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Abstract

Anti-TNFa antibodies are effective in Crohn’s disease whereas soluble TNFo. receptors have
failed to show clinical efficacy. The molecular mechanism that underlies the differences
between these compounds has not been elucidated. Here we aimed to examine the mecha-
nism of action of the immunosuppressive effect of anti-TNFa antibodies on activated T
cells.

We studied the effect of anti-TNFa antibodies infliximab and adalimumab, the soluble
TNFa receptor etanercept, pegylated F(ab’) fragment certolizumab and certolizumab-IgG
on primary activated T cells. T cells were grown in isolation or in a mixed lymphocyte reac-
tion (MLR). Proliferation was measured by 3H thymidine incorporation and apoptosis was
examined using Annexin V labeling and a colorimetric assay for activated caspase-3. Mac-
rophage phenotype was assayed by flow cytometry and cytokine secretion.

Infliximab and adalimumab reduced proliferation in an MLR, whereas etanercept and cer-
tolizumab did not. This effect was completely abolished after blocking Fc receptors. Inflixi-
mab F(ab’)2 fragment failed to inhibit proliferation whereas certolizumab-IgG gained the
ability to inhibit proliferation. In the MLR anti-TNFs induced a new population of mac-
rophages in an Fc region dependent manner. These macrophages were found to have an
immunosuppressive phenotype, in terms of their capacity to inhibit proliferation of acti-
vated T cells, production of anti-inflammatory cytokines and the expression of the regula-
tory macrophage marker CD206.

Regulatory macrophages have immunosuppressive properties and play an important role
in wound healing. Our data show that anti-TNFs induce regulatory macrophages in an Fc
region dependent manner. This mechanism of action of anti-TNFs may contribute to the
resolution of inflammation.



Anti-TNF antibodies induce regulatory macrophages in an Fc region dependent manner

75

Introduction

Crohn’s disease (CD) is a chronic inflammatory bowel disease that results from a dysregu-
lated immune response of unknown aetiology. *3 Tumour necrosis factor alpha (TNFa), a
cytokine produced by activated macrophages, monocytes and T cells, “ is a key mediator in
immune responses and is increased in serum and intestine in CD and synovium in rheu-
matoid arthritis (RA). 57

Since their introduction in the ’gos, anti-TNFo antibodies are commonly used for the treat-
ment of Crohn’s disease. Various classes of anti-TNFs have been introduced, and although
all classes efficiently neutralize TNFa, they show different efficacy profiles. The antibodies
infliximab # 9 and adalimumab ™ ™ were shown to be effective in both inducing and main-
taining remission in CD patients. On the other hand, two soluble receptors; etanercept and
onercept were ineffective in inducing remission in CD patients. >3 Also, the humanized
anti-TNFo antibody CDPs5y1 which was designed as an IgG, to reduce interaction with Fc
receptors in the hope to reduce side effects also failed to show effectiveness in CD. * These
clinical data strongly suggest that neutralizing TNFa may not be the sole mechanism of
action of anti-TNFa treatment in Crohn’s disease.

Several effector mechanisms of anti-TNFa treatment have been proposed that are independ-
ent of TNFa neutralizing activity. Examples are the induction of apoptosis in T cells and
monocytes via binding of membrane bound TNFa (mTNFa), 577 antibody-dependent-cell-
mediated cytotoxicity (ADCC) and complement-dependent cytotoxicity. ®  Furthermore, a
role for Fc receptors has been proposed based on the association between a polymorphism
in the Fc gamma receptor IIla and the biological response to infliximab. *° Fc receptors
bind the Fc region of an antibody or antibody-complex, resulting in myeloid cell activation,
phagocytosis and cytokine secretion. The importance of Fc receptors in the mechanism of
action of other antibody therapies such as anti-CD2o and anti-Human Epidermal growth
factor Receptor 2 (Her2) has been described before. 2" 22 In Fcy/ mice which are unable to
bind Fc regions, both anti-CD2o and anti-Her2 lost their efficacy in reducing tumor size,
demonstrating a key role for the Fc receptor in the mechanism of action of these antibodies.
Although a number of mechanisms have been suggested, it is still unclear why certain
anti-TNFs are effective in Crohn’s disease and other anti-TNFs are not. Many studies on
the mechanism of action of anti-TNFa focus on binding to mTNFa and reverse signaling
in T cells, ® 2 whereas the effect and importance of binding to Fc receptors has not been
established thus far.

In this study, we found that in order for an anti-TNFa to inhibit T cell proliferation in vitro,
the compound needs to bind to mTNFa on activated T cells and posses an Fc region to
interact with the Fc receptor on antigen presenting cells. Upon this binding, a distinct mac-
rophage subset is induced with immunosuppressive capacities, including the production of
anti-inflammatory cytokines and inhibition of T cell proliferation.
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Material and methods

Antibodies and Reagents

Infliximab, certolizumab, adalimumab and etanercept were prepared according to manu-
facturers’ recommendations. Certolizumab-IgG was obtained from UCB (UCB, Belgium),
and IgG , was obtained from Sigma.

Cell isolation and culture

Peripheral blood mononuclear cells (PBMCs) from healthy volunteers were isolated by Ficoll
Paque density-gradient centrifugation. After washing, monocytes were isolated by Percoll
density-gradient centrifugation. CD3 positive T cells were isolated from PBMCs using nega-
tive magnetic bead separation (Invitrogen). For T cell activation, cells were activated with
aCD3/0CD28 antibodies (Sanquin) at the indicated concentration or aCD3/aCD28 beads
(Invitrogen) (1 bead/s cells). PBMCs and T cells were cultured in RPMI 1640 containing
10% heat-inactivated FCS.

Dendritic cells (DCs) were obtained by culturing monocytes with GM-CSF (50 ng/mL,
R&D), IL-4 (50 ng/mL, R&D) for 7 days in AIM-V medium. To generate macrophages,
monocytes were cultured in 6 wells plates for 5 days.

Infliximab induced macrophages (M¢, , were isolated from MLR cultures using CDi4
microbeads according to manufacturer’s protocol (Miltenyi). Next, cells were cultured in
RPMI 1640, containing 10% heat-inactivated FCS. For light microscopy, cells were adhered
to poly-L-lysine coated coverslips and stained using DiffQuick.

Binding to membrane TNFa

For mTNFa binding assays, infliximab, certolizumab, adalimumab, etanercept and control
IgG were labeled with a fluorescent dye using a commercially available kit according to the
manufacturers’ instructions (Alexa Fluor 647 protein labeling kit, Pierce). CD3 positive T
cells were activated with aCD3/CD28 antibodies for 48 hours. Cells were collected, washed
three times in FACS buffer (PBS containing 1% BSA) and incubated with various amounts
of labeled anti-TNFa compound or IgG control for 30 minutes on ice. Binding of inflixi-
mab F(ab’)2 fragment was assessed in a competition assay; activated T cells were incubated
with labeled infliximab (10 ug/mlL) and increasing concentrations of unlabeled infliximab
F(ab’)2 fragment at the same time. After washing, binding to mTNFo. was analyzed by flow
cytometry.

Allogeneic mixed lymphocyte reaction (MLR)

PBMCs from two healthy donors were cultured in a 1:1 ratio in RPMI 1640 culture medium.
After 48 hours of activation, cells were treated with the indicated compound (infliximab,
adalimumab, certolizumab, etanercept, Certolizumab-IgG or IgG control, all at 10 ug/mL)
for up to 7 days where indicated. When appropriate, Fc receptors were saturated by treating
MLRs with IgG (10 ug/mL, Sigma) for 6 — 16 hours and next treated with anti-TNF com-
pound or IgG control for 2 days. Finally, proliferation was measured using a 3H-thymidine
incorporation assay.
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Assays for apoptosis

PBMCs or isolated T cells were activated in an MLR or with CD3/CD28 antibodies for 48 hr,
and treated with anti-TNF compound or control (10 ug/mL). Cells were collected, washed
three times, and stained with Annexin V and Pi and analyzed by flowcytometry.

For measurement of caspase-3 enzymatic activity, a colorimetric assay was used as described
before. 24 Cell lysates were generated from MLR cultures and protein concentration was
determined by BCA analysis (Pierce). Lysates were incubated with a saturating concen-
tration of 25uM specific enzyme substrate Ac-Aps-Glu-Val-Asp-AMC (Ac-DEVD-AMC,
Bachem, Germany) in toomM HEPES buffer with 10% sucrose, tomM dithiothreitol and
0.1% Nonidet-P40. Samples were incubated at 37°C and fluorescent AMC release was moni-
tored (Fluostar Optima plate reader).

FACS analysis

Human monocytes and DCs were plated in 6 well plates (2 x 10° cells/well) and cultured
with or without LPS (Sigma, 100 ng/mlL) for 16 hours, and treated with anti-TNFa com-
pound or IgG control (Sigma, 10 ug/mL) for 25 — 48 hours. Cells were harvested, washed,
and stained for aCD14-FITC, aCD40-FITC, aCD80-Pe, aCD83-APC, aCD86-APC, aHLA-
DR-FITC and appropriate controls (all BD) for 30 minutes on ice. For analysis of marker
expression on monocytes, macrophages and M¢, ,, cells were cultured in 6 wells plates and
stained for aCD14-FITC, aCD16-FITC, aCD32-APC, aCD40-FITC, aCD80-Pe, a.CD83-
APC, aCD8&6-APC, a.CD206-APC, aCD209-Pe or cHLA-DR-FITC (all BD). Finally, expres-
sion was analyzed by flow cytometry using a FACS Calibur (BD) and Flow]Jo software (Tree-
star Inc, Ashland, OR). Expression was calculated as MFI specific staining — MFI control.

Generation of Infliximab F(ab’)2 fragment

Infliximab F(ab’)2 fragments were generated using a Fab Preparation Kit according to the
manufacturers protocol (Pierce). Purity of the resulting fraction was analyzed by SDS-PAGE
followed by Coomassie Blue staining and showed no remaining intact antibodies.

Cytokine detection by cytokine beads array (CBA)

DCs, M¢1 or M¢, , were treated or untreated with LPS for 24 hours, supernatants were
collected and stored at -20 until use. A CBA was performed according to manufacturer’s
protocol. Data were analyzed with FlowJo (Treestar).

Statistical analysis

Results are representative for at least three independent experiments and show means +
SEM unless otherwise indicated. For statistical analysis, one way ANOVA was used followed
by Bonferroni post test. Results were considered significant when p < o.05.
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Results

Anti-TNFo. compounds bind TNFo. on activated T cells to varying degrees

To assess binding of compounds to mTNFa, anti-TNFa compounds and IgG control were
labeled with a fluorescent dye, and binding of fluorescent labeled compounds to activated
T-cells was compared to binding to non-activated cells. Binding of infliximab and adali-
mumab to mTNFo was highly efficient, binding of certolizumab was intermediate and
binding of etanercept was low compared to the IgG control (Figure 1).

Figure 1 Anti-TNF compounds bind to mTNF in varying degrees.
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Naive or CD3/CD28 activated T cells were labeled with a fluorescent dye (Alexa Fluor). Next, cells were incubated
with different labeled anti-TNF compounds or 1gG control for 30 minutes and binding to activated or non-acti-

vated T cells was analyzed by flow cytometry. Data are shown as means + SD from 3 independent experiments

Anti-TNFo compounds with an Fc region suppress T cell activation but only in an MLR

We examined the effect of various anti-TNFa compounds on the proliferation of activated
T cells and found that all anti-TNFa agents slightly inhibited T cell proliferation although
this did not reach statistical significance (Supplementary Figure 1A). This minor effect was
similar for all anti-TNFa compounds and irrespective of their capacity to bind mTNFa, sug-
gesting it may be due to the neutralizing effect on soluble TNFa.

As it has previously been described that anti-TNFs can induce apoptosis in T cells, we exam-
ined effects on apoptosis of T cells cultured in isolation or in an MLR. No apoptosis was
induced in CD4+ cells treated with anti-TNFs as detected by Annexin V/Pi staining (Sup-
plementary Figure 1B). Also, no apoptosis was observed at increasing concentrations, or
when we used other cell types or different detection methods (Jurkat cells, lymphocytes,
monocytes, Annexin V staining, Caspase 3 activity assay; data not shown). As a result, we
hypothesized that anti-TNFs do not have a direct effect on T cells grown in isolation and we
established a mixed lymphocyte reaction as a model to further elucidate their anti-inflam-
matory properties. Again, in this model, no apoptosis was observed (Supplementary Figure
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Figure 2 Anti-TNFs differ in their capacity to inhibit proliferation in an MLR.
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(A) MLR cultures were treated with anti-TNF compound or IgG control (all 10 ug/mL) for 36 - 48 hours. Prolifera-
tion was measured by thymidine incorporation. Only infliximab and adalimumab significantly inhibited prolifera-
tion (** P < 0.01 and *** P < 0.001). (B) CD14+ cells and CD4+ cells from two healthy donors were cocultured
for 48 hours. Next, cultures were treated with infliximab or IgG control (10 ug/mL) for 72 hours. Proliferation was

measured by thymidine incorporation. Data show means + SD from 2 independent experiments

1C). In addition, no differences were observed in caspase 3 activity whether we used heat
inactivated serum or serum without heat inactivation (Supplementary Figure 1D). How-
ever, a reproducible effect on T cell proliferation was observed with some of the anti-TNFa
compounds in the MLR. We found that infliximab and adalimumab inhibit proliferation
in this model, whereas etanercept and certolizumab do not (Figure 2A). The suppressive
effect was much stronger than the effect observed in T cells alone (up to 50% inhibition in
an MLR vs 15% inhibition in T cells alone (Supplementary fig 1A). These findings suggest
that the various anti-TNFa compounds have distinct properties that may result in differ-
ent pharmacological behavior. To further elucidate the cell types involved in this observed
effect, we established an MLR containing purified CD14+ cells and CD4+ T cells. In this
assay, infliximab strongly inhibited proliferation compared to the untreated or IgG treated
condition (Figure 2B). These data show that CD4+ T cells and CD14+ cells are sufficient to
induce inhibition of proliferation.
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The main difference between the two assays we used is that an MLR contains not only T
cells, but also antigen presenting cells (APCs). As these cells may also express low levels of
mTNFa, binding of the anti-TNF compounds may affect the activation of the APC and thus
decrease its T cell stimulatory capacity. To test this hypothesis, we incubated monocytes and
dendritic cells with anti-TNFo compounds in the presence or absence of LPS and analyzed
the expression of costimulatory molecules. No effect was found for any of the anti-TNFa
compounds tested, either on the expression of costimulatory molecules or on the expression
of HLA-DR (Supplementary Figure 2), indicating that infliximab does not affect the activa-
tion of APCs.

Inhibition of proliferation is abolished when binding to Fc receptors is inhibited

We found that only infliximab and adalimumab (Figure 2) were effective in the MLR, and
both of these agents are characterized by efficient binding to mTNFa on the T cells and the
presence of an Fc region. In contrast, certolizumab does not contain an Fc region whereas
etanercept does, but does not bind efficiently to membrane bound TNFa. We hypothesized
that the combination of efficient binding to T cells and the ability to bind and activate an Fc
receptor plays an important role in the immunosuppressive function of these compounds
in our system. To examine the contribution of the Fc receptor, the ability to inhibit MLR
responses was tested after blocking Fc receptors with IgG. Indeed, we found that the inhibi-
tion of proliferation by infliximab was completely abolished after saturation of Fc receptors
(Figure 3A).

To further examine the role of the Fc receptor, infliximab F(ab’)2 fragments were generated
from infliximab. This compound is identical to the structure of infliximab, except for the
fact that it does not contain an Fc region. Successful digestion was confirmed by Coomassie
Blue staining (data not shown). To confirm that infliximab F(ab’)2 fragment remained capa-
ble of binding to mTNF, a competition assay was performed. In this assay, infliximab was
labeled with a fluorescent dye, and activated T cells were incubated with a constant concen-
tration of labeled infliximab and increasing concentrations of either infliximab F(ab’)2 frag-
ment or infliximab at the same time. Binding of fluorescent infliximab to mTNFa decreases
in the presence of a competitor, in this assay infliximab itself or infliximab F(ab’)2 fragment.
The experiment showed that infliximab F(ab’)2 fragment competes with fluorescent inflixi-
mab to the same extent as infliximab itself (Figure 3B and Supplementary Figure 3), demon-
strating that infliximab F(ab’)2 fragment binds to mTNF to the same degree as infliximab.
In contrast, infliximab F(ab’)2 fragment did not inhibit proliferation in an MLR, (Figure
3C). This effect was also absent at higher concentrations. These data further support a cru-
cial role for the Fc region in the effects of infliximab and adalimumab on T cells in the MLR.
The previous results indicated that binding to the Fc receptor is necessary for the immuno-
suppressive effect of anti-TNFa; however, Fc receptor binding alone is not sufficient since
IgG and etanercept do not inhibit proliferation although these compounds do contain an Fc
region. Therefore, we hypothesized that both binding the Fc receptor and binding mTNFa
is required to inhibit T cell proliferation. As shown in figure 1, certolizumab binds to mTNF,
albeit at an intermediate level. However, certolizumab does not contain an Fc region and
does not inhibit proliferation in an MLR (Figure 2). Strikingly, certolizumab-IgG, a com-
pound containing the mTNFa binding region of certolizumab as well as an Fc region does
inhibit proliferation to the same extent as infliximab and adalimumab (Figure 3D), fur-
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Figure 3 Infliximab induced T cell proliferation is completely abolished when binding to Fc
receptors is inhibited.
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(A) Fc receptors were saturated by treating MLRs with IgG (10 ug/mL) for 6 — 16 hours following activation.

Next, cells were treated with the indicated compound. Proliferation was measured using a 3H-thymidine incorpo-
ration assay. *** p < 0.001 (B) T cells were activated for 48 hours with CD3/CD28 beads. Infliximab was labeled
with a fluorescent dye (Alexa Fluor 647). Cells were incubated with infliximab Alexa Fluor (70 nM) and different
concentrations of infliximab and infliximab F(ab’)2 fragment. Fluorescence was measured with Flow Cytometry.
(C, D) Cells in an MLR were treated with the indicated compound for 48 hours. Next, proliferation was measured

by thymidine incorporation

ther confirming that both binding Fc receptor and binding to mTNF is responsible for the
immunosuppressive effects of anti-TNF.

Only infliximab, adalimumab and certolizumab-IgG induce a distinct CD14+ and HLA-DR+
cell population in an MLR which correlates with inhibition of T cell activation

To further investigate the mechanisms involved in the inhibition of T cell activation in an
MLR, we evaluated the cells by flowcytometry after one week of treatment. We noticed a
distinct cell population characterized by high forward scatter and intermediate side scatter
upon treatment with infliximab, adalimumab or certolizumab-IgG, which was absent when
cells were untreated or treated with certolizumab or IgG (Figure 4A). Importantly, the pres-
ence of these cells correlates with the degree of inhibition of proliferation induced by the
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compounds in the MLR, indicating their involvement in the inhibition of T cell activation
(Figure 4B). Based on the cell size and the position of the cells in the FSC/SSC plot, we
hypothesized that these cells might be macrophages. This idea was further supported by the
fact that the population expressed the macrophage marker CD14 as well as HLA-DR (Figure
4C). This finding also facilitated the isolation of the cell population based on the expression
of CD14. Since this induced cell population (further referred to as M¢, ;) was absent when
cells were treated with certolizumab or IgG, and present upon treatment with infliximab,
adalimumab and certolizumab-IgG, this effect seems to be mediated by the Fc region. The
characteristics of the different anti-TNFa agents are summarized in Table 1.

Figure 4 Only infliximab, adalimumab and certolizumab-IgG induce a distinct CD14+ and
HLA-DR+ population in an MLR.
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(A) Cells in an MLR were treated with anti-TNF compound or IgG control (all 10 ug/mL) for 7 days. Cells were
analyzed on the FSC/SSC. (B) Correlation between the presence of myeloid cells analyzed on the FSC/SSC and
proliferation. (C) Cells in an MLR were treated with anti-TNF compound or IgG control (all 10 ug/mL) for 7 days,
stained for HLA-DR and CD14 and analyzed on the FACS. Cells were gated as in 4A. Graphs show MFI £ SD
and representative histograms of CD14 and HLA-DR expression of an untreated or infliximab-treated MLR are

shown. Grey = isotype, white = expression. (D) T cells are required for the differentiation of M¢. .. CD14+ cells

ind”
were treated with infliximab in the presence or absence of CD4+ T cells, and CD206 expression was analyzed by
flowcytometry. CD206 expression was upregulated only when CD14+ cells were cocultured with CD4+ cells. A
representative graph is shown from 2 independent experiments. Upper panel: MF| £ SD. Lower panel: histogram

plots. Black = isotype control, grey = CD206 expression
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Figures Characterization of M¢ind.
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panel) were stained using DiffQuick (B) M¢1, monocytes, DCs or M¢, , were stained for different markers and
expression was measured on the FACS. (C) Cells in an MLR were treated with anti-TNF compound or 1gG control

(all 10 ug/mL) for 7 days and stained for CD206 or isotype control
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Finally, we examined whether the presence of T cells was required for the differentiation
of M¢, , To address this question, we isolated CD14+ cells and cultured these cells in the
presence or absence of CD4+ T cells, treated the cells with infliximab and analyzed CD206
expression by flowcytometry. We found an upregulation of CD206 when CDi4+ cells were
cocultured with CD4+ cells. This upregulation was absent when CD14+ cells were cultured
without T cells (Figure 4D). These data show that T cells are required for the infliximab-
induced differentiation of M¢, ,

M¢, , express costimulatory molecules, Fc receptors and the regulatory macrophage marker
CD206

Since the cell population induced by some anti-TNFs expresses CD14 and HLA-DR and
looks like macrophages (Figure 54), we sought to further characterize the phenotype of
these cells. Therefore we isolated M¢, ,based on CD14 expression and compared the expres-
sion level of different markers with the levels on monocytes, DCs and macrophages. Den-
dritic cells were cultured in the presence of IL-4 and GM-CSF, macrophages in the presence
of IFN-y (further referred to as M¢1) and monocytes were freshly isolated from blood. M¢, ,
express CD40, CD8o, CD83 and CD86 comparable to the expression of these markers on
Mg¢1, as well as CD16 (FcyRIII, activating Fc receptor) and CD32 (FcyRIIb, inhibitory Fc
receptor) (Figure 5B). Furthermore, M¢, ,express CD206 (mannose receptor), a commonly
used marker for regulatory macrophages (alternatively activated macrophages, type 2 mac-
rophages or M¢z2), which was absent on M¢1. We confirmed the presence of this marker
in the primary MLR and found CD206 expression only in the infliximab, adalimumab or
certolizumab-IgG treated conditions (Figure 5C). Therefore, we hypothesized that M¢, ,are
macrophages with regulatory properties.

M¢, , have anti-inflammatory properties

Because M¢, , are only present in the conditions where inhibition of T cell proliferation was
observed, we hypothesized that M¢, , inhibit T cell responses. To test this hypothesis, we
isolated the M¢, ,from an MLR and co-cultured these cells with pre-activated isolated T cells
from a third donor (secondary MLR). Indeed, we found a strong immunosuppressive effect
that was induced by M¢, , and not by M¢1. In addition, this effect was absent when activated
T cells were co-cultured with the CD14 negative fraction of the MLR, indicating that M¢
mediate the immunosuppressive effect (Figure GA).

To further characterize M¢, ,, we evaluated the cytokine profile of these cells in the pres-
ence and absence of LPS, and compared this to the cytokine production by DCs and M¢r.
In accordance with their regulatory properties, M¢, , produce large amounts of IL-10 in
response to LPS (figure 6B). Also, M¢, , secrete less IL-1§ in response to LPS compared to
M¢1. The secretion of TNFa was comparable to that produced by DCs. Taken together, these
data indicate that M¢, , induced by infliximab, adalimumab or certolizumab-IgG have anti-
inflammatory properties.

ind
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Figure 6 Mgind have anti-inflammatory properties.
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(A) Isolated CD3/CD28 activated T cells from a third donor were co-cultured with M¢, ,, M¢1, or the CD14 nega-
M¢1 and DCs were

cultured in the presence or absence of LPS. Supernatants were collected after 24 hours and cytokine production

tive fraction of the MLR. Proliferation was measured by thymidine incorporation. (B) M¢, ,,
was measured by CBA. Data are shown as means + SD from 3 independent experiments. * p < 0.05, *** p < 0.001,

ns = not significant

Discussion

In the present study, we find that drugs used to target TNFa have different functional prop-
erties. The anti-TNFa antibodies bind to mTNFa on activated T cells and inhibit their pro-
liferation but only in the presence of antigen presenting cells. In contrast, a soluble TNFa
receptor or F(ab’)2 fragments of the anti-TNFa antibodies do not affect T cell proliferation
under the same circumstances. Our experiments show that the immunosuppressive prop-
erties of the anti-TNFa antibodies are dependent on their Fc region. We find that the anti-
bodies differentiate blood derived monocytes to a regulatory macrophage phenotype (M¢, ).
M¢, , have anti-inflammatory properties since they inhibit proliferation of activated T cells,
produce IL-10 and express the regulatory macrophage marker CD206.

It was previously described that infliximab may induce low levels of apoptosis in T cells as
determined by TUNEL staining of cytospins of infliximab treated activated Jurkat cells, a
lymphoblastoid T cell line. 5 Also, others found that anti-TNFa antibodies induce apoptosis
in Jurkat cells that stably overexpress a non-cleavable form of mTNFa using Annexin V-PI
staining as a read out. * » Additionally, apoptosis was described in primary lymphocytes
isolated from the lamina propria of CD patients. *® These data are in contrast to our current
results, where none of the anti-TNFo compounds affected either apoptosis or proliferation
of Jurkat cells or primary T cells grown in isolation despite extensive attempts. The differ-
ence between the previous studies and ours most likely lies in the use of endogenous levels
of mTNFo expression in contrast to overexpression and the use of highly viable peripheral
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blood lymphocytes rather than lamina propria lymphocytes which had undergone extensive
isolation procedures. In line with this is the study by Bedini et al,  who described that anti-
TNFa antibodies suppress activation of T cells in the presence of either immature dendritic
cells or monocytes. Indeed, we find similar properties of the anti-TNFo antibodies but not
of the other anti- TNFo compounds in the presence of monocytes in an MLR. The results
we obtained in this assay are robust and reproducible.

In contrast to some earlier studies, we did not detect binding of etanercept to mTNFa.
Importantly, binding of etanercept to mTNFa has only been described in experiments in
which a non-cleavable mTNFa was stably overexpressed. **2¢ In untransfected activated pri-
mary lymphocytes it was found that etanercept has weak mTNFa binding activity *® similar
to the results of our current experiments. Thus strong binding of etanercept to mTNFa may
only occur in situations in which a non cleavable mTNFa is artificially overexpressed.

An important role for Fc receptor binding has been shown for the mechanism of action of
other antibody therapies. Fc receptor binding of rituximab (a chimaeric monoclonal anti-
CD2o antibody) was found to be indispensable for the clearance of B cells. *7 In addition,
the FcyRIIIA-158V allotype has a higher affinity for binding to IgG than the FcyRIIIA-158F
allotype and an association between the FCGR3A genotype and clinical response to rituxi-
mab was observed in several studies. 272 The FCGRIIIA genotype has also been associated
with outcome in other antibody therapies, such as cetuximab (chimaeric monoclonal anti-
EGFR antibody). 2 In line with this, antibodies with higher Fc receptor affinity have been
developed to augment antibody efficacy in animal models. >>3° The same polymorphism
has been associated with response to infliximab, however with conflicting results. 23" In
addition, CDPs571, an IgG, antibody against TNFa, was found to be ineffective for steroid-
sparing in CD. * Interestingly, IgG, has very low affinity for binding Fc receptors ** and our
data suggest that this could play a causal role in the disappointing performance of CDPs571
in the treatment of Crohn’s disease.

The effects observed with various anti-TNFs in the MLR may have implications for our
understanding of the clinical activity of the compounds in patients with Crohn’s disease.
It is tempting to speculate that Fc receptor dependent differentiation of alternatively acti-
vated macrophages plays a role in mucosal healing in patients with Crohn’s disease, since
alternatively activated macrophages play a major role in wound healing. 3 Recently, it has
been shown that regulatory macrophages cultured in vitro reduce colonic inflammation in
mice and that patients with active CD have reduced numbers of these cells compared to
patients with inactive CD. 3 Also, lamina propria macrophages produce large amounts of
IL-10 and have anti-inflammatory properties, indicating that these cells are involved in gut
homeostasis. 3 Thus far, our data has been limited to in vitro experiments, and it would be
highly informative to verify the generation of regulatory macrophages in vivo in patients
receiving anti-TNF therapy. Furthermore, although we have shown in vitro that an Fc region
is required for inhibition of proliferation and the induction of regulatory macrophages,
the in vivo clinical benefit of certolizumab has been shown in several studies. 3¢ Certoli-
zumab was found to be more effective than placebo to induce and maintain remission in
CD patients and anti-TNFs are likely to exert their effects through multiple mechanisms.
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The anti-TNFa antibodies and soluble receptors not only differ in their clinical efficacy in
Crohn’s disease but it has also been reported that the risk of tuberculosis with infliximab or
adalimumab was 13 to 17 times higher than with etanercept. 3® Interestingly, mycobacteria
such as M. Tuberculosis bind stronger to M¢2 than to M¢1, and have a prolonged survival in
M¢2. 3 In this light it is interesting to note that M¢2 are strongly induced by infliximab and
adalimumab in our experiments but significantly less by etanercept (data not shown). In
addition, the mannose receptor plays an important role in the phagocytosis of mycobacteria
4> and we found that the mannose receptor CD206 is upregulated on M¢, ,. Therefore it is
tempting to speculate that the increased risk of tuberculosis in patients treated with inflixi-
mab or adalimumab is at least partly mediated by the induction of M¢, ,.

In conclusion, our data show that the anti-TNFa antibodies have immunosuppressive prop-
erties that are distinct from those of the soluble TNFa receptor etanercept and F(ab’)2 frag-
ments of anti-TNFa. These distinct properties may have implications for both the effects
and side effects of anti-TNFa compounds in patients in vivo. This finding sheds more light
on the complex mechanism of action of infliximab and anti-TNFa therapies in general and
gives new directions for the future development of new antibody based therapy for CD.
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Supplementary Figures

Supplementary Figure 1 Anti-TNFs do not induce apoptosis in activated T cells or an MLR, and
do not inhibit proliferation in isolated T cells.
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(A) T cells were isolated from PBMCs using negative magnetic bead separation (Invitrogen) and activated with
CD3/CD28 antibodies for 48 hr. Next, cells were treated with anti-TNF or IgG control (1oug/mL) for 48 hrs. Finally
proliferation was measured by thymidine incorporation. (B) T cells were stained with annexin V and Pi and fluo-
rescence was measured on the FACS. (C) MLR cultures were stained with annexin V and Pi and fluorescence was
measured on the FACS. (D) Apoptosis in an MLR with heat inactivated serum and serum without heat inactiva-

tion was measured in a caspase 3 activity assay. All data are shown as means + SD
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Supplementary Figure 2 Infliximab has no effect on costimulatory molecules on DCs and

monocytes.
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MoDCs (A) or monocytes (B) were activated with 100 ng/mL LPS for 16hr, and treated with anti-TNF for 24 hr.
Cells were stained with aHLA-DR, aCD40, vCD80, aCD83, aCD86 and isotype control and analyzed by flowcy-

tometry. All data are shown as means + SD
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Supplementary Figure 3 Infliximab F(ab’)2 fragment binds to activated T cells.
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T cells were activated for 48 hours with CD3/CD28 beads. Infliximab was labeled with a fluorescent dye (Alexa

Fluor 647). Cells were incubated with infliximab Alexa Fluor (70 nM) and different concentrations of infliximab

and infliximab F(ab’)2 fragment. Fluorescence was measured with Flow Cytometry
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