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ABSTRACT

The mechanisms of action of antitumor necrosis factor a (anti-TNF-a) antibodies in the therapy of inflam-
matory bowel disease (IBD) are not completely understood. Binding of antibodies to transmembrane TNF-a
seems to be crucial for the induction of several cellular responses, including complement-dependent
cytotoxicity, antibody-dependent cellular cytotoxicity, and reverse signaling. However, these processes
alone do not fully explain the diversity of responses to anti-TNF-a therapy seen in different patients. Thus,
the present review aimed to discuss the current role of anti-TNF-a antibodies in treatment algorithms for
IBD as well as the current knowledge on the mechanisms of action of these antibodies, particularly the less
well known aspects of anti-TNF-a blockade. We also discussed a complex role of particular macrophage
subpopulations, T regulatory cells, and intestinal endothelial cells, as well as presented new data on the
clinical relevance of anti-inflammatory responses attributed to the Fc region of anti-TNF-a antibodies.

Introduction  Introduction of antitumor necrosis
factor o antibodies (anti-TNF-a) has significant-
ly changed the treatment algorithms for inflam-
matory bowel disease (IBD)." Anti-TNF-a agents
enabled the new therapeutic goals to be achieved,
including mucosal healing and prevention of ir-
reversible structural bowel damage.? However,
the exact mechanism by which these new agents
exert their effects is not fully understood.® This
knowledge has important practical implications,
as it has been estimated that up to 30% to 40% of
patients with IBD may not respond to anti-TNF-a
therapy.*

Although the fundamental role of TNF-a in
the pathogenesis of IBD is now well recognized,
it appears that binding of TNF-a by anti-TNF-a
agents results in the effects that go beyond sim-
ple TNF-a neutralization. Here, we briefly pres-
ent the current place of anti-TNF-a antibod-
ies in the management of IBD and summarize
the knowledge on the mechanisms underlying
their activity, with emphasis on new data and
emerging pathways.

The biology of tumor necrosis factor a ‘There are
two main forms of TNE-a: soluble TNF (sTNF)
and transmembrane TNF (tmTNF).3® The sTNF
is a 17-kDa molecule released predominant-
ly by macrophages, T cells, and natural killer
(NK) cells as a result of proteolytic cleavage of
the 26 kDa tmTNF molecule. The process is me-
diated by TNF-a-converting enzyme. Both sTNF
and tmTNF form homotrimers and act through
two distinct TNF receptors (TNFR). TNFR1 is
expressed constitutively by many cell types and
binds mainly to sTNF. In contrast, TNFR2 is in-
duced chiefly in the course of inflammation and
immune responses in hematopoietic and endo-
thelial cells and binds mainly to tmTNE. Interest-
ingly, it appears that TNFR2 can also transiently
bind sTNF and then release it for interaction with
a more affinitive TNFR1, a phenomenon known
as ligand passing.®

The structure of antitumor necrosis factor a agents
Anti-TNF-a agents certified for use in IBD in-
clude either full monoclonal antibodies (inf-
liximab [IFX], adalimumab [ADA], and golim-
umab [GOL]) or their fragments (certolizumab
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[CER]).5 Each antibody consists of 2 heavy (H)
and 2 light (L) polypeptide chains. Both L and H
chains contain variable (V) and constant (C) do-
mains. The H chain consists of one V domain (VH)
and three C domains (CH1, CH2, CH3), whereas
the L chain consists of one V and one C domain
(VL and CL, respectively).?6 IFX is a monoclonal,
chimeric (75% human and 25% murine) immuno-
globulin (Ig) G1 antibody, while ADA and GOL are
fully human IgG1 antibodies. CER pegol is a hu-
manized (90% of human origin) Fab fragment of
IgG4 antibody conjugated to polyethylene gly-
col (PEG), so that it does not contain the Fc do-
main. The structure of etanercept (ETA), anoth-
er TNF-binding molecule, is different in that it is
a fusion protein containing extracellular part of
TNF receptor 2 (TNFR2/p75) and Fc fragment of
IgG1 immunoglobulin.® Curiously, however, ETA
shows no significant clinical effect and is not used
in IBD.%7 Each antibody contains the Fab region,
which is responsible for antigen binding, and
the Fc region, which can bind to cell surface re-
ceptors or complement proteins and thus exert
some effector functions. For detailed character-
istics of anti-TNF-a antibodies, the reader is di-
rected elsewhere.’®

Clinical application of antitumor necrosis factor a
antibodies in inflammatory bowel disease The role
of anti-TNF-a agents in therapeutic algorithms
for IBD has significantly evolved over the past
20 years. Initially, IFX was administered only to
patients with symptoms of active disease (the
so called episodic treatment) and when all oth-
er pharmaceuticals (mesalamine, steroids, thio-
purines) had failed to produce a desired effect (a
step-up strategy)."28 However, subsequent clin-
ical trials have demonstrated that all TNF-a an-
tagonists should rather be used in a continuous
manner, starting with the induction period and
then followed by the maintenance therapy.?*8
D’Haens et al® were the first to suggest that very
early application of anti-TNF-a agents, even just
after the diagnosis (a top-down strategy), could
lead to better long-term therapeutic outcomes
and a significant change in the known natural
history of IBD, with irreversible intestinal dam-
age occurring despite seemingly optimal immu-
nosuppressive treatment.

In recent years, a trend for more personalized
use of TNF-a antagonists has emerged. It was
triggered by defining predictors of a disabling dis-
ease, which included age younger than 40 years
at diagnosis, the presence of perianal lesions,
deep colonic ulcerations, and extensive small bow-
el involvement, as well as the need for early use
of steroids, the habit of smoking, and the his-
tory of significant weight loss.*'® When these
criteria are met, a top-down or an accelerated
step-up approach should be implemented.*'’ In
the latter, conventional nonbiological drugs are
used initially for a strictly defined short period of
time (eg, steroids for 1-2 weeks, thiopurines for
8-12 weeks), but if they fail or produce serious

side effects, the biological therapy is strongly
recommended.?410

Also an ongoing anti-TNF-a therapy could
be made more effective and safe if it was indi-
vidualized and precisely controlled. This could
be achieved by therapeutic drug monitoring,
which involves the accurate measurements of
anti-TNF-a trough levels (TLs), that is, the se-
rum concentrations of a drug just before the ad-
ministration of the next dose, and the titers of
neutralizing antidrug antibodies.?*8'0 In this re-
spect, Vermeire et al'® have proposed an algorithm
of when to perform anti-TNF-a drug monitoring.
In each case, TLs should be assessed after the in-
duction therapy has been completed. If TLs are
high, the maintenance treatment can be started,
but if not, one should consider increasing the dose
or reducing the interval between the subsequent
doses. In patients on maintenance treatment, TLs
should be measured if signs of reduced drug re-
sponsiveness appear.'? If TLs are still detectable,
imaging and/or endoscopy should be performed
in order to confirm or exclude the presence of
active inflammation. If the former is the case,
the anti-TNF-a therapy should be discontinued
and replaced by a different regimen (eg, by anti-
-integrin antibodies). In the latter scenario, oth-
er potential causes of the symptoms (eg, stenosis,
bacterial overgrowth, irritable bowel syndrome)
should be searched for. On the other hand, if TLs
are undetectable, the patient ought to be tested
for the presence of antidrug antibodies. If these
are present, a switch to a different TNF-a block-
er is recommended, and if not, the ongoing ther-
apy should be optimized by shortening the inter-
vals between the doses, by increasing the doses,
or by adjusting the associated immunosuppres-
sive treatment.?48:10

These recommendations need to be support-
ed by further prospective clinical trials, the op-
timization of effective serum drug concentra-
tions, the use of more reliable assays to measure
TLs and detect antidrug antibodies, as well as by
a thorough assessment of the pharmacoeconom-
ic aspects of therapy.?'? Nevertheless, there is no
doubt that therapeutic drug monitoring is the fu-
ture of personalized anti-TNF-a therapy for IBD.

The list of anti-TNF-a antibodies used in
the therapy of IBD is presented in TABLE 1.

Mechanisms of action of antitumor necrosis fac-
tor a antibodies: what do we know? As indicated
above, the pharmacokinetics of TNF-a antago-
nists impacts significantly on the treatment effi-
cacy. At the molecular level, anti-TNF-a antibod-
ies bind first to their target molecules: tmTNF
and sTNF. Both IFX and ADA can bind the mono-
meric and homotrimeric forms of TNF-a. More-
over, one TNF-a homotrimer can react with
three IFX molecules and one molecule of either
IFX or ADA is capable of binding two TNF-a ho-
motrimers at the same time.?® This cross-link-
ing phenomenon allows the therapeutic mole-
cule to form a cascade of complex interactions
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TABLE 1 Antitumor necrosis factor a (anti-TNF-a) antibodies used in the therapy of Crohn disease (CD) and ulcerative colitis (UC)

Anti-TNF-a

Indications

Route of

Dosage

Rates of clinical improvement?

Rates of the most relevant

antibody

administration

adverse events

infliximab cD 5 mg/kg body weight at  intravenously CD: 65%—88% for induction and  serious infections: 3%—5%
uc weeks 0, 2, and 6, and 43%—64% for maintenance infusion reactions: 10%—40%
then every 8 weeks therapy?®'-63 . . o
o % for i . paradoxical psoriasis/psoriasiform
UC: 60%—70% for lnductlon and dermatitis: 1%—20%
35%-50% for maintenance i ies: <19557071
therapy®* 55 malignancies: <1%°>70:
adalimumab  CD 160 mg at week 0, 80 subcutaneously ~ CD: 50%—60% for induction and  serious infections: 3%—6%
uc mg at week 2, and 40%-50% for maintenance injection site reactions: 10%-20%
then 40 mg every therapy®® . o o
2 weeks UC: 50%-55% for inducti d paradoxnggl psoriasis/psoriasiform
- 50%~—59% for Induction an dermatitis: 1%—20%
20%—30% for maintenance i ies: <19557072
therapy®?57 malignancies: <1%°>70:
certolizumab ~ CD 400 mg at weeks 0, 2, subcutaneously  35%-64% for induction and serious infections: 2%—3%
pegol and 4, and4then ﬁOO tZr?‘Vo—Si"BA;ﬁfgor maintenance injection site reactions: 2%—3%
mg every & weeks erapy malignancies: < 1%
golimumab uc 200 mg at week 0, 100  subcutaneously ~ 50%—-55% for induction and serious infections: 3%-5%

mg at week 2, and
then 50 mg (<80 kg
body weight) or 100
mg (>80 kg body
weight) every 4 weeks

28%—56% for maintenance
therapy®®73

hypersensitivity reactions: 2%—3%
malignancies: <1%’°

a The percentages can significantly differ between studies due to high heterogeneity in the definitions of clinical improvement after anti-TNF-a

therapy.
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with its target. Subsequent effects depend on
whether anti-TNF-a antibodies bind to sTNF or
tmTNE, that is, on whether the drug inhibits sig-
naling from TNF receptor or whether it acts as
a ligand for tmTNE35 On the one hand, binding
of sTNF and tmTNF by anti-TNF-a antibodies
blocks stimulation of TNFR1 and TNFR2, which
results in the inhibition of proinflammatory path-
ways leading to decreased cytokine release and re-
duced inflammatory cell infiltration. On the other
hand, ligation of tmTNF by anti-TNF-a antibod-
ies can trigger at least 3 phenomena: 1) antibody-
-dependent cellular cytotoxicity (ADCC); 2) com-
plement-dependent cytotoxicity (CDC); and 3) re-
verse signaling.35

During ADCC, the Fab fragment of an anti-
-TNF-a antibody binds tmTNF on the target cell,
while the Fc fragment binds the Fc receptor on ef-
fector cells (eg, NK cells) and promotes the secre-
tion of cytotoxic molecules (granzyme B, perfo-
rins) that destroy target cells. During CDC, the Fc
fragment activates the complement, which leads
to the formation of the membrane attack com-
plex and target cell death. ADCC and CDC can be
induced by IFX, ADA, and GOL, but not by CER.3
This is because CER does not contain the Fc re-
gion that is crucial for the initiation of these re-
sponses. However, both IEX, ADA, and CER can
launch reverse signaling, during which binding
of an anti-TNF-a agent initiates several respons-
es in tmTNF-bearing target cells.®5'"" These in-
clude suppression of cell growth and cytokine
release, and induction of apoptosis. These pro-
cesses seem to be crucial for the clinical efficacy
of anti-TNF-a agents in IBD, since ETA that can-
not bind tmTNF is ineffective in both Crohn dis-
ease (CD) and ulcerative colitis (UC).3> Molecular

pathways underlying these phenomena have re-
cently been extensively reviewed.?

Mechanisms of action of antitumor necrosis fac-
tor a antibodies: what is new? The role of macro-
phages While it is clear that T cells play a key
role in the pathogenesis of IBD and as such are
effectively targeted by anti-TNF-a antibodies, re-
cent studies have pointed to a significant contri-
bution of other cell types, including monocytes
and macrophages.'?'3 Intestinal biopsies from
IBD patients show increased presence of macro-
phages in the inflamed tissue.'*'® Activation sta-
tus of these macrophages can be inferred from
increased expression of hemoglobin-haptoglo-
bin scavenger receptor CD163 and elevation of
its soluble form (sCD163) in plasma.'®'® A rapid
decrease in sCD163 levels has been observed af-
ter administration of anti-TNF-a antibodies, but
not after prednisone, suggesting a specific effect
of anti-TNF-a therapy on macrophage activation
in IBD."® This effect is thought to be mediated
via apoptosis induced by binding of anti-TNF-a
agents to tmTNF on monocytic cells.”’ Suppres-
sion of macrophage activity can also be linked to
the modulating effect of TNF-a blockers on cyto-
kine—extracellular matrix interactions.

A recent proteomic analysis has revealed sig-
nificantly reduced tenascin C levels in patients
with UC who responded to anti-TNF-a thera-
py-?' This effect was associated with downreg-
ulation of monocyte chemoattractant CCL2
and reduced monocyte expression of CD14 and
CD86. Tenascin C is an extracellular matrix gly-
coprotein capable of activating Toll-like recep-
tor-4 signaling and inducing monocyte-recruit-
ing chemokines.???? Thus, it has been suggested
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FIGURE 1  The role of macrophages in the mechanisms of action of antitumor necrosis
factor a (anti-TNF-a) antibodies. A — In the presence of CD4+* T cells, anti-TNF-a agents
containing the Fc fragment induce the CD14+ and HLA-DR* monocytic cells in an Fc-de-
pendent manner. These cells exhibit anti-inflammatory properties, expressing regulatory
macrophage marker CD206 and producing interleukin 10 (IL-10), which downregulates
proliferation of T cells. B — anti-TNF-a antibodies neutralize transmembrane TNF (tmTNF)
on CD14* macrophages, which prevents from binding of tmTNF to TNF receptor 2
(TNFR2) on CD4+ T cells. In consequence, the TNFR-2-dependent production of interleu-
kin 6 (IL-6) is decreased, which sensitizes T cells to proapoptotic signals. C — anti-TNF-a
antibodies modulate the function of tenascin C, an extracellular matrix glycoprotein,
which is induced in inflammatory conditions. Tenascin C activates Toll-like receptor 4
(TLR4) on monocytes, which promotes monocyte-recruiting chemokines. The decrease
of tenascin C levels after administration of an anti-TNF-a agent downregulates the mono-
cyte chemoattractant CCL2 and reduces stimulation of monocytes.

that successful response to IFX could be linked
to tenascin C-mediated reduction in monocyte
activation.'

However, given large functional heterogeneity
of macrophages, their role in anti-TNF-a-induced
responses may be more complex. For example, it
has been demonstrated that anti-TNF-a antibod-
ies can induce regulatory macrophages with im-
munosuppressive properties, and that the inter-
action between anti-TNF-a antibodies and macro-
phages is the sine qua non for apoptosis of T cells
in inflammatory infiltrates in IBD.2#2°

It has been demonstrated that anti-TNF-a an-
tibodies can reduce T-cell proliferation during
mixed lymphocyte reaction only in the presence
of cells combining the features of regulatory and
M2-type macrophages.?* Interestingly, this popu-
lation of macrophages emerged only upon treat-
ment with anti-TNF-a agents containing Fc frag-
ment (IFX, ADA, and CER-IgG), and when co-
cultured with CD4* cells. Moreover, these mac-
rophages expressed a number of costimulatory
molecules, Fc receptor, and the regulatory macro-
phage marker CD206. They exhibited strong anti-
-inflammatory properties as assessed by the inhi-
bition of T-cell responses and the increased pro-
duction of anti-inflammatory interleukin (IL)
10.2% Importantly, mucosal healing after admin-
istration of IFX was found to occur only in those
IBD patients in whom a significant induction of
regulatory macrophages was observed.?® This ef-
fect was even more pronounced in patients re-
ceiving a combination therapy with azathioprine.

The above data may collectively suggest that
anti-TNF-a antibodies can induce—in a Fc re-
gion-dependent manner—macrophages resem-
bling M2 type and regulatory macrophages that
then act to dampen inflammation and promote
wound healing. More recently, it has been re-
ported that induction of such macrophages in re-
sponse to anti-TNF-a therapy is related to effec-
tive cellular autophagy, which may be impaired in
some individuals with a polymorphism (Thr300A-
la) in the essential autophagy gene, autophagy re-
lated 16-like 1 (ATG16L1).”’ This gene variant has
been shown to confer an increased risk for the de-
velopment of CD through the effects on cytokine
production and antibacterial autophagy.?®

Another new concept of macrophage involve-
ment in anti-TNF-a-induced responses has been
proposed by Atreya et al.?® These authors have
shown that macrophage tmTNF interacts with
TNFR2 on T cells, which results in the activation
of TNF receptor-associated factor 2 and nuclear
factor kappa-B pathway. This leads to increased
IL-6 production and increased resistance to apop-
tosis. The authors postulated that by targeting
tmTNF on CD14* macrophages, anti-TNF-a an-
tibodies block the interaction between tmTNF
and TNFR2 on T cells and sensitize them to pro-
apoptotic signals.

The new concepts on the role of monocytes/
macrophages in the mechanisms of action of
TNE-a blockers in IBD are summarized in FIGURE 1.
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The role of regulatory T cells and immunosuppressive
mechanisms  One of the key events in chronic im-
mune-related diseases, including IBD, is silencing
of immunosuppressive mechanisms, which leads
to an imbalance that promotes proinflammato-
ry pathways.?® The clinical relevance of these pro-
cesses has recently been demonstrated in patients
with CD treated with mongersen.®%3' Mongers-
en is an oral Smad7 antisense oligonucleotide,
and the rationale for its use in CD is that it inac-
tivates Smad?7, a transforming growth factor 1
(TGF-B1) inhibitor. TGF-B1 is a potent immuno-
suppressive mediator and IBD has been shown to
reduce TGF-B1 activity owing to increased expres-
sion of Smad7.” In a double-blind phase 2 trial,
mongersen was found to be significantly more ef-
fective than placebo in inducing clinical response
and remission in active CD.3? Interestingly, it ap-
pears that also IFX is capable of enhancing TGF-$1
secretion. By binding to tmTNF on monocytes, it
induces reverse signaling that promotes TGF-f1
secretion, which in turn can be responsible for
immune cell apoptosis.’?33

More recently, Derer et al®** have described
a novel TGF-B1-related pathway that can be in-
duced by IFX and CER. By analyzing transcription-
al signatures elicited by IFX and CER in myelo-
monocytic cells, they have identified growth and
differentiation factor 1 (GDF-1) as being down-
regulated by TNF-a blockers. GDF-1 is a member
of the TGF-f superfamily that is upregulated in
CD and acts to promote inflammatory IL-6. Li-
gation of tmTNF by anti-TNF-a agents induces
TGF-B1 through reverse signaling, which then
results in downregulation of proinflammatory
GDF-1 and IL-6.

These data support the concept that anti-TNF-a
agents can directly promote the function of im-
munosuppressive cell populations, such as reg-
ulatory T cells (T,,). It has been proposed that
the infusion of autologous T, may be an at-
tractive therapeutic option for selected patients
with active CD.%% It has also been suggested
that anti-TNF-a agents act partially by increasing
the number and promoting the function of T, .
In this respect, Guidi et al*” have recently shown
that anti-TNF-a therapy increased the number of
peripheral regulatory CD4*CD25*FOXP3* T cells
in patients responding to treatment, but not in
nonresponders. T, are likely to contribute to
sustained clinical remission following anti-TNF-a
therapy, as it has been observed that the loss of
response to anti-TNF-a agents is associated with
a decrease in the percentage of FoxP3* T cells.®®

The exact mechanisms linking anti-TNF-a
agents to T, _are poorly defined. The data avail-
able so far are often conflicting and limited mainly
to the clinical setting of rheumatoid arthritis and
psoriasis.®® On the one hand, anti-TNF-a thera-
py in rheumatoid arthritis was associated with
reduced apoptosis of T, ..** On the other hand,
however, a clear suppressive effect of anti-TNF-a
therapy on FoxP3* T, _was shown.?**! There-
fore, further studies focused precisely on IBD are

needed to explore the nature of interactions be-
tween anti-TNF-a and T g

The role of Fc receptors As indicated earli-
er, Fc receptors are important for the action of
anti-TNF-a antibodies through their involvement
in ADCC and CDC. While this aspect may be im-
portant for IFX, ADA, and GOL, it does not ap-
ply to CER, which is registered for use in CD but
does not contain the Fc fragment and is incapa-
ble of inducing such reactions.® This raises a ques-
tion of the real clinical significance of Fc-medi-
ated pathways.

A recent study by McRae et al*? has shed new
light on this issue. The authors have modified
an [gG2c anti-TNF-a antibody, which normally
binds with high affinity to the Fc receptors, and
generated an IgGl isotype antibody with great-
ly diminished binding capacity. Then, the thera-
peutic efficacy of both antibodies was compared
in murine models of IBD and arthritis. It turned
out that both antibodies were similarly effective
in reducing collagen-induced arthritis. However,
only IgG2c antibody exerted anti-inflammatory
effects in T-cell transfer-induced colitis, which
suggested that Fc receptor-mediated responses
were essential for the therapeutic effect. This ob-
servation is to some extent in line with the clin-
ical data showing that CD patients treated with
CER are less likely to achieve mucosal healing
when compared with IFX or ADA.** Moreover,
clinical remission rates induced by CER appear to
be less convincing than those for IEX and ADA.*
Thus, it can be speculated that seemingly weaker
anti-inflammatory properties of CER when com-
pared with Fc-containing anti-TNF-a antibodies
could be related to its inability to invoke Fc re-
ceptor-mediated responses.

The above notion may be supported by genetic
studies suggesting the existence of association be-
tween a polymorphism in the IgG Fcy-receptor Illa
gene and the therapeutic response to anti-TNF-a
agents in CD.**¢ By contrast, Wojtal et al*’ has
suggested that the Fc receptor CD64 could be
connected to reduced responsiveness to IFX in
IBD. The study detected increased expression of
interferon y (IFN-y) in the inflamed colonic tis-
sue from nonresponders, which could lead to in-
creased transcription of the CD64 gene. Subse-
quent binding of IFX-TNF complexes to CD64
can promote transcriptional activation of sever-
al proinflammatory mediators, including gran-
ulocyte-macrophage colony-stimulating factor,
IL-6, and monocyte chemoattractant protein 1.
It is not clear, however, whether this is a cause
or a consequence of unresponsiveness to IFX."
Nevertheless, it is reasonable to hypothesize that
the upregulation of some types of Fc receptors is
linked to decreased efficacy of anti-TNF-a thera-
py in a proportion of IBD patients.

The role of endothelial cells Immune-mediated
angiogenesis and increased vascular permeability
are crucial phenomena in IBD, since they enable
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recruitment of proinflammatory cells from blood-
stream to the site of disease.*® Moreover, vascu-
lar endothelial cells (ECs) serve as a potent source
of cytokines engaged in a complex crosstalk be-
tween innate and adaptive immunity in the in-
testines.*®* It has been shown that anti-TNF-a
agents have a significant impact on these process-
es. It has been observed that an early decrease in
lymphocyte infiltration after administration of
TNE-a blockers in patients with rheumatoid ar-
thritis and psoriasis is related to downregulation
of adhesion molecules on ECs and immune cells
rather than to an increase in lymphocyte clear-
ance via apoptosis.® Several studies have also de-
tected the alterations in serum levels of angio-
genesis-regulating peptides following anti-TNF-a
therapy.*®-°0 Moreover, we have demonstrated
that initial serum levels of vascular endothelial
growth factor (VEGF) in patients with CD may
be of predictive value for response to anti-TNF-a
treatment.? In this respect, Rutella et al®! have
analyzed the release of VEGF by cultured muco-
sal extracts obtained from patients with CD be-
fore and after IFX administration, as well as by
cultured human intestinal fibroblasts stimulat-
ed with TNF-a in the presence or absence of IFX.
They showed that IEX decreased both the muco-
sal angiogenesis and VEGF production by human
intestinal fibroblasts. Moreover, the administra-
tion of IFX prevented the VEGF-dependent mi-
gration of intestinal microvascular EC in vitro.
These observations support the view that anti-
-inflammatory properties of anti-TNF-a agents
are at least partly related to their effects on ECs.
An intriguing observation has recently been re-
ported by Prattichizzo et al.’? Analyzing the ef-
fect of ADA on senescence of ECs, they have no-
ticed that although inhibition of TNF-a activity
by ADA did not delay replicative cell senescence, it
did reduce an augmented IL-6 release that is typ-
ically associated with the senescent phenotype.
The mechanism of this effect is unclear and these
observations need to be verified, as ECs have not
been typically viewed as a major source of TNF-a.

Understanding the mechanisms of action of antitu-
mor necrosis factor a antagonists: clinical implica-
tions By identifying mechanisms triggered by
anti-TNF-a agents, it has become important to
understand how this knowledge impacts on clin-
ical practice.

Firstly, it was possible to explain why not all
TNF-a antagonists were effective in IBD. In this
respect, the ability to bind tmTNF seems to be
of importance, while the significance of sTNF-a
neutralization remains unclear.®*® Intriguingly,
we have recently shown that the levels of serum
sTNF-a can even significantly increase during suc-
cessful therapy with IFX and ADA in CD.%®

Another implication of basic research is that it
can be helpful in predicting clinical response to
therapy. By using confocal laser endomicroscopy,
Atreya et al®* detected a correlation between high
numbers of tmTNF-positive cells in the mucosa

of CD patients and better short-term outcomes
of anti-TNF-a treatment. Moreover, this clinical
response was sustained over 1 year and associ-
ated with mucosal healing as assessed by endos-
copy. On the other hand, we have found that pa-
tients with the greatest increase in STNF-o over
the course of the induction anti-TNF-a thera-
py were significantly more likely to experience
a successful long-term response to treatment.**

Although anti-TNF-a antibodies seem to have
an acceptable safety profile, possible side effects
are still a matter of concern.* The most common
adverse events are infections (eg, tuberculosis).
An increased risk for these complications is usu-
ally attributed to a loss of normal TNF-a func-
tions in host defense.® There are also conflicting
reports on the increase in the frequency of sev-
eral malignancies (skin melanoma, non-melano-
ma skin cancer, lymphoma). It is thought, howev-
er, that this risk may be related to the concomi-
tant use of immunosuppressants rather than to
the anti-TNF-a therapy itself.>>5¢ Nevertheless,
an increased vigilance for the occurrence of such
complications is warranted. Another important
adverse effect, an infusion allergic reaction, is
linked to the murine component of IFX antibody.’

From the pathophysiological point of view,
the most intriguing adverse effect is the develop-
ment of other inflammatory conditions, such as
anti-TNF-induced psoriasis, lupus, autoimmune
hepatitis, or vasculitis.®5758 Since these events
develop in the course of therapy with the most
potent anti-inflammatory drugs, this phenome-
non is called a paradoxical inflammation. Data on
paradoxical psoriasis, which is the most common
adverse event in this group, suggest that the in-
hibition of TNF-a stimulates uncontrolled se-
cretion of INF-y by plasmocytoid dendritic cells,
which is followed by the recruitment of T cells
and the production of IL-12 and IL-23, which ini-
tiate the proinflammatory cascade in the skin.
Stopping anti-TNF-a therapy and adding anoth-
er immunosuppressant (eg, methotrexate or cy-
closporin) or an antibody against IL-12 and IL-23
(ustekinumab) can usually dampen the drug-
-induced inflammation, although there are also
cases of paradoxical anti-TNF-driven psoriasis
that are resistant to this therapy.*®

Conclusions The prevalence of IBD and hospi-
talization rate for both UC and CD are still in-
creasing.’® That is why, there is a need to use po-
tent anti-inflammatory drugs, with known and
predictable clinical efficacy and acceptable safety
profile, in order to prevent gastrointestinal dam-
age and other metabolic complications of uncon-
trolled inflammation in the course of the dis-
ease.% There is a growing body of evidence that
anti-TNF-a agents have the strongest potential
to heal the gastrointestinal tract in IBD. Although
our understanding of the mechanisms underlying
anti-TNF-a blockade has significantly increased,
there are still many important questions to be an-
swered. In this review, we have highlighted some
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issues that relate to biochemical and structural
properties of anti-TNF-a agents to their target
cells and clinical efficacy. Several other clinical
implications, such as predicting therapeutic out-
comes or explaining surprising adverse events,
have been also presented. This line of investiga-
tion may help elucidate the discrepancies in clin-
ical response to anti-TNF-a agents between dif-
ferent patients. The current trend of individual-
ized anti-TNF-a therapy based on drug TLs and
the appearance of drug-neutralizing antibodies
may provide valuable data on how pharmacoki-
netics impacts on molecular pathways.®’* Such
a back-translational approach will hopefully al-
low clinicians to use this class of drugs more ef-
fectively and safely in patients with IBD.
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STRESZCZENIE

Mechanizmy dziatania przeciwciat neutralizujgcych czynnik martwicy nowotwordw a (antitumor necrosis
factor a — anty-TNF-a), stosowanych w terapii nieswoistych zapalen jelit, nie sg w petni poznane. Kluczowe
znaczenie moze mie¢ wigzanie bfonowej formy TNF-a, ktdre skutkuje aktywacjg szeregu mechanizméw,
takich jak kaskada uktadu dopetniacza, reakcje cytotoksyczno$ci zaleznej od przeciwciat czy proceséw
odwrotnej sygnalizacji komorkowej. Niemniej jednak procesy te nie ttumaczg w petni réznorodnej
odpowiedzi klinicznej na terapig anty-TNF-a u poszczegdlnych pacjentéw. Celem niniejszej pracy jest
przedstawienie aktualnego miejsca przeciwciat anty-TNF-a w algorytmach terapeutycznych nieswoistych
zapalen jelit, a takze stanu wiedzy dotyczacego mechanizméw dziatania tej grupy lekdw, ze szczegdlnym
uwzglednieniem mniej znanych aspektéw molekularnych blokady anty-TNF-a. Oméwiono ziozong role
poszczegdlnych subpopulacji makrofagéw, regulatorowych komérek T oraz komérek srédbtonka naczyn
przewodu pokarmowego, a takze zaprezentowano nowe dane na temat znaczenia procesow aktywowanych
przez fragment Fc przeciwciat anty-TNF-a w indukowaniu odpowiedzi przeciwzapalnej.
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