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OBJECTIVES: The anti-a4b7 integrin antibody vedolizumab (VDZ) is successfully used for the treatment of inflammatory

bowel diseases. However, only a subgroup of patients respond to therapy. VDZ is administered at a fixed

dose, leading to a wide range of serum concentrations in patients. Previous work from our group showed a

dose-dependent preferential binding of VDZ to effector compared with regulatory CD41 T cells. Therefore,

we aimed to determine the dose-dependent binding profile of VDZ to other leukocyte subsets.

METHODS: We characterizeda4b7 integrin expression on CD81 T cells, CD191B cells, CD141monocytes, natural

killer cells, and eosinophils from patients with inflammatory bowel disease and healthy controls. We

studied the binding of VDZ to these cells at different concentrations and investigated the functional

consequences for dynamic adhesion and transmigration in vitro.

RESULTS: The expression of a4b7 differed between the analyzed leukocyte subsets and was significantly higher

on eosinophils from inflammatory bowel disease patients compared with controls. Almost all a4b7-
expressing cells from these subsets were bound by VDZ at a concentration of 10 mg/mL. Dynamic cell

adhesion was significantly impaired in all subsets, but there were no dose-dependent differences in the

inhibition of adhesion.

DISCUSSION: Our data suggest that a4b7-expressing CD81 T cells, CD191 B cells, CD141 monocytes, natural killer

cells, and eosinophils are a target of VDZ. However, there do not seem to be concentration-dependent

differences, regarding the effects on these cells in the clinically relevant range. Thus, the reported

exposure-efficacy characteristic of VDZ can probably mainly be attributed to CD41 T-cell subsets.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A810 and http://links.lww.com/CTG/A811.
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INTRODUCTION
Anti-trafficking agents with the prime example of the anti-a4b7
integrin antibody vedolizumab (VDZ) have emerged as a new
pillar for the treatment of the inflammatory bowel diseases (IBDs)
Crohn’s disease (CD) and ulcerative colitis (UC) (1,2). The a4b7
integrin heterodimer is expressed on a plethora of leukocytes and
mediates firm adhesion to and subsequent extravasation through
the endothelium into the tissue (a process known as homing).
This is mediated by interaction with its ligand mucosal addressin
cell adhesion molecule (MAdCAM)-1, expressed on high endo-
thelial venules of the gut (3). By binding to the integrin, VDZ
blocks the homing of T cells into the gut, hence reducing the
number of mucosal immune cells and attenuating inflammation.

Although the efficacy and safety of VDZ has repetitively been
demonstrated, not all patients respond to therapy. VDZ is

administered at a fixed dose, leading to a wide range of actual
serum concentrations in patients (4,5). Drug-level monitoring
studies have suggested that low serum trough levels of VDZmay
at least partly contribute to nonresponse to therapy (6,7). In
addition, 2 independent phase 2 trials demonstrated suboptimal
outcomes at highest drug levels and suggested a bell-shaped
exposure-efficacy characteristic (8,9). Consistently, previous
work from our group demonstrated a dose-dependent prefer-
ential binding pattern of VDZ to CD41 T-cell subsets that
correlated with clinical remission and suggested an optimal
therapeutic window for VDZ therapy in IBD (10).

However, a4b7 expression and VDZ binding have also been
observed on a variety of other leukocyte subsets including innate
immune cells such as eosinophils (11). Although these subsets
might also contribute to the exposure-efficacy characteristics of
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VDZ, detailed analyses of the dose-dependent binding of VDZ to
and function in these subsets are lacking so far.

In this article, we explored the expression of a4b7 on various
further leukocyte subset and studied dose-dependent effects of
VDZon dynamic adhesion and transmigration.We show that the
potential of VDZ to block a4b7 on different leukocytes is similar
at different clinically relevant VDZ concentrations. Thus, our
data argue for effects of VDZ beyond CD41 T cells, but also
support the concept that exposure-efficacy profiles are mainly
driven by CD41 T cells.

METHODS

Human blood samples

To evaluate the integrin expression as well as the dose-dependent
binding of VDZ in vitro, peripheral EDTA-anticoagulated blood
was collected from patients with IBD not receiving VDZ therapy
(UC or CD) and from healthy donors as controls. The samples
were obtained at the IBD Outpatient Clinic of the Department of
Medicine 1 of the University Hospital Erlangen, Germany, after
the participants’ informed written consent. All procedures were
approved by the Ethics Committee of the Friedrich-Alexander-
University Erlangen-Nuremberg, Germany (426_20B).

Characteristics of study subjects with CD, UC, and control
donors are summarized in Table S1 (see Supplementary Digital
Content 2, http://links.lww.com/CTG/A811).

Isolation of human PBMCs and granulocytes

Peripheral blood mononuclear cell (PBMC) isolation was per-
formed using density gradient centrifugation with Pancoll (PAN-
Biotech) or lymphocyte separation medium (Anprotec). After
separation, PBMCs were washed, counted, and stained for flow
cytometry or used for subsequent cell isolation followed by
functional in vitro assays.

For granulocyte isolation, the cell pellet obtained after density
gradient centrifugation was suspended in 1%Dextran 500 (Roth)
in PBS, and erythrocytes were left to sediment for 30 min at room
temperature. The granulocyte-enriched supernatant was trans-
ferred into a fresh tube, and the remaining erythrocyteswere lysed
using hypotonic lysis (1 minute 0.2 M NaCl and 1 minute 1.6 M
NaCl).

Magnetic-activated cell sorting

Magnetic-activated cell sorting (MACS) was used to isolate dif-
ferent leukocyte subsets for functional in vitro dynamic adhesion
and transmigration assays. Isolation was performed according to
the manufacturer’s instruction. In short, for direct isolation of
CD81, CD191, and CD141 cells, a single cell suspension of
PBMCs was incubated with magnetic beads conjugated with
antibodies specific for CD8, CD19, or CD14 (Miltenyi Biotec),
respectively, at 4 °C for 15minutes, and excess beads were washed
away by centrifugation. Subsequently, the cell suspension was
placed onto separation columns in a magnetic field. The cells of
interest bound to magnetic beads remained in the column and
were eluted by flushing the columns outside the magnetic field
after 3 washing steps. For indirect isolation of natural killer (NK)
cells and eosinophils, single cell suspensions of PBMCs (NK) or
granulocytes (eosinophils) were incubated with antibody cock-
tails containing biotinylated antibodies against all other cell types
and secondary anti-biotin magnetic beads (Miltenyi Biotec).
Subsequent loading of the cell suspension onto a column inside a

magnetic field retained all cells except the target cells, which were
collected with the flow-through.

Purity of the cell isolation was assessed by flow cytometry, and
isolated cells were used for subsequent functional assays.

Flow cytometry

For flow cytometry, cells were stained according to standard pro-
tocols for 15 minutes at 4 °C using the following fluorochrome-
conjugated extracellular antibodies: CD3 (VioGreen, REA613,
Miltenyi Biotec), CD8 (PerCP/Cy5.5, RPA-T8, BioLegend; AF647,
SK1, BioLegend), CD19 (VioBlue, Miltenyi Biotec), CD16 (APC/
Cy7, 3G8, BioLegend), CD14 (AF488, HCD14, BioLegend, Vio-
Blue, TÜK4, Miltenyi Biotec), CD56 (PE-Vio770, REA196, Mil-
tenyi Biotec; FITC, HCD56, BioLegend), CCR3 (FITC, 5E8,
BioLegend), Siglec 8 (PE-Dazzle594, 7C9, BioLegend), CD49d
(VioBlue, MZ18-24A9, Miltenyi Biotec; PE/Cy7, 9F10, BioL-
egend), and integrin beta 7 (PE, FIB27, BioLegend; BV605, FIB504,
BD Biosciences). Where indicated, VDZ (Entyvio, Takeda) was
labeled using the Alexa Fluor Antibody Labeling Kits (AF674, Life
Technologies) according to the manufacturer’s instructions and
used for staining. Viability staining was performed using Fixable
Viability Dye eFluor 506 (Invitrogen) for 30 minutes at 4 °C.

Cells were fixed overnight using Foxp3/Transcription Factor
Staining Buffer Set (eBioscience) at 4 °C.

Data were acquired on LSR Fortessa (BD Biosciences),
MACSQuant 10, and MACSQuant 16 (Miltenyi Biotec) instru-
ments and analyzed with FlowJo single cell analysis software 7.6.5
and 10.06.1 (Tree Star Inc).

Dynamic adhesion assays to MAdCAM-1

To quantify the number of cells adhering to MAdCAM-1, MACS-
isolated cell subsets stainedwithCellTraceCFSE (Invitrogen) for 15
min at 37 °C were incubated with or without different concentra-
tions of VDZ for 1 hour at 37 °C. Rectangle miniature capillaries
(CM Scientific) were coated with 5-mg/mL rhMAdCAM-1 Fc
Chimera (R&D Systems) in coating buffer (150mMNaCl1 1mM
HEPES) and subsequently blockedwith 5%BSAor 10%FBS inPBS.
After incubation, cells were resuspended in adhesion buffer
(150mMNaCl, 1mMCaCl2, and 1mMMgCl2) with 1mMMnCl2
at a concentration of 1.5 Mio cells/mL and perfused through
MAdCAM-1–coated capillaries for 3 min at a speed of 10 mL/min
using a peristaltic pump (Schenchen). Capillaries were then rinsed
for 5 min at a speed of 50 mL/min to remove the remaining cell
suspension, and the adherent cells in the capillaries were imaged
using an inverted fluorescence microscope (Leica) by capturing 8
high-power fields at 203 magnification. Data analysis and quan-
tification were performed using Fiji (National Institutes of Health).

Transmigration assays

For the analysis of the impact of different VDZ concentrations on
MAdCAM-1–dependent transmigration of the cell subsets,
MACS-isolated cells were resuspended in X-Vivo15 medium
(Lonza) with 1 mM MnCl2 at a concentration of 2 Mio cells/mL
and incubatedwith different concentrations ofVDZ (0, 10, and 50
mg/mL). Inserts of a 3 mm transwell plate (Corning) were coated
with 5 mg/mL rhMAdCAM-1 for 1 hour at 37 °C. The coating
buffer was removed immediately before application of the cell
suspension to the wells. Approximately 160,000 cells were seeded
in duplicates into inserts that were then placed into wells filled
with X-Vivo15 medium 1 100 nM rhCCL25 (ImmunoTools).
The plate was incubated at 37 °C for a transmigration period of 4
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hours. Subsequently, inserts were discarded, and the number of
transmigrated cells in the lower wells was quantified using flow
cytometry.

Statistics

All statistical analyses were performed using Prism 8 software
(GraphPad, SanDiego, CA). For all data, normal distribution was
assessed using the Shapiro-Wilk or Kolmogorov-Smirnov test.
After outlier analysis using the Grubbs test (a 5 0.05), the fol-
lowing statistical tests were used as specified in the figure legends:
paired t-test, 1-way ANOVA with Tukey’s multiple comparisons
test, repeated measurement 1-way ANOVA with Tukey’s multi-
ple comparisons test, Kruskal-Wallis with Dunn’s multiple
comparisons test, or 2-way ANOVA with Sidak’s multiple com-
parisons test. Results are displayed as bar graphs with SEM and
single data points.P, 0.05was considered statistically significant
in all tests. Asterisks indicate the following levels of significance:
*P , 0.05, **P , 0.01, and ***P, 0.001.

RESULTS
Frequency of a4b7 integrin-expressing cells in different

leukocyte subsets from patients with IBD

We have previously shown that a4b7 expression varies among
different leukocyte subsets, with the highest numbers detectable
in eosinophils and CD41 T cells, a very low portion of a41b71

cells in monocytes and virtually no positive cells in neutrophils.
We could further show that the highest portion of a4b7-
expressing cells evading VDZ binding at the clinically relevant
concentration of 10mg/mL VDZ was found in CD41 T cells (10).

However, because a relevant portion of some of the other
leukocyte subgroups also expressed a4b7, we set out to charac-
terize these cells further. We stratified previous flow cytometry
data (10) complemented by additional stainings for the number of
a41b71 cells among CD81 T cells, CD191 B cells, CD141 mono-
cytes, NK cells, and eosinophils according to disease entities. We
observed that expression levels were comparable between CD,UC,
and healthy controls in all cell subsets, except for eosinophils
(Figure 1, representative gating and controls shown in Supple-
mentary Figures 1 and 2 (see Supplementary Digital Content 1,
http://links.lww.com/CTG/A810), respectively). In this subset, we
identified a significantly higher portion of a41b71 cells in CD and
UC patients compared with healthy controls (Figure 1e).

Binding of VDZ to leukocyte subsets at different concentrations

To explore whether a dose-dependent differential binding of
VDZ to a4b7-expressing immune cells other than CD41 T cells
exists, we analyzed flow cytometry data from a previously
established cohort of donors (10) for the frequency of VDZ1

among a41b71 cells after incubation with different concentra-
tions of fluorescently labeled VDZ. At low concentrations of 0.4
and 2 mg/mL, which are clinically less relevant (12), we found a
significantly higher binding of VDZ to CD81 T cells and CD191

B cells compared with all other cell types. After incubation with
10mg/mL fluorescently labeled VDZ, virtually all cells expressing
relevant levels of a41b71, namely CD81 T cells, CD191 B cells,
and eosinophils, were fully occupied with VDZ, whereas a small
portion of monocytes and NK cells was not. However, given the
low expression ofa4b7 in these subsets, this corresponded to very
low absolute numbers of a41b71 monocytes and NK cells un-
occupied with VDZ. At 50 mg/mL, almost all a4b7-expressing
cells were bound by VDZ (Figure 2a).

We further sought to clarify whether the binding of VDZ is
different to cell subsets from healthy controls in patients with
IBD.We observed that at low concentrations of 0.4 and 2mg/mL,
VDZ bound to a larger portion of a41b71 cells from healthy
controls compared with patients with IBD in almost all subsets.
After treatment with 10 or 50 mg/mL VDZ, however, no differ-
ences between healthy controls and patients with IBD were
detected (Figure 2b).

Together, these data suggested that among the leukocyte
subsets studied, no relevant “resistance” to VDZ occurs at con-
centrations corresponding to the clinically notable trough levels.

Functional impact of VDZ binding on dynamic adhesion

As the main mode of action of VDZ is to inhibit adhesion of
a4b7-expressing cells toMAdCAM-1, we next wanted to explore
the impact of different concentrations of VDZ on the dynamic
adhesion of the analyzed cell subsets. To this end, we performed
dynamic adhesion assays of MACS-purified cells by perfusing
cells treated with VDZ through MAdCAM-1–coated capillaries
in vitro. We focused on treatment with 10 and 50 mg/mL because
these are the concentrations associatedwith different outcomes in
phase 2 trials (8) and linked to differential effects on CD41 T cell
subsets (10). Untreated cells were used as control.

These functional experiments showed a large number of un-
treated CD81 T cells, CD191 B cells, and NK cells adhering to
MAdCAM-1, although only few CD141 monocytes and eosino-
phils bound to MAdCAM-1 under flow conditions (Figure 3a–e,
Supplementary Figure 3A [see Supplementary Digital Content 1,
http://links.lww.com/CTG/A810]). We observed a substantial
reduction of the number of adhering cells after treatment with
VDZ compared with untreated cells for all subsets. However, the
inhibition of adhesion was similar between the different VDZ
concentrations, suggesting that effects on these subsets do not
account for the exposure-efficacy profile of the antibody.

Functional impact of VDZ binding on transmigration

MAdCAM-1 not only regulates firm adhesion but also extrava-
sation of a4b7-expressing cells. To explore the functional rele-
vance ofVDZ treatment in this process, we analyzed the impact of
in vitro treatment with different concentrations of VDZ on
MAdCAM-1–dependent transmigration of different cell subsets.
MACS-purified cells were incubated with different concentra-
tions of VDZ in transwell plates coated withMAdCAM-1 and left
to transmigrate toward a chemotactic gradient of CCL25. After 4
hours, transmigrated cells were quantified using flow cytometry.
In isotype-treated cells (untreated), the highest transmigration
was observed for CD81 T cells, the lowest for CD191 B cells
(Figure 4, Supplementary Figure 3B [see Supplementary Digital
Content 1, http://links.lww.com/CTG/A810]). VDZ treatment with
all concentrations led to a reduced number of transmigrated CD81

Tcells andCD191B cells in comparisonwith untreated controls.No
significant reduction of transmigration could be observed for NK
cells and eosinophils, suggesting that their transmigration is not
dependent on a4b7. Yet, we did not observe differences between
treatment with 10 and 50mg/mLVDZ for CD81T cells and CD191

B cells, further supporting the notion that no particular dose-
response characteristic applies for these cells.

DISCUSSION
AlthoughVDZ is an established therapy for the treatment of IBD,
a substantial number of patients does not sufficiently respond to
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Figure 1. a4b7 integrin expression on different leukocyte subsets in healthy controls (Ctrl), Crohn’s disease (CD), or ulcerative colitis (UC) patients.
Representative (left) and quantitative (right) flow cytometry of CD81 T cells (a), CD191 B cells (b), natural killer (NK) cells (c), monocytes (d), and
eosinophils (e). n5 3–11 per group. Results depicted as bar graphs with SEM and single data points. Significant outliers were identified using the Grubbs
test (P50.05) and excluded fromanalysis. Statistical comparisonswere performed using 1-wayANOVAwith Tukey’smultiple comparisons test. *P,0.05;
**P, 0.01; ***P, 0.001.
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Figure 2. Dose-dependent binding of vedolizumab (VDZ) to a4b7 integrin-expressing different leukocyte subsets. (a) Quantitative flow cytometry of
a41b71VDZ1 cells in different leukocyte subsets incubated with the indicated concentrations of fluorescently labeled VDZ. n 5 15–20 per group. (b)
Quantitative flow cytometry of a41b71VDZ1 cells in different leukocyte subsets compared between healthy controls (Ctrl) and patients with inflammatory
bowel disease (IBD). n5 5–12 per group. Results depicted as bar graphs with SEM and single data points. Significant outliers were identified using the
Grubbs test (P5 0.05) and excluded from analysis. Statistical comparisons were performed using Kruskal-Wallis with Dunn’smultiple comparisons test (a)
and 2-way ANOVA with Sidak’s multiple comparisons test (b). *P, 0.05; **P, 0.01; ***P, 0.001.
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Figure3.Concentration-dependent adhesion of different leukocyte subsets tomucosal addressin cell adhesionmolecule (MAdCAM-1).Dynamic adhesion
of magnetic-activated cell sorting (MACS) purified CD81 Tcells (a), CD191 B cells (b), natural killer (NK) cells (c), CD141monocytes (d), and eosinophils
(e). Left panels: Representative microscopic images of adhered cells (overlay of counted high power fields); middle panels: quantification of the
background-corrected number of cells incubated with or without the indicated concentrations of vedolizumab (VDZ) (adhering to MAdCAM-1 [sum of 8
counted high power fields]; right panels: relative inhibition of adhesion of cells to MAdCAM-1 after treatment with the indicated concentrations of VDZ
[background-corrected]). n5 6–12. Results depicted as bar graphs with SEM and single data points. Significant outliers were identified using the Grubbs
test (P 5 0.05) and excluded from analysis. Statistical comparisons were performed using repeated measurement 1-way ANOVA with Tukey’s multiple
comparisons test or paired t-test. *P, 0.05; **P, 0.01; ***P, 0.001.
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Figure 4. Concentration-dependent mucosal addressin cell adhesion molecule (MAdCAM-1)-driven transmigration of different leukocyte subsets.
Representative (left) andquantitative (right) flow cytometry of transmigratedCD81Tcells (a), CD191Bcells (b), natural killer (NK) cells (c), and eosinophils
(d) after treatment with the indicated concentrations of vedolizumab (VDZ) or corresponding isotype control (untreated). n5 5–8. Results depicted as bar
graphs with SEM and single data points. Significant outliers were identified using the Grubbs test (P 5 0.05) and excluded from analysis. Statistical
comparisons were performed using repeatedmeasurement 1-way ANOVAwith Tukey’s multiple comparisons test. *P, 0.05; **P, 0.01; ***P, 0.001.
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treatment due to so far unknown reasons. This underscores that
further efforts to understand the mechanism of action of the
antibody are necessary.

One apparent approach to the problem was to interrogate the
association of response to and trough levels of VDZ. In this
regard, it has been repeatedly reported that achieving certain
threshold exposure levels is linked to improved remission rates
(13–17). At the same time, 2 independent phase 2 trials showed
that exposure to very high concentrations also reduces the success
rate of VDZ therapy (8,9). The mechanistic explanation for these
observations supporting a bell-shaped dose-response curve
remained unclear for long. Regarding differential binding efficacy
of VDZ to various leukocyte subsets (11) and functional data
suggesting differences between regulatory and effector T cells
(18), speculations on exposure-dependent differential action of
anti-adhesion molecules on different cell subsets had early been
made (19). Indeed, we could recently show that VDZ displays
concentration-dependent differences in its binding to regulatory
and effector T cells, which lead to differential adhesion, trans-
migration, and in vivo homing and correlate with clinical efficacy
(10). In this article, we aimed to explore whether similar mech-
anisms hold true for other leukocyte subsets.

In particular, our experiments covered CD81 T cells, CD191

B cells, NK cells, CD141 monocytes, and eosinophils. All these
subsets have been implicated in the pathogenesis of IBD: More
activated CD81 T cells were found in the peripheral blood of
patients with IBD as compared with healthy controls (20), and
interaction of CD81T cells from patients with IBDwith epithelial
cells led to activation (21). A large heterogeneity of CD81 T cells
in IBD was observed using single-cell RNA sequencing, with an
elevated proportion of almost every subset in UC compared with
healthy controls (22). Mature B cells (plasma cells) are increased
in patients with IBD, and a disrupted humoral response with
reduced IgA and increased autoantibodies has been reported
(23,24). NK cells (innate lymphoid cells) are implicated in the
orchestration of pro-inflammatory and anti-inflammatory
milieus in the gut mucosa through the secretion of interferon
(IFN)-g and interleukin (IL)-22, respectively (25,26). CD141

macrophages are increased in the intestine of patients with CD
and can induce IFN-g and IL-17 production by T cells (26).
Although the role of eosinophils in IBD is still poorly understood,
they are known to be involved in maintaining gut homeostasis
and have also been implicated in intestinal mucosal alterations
toward a proinflammatory milieu (27–29).

In a first series of experiments, we addressed the expression of
a4b7 on leukocyte subsets in IBD and healthy controls and
showed that, although the portion of a4b7-expressing cells is
comparable between UC, CD, and healthy controls for most
subsets, it is significantly elevated in eosinophils from patients
with IBD. This may be part of the explanation for the accumu-
lation of eosinophils observed in the gastrointestinal tract of pa-
tients with IBD (30) and highlights the potential pathogenic
implication of eosinophils in the context of IBD.

When analyzing the concentration-dependent binding of
VDZ to different leukocytes in vitro, we observed preferential
binding to cells from the adaptive (CD81 T cells and CD191

B cells) compared with the innate (NK cells, monocytes, and
eosinophils) immune system at low concentrations. At the pre-
viously described clinically relevant concentration of 10 mg/mL
(8,12,31), somewhat reduced VDZ binding was found in cell
subsets with very low frequencies of a41b71 cells, namely NK

cells and monocytes. Consistently, these relative reductions cor-
responded to a very low absolute number of cells not occupied by
VDZ. Thus, and in view of our functional data, it is questionable
whether this impacts on the clinical effects. However and overall,
these findings are in line with earlier data, suggesting that VDZ
does not exclusively act on CD41 T cells, but also on
other lymphocyte and even innate immune cell subsets (32–34).

Functional in vitro assays with MACS-purified cells demon-
strated reduced dynamic adhesion in all leukocyte subgroups
studied after treatment with 10 or 50 mg/mL VDZ compared with
untreated cells. However, no differences in the inhibition of ad-
hesion were found between the concentration groups. These ob-
servationswere similarly recapitulated in transmigration assays for
CD81 T cells and CD191 B cells, where the effects of VDZ were
similar on treatmentwith 10 or 50mg/mLwithin the individual cell
subsets. Thus, our data suggest that the previously reported
concentration-dependent differential action of VDZ on regulatory
and effector T cells (10) seems to be exclusive for the CD41 T cell
subsets and does not similarly apply for other leukocyte subsets.
Importantly, this does not exclude that certain smaller subsets of
CD81 or CD191 lymphocytes, monocytes, NK cells, or eosinophils
show resistance toward VDZ in a certain concentration range.

Surprisingly, we did not observe a clear correlation of a4b7
expression with a4b7 function. For instance, NK cells expressed
only low levels of a4b7 but adhered avidly to MAdCAM-1 and
VDZ completely blocked this binding. Eosinophils, on the other
hand, expressed high levels of a4b7 but showed clearly lower
adhesion. In this regard, it was also interesting that, in contrast
to lymphocytes, transmigration of NK cells and eosinophils does
not seem to be regulated by a4b7-MAdCAM-1 interactions be-
cause VDZ was not able to reduce their migration over MAd-
CAM-1–coated membranes. Consequently, these data point at
additional molecular mechanisms involved and, particularly, al-
ternative transmigration mechanisms of NK cells and eosino-
phils. One explanation might be that the integrin a4b1, which is
expressed on these leukocyte subsets (35–37), can also interact
with MAdCAM-1 with somewhat lower affinity (38). Thus,
MAdCAM-1–dependent adhesion and transmigration mediated
by a4b1 (39) might occur and warrant further investigation.

We acknowledge that our study has some limitations. Al-
though our selection of candidate leukocyte subsets was driven by
previous observations, other and even very small subsets might
contribute to the exposure-efficacy characteristics of VDZ.
Moreover, because of recruitment opportunities and material
availability, the demographic characteristics of patients and
healthy controls are not perfectly matched in our study. Since
Crooks et al. (40) demonstrated that frequencies ofa4-expressing
T cells were significantly reduced in older comparedwith younger
cohorts, this might lead to an underestimation of the difference of
a4b7 expression on eosinophils that we found between healthy
donors and patients with IBD. Of note, efficacy and safety of VDZ
are independent of the age of the patients (41). Similarly, the small
cohort size of this study did not allow us to stratify our results for
different types of treatment, which might also impact on integrin
expression and function.

Yet, these data are the first to address the functional role and
exposure-efficacy correlation of VDZ in leukocytes other than
CD41 T cells and in particular innate immune cells. Collectively,
our data confirm that VDZ acts on a variety of immune cell
subsets but also support a concept attributing dose-response
characteristics mainly to CD41 T-cell subsets. Thus, they lay the
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basis for better understanding themechanisms ofVDZandmight
help to develop individualized future treatment strategies.
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