on T cells,
also exhibits effects on monocytes, and may act as a
proinflammatory cytokine inducing monocytes to secrete both PMN
and monocyte chemotactic factors”

IL15

“...suggesting that IL-15 stimulation of synovial macrophages might
contribute to the induction of IL-8 and MCP-1 production in synovial
fluid”

[214]

AND NOT
IL10

“IL-10 inhibits multiple macrophage and DC effector functions and
plays a critical role in limiting tissue injury during infections and in
preventing autoimmunity by limiting the duration and intensity of

[177]
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immune and inflammatory reactions”

“TLR2 is a potent inducer of anti-inflammatory interleukin-10 (IL-
10), which critically inhibits multiple macrophage and dendritic cell
(DC) effector functions, thus limiting exaggerated immune
responses.”

(14]

“IL-10 inhibits multiple macrophage and DC effector functions and
plays a critical role in limiting tissue injury during infections and in
preventing autoimmunity by limiting the duration and intensity of
immune and inflammatory reactions (Moore et al., 2001)”

(59]

NFkB

“Exposure of macrophages to bacterial products such as
lipopolysaccharide (LPS) results in activation of the NF-kB
transcription factor, which orchestrates a gene expression
programme that underpins the macrophage-dependent immune
response.”

“Recognition of pathogen associated molecular patterns (PAMPS),
including gram negative bacterial lipolysaccha-ride (LPS), results in
activation of macrophages, leading to a plethora of biological
responses required for shaping both the innate and adaptive arms
of the immune response [2]. These effects are mediated through
the release of chemokines and cytokines such as tumour necrosis
factor a (TNF) and interleukin 1B (IL-1).”

“Binding of LPS to toll-like receptor 4 (TLR4) activates two principal
signalling pathways, distinguished by their dependence on the
adaptor molecules myeloid differentiation factor 88 (MyD88) or TIR-
domain-containing adaptor inducing IFN-B (TRIF) [6-10].
Significantly, both the Myd88 and TRIF pathways result in
activation of the transcription factor, nuclear factor kB (NF-kB), a
central regulator of the LPS, cytokine and stress responses in many
cell types, including macrophages [8,9].”

8-> mice

9-> mice

[261]

“The transcription factor Nuclear Factor (NF)-kB is involved in the
transcriptional regulation of the IL-1b, IL-6, IL-8, TNF-a, iNOS and
COX-2 genes.7,8”

Figures

[262]

“Our systems biology approach revealed that network dynamics of
MyD88 and TRIF signaling and of cytokine production and response
govern the stimulus-specific autocrine and paracrine functions of
TNF.”

“In macrophages, TLRs use two adaptors that mediate the
signaling events leading to proinflammatory cytokine production:
the plasma membrane-proximal MyD88 and the endosomal
membrane-proximal TRIF. Whereas TLR9, the receptor for

[263]



https://paperpile.com/c/wRto0r/PkuWn
https://paperpile.com/c/wRto0r/l8W4Y
https://paperpile.com/c/wRto0r/8Zu9N
https://paperpile.com/c/wRto0r/EReaU
https://paperpile.com/c/wRto0r/b1U6U

unmethylated CpG DNA, engages MyD88, TLR3, the receptor for
dsRNA engages TRIF, and TLR4, the receptor for lipopolysaccharide
(LPS) engages both. These adaptors mediate the activation of tran-
scription factors such as NFkB and IRF3, both of which have been
implicated in the control of TNF production (Drouet et al. 1991;
Wesche et al. 1997; Yamamoto et al. 2003; Covert et al. 2005; Lee et
al. 2009).”

Figure 1: Model.

IL23

“IL-23 is also expressed on the surface of macrophages and dendritic
cells and may thereby con-trol barrier function and immune
response against the commensal microflora in the gut. Consistent
with this hypothesis, IL-23 is required for gut inflammation via
innate immune mechanisms in T cell-deficient ani-mals9.”

[125]

“IL23 is produced by activated myeloid cells including macrophages
and dendritic cells (DCs) following bacterial stimulation20 or via
CD40 signalling,6 and drives increases in a number of inflammatory
cytokines in the intestine in the absence of T cells, including TNFa,
IFNy, IL6 and IL17. The IL23R is expressed by activated DCs and
macrophages, and IL23 can induce production of inflammatory
cytokines by macrophages.” (Ya estan activados)

[42]

Comment: Monocytes are Macrophages precursors. So as they present similar
functions and in some experiments it is not clear what is the exact phenotype of
the cells, we intended as MACR both.

Comment: Receptors activate MACR when they are activated by their ligands (as in

DC node)

MACR = (NFkB 1 (MACR AND (IFNg ©% IL15))) AND NOT (IL10 AND MACR)

34

DC

(4]
[30]

PGN OR LPS

(TLR2 OR
TLR4)

“Monocytes and circulating conventional DCs (cDCs) activated by
lipopolysaccharide (LPS) peptidoglycan, which ....”

(39]

“The CD11c+ cells have phenoptypic, morphological and functional
properties of myeloid DC, and disease-associated changes in these
cells occur in IBD [19]. For instance, in Crohn’s disease (CD), more
colonic CD11c+ DC expressed Toll-like receptor (TLR)-2 and TLR-4
and produced more interleukin (IL)-12/23p40.”

(4]

“Compared with DCs from healthy controls, more colonic DCs from
patients with active IBD expressed TLR2 and TLR4 (Figure 2B). The
increase in DCs expressing TLR was similar in ulcerative colitis and
Crohn’s disease.”

(38]

NOD2

“Cooney et. al. showed that Nod2, in the presence of MDP, induces
autophagy in dendritic cells dependent on Rip2, ATG5, ATG7 and
ATG16L1. They further showed that dendritic cells from patients
harboring CD- associated NOD2 or ATG16L1 mutations are defective

[248]
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in bacterial handling and autophagy induction [89]”

89: “We demonstrate that NOD2 induces autophagy in DCs that is
required for NOD2 mediated antigen presentation and bacterial
handling and is defective in the presence of Crohn’s disease—
associated NOD2 or ATG16L1 variants.”

Comment: If NOD2 is altered, and autophagy is altered in IBD

patients, DC is not able to present Ag and start autoimmune
reaction.

89: [264]

AND NOT
IL10

“The suppressive function of IL-10 involves the inhibition of
macrophages and DCs .....”
Refers to [177]

[176]

[177]“IL-10 inhibits multiple macrophage and DC effector functions
and plays a critical role in limiting tissue injury during infections and
in preventing autoimmunity by limiting the duration and intensity of
immune and inflammatory reactions”.

[177]

“TLR2 is a potent inducer of anti-inflammatory interleukin-10 (IL-
10), which critically inhibits multiple macrophage and dendritic cell
(DC) effector functions, thus limiting exaggerated immune
responses.”

(14]

NFkB

“To activate DC, danger signals use several common signal
transduction pathways with major roles for mitogen-activated
protein kinases (MAPKs) and nuclear factor kappa B (NF-kB).”

“Signals such as Toll-Like Receptors (TLR) agonists or
proinflammatory cytokines are known to activate NF-KB in DC
leading to production or expression of many inflammatory
cytokines, chemokines, immune receptors, and cell surface
molecules (Verhasselt et al., 1999).”

(Verhasselt et al., 1999) = No habla de NFkB

“NF-KB and MAPK pathways are the two major pathways involved
in DC maturation induced by danger signals such as TLR agonists.”

[265]

“Dendritic cells (DCs) produce an array of cytokines after detecting
various immune adjuvants through pattern recognition receptors
(PRRs). PRR signaling leads to activation of transcription factors such
as NF-kB or interferon regulatory factors (IRFs) but after activation
must be attenuated to avoid immunopathology and to maintain
tissue homeostasis.”

“... Their signaling can activate DCs to produce proinflammatory
cytokines and type | interferons (IFNs) through a set of transcription
factors including NF-kB and IFN regulatory factors (IRFs) [7-10].”

7-> do not mention DC

8 - mouse

[266]
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9 = mice
10 = do not talk about NFkB

“A crucial pathway for the maturation of DC by either in vivo or in
vitro inflammatory stimuli involves the transcription factor NF-kB”

[267]

When DCs encounter microbial products that stimulate them
through pattern recognition receptors, such as Toll-like receptors
(TLRs), they mature. This maturation is characterized by the
upregulation of major histocompatibility complex (MHC) and co-
stimulatory molecules, as well as the secretion of cytokines that
shape the nature and amplitude of the adaptive response directed
against the microbes. Members of the NF-kB family...have an
important role in this maturation process and different
combinations of homo- or heterodimers participate in various
aspects of gene regulation1,2.

[268]

“NF-kB is a master regulator of inflammation, and several NF-kB
subunits have been described to control DC functions (7-11).”

[269]

IL12

“The IL-12R is primarily expressed by activated T-cells and natural
killer (NK) cells, but has been found to be expressed on dendritic
cells (DCs) and B-cells as well[73,74]"

(70]

73 - “do not mention that IL12 activates DC”

[244]

74 — “Expression of IL-12R has been shown also on other cell types,
such as DCs21 and B-cell lines 6”

Comment: DC express IL-12R, but how IL12 activates DC and its
consequences are not known

[245]

IL23

“IL-23 is also expressed on the surface of macrophages and
dendritic cells and may thereby con-trol barrier function and
immune response against the commensal microflora in the gut.
Consistent with this hypothesis, IL-23 is required for gut
inflammation via innate immune mechanisms in T cell-deficient
animals9.”

[125]

9 - Mice

[74]

89: “We demonstrate that NOD2 induces autophagy in DCs that is required for
NOD2 mediated antigen presentation and bacterial handling and is defective in the
presence of Crohn’s disease—associated NOD2 or ATG16L1 variants.”

Comment: If NOD2 is altered, and autophagy is altered in IBD patients, DC is not
able to present Ag and start autoimmune reaction.

89: [264]

“In patients with active IBD, DC are reduced in number in the peripheral blood
[15], but increased in the intestinal tissue [16,17], suggesting DC recruitment to
and/or retention within the gastrointestinal (Gl) tract during inflammation”

(4]
(30]
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“Macrophages and dendritic cells in the lamina propria are increased in absolute
number and have an activated phenotype in both forms of IBD, but have been
studied in greater detail in Crohn’s disease.”

DC = NFkB AND NOT (IL10 AND DC)

35
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(62]

“Among known NKG2DLs, MICA and MICB are the most polymorphic. To date 100
alleles are known for MICA and 40 for MICB. This corresponds to 79 and 26 unique
protein sequences, respectively.”

“Genetic variations are mainly represented by SNPs in exons 2-4 coding for the
extracellular al1-3 domains. There are a total of 62 and 25 SNPs for MICA and MICB,
respectively, and, except for 4 positions in MICA,”

“In MICA, there is a notable absence of coding polymorphism between residues 40 [270]
and 89 which could be explained by the important involvement of this segment in
the binding with NKG2D”
“Several polymorphisms/mutations have major impacts on the protein structure
and/or stability: (i)”
“It is also possible that under certain environmental conditions, the loss of MIC
expression confers a selective advantage(31)”
“We observed that MICA was induced upon activation of CD8+ T
D8+ T cells cellsl. MICA expression wa.s not s'ignificar.\tly en.hanced by NKG2D (63]
costimulation compared with anti-CD3 stimulation alone. We also
observed an increase in the message levels of ULBP-1, -2, and -3.”
TGFb “TGFb inhibits the transcription of the NKG2D ligand MICA.” [271]
“MICA... and its expression is upregulated by tumor necrosis
” [272]
factor-a [7]
7: “Tumor necrosis factor-a and radiation up-regulated expression
of MICA/B and ULBP proteins in vitro on skin and intestine
IEC_MICA_B s 1 . . . ”
ANB INE - epithelial cell lines and ex vivo in normal skin explants”.
a “MICA/B and ULBP1-3 molecules were significantly up-regulated by
" [273]
TNF-A
“cell lines derived from spontaneously immortalized but non
tumorigenic human keratinocytes (HaCat) and from colorectal
carcinoma (HT-29)”
“An abundance of sMICA is also found in rheumatoid arthritis patients that,
intriguingly, fail to down-modulate NKG2D probably due to the compensating [65]
NKG2D upregulation by the activity of the pro-inflammatory cytokines, TNFa and IL-
15/[
“Are stress-inducible molecule, especially in the context of bacterial infections, and 62]

are overexpressed in the mucosa of patients with CD.25”
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MICA expression was significantly increased on IECs in CD [274]
IEC_MICA_B = ((LPS O MDP OF PGN) OF (IEC_MICA_B AND TNFa)) AND NOT TGFb
“We observed that MICA was induced upon activation of CD8+ T
IEC_ULPB1 CDS+ T cells ceIIs.. MICA expression wa§ not s.ignificar?tly en.hanced by NKG2D [63]
-6 costimulation compared with anti-CD3 stimulation alone. We also
36 observed an increase in the message levels of ULBP-1, -2, and -3.”
Upregulate
din CD “NKG2DL are stress-inducible molecules, especially in the context of bacterial
. . . ) . " (62]
[62] infections, and are overexpressed in the mucosa of patients with CD.25
IEC_ULPB1_6 = CD8_NKG2D AND (LPS MDP PGN)
“We compared the effect of IL-2 vs IL-7 plus IL-15 on activated
IL15 AND naive CD8+ T cells. Analyses at day 7 showed that NKG2D 63]
(IL7 OR IL2) | costimulation in both conditions increases the number of dividing
cells, albeit more so in the presence of IL-7 + IL-15.”
“IL-21 plus IL-2 results in the downregulation of NKG2D”[67] [275]
AND NOT [67] “We report that culture of human primary NK and CD8+ T
(IL21 AND cells with IL-21 in combination with IL-2 results in significant
IL2) reduction of the cell surface expression of NKG2D, compared with [276]
that in cells treated with IL-2 alone.”
Figure 2
“TGFb1 is a cytokine that has been reported to downregulate cell
surface expression of NKG2D leading to a reduction in NKG2D- [275,277]
CD8_NKG2 mediated cytotoxicity.”70 ’
D
37 TGEb 70-> Human NK cells
The TGFb mediated down-modulation of the NKG2D expression was
protected by both IL-2 and IL-18 in a dose-dependent manner. [278]
AND NOT (IL2 AND IL18) but only through the JNK pathway
AND NOT ?tn%thterd tdescrlbed mEChim;?G;?;rNKiz?' downregulation s [275]
(THR_IEC_M attributed to overexposure to igands.
TII-ICRA/IESF:JL 76“Here we show that binding of MIC induces endocytosis and
- = degradation of NKG2D. [279]
PB1-6) .
Figure 4
“NKG2D is present in CD8 T cells (af), gamma-delta T cells, and natural killer cells” | [280] [274]
“NKG2D is also expressed by CD8 T cells and T cells and provides important
costimulatory signals in T cell-mediated adaptive immune responses by amplifying [281]
T cell cytokine production and proliferation”
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CD8_NKG2D = (LPS OF PGN O MDP) AND NOT ((UIEC_MICA_B 0% UIEC_ULPB1-6 OF (IL21 AND IL2)) AND

CD8_NKG2D)

38

NK_NKG2D

“Natural killer group 2, member D: NKG2D is a type Il transmembrane glycoprotein
containing an extracellular C-type lectin domain (14, 15). In human, it is encoded by
the KLRK1 (killer cell lectin-like receptor subfamily K, member 1) gene located
within the NK gene complex (NKC) on chromosome 12, at 12p13.2.”

“NKG2D is a disulfide-linked homodimer expressed on all NK cells, most NKT cells,
subsets of cd T cells, all human CD8+ ab T cells...(16—-18). Upon association with
its ligands, NKG2D binds to an adapter molecule, DAP10 in human (19)......This
transmits an activatory signal which ultimately triggers lymphocyte cytotoxic
granules polarization and degranulation, cytokine production, prolif-eration, and
survival (21, 22).”

“In contrast to its ligands, NKG2D is not polymorphic. Only two single nucleotide
polymorphisms (SNPs) with a minor allele frequency >0.01 have been reported in
the coding sequence of the gene: the synonymous rs1049172 and the non-
synonymous rs2255336.”

“Other non-coding polymorphisms in and around the gene have been described.
The most studied is rs1049174 in the 30-untranslated region (30UTR) of the gene
and enables the distinguishing of two haplotypes:

HNK1 (high NK cytotoxicity) and LNK1 (low NK cytotoxic-ity)”.

“Healthy cells do not induce the activatory NKG2D signaling pathway in NK cells.
The absence of activation results from a balance between the absence or low
expression of NKG2DLs on healthy cells and inhibitory signals mediated by
inhibitory receptors on NK cells. After a cellular stress provoked by stimuli such as
bacterial products, oncogenes, viral infections, oxidative stress, ionizing radiations
or DNA damages, NKG2DLs are typically upregulated (upper arrow). This
upregulation leads to the lysis of the target cell via the activation of NKG2D
signaling. Inappropriate expression of the ligands, however, may lead to the
development of autoimmunity. When stressed cells fail to upregulate the ligands
there is too little NKG2D signaling (lower arrow), which can lead to the
development of cancer or the spread of infection.”

Figure 1

[270]

“IL-21 plus IL-2 results in the downregulation of NKG2D”[67]

[275]

AND NOT | (67]
(IL21 AND
IL2)

“We report that culture of human primary NK and CD8+ T
cells with IL-21 in combination with IL-2 results in significant
reduction of the cell surface expression of NKG2D, compared with
that in cells treated with IL-2 alone.”

Fig 2

[276]

“TGFb1 is a cytokine that has been reported to downregulate cell
surface expression of NKG2D leading to a reduction in NKG2D-
TGFb mediated cytotoxicity.”70

[275]

70 “TGFb Induces Specific Down-Regulation of NKp30 and NKG2D

[277]
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Surface Expression in Human NK Cells” fig 1

“Another described mechanism for NKG2D downregulation is

THR_IEC_MI | attributed to overexposure to NKG2D ligands.”76 el
CA/B
THR_IEC_UL | 76“Here we show that binding of MIC induces endocytosis and
PB1-6 degradation of NKG2D.” [279]
Figd
“However, Zhang et al. [69] observed an inhibitory effect of high
concentrations of IFNg on NKG2D expression with a resultant
AND NOT | decrease in cytotoxicity toward NKG2D-ligand expressing targets.”
(NK_NKG2D [282]
AND IFNg) | “The fact that IFNg can downregulate NKG2D expression may imply
that there is a negative feedback loop in which IFNg can ‘dampen’
NKG2D-mediated NK cell activation.”
“NKG2D is present in CD8 T cells (o), gamma-delta T cells, and natural killer cells”. [274]

NK_NKG2D = (LPS PGN MDP) AND NOT ((TGFb THR_IEC_MICA_B THR_IEC_ULPB1-6 (IL21 AND 1L2))
AND NK_NKG2D)
“In addition, IL-15 stimulation in conjunction with TNFa, has also
been shown to induce an unusual subset of NKG2D+CD4+ T cells [275]
which have been described in patients with rheumatoid arthritis.”
65
65 “Thereafter, NKG2D decreased gradually unless the culture was
replenished with fresh IL-15.” Figure 3
CD4_NK2D
AND (IL15 “Induction of NKG2D on CD4 T cells by IL-15 and TNF-a .(A and B)”
AND TNFa) .
Fig 2
[65]
CD4_NKG2 “By contrast, RA patient serum failed to down-modulate NKG2D
D because of the presence of TNF-a and IL-15 TNF-a (Fig. 6). Thus, the
ligand-induced down-modulation of NKG2D in RA patients was
39 | Upregulate compensated by the opposite effect of its cytokine-mediated
dinCD induction.”
[274]
“An abundance of sMICA is also found in these patients that,
ANDNOT |. . . .
THR intriguingly, fail to down-modulate NKG2D probably due to the [65]
IEC MIC_A B compensating NKG2D upregulation by the activity of the pro-
- — | inflammatory cytokines, TNFa and IL-15.”
“Exposure to IL-10, but not to IL-12 and IFN-G resulted in less
AND NOT . . . .
(CD4._NKG2 pronounced and va'rlable'lnduc‘tlon of NKG2D. T cell _antlgen [65]
DAN_DILIO) receptor complex stimulation with anti-CD3 transiently induced
NKG2D on some CD4 T cells (data not shown).”
“CD4+ T cells expressing NKG2D are specifically up-represented in CD as compared [274]

with UC and with HCs”
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A subset of CD4+ T cells expressing NKG2D was increased in the lamina propria
from patients with CD compared to controls or UC

[283]

“CD4+NKG2D+ T cells expand in the lamina propria (LP) and the peripheral blood
(PB) of patients with CD, but not in patients with UC or in healthy controls (HCs)”

(62]

CD

4_NKG2D = (L

PS PGN

MDP 7 (CD4_NKG2D AND (IL15 02 TNFa))) AND NOT ((IL10

UIEC_ULPB1-6) AND CD4_NKG2D)

UIEC_

MICA/B

40

FIBROBLAS
T

Upregulate
d CDand
uc

[284]

MACR AND
(IL4 OR IL13
OR  TGFb)
AND  NOT
(FNg  OR
IL12)

“A number of cell types have been implicated in intestinal fibrosis,
but the exact cell type responsible for the fibrotic response is
unknown. It has been suggested that the fibroblasts,
myofibroblasts and smooth muscle cells are in a state of
continuous differentiation and dedifferentiation, rather than a
single one of them being exclusively responsible 4. There is,
however, substantial evidence for a critical role of fibroblasts in
the development of Crohn’s strictures 15,37,38”

“human fibrocytes represent a transitional stage of differentiation
of this monocyte subset into mature fibroblasts and myofibroblasts
in tissues”

Figure 1

adipocytes
“Bone marrow-derived circulating fibrocytes migrate to, and
extravasate into, sites of tissue injury, where they differentiate into
fibroblasts/myofibroblasts, and participate in the generation of
extracellular matrix (ECM) 64,73,80.”

:fibrocytes— fibroblast, myofibroblast and

“Toll-like receptor (TLR) 2 agonists inhibit fibrocyte differentiation
83, and TLR-2 stimulation effectively preserves colonic tight
junctions against stress-induced damage and susceptibility to
inflammation 84.” ¢é?

“Fibrocyte differentiation from CD14+ precursors into fibroblasts
and myofibroblasts is stimulated by profibrotic cytokines (TGF-B1,
endothelin-1, IL-4 and IL-13) and inhibited by antifibrotic (IFN-y
and IL-12) cytokines as well as serum amyloid protein (Fig. 1) 60.”

[285]

IL2

“Although addition of IL-2 to fibroblast cultures did not significantly
alter growth kinetics of these cells, the 11-2R complex displayed by
fibroblasts appeared to be functional in that addition of IL-2 to these
cells led to enhanced expression of the JE gene coding for the
monocyte chemoattractant protein-1 (MCP-1). Enhancement of
fibroblast MCP-I/JE gene expression by IL-2 appeared to result from
delayed MCP-I/JE mRNA decay rather than as a consequence of an
acceleration of the MCP-1/JE gene transcription”

[286]

MACR AND
(IL4 OR IL13)

60: “we find that when added to human PBMCs cultured in serum-
free medium, the profibrotic cytokines IL-4 and IL-13 promote

[287]
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AND  NOT | fibrocyte differentiation without inducing fibrocyte or fibrocyte
(IFNg  OR | precursor proliferation. We also find that the potent, antifibrotic
IL12) cytokines IFN-g and IL-12 inhibit fibrocyte differentiation.”

“The profibrocyte activities of IL-4 and IL-13 and the fibrocyte-
inhibitory activities of IFN-g and IL-12 counteract each other in a
concentration-dependent manner.” Figure 2

83: “However, all TLR2 agonists tested inhibited fibrocyte
differentiation without any significant effect on cell survival.
Adding TLR2 agonists to purified monocytes had no effect on
fibrocyte differentiation. However, some TLR2 agonists caused
PBMCs to secrete a factor that inhibits the differentiation of
purified monocytes into fibrocytes. This factor is not interferon
(IFN)-a, IFN-g, interleukin (IL)-12, aggregated immunoglobulin G
(IgG) or serum amyloid P (SAP), factors known to inhibit fibrocyte
differentiation. TLR2 agonist-treated PBMCs secrete low levels of

AND NOT IL-6, TNF-a, IFN-g, granulocyte colony-stimulating factor and tumor -
PGN growth factor b1, but combinations of these factors had no effect P
on fibrocyte differentiation from purified monocytes.”
“Our results indicate that TLR2 agonists indirectly inhibit fibrocyte
differentiation and that, for some TLR2 agonists, this inhibition
involves other cell types in the PBMC population secreting an
unknown factor that inhibits fibrocyte differentiation. Together,
these data suggest that the presence of some bacterial signals can
inhibit fibrocyte differentiation and may thus slow wound
closure.”
Upregulated in IBD
“Hypoxia in the inflammatory area stimulates angiogenesis by up-regulation of
vascular endothelial growth factor fibroblast growth factor and tumor necrosis
factor-a.”
“Structural changes in vascular endothelium include capillary and venule
remodeling and proliferation of endothelial cells[28] . Angiogenesis is a crucial
process that sustains chronic inflammation in the gastrointestinal tract. Numerous [289]

inflammatory cell types, including macrophages, lymphocytes, mast cells, and
fibroblasts, produce angiogenic factors and promote pathological angiogenesis in
inflammatory Tissues[16,29] . Hypoxia in the inflamed area stimulates tissues
[16,29]. angiogenesis by upregulating vascular endothelial growth factor (VEGF),
fibroblast growth factor, and . Rutella et al[30] suggested that inflamed TNF?a[29]
HIMECs recruit platelets to produce higher levels of pro?angiogenic VEGF?A and
CD40 ligand (CD40L) in patients with active ulcerative colitis (UC) and Crohn’s
disease (CD)[30]”
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“Intestinal fibrosis is a common and serious complication of the inflammatory
bowel disease (I1BDs).”

“Intestinal fibrosis is a major complication of the inflammatory bowel diseases (IBD)
and although inflammation is necessary for its development, it would appear that it
plays a minor role in its progression as anti-inflammatory treatments in IBD do not
prevent fibrosis once it has sta

“Myofibroblasts secrete ECM proteins and promote an altered cytokine milieu that
supports the fibrotic process. Under normal conditions the fibrotic matrix is
degraded by matrix metalloproteinases (MMPs), myofibroblasts apoptosis, or
reverts to a non-activated state, while the epithelium undergoes repair. Thus
intestinal fibrosis is characterized by abnormal ECM deposition by activated
myofibroblasts 10,13-17 and constitutive activation of collagen secreting
myofibroblasts is ultimately responsible for increased tissue stiffness and
progressive organ dysfunction.18 This then is enhanced by the innate and adaptive
immune systems, which promote fibrogenesis through the differentiation,
recruitment, proliferation and activation of ECM-producing myofibroblast
progenitors.11,12”

[284]

ADDITIONAL INFORMATION:
Node FIBROBLAST includes: FIBROBLAST AND MYOFIBROBLAS
Node MACR includes MONOCYTES (MACR precursor).

Figure 1: monocytes - fibrocytes-> fibroblast, myofibroblast and adipocytes

“Bone marrow-derived circulating fibrocytes migrate to, and extravasate into, sites
of tissue injury, where they differentiate into fibroblasts/myofibroblasts, and
participate in the generation of extracellular matrix (ECM) 64,73,80.”

[285]

FIBROBLAST = ((MACR AND (IL4 IL13 TGFb)) IL2 ) AND NOT ((IFNg IL12) AND FIBROBLAST))

41

MMPs

up-
regulated
in IBD

[290,291]

“TNF-a as well, and this is the central cytokine which induces the
differentiation of stromal cells into myofibroblasts and promotes
their production of matrix metalloproteinases (MMPs), a class of
tissue-degrading enzymes which also induce enterocyte apoptosis
by digesting the basement membrane [95].”

[150]

MACR AND | [95] “Proinflammatory mediators activate macrophages and induce

TNFa them to release interleukin-12 (IL-12), which reduces Thl cell
apoptosis causing lympho accumulation and sustaining the
inflammatory process and tumor necrosis factor-a (TNF-a) in turn,
promotes the differentiation of lamina propria stromal cells into
activated myofibroblasts, which, together with lamina propria
mononuclear cells (LPMCs), start producing large and unbalanced
amounts of MMPs”

[290]

FIBROBLAST | “Of note, IL-21 and IL-17A, which have both been shown to be up-

[290]
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AND (IL21
ORIL17 OR
IL1b OR
TNFa)

regulated in inflamed mucosa in Crohn’s disease (Monteleone et al.
2005;Rovedatti et al. 2009), induce a marked increase in MMP
production by intestinal myofibroblasts in synergy with either TNF-
a or IL-1B (Monteleone et al. 2006;Bamba et al. 2003).”

“Upon activation, myofibroblasts express increased amounts of
MT1-MMP (MMP-14) and MMP-2, which increase the migration of
these cells through the synthetic matrix and might therefore
enhance their wound-healing potential (Pender et al. 2000)”

Monteleone et al. 2006:

“Moreover, IL21 synergises with tumour necrosis factor a to
increase synthesis of MMP synthesis”

“we have shown that IL21 increases MMP production by
fibroblasts”

“These data suggest that inflammatory cytokines such as TNFa may
transcriptionally increase MMP production, but this effect is
amplified by IL21 at the post-transcriptional level” Figure

“Indeed, molecules such as IL1b, IL6, IL17, IL22 and TNFa, all of
which could regulate MMPs, are produced in excess in Crohn’s
disease 2, 5, 10 18 33 34”

[292]

FIBROBLAST
AND (IL17
OR TNFa
OR 1ILb)

5: “In the mucosa, MMP-1, -3 and -9 are highly expressed by
myofibroblasts, which are activated by mediators such as TNF-a, IL-
12 or IL-17 “produced by the nearby T cells and macrophages”
Figure 1: I1L12 do not have reference

“IL-17, is upregulated in active IBD [42,43]. It stimulates
inflammatory responses via nuclear factor-kB and mitogen-activated
protein kinase pathways in myofibroblasts [44]. IL-17 induces a
marked increase in the secretion of MMP-3 by colonic
subepithelial myofibroblasts in synergy with either IL-1b or TNF-a
[45].”

[293]

45: “We have recently shown MMP-1 and MMP-2 secretion in
response to IL-1b and tumor necrosis factor (TNF)-a in these cells”
“Previous studies have demonstrated that IL-1b and TNF-a are
powerful stimulators of MMP-1 and MMP-3.23,27”

“In previous reports, MMP-3 secretion was shown to be tightly
regulated by IL-1b and/or TNF-a, mainly derived from
monocytes/macrophages.23,24,26,27”

“IL-17 itself was a weak stimulator of MMP secretion as compared
with IL-1b and TNF-q, IL-17 enhanced the IL-1b- and TNF-a-induced
MMP-3”

Figure

[294]

MMPs = (MACR AND TNFa) (FIBROBLAST AND (IL21 IL17 IL1b OF TNFa))

42

PERFOR

(IL2 OR IL15

IL-2 and IL-15 equally lead to the upregulation of perforin and

(58]
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Altered in
CcD

PERF1
mutations

(7]
[295]

) AND NK

granzyme B expression as well as cytokine production including IFN-
g, TNF-a, and granulocyte-macrophage colony- stimulating factor
(GMCSF) by NK cells.

e Review with no references.

e (Related to NK induction?

CD4_NKG2D

Tho

“CD4+CD28- T cells resemble NKT cells as they secrete large
amounts of IFNG and express perforin and granzyme B, which
confer cytotoxic capacity”

(65]

“Besides classical cytotoxic cells (i.e. CD8+ ab T cells, cd T cells, NK
cells), also CD4+ T cells develop secretory granules when activated
and expanded in vivo or in vitro [24, 25]”

(5]

CD8_NKG2D

“When CD8+ T cells encounter their cognate antigenic peptide
presented on MHC | molecules with their T-cell receptors (TCR), the
differentiation into cytotoxic effectors is manifested by the
synthesis of cytotoxic granules and their constituent proteins [7-9]"
“In T cells, tonic signals set basic threshold levels and the TCR
signal is further fine-tuned by a variety of activating or inhibiting
costimulatory receptors (also including NKG2D) and the local
cytokine milieu.”

(5]

NK_NKG2D

“These findings support NK cell activation through NKG2D/NKG2D
ligand interaction as the possible mechanism involved in the
perforin/granzyme-mediated killing of myeloma cells.”
“Plate-bound NKG2D-specific did stimulate the release of granzymes
that participate in the cytotoxicity reaction”

[64,296]

NK

“NK cells and supposedly is associated with the same lysosomal
compartment that is used for storage and release of perforin and
granzymes [8, 15, 29]".

(5]

“NK cells kill their target cells through two major pathways, both
requiring close contact between NK cells and the target cells. In the
first pathway, cytoplasmic granule toxins including perforins and
granzymes are secreted by exocytosis and together induce
apoptosis of the target cells.”

(1]

“common polymorphism in the perforin (PRF1) gene that encodes moderate-to-
severe dysfunction of the perforin protein”

“mild changes in perforin activity, as occurs in carriers of hypomorphic PRF1
mutations, might contribute to immune-based pathology over time.”

(7]

“Our data define a global methylation profile characteristic of ileal CD.PRF1... Gene
ontology analyses implicated immunity -relatedpathways as targets of epigenetic

modification”

[295]

PERFOR = NK NK_NKG2D

43

GRANZB

NK

“NK cells kill their target cells through two major pathways, both
requiring close contact between NK cells and the target cells. In the

(1]
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Overexpres
sed in both
CD and UC
tissues (19)

(6]

first pathway, cytoplasmic granule toxins including perforins and
granzymes are secreted by exocytosis and together induce
apoptosis of the target cells.”

CD8_NKG2D

“GrB is produced not only by NK cells, CD8+ T lymphocytes, and B
cells, but also by plasmacytoid dendritic cells, mast cells, basophils,
and CD34 hematopoietic progenitor cells (26).”

26: Refers to B cells

(6]

In CD8+ cells, exocytosis of perforin- and granzyme-containing
cytoplasmic granules appears to account for the cytotoxic activity

observed [12]. [297]
Figure 5
“Here we demonstrate that human pDCs can be an abundant
source of GrB and that such GrB pDCs potently suppress T-cell
proliferation in a GrB- dependent, perforin-independent manner, a
process reminiscent of regulatory T cells. we find that the
(DCAND | ! . - ) .
immunosuppressive cytokine IL-10 enhances, while Toll-like
IL10) AND . . s .
NOT (LPS receptor agonists and CD40 ligand strongly inhibit, GrB secretion [298]
by pDCs”
R PGN
OR PGN)) Figure 3
Comment: we define DC node as being composed by DC, pDC. We
do not include and IL10 because it inhibits DC node.
“Is thus conceivable that IL-21 is one of the positive regulators of
GrB- expressing CD19+ cell differentiation in IBD, as this cytokine is
overproduced in both CD and UC tissues (19)”
Comment: CD19: Is a protein that in humans is encoded by the [6]
21 CD19 gene. It is found on the surface of B-cells, a type of white
blood cell.
IL21 AND Bcell
19 Nothing related to GrB [299]
“These findings support NK cell activation through NKG2D/NKG2D
ligand interaction as the possible mechanism involved in the
NK_NKG2D | perforin/granzyme-mediated killing of myeloma cells.” [64,296]
“Plate-bound NKG2D-specific did stimulate the release of
granzymes that participate in the cytotoxicity reaction”
GRANZB = CD8_NKG2D NK NK_NKG2D (DC AND NOT (LPS PGN))
Network | IFNg, TNFa,
- output: IL21, IL17, IFNg, TNFa, IL21, IL17, IL13 [150]
MMPs IL13
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CDAI

IL13

uc

Cytokines such as IL-13 also increase epithelial claudin 2, which
makes the gut leakier thereby allowing molecules to move into the
lumen and vice versa a (Prasad et al. 2005;Heller et al. 2005)

[290]

“(IL-13) is the key effector cytokine in ulcerative colitis stimulating
apoptosis and upregulation of claudin-2 expression.”

“The key effector cytokine in ulcerative colitis was identified to be
IL-13, which is a potent inductor of apoptosis in our HT-29/B6 cell
culture model (Fig. 1).1 These apoptotic events and a significant IL-
13 dependent arrest in epithelial restitution resulted in epithelial
lesions such as micro erosions, which are common in ulcerative
colitis already at early stages of the inflammation.”

“In addition, we could show that the proinflammatory cytokines
TNFa and IL-13 can facilitate bacterial uptake in intestinal
epithelium.”

[300]

GRANZB

“In conclusion, this is, to our knowledge, the first study to show that
intestinal plasma cells express GrB and have the ability to kill
epithelial cells, thus suggesting their involvement in IBD-associated
intestinal epithelial damage”

(6]

PERFOR

“Exocytosis of perforin- and granzyme-containing cytoplasmic
granules appears to account for the cytotoxic activity observed
[12].”

[297]

MMPs

“Faecal MMP-9 levels were reported to correlate with the overall
Mayo and endoscopic scores, serum CRP, and faecal calprotectin
levels in UC patients[198]. calprotectin levelsin UC patients[198].As
a biomarker, faecal MMP-9 also has potential in recognising severity
of pouchitis and, to a lesser extent, CD where correlation with the
SES (simple endoscopic score) CD was not statistically significant but
overall correlations were better than calprotectin [199].”

[301]

“However, in intestinal immune-mediated disorders, pro-
inflammatory cytokines induce the up-regulation of proteases,
which become the end stage effectors of mucosal damage by
destroying the epithelium and basement membrane integrity and
degrading the extracellular matrix of the lamina propria to
produce ulcers. Protease-mediated barrier disruption in turn results
in increased amounts of antigen crossing into the lamina propria,
driving further immune responses and sustaining the inflammatory
process.”

“as has been repeatedly and consistently observed, mucosal MMP
levels correlate positively with the intensity of gut inflammation
(Ravi et al. 2007).

Dysregulated metalloproteinase expression is a consequence of
the inflammatory process and has a functional role in determining
mucosal lesions in IBD.”

[290]
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-Epithelium-derived matrilysin (MMP-7, (expression is dependent
on exposure to gut bacteria is necessary for the process of
reepithelialization after injury

-Colla- genase 1 (MMP-1), MMP-7 and stromelysin 2 (MMP-10)
expression by intestinal epithelial cell lines is up-regulated by
epidermal growth factor, TGF- and IL-1 (Salmela et al. 2004)
-MMP-7 activates intestinal pro-a- defensins, which are needed for
the clearance of pathogenic

-When produced in excess, MMP-7 can disrupt the gut mucosal
barrier. MMP-7 can degrade the epithelial adherens junction
protein E-cadherin (Noé et al. 2001). MMP-7 is also highly
overexpressed in inflamed IBD mucosa and its levels correlate with
disease activity in ulcerative colitis (Salmela et al. 2004; Matsuno et
al. 2003)

-the epithelium at the edge of intestinal ulcers is strongly positive
for MMP-7 and MMP-10 and disruption of the basement
membrane below the MMP-7-positive epithelial cells has been
described in IBD.

-The effect of proteases on the intestinal barrier can switch from
protective to disruptive not only because of increased local
concentrations but also as a consequence of altered localization
within the mucosa attributable to changes in the main producing
cell types

-Under inflammatory conditions, the up-regulation of a number of
proteolytic enzymes produced in the gut lamina propria has been
shown to exert a harmful effect on the intestinal barrier (Fig. 3).
Protein extracts from both inflamed and ulcerated intestinal mucosa
of patients with either Crohn’s dis or ulcerative colitis are
characterized by an increased expression of MMP-1, MMP-2, MMP-
3, macrophage metalloelastase (MMP-12), collagenase 3 (MMP-13)
and (MMP-14) compared with normal gut and all these enzymes can
be produced by stromal and immune cells in the lamina propria.
-Although_MMP _inhibitors have been unsuccessful in phase llI
clinical trials in cancer treatment, it is premature to conclude that
the modulation of protease activity has no therapeutic potential in
inflammatory diseases, especially considering our increasing
knowledge about the non-matrix targets of these enzymes and the
development of better and more specific inhibitors

CDAI= MMPs
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