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Abstract 

 

Vedolizumab is a humanized monoclonal antibody that targets the α4β7 integrin exclusively, and 

modulates inflammation in the gastrointestinal tract without inducing the systemic 

immunosuppression that characterizes anti-α4 chain monoclonal antibodies, such as natalizumab. 

This unique pharmacologic profile is largely attributable to four determinants. Expression of the 

α4β7 integrin is restricted to subsets of leukocytes. Vedolizumab did not bind to the majority of 

memory CD4+ T lymphocytes (60%), neutrophils and most monocytes. The highest level of 

vedolizumab binding was to a subset (~25%) of human peripheral-blood memory CD4+ T 

lymphocytes that included gut-homing interleukin 17 T helper lymphocytes. Vedolizumab also 

bound to eosinophils at high levels, and to naïve helper T lymphocytes, naïve and memory 

cytotoxic T lymphocytes, B lymphocytes, natural killer cells, and basophils at lower levels; 

vedolizumab bound to memory CD4+ T and B lymphocytes with subnanomolar potency (EC50 = 

0.3 to 0.4 nM). The second determinant is binding specificity; vedolizumab binds exclusively to 

the α4β7 integrin, and not to the α4β1 and αEβ7 integrins. The third determinant is selective 

antagonism; vedolizumab selectively inhibited adhesion of α4β7-expressing cells to mucosal 

addressin cell adhesion molecule 1 (MAdCAM-1) (median inhibition concentration [IC50] = 0.02 

to 0.06 μg/ml) and fibronectin (IC50 = 0.02 μg/ml), but not vascular cell adhesion molecule 1 

(VCAM-1). The fourth determinant is the gastrointestinal-specific tropism of the α4β7 integrin 

function. These pharmacologic properties of vedolizumab, in conjunction with the 

gastrointestinal-tropism of α4β7 integrin function, may ultimately confer an improved risk-to-

benefit profile for patients with inflammatory bowel diseases. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on June 9, 2009 as DOI: 10.1124/jpet.109.153973

 at A
SPE

T
 Journals on Septem

ber 19, 2016
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #153973 

 5

Introduction  

 

The inflammatory bowel diseases (IBDs), ulcerative colitis (UC) and Crohn’s disease 

(CD), are chronic diseases of the gastrointestinal (GI) tract characterized by an exacerbated 

inflammatory cell infiltrate in the gut mucosal tissue (Xavier and Podolsky, 2007). Multiple 

inflammatory cell types, including neutrophils, macrophages, dendritic cells, and lymphocytes, 

participate in the pathogenesis of IBD, with lymphocytes having a central role in the induction 

and maintenance of the chronic inflammatory process in the lamina propria (Xavier and 

Podolsky, 2007). Infiltration of the GI tract by T lymphocytes is a well-documented pathogenic 

mechanism of IBD, and the molecular mechanisms by which these lymphocytes enter the gut are 

distinct from those in other peripheral tissues, such as the skin and central nervous system 

(Butcher and Picker, 1996; Engelhardt et al., 1998; Engelhardt and Briskin, 2005; Salmi and 

Jalkanen, 2005; Agace, 2006). The complex infiltration process in the GI tract requires the 

coordinated interaction of several adhesion and signaling molecules on the surface of T 

lymphocytes (selectins, integrins, chemokine receptors) with their corresponding ligands on the 

endothelium. The α4β7 integrin mediates the infiltration of the GI tract by memory T 

lymphocytes, by binding to mucosal addressin cell adhesion molecule 1 (MAdCAM-1) on 

endothelial cells, and blockade of  this interaction provides efficacy in animal models of IBD 

(Hesterberg et al., 1996; Picarella et al., 1997), and in patients with UC (Feagan et al., 2005) and 

CD (Feagan et al., 2008).  

 The α4β7 integrin is consequently an ideal therapeutic target for IBD and is currently 

being targeted through three different strategies. Two of these strategies target either the α4 chain 

or the β7 chain. They are not specific for the α4β7 integrin and bind to other integrins containing 
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these chains, specifically the α4β1 and αEβ7 integrins. The α4β1 and αEβ7 integrins mediate 

effects within and outside the GI tract. The αEβ7 integrin is postulated to locate and retain T 

lymphocytes within the epithelium of numerous tissues, by binding E-cadherin on the basolateral 

surface of epithelial cells (Kilshaw, 1999). The α4β1 integrin mediates extravasation of 

lymphocytes, monocytes, and eosinophils into numerous types of tissues by binding to vascular 

cell adhesion molecule 1 (VCAM-1) expressed on the luminal surface of endothelium, and to 

fibronectin within extracellular matrix (Gonzalez-Amaro et al., 2005). Antagonizing the α4β1 or 

αEβ7 integrin thus has a systemic effect. 

 The humanized anti-α4 antibody, natalizumab, elicits effects in numerous tissues, 

including leukocytosis (Ghosh et al., 2003; Sandborn et al., 2005; Targan et al., 2007), 

mobilization of hematopoeitic stem cells (Bonig et al., 2008; Zohren et al., 2008), and inhibition 

of leukocyte trafficking into the central nervous system (del Pilar Martin et al., 2008). Indeed, 

antagonizing both the α4β1 and α4β7 integrins may explain efficacy in the central nervous system 

(Miller et al., 2003) and the GI tract, respectively (Ghosh et al., 2003; Sandborn et al., 2005; 

Targan et al., 2007). However, administration of natalizumab is associated with systemic 

immunosuppression; for example, increased incidence of the fatal infectious disease progressive 

multifocal leucoencephalopathy (PML) (Berger and Koralnik, 2005; Kleinschmidt-DeMasters 

and Tyler, 2005; Langer-Gould et al., 2005; Ransohoff, 2005; Van Assche et al., 2005). It is 

postulated that the anti-inflammatory mechanism driving the efficacy of natalizumab in multiple 

sclerosis may also predispose patients to progressive multifocal leucoencephalopathy by 

decreasing immunosurveillance in the central nervous system (Berger, 2006; Berger and Houff, 

2006; Koralnik, 2006; Niino et al., 2006; Stuve et al., 2006a; Stuve et al., 2006b; del Pilar Martin 

et al., 2008).  
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 A third strategy is exclusive targeting of the α4β7 integrin, which is utilized by 

vedolizumab (former versions known as MLN0002, MLN02, and LDP-02).  Vedolizumab is a 

humanized version of Act-1, a mouse antibody (Lazarovits et al., 1984) that binds to a 

conformational epitope that is unique to the heterodimerization of the human α4 chain with the β7 

chain (Schweighoffer et al., 1993; Tidswell et al., 1997). Act-1 therefore binds specifically to the 

α4β7 integrin, and administration to colitic cotton-top tamarins leads to the resolution of disease 

(Hesterberg et al., 1996). Vedolizumab binds to the α4β7 integrin on peripheral-blood 

lymphocytes and inhibits adhesion of the lymphocyte to MAdCAM-1. Humanized Act-1 has 

demonstrated statistically significant efficacy in placebo-controlled phase 2 clinical trials of 

patients with moderately active UC (Feagan et al., 2005) and in patients with moderately active 

CD (Feagan et al., 2008). The enhanced specificity of vedolizumab may ultimately confer an 

improved risk-to-benefit ratio for patients with IBD. The data reported herein characterize the 

binding specificity and potency of vedolizumab and the associated selective antagonism of 

adhesion.  
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 Methods 

 

 Proteins and Antibodies. Ninety-six-well plates coated with recombinant human 

VCAM-1/fragment crystallizable (Fc) chimera protein, an alternatively-spliced form of human 

fibronectin containing the CS-1 peptide, and unlabeled blocking antibodies to human VCAM-1, 

α4 and β1 were obtained from R&D Systems (Minneapolis, MN). A MAdCAM-1/mFc fusion 

protein was available in-house. Fluorochrome-conjugated anti-mouse IgG was purchased from 

Jackson Immunoresearch (West Grove, PA). Pharmlyse buffer was obtained from BD 

Biosciences (San Jose, CA). Fluorochrome-conjugated antibodies to human proteins were 

purchased from various sources: mouse antibodies to CD4 (L200), CD8 (SK1), CD14 (MφP9), 

CD19 (HIB19), CD45R0 (UCHL1), CD49d (α4; L25), CD56 (NCAM16.2), and CD103 (αE; Ber-

ACT8) and a rat antibody to β7 (FIB504) from BD Biosciences (San Jose, CA); mouse antibody 

to CD29 (β1; MEM-101A) from eBioscience (San Diego, CA); mouse antibody to CD123 

(AC145) from Miltenyi Biotech (Auburn, CA); mouse antibodies to CD49d (α4; 2B4), CD29 (β1; 

P5D2), and VCAM-1 (HAE-2Z) from R&D Systems. Unconjugated antibodies to the α4β7 

integrin, namely Act-1 (mouse) and vedolizumab (humanized Act-1), and a humanized control 

antibody with a different antigen specificity but the same Fc IgG1 domain as vedolizumab, were 

available in-house, in addition to Alexa Fluor 647 conjugated vedolizumab or biotin-Act-1. 

Primary antibodies for the human tissue cross-reactivity investigation were rabbit anti-

vedolizumab (generated in-house), anti-β2-microglobulin (Dako, Carpinteria, CA), and a 

negative control human IgG1 (Chemicon, Temecula, CA).  

 Cell Lines and Culture Media. The human B-cell lymphoma cell line, RPMI8866 

(stably expressing α4β7), was a kind gift from Dr David Erle (University of California, San 
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Francisco). The human B-cell lymphoma cell line, RAMOS (stably expressing α4β1, originally 

sourced from the American Type Culture Collection, Manassas, VA), and αEβ7 L1.2 cell-

transfectants were generated in-house using cDNA provided by Christina Parker and Michael 

Brenner (Brigham and Women's Hospital, Boston, MA). Culture medium for RPMI8866 and 

RAMOS cell lines consisted of RPMI-1640 medium supplemented with 1% 

penicillin/streptomycin and 1% L-glutamine (all Invitrogen, Carlsbad, CA), and 10% US-defined 

fetal bovine serum (Hyclone, Logan, UT). Culture medium for αEβ7 transfectants consisted of 

RPMI-1640 medium supplemented with 1% penicillin/streptomycin, 1% sodium pyruvate, 1% 

L-glutamine, and 2 μg/ml puromycin (all Invitrogen), 0.1% β-mercaptoethanol (Sigma-Aldrich, 

St. Louis, MO) and 10% US-defined fetal bovine serum (Hyclone). 

 Immunohistochemistry of Normal Human Tissues. The binding specificity of 

vedolizumab in 38 different types of normal human tissues (three independent donors per tissue 

type) was investigated by immunohistochemistry. The quality of these tissues was verified by 

robust staining with a positive-control antibody against β2-microglobulin (Dako, Carpinteria, 

CA). Sections (5 µm) were cut from fresh frozen tissue samples embedded in OCT Compound 

(Sakura Finetek USA, Inc., Torrance, CA) and fixed in acetone for 10 min at room temperature. 

Just prior to staining, slides were fixed for 10 s in 10% neutral buffered formalin. 

Acetone/formalin-fixed cryosections were rinsed twice in phosphate buffered saline (PBS) and 

incubated for 20 min with a protein block (PBS; 0.5% casein; 5% human gamma globulins; 

0.02% goat IgG; 1 mg/ml heat-aggregated human IgG) designed to reduce nonspecific binding. 

Unconjugated vedolizumab or a negative control human IgG1 (Chemicon, Temecula, CA) were 

applied to sections at 2 or 20 µg/ml and incubated at room temperature for one hour. The slides 

were then rinsed twice with PBS and an indirect immunoperoxidase procedure was performed to 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on June 9, 2009 as DOI: 10.1124/jpet.109.153973

 at A
SPE

T
 Journals on Septem

ber 19, 2016
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #153973 

 10 

detect these primary reagents. The secondary antibody, rabbit anti-vedolizumab, was then 

applied at 5 µg/ml for 30 min and rinsed twice with PBS. Endogenous peroxidase was blocked 

by incubating the slides for 5 min with the peroxidase solution provided in the Dako EnVision+ 

Kit and then rinsing twice with PBS. The slides were then treated for 30 min with the 

peroxidase-labeled goat anti-rabbit IgG polymer supplied in the Dako EnVision+ Kit, then rinsed 

twice with PBS, and treated for 8 min with the substrate-chromogen (DAB+) solution supplied in 

the Dako EnVision+ Kit. All slides were rinsed with tap water, counterstained with hematoxylin, 

washed, ‘blued’ in saturated lithium carbonate, washed, dehydrated through alcohols, cleared in 

xylene, and coverslipped. Staining intensity was graded semi-quantitatively by a board-certified 

anatomic pathologist. 

 Staining of Cell Lines and Whole Blood. For the staining of cell lines, cells were 

resuspended at 2 x 106/ml in FACS buffer (5% fetal bovine serum and 0.05% sodium azide in D-

PBS (Dulbecco’s phosphate buffers saline without calcium and magnesium); (VWR, West 

Chester, PA) and 200 μl samples were stained with the appropriate monoclonal antibodies (see 

Proteins and Antibodies) at 4oC for 30 min. Samples were washed with FACS buffer and 

analyzed by flow cytometry (FACSCalibur, BD). For the staining of human whole blood, 200 μl 

samples from healthy human volunteers were stained with the appropriate monoclonal antibody 

at 4oC for 30 min. Red blood cells were lysed with BD FACS lysing solution, and samples then 

washed with FACS buffer and analyzed by flow cytometry. In all cases, antibodies were used at 

saturating concentrations and, in many cases, up to four antibodies were used per sample. 

Appropriate single- or two-color control stains were also performed. 

 Saturation and Competitive Binding Analyses. The potency of vedolizumab binding to 

human leukocytes was examined through the generation of: 1) antibody saturation binding 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on June 9, 2009 as DOI: 10.1124/jpet.109.153973

 at A
SPE

T
 Journals on Septem

ber 19, 2016
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #153973 

 11 

curves with labeled vedolizumab or Act-1, and 2) antibody binding competition curves for the 

competing binding of labeled antibody with unlabeled antibodies (vedolizumab, Act-1, or 

isotype control IgG). Experiments were performed in 96-well v-bottom plates (Corning Inc., 

Corning, NY). For saturation binding experiments and determination of EC50 values, 100 μl of 

human peripheral blood from healthy human volunteers were incubated with the labeled 

antibody at the indicated range of concentrations in a final volume of 200 µl. In these saturation 

experiments, at all concentrations tested, specific binding was demonstrated by competition with 

20-fold molar excess of unlabeled antibody. For binding competition experiments, 100 μl of 

human peripheral blood were incubated with the labeled antibody at its EC50 and the unlabeled 

antibody at the indicated range of concentrations in a final volume of 200 µl. Plates were 

incubated at 4oC for 30min and cells were then washed. Red blood cells were lysed, washed, and 

stained with antibodies specific for memory CD4+ T lymphocytes (CD4, CD45RO) and B 

lymphocytes (CD19). Binding to either memory CD4+ T or B lymphocytes was examined by 

flow cytometry using a FACSCalibur flow cytometer and CellQuest Pro software. The geometric 

mean fluorescence intensity (GMFI) values of the positive memory CD4+ T-lymphocyte 

population or the entire B lymphocyte population were plotted against antibody concentration. In 

binding competition experiments, GMFI data were plotted as percentage inhibition versus 

antibody concentration. EC50 (for saturation binding curves) or median inhibition concentration 

(IC50; for inhibition of binding curves) values were determined from these graphs using 

GraphPad Prism Version 4 nonlinear regression curve fits. 

 Intracellular Staining of Interleukin-17. Memory T-helper 17 (Th17) cells 

(CD4+CD45RO+IL17A+) were identified from peripheral blood of normal donors. Peripheral 

blood mononuclear cells (PBMCs) were isolated from heparinized human blood by standard 
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density-gradient procedures using Ficoll-Paque Plus (Amersham Biosciences, Piscataway, NJ). 

PBMCs were resuspended in assay buffer for CD4 memory cell interleukin (IL) 17A 

intracellular staining (eBioscience) according to the manufacturer’s instructions. PBMCs were 

stimulated (or not stimulated, for the control samples) with 50 ng/ml phorbol 12-myristate 13-

acetate (PMA; Sigma-Aldrich) and 1 µg/ml Ionomycin (Sigma-Aldrich) in the presence of 3 µM 

Monensin (Sigma-Aldrich) for 5 hours at 37°C. After washing, cells were stained with 

fluorescent-labeled antibodies: vedolizumab, anti-α4 (CD49d; 9F10) and anti-β7 (FIB504), anti-

CD4 (SK3) and anti-CD45RO (UCHL1), where applicable, at 4oC for 30 min. Cells were then 

washed with cold PBS and resuspended in fixation and permeabilization working solution 

(eBioscience) staining buffer at 4oC for 30 min. After fixation and permeabilization, cells were 

washed with permeabilization buffer (eBioscience) and blocked with 10% normal rat serum at 

4oC for 10 min. After the blocking step, cells were stained with fluorochrome conjugated anti-

IL17A antibody (eBioscience) at 4oC for 30 min. Finally, cells were washed with 

permeabilization buffer and analyzed by flow cytometry in a FACSCalibur using CellQuest Pro 

software. The memory Th17 population was examined for expression of the α4β7 integrin and the 

α4 and β7 chains. Some experiments were performed with isolated CD4+ memory T lymphocytes 

(Miltenyi Biotech, Auburn CA) with very similar results to those with PBMCs. 

 Adhesion Assays. For MAdCAM-1 and VCAM-1 experiments, 96-well ELISA plates 

(Thermo Fisher Scientific, Rochester, NY) were prepared 24 h in advance by coating with 100 µl 

of 2 μg/ml recombinant protein diluted in PBS at 4oC. For fibronectin experiments, 

commercially available precoated plates were used (see Proteins and Antibodies). On the assay 

day, the coating solution was removed before blocking with blocking buffer (0.5% bovine serum 

albumin [BSA], Sigma-Aldrich, in PBS) at 37oC (5% CO2/95% O2) for 1 h. Experiments on low- 
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and high-affinity binding to integrins were performed in the absence or presence of Mn+2, 

respectively; Mn+2 was added to induce the high-affinity conformation of the integrin. Assay 

buffer for low-affinity experiments was RPMI-1640, 0.1% BSA, 10 mM HEPES, pH 7, and for 

high-affinity experiments was 1 mM Mn2+, Dulbecco’s modified eagle medium (DMEM), 0.1% 

BSA, 10 mM HEPES, pH 7. For dose-dependent antibody inhibition curves, antibodies were 

diluted and cells resuspended in the indicated corresponding assay buffers for low- or high-

affinity binding conditions. Premixed cell-antibody samples (100 µl at 2 x 106 cells/ml) were 

added to the protein-coated plates after removal of the blocking buffer. Plates were incubated at 

37oC (5% CO2/95% O2) for 1 h, washed 2 to 5 times with PBS, and adhered cells were detected 

by adding alamarBlue® (Trek Diagnostic Systems, Cleveland, OH). Plates were incubated at 

37oC (5% CO2/95% O2) for 4 h and read by a fluorescence reader (Molecular Devices, 

Sunnyvale, CA). Experiments were performed in triplicate, included isotype control antibodies, 

and were repeated at least three times. Relative fluorescence units were plotted against antibody 

concentration and IC50 values were determined from these graphs using GraphPad Prism Version 

4 nonlinear regression curve fits. 

 Inhibition of MAdCAM-1 Binding to CD4+ Memory T-lymphocytes. Vedolizumab 

inhibition of high-affinity binding of MAdCAM-1 to human peripheral-blood memory CD4+ T-

lymphocytes was tested. Peripheral blood (90 µl) was incubated with a saturating concentration 

(3 µg/ml) of MAdCAM-1-murine-Fc fusion protein and 4 mM MnCl2 in a final volume of 100 µl 

for 1 h at room temperature, in the presence or absence of vedolizumab. This saturating 

concentration was determined from previous MAdCAM-1-Fc protein binding saturation curves 

with three independent donors. After washing with assay buffer (25 mM Tris, 4 mM MnCl2, 2.7 

mM KCl, 150 mM NaCl, 0.5% BSA, pH 7.2), the cells were stained with fluorescent-labeled 
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anti-mouse IgG for 15 min at room temperature. After washing again, cells were incubated with 

mouse serum for 10 min at room temperature, followed by staining with anti-CD4 and anti-

CD45RO antibodies for 15 min at room temperature. After washing, red blood cells were lysed 

with BD FACS lysing solution and analyzed by flow cytometry in a FACSCalibur using 

CellQuest Pro software. Antibody dose-dependent inhibition curves were obtained by plotting 

the percentage of memory CD4+ T-lymphocytes that bound MAdCAM-1 versus antibody 

concentration using GraphPad Prism Version 4. IC50 values were determined from these graphs 

using GraphPad Prism Version 4 nonlinear regression curve fits.  
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Results 

 

 Binding of Vedolizumab to Human Tissue Ex Vivo. The binding specificity of 

vedolizumab was investigated in 38 different types of normal human tissue by 

immunohistochemistry. Binding of vedolizumab was restricted to the cell membrane of 

mononuclear cells in lymphoid tissues, mononuclear infiltrates in tissues of the GI tract and 

bladder, and mononuclear cells in the lumens of blood vessels (Table 1). In GI tract tissues, 

vedolizumab bound mononuclear cells organized in submucosal lymphoid nodules and/or 

scattered in lamina propria. The large and small intestine contained the highest frequency of 

mononuclear cells that were bound by vedolizumab (data not shown).  

 Binding Specificity of Vedolizumab to Human Leukocytes Ex Vivo. Flow cytometry 

experiments were performed on human peripheral blood stained with vedolizumab or Act-1, 

anti-α4 and anti-β1 monoclonal antibodies (mAbs), and markers of leukocyte subsets (including 

memory and naïve CD4 and CD8 T lymphocytes, B lymphocytes, natural killer cells, monocytes, 

basophils, eosinophils, and neutrophils). Experiments were designed so that coexpression of the 

α4β1 and α4β7 integrins and binding of vedolizumab to subsets expressing the α4β1 integrin could 

also be examined. Vedolizumab bound to the majority of B lymphocytes, naïve CD4 and CD8 T 

lymphocytes, natural killer cells, and basophils at low to intermediate levels (Fig. 1, A and B). 

Vedolizumab bound to B lymphocytes at intermediate levels uniformly, to natural killer cells and 

basophils at low levels uniformly, and to naïve CD4 and CD8 T lymphocytes from low to 

intermediate levels. Vedolizumab bound to approximately 25% of the memory (CD45RO+) 

CD4+ T lymphocytes at high levels (α4β7
hi) and to 5 to 10% at intermediate levels, and not to the 

rest of the population (Fig. 1, A and B, and Fig. 2A). Vedolizumab bound to the majority of the 
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naïve (CD45RO–) CD4+ and CD8+ T lymphocytes, and to approximately 50% of the memory 

(CD45RO+) CD8+ T lymphocytes, at low to intermediates levels (Fig. 1, A and B, and Fig. 2A). 

Vedolizumab bound to all eosinophils at intermediate to high levels, and to approximately15% of 

monocytes at low levels, but did not bind to neutrophils (Fig. 1, A and B). The highest level of 

binding by vedolizumab was observed on the α4β7
hi population of memory CD45RO+ CD4+ T 

lymphocytes (Fig. 1B). The specificity of binding to the α4β7 integrin by vedolizumab was 

verified by competition with Act-1; unlabeled Act-1 completely inhibited binding of 

vedolizumab on all leukocyte subsets examined (data not shown). The same antigen specificity 

between these two antibodies was also demonstrated by the complete inhibition of labeled Act-1 

binding to all leukocytes exposed to unlabeled vedolizumab.  

 The binding profile of vedolizumab contrasts the expression profile of the α4β1 integrin. 

Expression of the α4β1 integrin was generally more widespread than binding by vedolizumab. 

Vedolizumab bound naïve CD4+ T lymphocytes at varying levels (Fig. 2A), whereas these cells 

expressed the α4β1 integrin uniformly (Fig. 2B). Vedolizumab bound to a specific subset of the 

memory CD4+ T lymphocyte population; vedolizumab bound approximately 25% of memory 

CD4+ T lymphocytes at high levels (Fig. 2A), whereas most of these cells expressed relatively 

high levels of the α4 and/or β1 chains (Fig. 2B). Three major subsets of memory CD4+ T 

lymphocytes can be defined by α4β1 integrin expression: α4
–
, α4

hiβ1
hi, and α4

hiβ1
lo. Vedolizumab 

binds to most (~80%) of the α4
hiβ1

lo T helper lymphocytes at high levels (Fig. 2C); this is the 

subset that contains the majority of the α4β7
hi subset. In contrast, the majority (~90%) of α4

hiβ1
hi 

and all α4
loβ1

hi T helper lymphocytes are not bound by vedolizumab (Fig. 2C). Similarly, a 

majority (~85%) of monocytes are not bound by vedolizumab (Fig. 2, D and E), but express 

relatively high levels of the α4β1 integrin (Fig. 2F).  
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 Vedolizumab Specificity for the α4β7 Integrin Versus the α4β1 and αEβ7 Integrins. 

The specificity of vedolizumab binding for the integrin α4β7 versus α4β1 in whole blood is 

illustrated by comparing two subsets of leukocytes that express high levels of the α4β1 integrin 

but do not bind vedolizumab, specifically the α4β1
hi subset of the memory CD4 population (Fig. 

2B, plot 1, quadrant II) and monocytes (Fig. 2F). Vedolizumab did not bind the vast majority of 

cells in either α4β1
hi populations (Fig. 2C plot II and Fig. 2D, respectively). The lack of binding 

by vedolizumab was maintained up to a concentration of 400 μg/ml (data not shown). The 

analysis of the specificity of vedolizumab for the α4β7 integrin versus αEβ7 in whole blood by 

flow cytometry was not possible because all the αEβ7-expressing cells are contained within the 

α4β7
hi subset. The specificity of binding to integrins containing the α4 and/or β7 chains by 

vedolizumab was investigated further with cell lines expressing the α4β1, α4β7, or αEβ7 integrins 

exclusively. Vedolizumab bound to RPMI8866 cells (Fig. 3A) that expressed the α4 and β7 

chains (Fig. 3B) but not the β1 or αE chains (not shown). Incubation with Act-1 competed with 

the binding of vedolizumab to RPMI8866 cells, confirming the specificity of binding to the α4β7 

integrin (data not shown). Vedolizumab did not bind to RAMOS cells (Fig. 3C) that expressed 

the α4 and β1 chains (Fig. 3D) but not the β7 chain (data not shown), nor to mouse L1.2 cell 

transfectants (Fig. 3E) that expressed the human αE and β7 chains (Fig. 3, E and F), but not the 

human α4 chain (data not shown).  

 Characterization of the Memory CD4 T Lymphocyte Population for Expression of 

the α4β1 and α4β7 Integrins and IL-17. A subset (~20%) of the Th17 cell population in 

peripheral blood was bound by vedolizumab (Fig. 4), and similar data were obtained for 

expression of the β7 chain (data not shown). In contrast, the majority (80%) of the memory Th17 
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cell population expressed the α4 chain (α4
+β1

+ and α4
+β7

+; Fig. 4). The Th17 cell population 

therefore consists of three major subsets: α4
– (20%), α4β1

hi (60%), and α4β7
hi (20%).  

 Potency of Binding of Vedolizumab to B and Memory CD4+ T Lymphocytes. The 

potency of vedolizumab for binding to human peripheral-blood B and memory CD4+ 

lymphocytes was estimated from saturation binding curves in experiments with labeled 

vedolizumab (Fig. 5A). The EC50 values were 0.067 µg/ml (0.4 nM) and 0.042 µg/ml (0.3 nM) 

for B and memory CD4+ lymphocytes, respectively. The potency of vedolizumab for binding to 

human peripheral-blood B and memory CD4+ lymphocytes was also estimated from competitive 

binding experiments in which binding of labeled vedolizumab at its EC50 was competed off by 

unlabeled vedolizumab (Fig. 5B). The mean IC50 values were 0.045 µg/ml (0.3 nM) and 0.044 

µg/ml (0.3 nM) for B and memory CD4+ lymphocytes, respectively. Similar results were 

obtained with Act-1; the IC50 values for Act-1 binding were 0.062 µg/ml (0.010 nM) and 0.059 

µg/ml (0.008 nM) for B and memory CD4+ lymphocytes, respectively (data not shown). 

 Vedolizumab Inhibits Adhesion of α4β7
+ Cells to MAdCAM-1 and Fibronectin But 

Not to VCAM-1. The neutralizing potency and specificity of vedolizumab was determined in 

cell adhesion assays with α4β7-expressing RPMI8866 cells and the cell adhesion proteins, 

MAdCAM-1, VCAM-1, and the alternatively spliced form of fibronectin containing the CS-1 

peptide. Vedolizumab inhibited high-affinity adhesion of α4β7-espressing RPMI8866 cells 

(Mn2+-activated) to MAdCAM-1 (Fig. 6A) with a mean IC50 value of 0.058 ± 0.024 μg/ml (0.39 

± 0.16 nM; n = 6). Vedolizumab inhibited low-affinity adhesion of α4β7-expressing RPMI8866 

cells (no Mn2+ activation) to MAdCAM-1 with similar potency (0.023 ± 0.012 μg/ml; 0.15 ± 

0.08 nM; n = 7; Fig. 6B). Vedolizumab inhibited adhesion of α4β7-expressing RPMI8866 cells to 

fibronectin (Mn2+-activated, as required for fibronectin binding; Fig. 6F) with a mean IC50 value 
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of 0.02 ± 0.012 μg/ml (0.14 ± 0.08 nM; n = 4). In contrast, vedolizumab did not inhibit adhesion 

of α4β7-expressing RPMI8866 cells to VCAM-1 under high- (Fig. 6C, n = 4, and Fig. 6E) or 

low-affinity (Fig. 6D, n = 3, and Fig. 6E) states, even at 400 μg/ml, the highest concentration 

tested (Fig. 6E, n = 3). The anti-α4 mAb, in contrast, inhibited all adhesion of α4β7-expressing 

RPMI8866 cells with MAdCAM-1, VCAM-1, and fibronectin with subnanomolar potency (Fig. 

6, A–F). The humanized mAb negative control (Fig. 6, A, B, and F) and the murine isotype-

matched negative control (Fig. 6, A–F) had no effect on adhesion. The effect of vedolizumab on 

the binding of MAdCAM-1 to T lymphocytes in human whole blood was also evaluated by flow 

cytometry. Vedolizumab inhibited the binding of soluble human MAdCAM-1-Fc fusion protein 

to the α4β7
hi CD4 memory cell population with similar potency (IC50 = 0.034 µg/ml, 0.225 nM 

mean of three donors) (Fig. 7). 

 Vedolizumab Has No Effect on Adhesion of the α4β1 Integrin to VCAM-1 or 

Fibronectin. The specificity of vedolizumab was further characterized in adhesion assays with 

the α4β1-expressing RAMOS cells. Vedolizumab did not inhibit high- (Mn2+-activated) or low-

affinity (no Mn2+) adhesion of α4β1-expressing RAMOS cells to VCAM-1 (Fig. 8, A and C, 

respectively), even at the highest concentrations assayed, 400 μg/ml (Fig. 8, B and D, 

respectively). Conversely, anti-α4 mAb, anti-β1 mAb, and a combination thereof, inhibited all 

adhesion between α4β1-expressing RAMOS cells and VCAM-1 (Fig. 8, A–D). Vedolizumab did 

not inhibit adhesion of α4β1-expressing RAMOS cells to fibronectin at 400 μg/ml, the highest 

concentration assayed, whereas a combination of anti-α4 and anti-β1 mAbs inhibited adhesion 

(Fig. 8E). RAMOS cells did not bind to MAdCAM-1, even after integrin activation with Mn2+ 

(data not shown). 
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Discussion 

 

 Infiltration of the GI tract by T lymphocytes is a pathogenic mechanism of UC and CD 

(Xavier and Podolsky, 2007). Migration into the GI tract is a complex, multi-step process 

requiring the coordinated interaction of several adhesion and signaling molecules (selectins, 

integrins, chemokine receptors) on the surface of T-lymphocytes, with their corresponding 

ligands on the endothelium (Salmi and Jalkanen, 2005). The α4β7 integrin is a pivotal mediator 

of infiltration of GI tract by T lymphocytes and antagonizing its adhesion to MAdCAM-1 

provides efficacy in animal models of IBD (Hesterberg et al., 1996; Picarella et al., 1997) and in 

patients with UC (Feagan et al., 2005; Feagan et al., 2008) and CD (Feagan et al., 2005; Feagan 

et al., 2008). These investigations also demonstrated that antagonizing the α4β7 integrin is well 

tolerated. The absence of overt deleterious effects is partially attributable to vedolizumab binding 

exclusively to leukocytes. This binding profile is consistent with the expression profile of the 

human α4β7 integrin (Schweighoffer et al., 1993; Erle et al., 1994; Farstad et al., 1997; Rott et 

al., 2000).  

 This desirable profile encouraged targeting the α4β7 integrin by three different 

therapeutic strategies. One of these strategies targets the β7 chain of the integrin and, 

consequently, inhibits both the α4β7 and αEβ7 adhesion pathways thereby inhibiting the 

localization and retention of T lymphocytes within epithelial layers in numerous tissues 

(Kilshaw, 1999). This could potentially elicit systemic effects, perturbing immunosurveillance of 

healthy epithelial tissue and reducing inflammation in diseased tissue. The second strategy 

targets the α4 chain and inhibits both the α4β7 and α4β1 integrins. The α4β1 integrin is expressed 

by all leukocytes except neutrophils (Gonzalez-Amaro et al., 2005), and antagonism by 
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natalizumab inhibits adhesion of the α4β1 integrin to VCAM-1, fibronectin, and osteopontin, and 

the adhesion of the α4β7 integrin to MAdCAM-1, VCAM-1 and fibronectin (Biogen Idec, 2006). 

The α4β1 integrin mediates adhesion in many different types of tissue, and inhibition by 

natalizumab therefore induces diverse systemic effects, such as mobilization of hematopoietic 

progenitor cells from the bone marrow (Bonig et al., 2008; Zohren et al., 2008), leukocytosis in 

the vasculature (Ghosh et al., 2003; Sandborn et al., 2005; Targan et al., 2007), and decreases in 

the number of leukocytes in cerebral spinal fluid (Stuve et al., 2006a; Stuve et al., 2006b) and 

cerebral tissue (del Pilar Martin et al., 2008). This diverse profile of physiologic effects may 

confer efficacy in pathologically distinct diseases, such as multiple sclerosis (Miller et al., 2003) 

and CD (Ghosh et al., 2003; Sandborn et al., 2005; Targan et al., 2007). Repeated administration 

of natalizumab to multiple sclerosis and CD patients is, however, also associated with systemic 

immunosuppression, including an increased incidence of the fatal infectious disease, PML 

(Kleinschmidt-DeMasters and Tyler, 2005; Langer-Gould et al., 2005; Van Assche et al., 2005). 

It is postulated that the anti-inflammatory mechanism that mediate efficacy of natalizumab in 

multiple sclerosis and CD may also predispose patients to PML by decreasing 

immunosurveillance in the central nervous system (Berger and Houff, 2006; Stuve et al., 2006a; 

Stuve et al., 2006b; del Pilar Martin et al., 2008). Natalizumab may prevent the entry of memory 

T lymphocytes into the brain and perhaps into sites of viral latency, thereby precluding T 

lymphocytes from clearing or suppressing the viral infection (Berger, 2006; Stuve et al., 2006b; 

del Pilar Martin et al., 2008).  

 Vedolizumab utilizes a third strategy: exclusive targeting of the α4β7 integrin. 

Vedolizumab binds to the α4β7 integrin, but not to the α4β1 or αEβ7 integrins (Fig. 2 and 3). This 

specificity was confirmed in functional assays demonstrating that vedolizumab inhibits adhesion 
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of α4β7-expressing cells exclusively (Fig. 6 and 7), but not of α4β1-expressing cells exclusively 

(Fig. 8). These data agree with immunoprecipitation experiments utilizing Act-1 (Schweighoffer 

et al., 1993).  Specifically targeting the α4β7 integrin enables vedolizumab to immunomodulate 

the GI tract without systemic effects, owing to the GI-specific role of the α4β7 integrin in 

mediating infiltration by leukocytes (Butcher et al., 1999; Engelhardt and Briskin, 2005; Agace, 

2006). This strategy does not elicit leukocytosis in UC and CD patients, and has demonstrated an 

excellent clinical safety profile to date (Feagan et al., 2005; Feagan et al., 2008). 

 Another component of the unique pharmacologic activity of vedolizumab could be 

selective inhibition of cellular activity. Vedolizumab selectively inhibits the adhesion of cells 

expressing the α4β7 integrin to MAdCAM-1 and fibronectin, but not to VCAM-1 (Fig. 6 and 7). 

These data are consistent with qualitative reports for the effect of Act-1 on adhesion of B and T 

lymphocytes to these ligands (Postigo et al., 1993; Schweighoffer et al., 1993; Erle et al., 1994; 

Walsh et al., 1996).  

 Differences in expression of α4 chains between memory CD4+ T lymphocytes also 

contribute to the unique clinical profile of vedolizumab. Circulating effector memory CD4+ T 

lymphocytes can be divided into three subpopulations according to expression of the α4 chain: 1) 

20% that do not express the α4 chain (Fig. 2B); 2) 50% that express high levels of α4 and β1 

chains (Fig. 2B) that would be bound by an anti-α4 therapeutic but not by vedolizumab (Fig. 

2C), and 3) 30% that express high levels of the α4β7 integrin and low levels of the β1 chain (Fig. 

2C) that would be bound by both an anti-α4 therapeutic and vedolizumab. The CD4+ memory 

α4β7
hi population is postulated to be pathogenic in IBD (Butcher et al., 1999; Salmi and 

Jalkanen, 2005), and the clinical efficacy of natalizumab in CD and vedolizumab in CD and UC 

buttress this paradigm (Ghosh et al., 2003; Feagan et al., 2005; Sandborn et al., 2005; Feagan et 
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al., 2008). Vedolizumab specifically targets the CD4+ memory subpopulation that is pathogenic 

in IBD (α4β7
hi), while sparing other CD4+ memory subpopulations (α4β1

hi) and monocytes (Fig. 

2) that are integral for immunosurveillance and host defense.  

 We discovered that vedolizumab binds to a subset (~20%) of Th17 cells that express the 

gut-tropic α4β7
hi phenotype (Fig. 4). This pro-inflammatory subset is found in numerous types of 

inflamed tissue and is postulated to mediate many different autoimmune diseases, such as 

psoriasis, psoriatic arthritis, rheumatoid arthritis, type 1 diabetes, transplant rejection, and tumor 

immunotherapy (Iwakura and Ishigame, 2006). IL-23 plays an important role in the maintenance 

and function of the Th17 subset of CD4 memory T lymphocytes. Single nucleotide 

polymorphisms of the human IL-23 receptor gene are associated with increased risk and 

protection from CD (Duerr et al., 2006). Ustekinumab is a therapeutic antibody targeting the 

human p40 subunit of the IL-12 and IL-23 cytokines, and is efficacious in CD (Sandborn et al., 

2008) and psoriasis (Leonardi et al., 2008; Papp et al., 2008). It appears that vedolizumab targets 

only a subset (20%) of the Th17 cells, namely the GI-tropic, α4β7
hi  subset and thus could 

provide efficacy in IBD more specifically than ustekinumab, conferring an improved clinical 

risk-to-benefit profile in patients with IBD.  

 Targeting systemic mediators of inflammation, such as α4
hiβ1

hi T cells and Th17 cells, 

inhibits systemic immunosurveillance, which may predispose patients to infection and/or 

neoplasia (Engelhardt and Briskin, 2005; Ransohoff, 2005; Iwakura and Ishigame, 2006; Wei et 

al., 2006; Mottet and Golshayan, 2007). The role of the α4β7 integrin in immunosurveillance, in 

contrast, is restricted to the GI tract (Butcher et al., 1999; Salmi and Jalkanen, 2005; Agace, 

2006). Gut-specific immunomodulation by vedolizumab is hence less likely to predispose 

patients to infection and/or neoplasia outside of the GI-tract than by anti-α4, anti-β7, and anti-
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p40 (IL-12/IL-23) subunit therapeutics. The specificity of vedolizumab for GI-tropic T 

lymphocytes offers clinical efficacy in IBD (Feagan et al., 2005; Feagan et al., 2008) without 

some of the undesirable systemic effects characteristic of natalizumab and ustekinumab. The 

ability to modulate inflammation specifically within the GI tract, without systemic 

immunosuppression, is likely to confer efficacy in IBD with an improved safety profile and risk-

to-benefit ratio.
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Legends for Figures 

 

Fig. 1. Binding specificity of vedolizumab to human leukocytes. Human peripheral blood was 

stained with vedolizumab and antibodies specific for the various leukocyte subsets and examined 

by flow cytometry. (A) Flow cytometry plots illustrating vedolizumab binding to various subsets 

of leukocytes, identified by gating on the appropriate cellular markers. Vedolizumab binding is 

plotted against forward scatter, with the horizontal line indicating the level of background signal 

as determined from a negative control antibody. Data are from at least five unrelated, healthy 

donors. (B) The geometric mean fluorescence intensity of vedolizumab binding to various 

subsets of leukocytes. Gating is restricted to the population of the leukocytes that stains 

positively with vedolizumab Data are the means from five unrelated, healthy donors with 

standard deviations indicated by the error bars.  GMFI values for each subset were compared to 

the GMFI of all leukocytes by a two-tailed, homoscedastic Student’s T-Test.  * denotes p < 0.05, 

** denotes p < 0.01.   

 

Fig. 2. A comparison of the binding of vedolizumab to expression of the α4 and β1 chains by 

human CD4+ T lymphocytes and monocytes. Human peripheral blood was stained with the 

indicated antibodies and examined by flow cytometry. (A) Blood was stained with vedolizumab, 

and anti-CD4 and anti-CD45RO antibodies. These plots illustrate the binding of vedolizumab in 

the total (CD4+), naïve (CD4+CD45RO–), and memory (CD4+CD45RO+) CD4+ T cell subsets. 

The box indicates the level of background signal of the negative population, and the horizontal 

line denotes the α4β7
hi population. (B) Blood was stained with anti-CD4,-CD45RO,-α4, and -β1 

antibodies. These plots illustrate the coexpression of the α4 and β1 chains in the total, naïve and 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on June 9, 2009 as DOI: 10.1124/jpet.109.153973

 at A
SPE

T
 Journals on Septem

ber 19, 2016
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #153973 

 36 

memory CD4+ T cell subsets. (C) Blood was stained with vedolizumab, and anti-CD4, -α4, and -

β1 antibodies. Vedolizumab binding was examined in the three α4
+β1

+ CD4+ memory T cell 

populations of the total CD4+ T cell plot of panel B: α4
hiβ1

lo (I), α4
hiβ1

hi (II), and α4
loβ1

hi (III). 

(D) Blood was stained with vedolizumab and anti-CD14 antibodies. This plot illustrates the 

binding of vedolizumab to monocytes. (E) Specificity of binding was demonstrated by 

competition with Act-1. (F) Blood was stained with anti-CD14, -α4, and -β1 antibodies. This plot 

illustrates coexpression of α4 and β1 by monocytes. All data are representative of at least five 

unrelated, healthy donors. 

 

Fig. 3. The specificity of vedolizumab binding to the α4β1, α4β7, and αEβ7 integrins. (A) Flow 

cytometric analysis of vedolizumab binding to cell lines that express exclusively the α4β7 (A and 

B), α4β1 (C and D), and αEβ7 (E and F) integrins. The flow cytometry plots represent at least 

three independent experiments.  

 

Fig. 4. Vedolizumab binds to a subset of Th17 lymphocytes. Flow cytometric analysis illustrates 

the percentage of human peripheral-blood Th17 lymphocytes that bind vedolizumab and anti-α4 

antibody. Data are the means of at least four unrelated, healthy donors with standard deviations 

indicated by the error bars.  Values for percent of total Th17 population for the positive (+) 

population were compared to the negative (-) population using a two-tailed, homoscedastic 

Student’s T-Test.  * denotes p < 0.05, ** denotes p < 0.01.   
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Fig. 5. Binding of vedolizumab to human peripheral-blood B and memory CD4+ T lymphocytes. 

(A) Saturation binding curve of vedoliumab-alexa-647 binding to peripheral-blood B 

lymphocytes (closed circles) and memory CD4+ T lymphocytes (open circles). (B) Dose-

dependent inhibition curve of vedolizumab-alexa-647 binding to B lymphocytes (closed circles) 

and memory CD4+ lymphocytes (open circles) by unlabelled vedolizumab. Squares are control 

antibody for B lymphocytes (closed) and memory CD4+ T lymphocytes (open). The data 

represent multiple donors.  

 

Fig. 6. Potency and specificity of vedolizumab antagonism of α4β7 integrin adhesion to 

MAdCAM-1 and fibronectin, but not to VCAM-1. Effect of vedolizumab (closed circles, A–D, 

F), a humanized mAb negative control (open triangles, A–B, F), an anti-α4 mAb (open circles, 

A–D, F), and isotype control Ig (asterix, A–D, F) on adhesion of α4β7-expressing RPMI8866 

cells to MAdCAM-1 with high (A) and low (B) affinity, to VCAM-1 with high (C and E) and 

low (D and E) affinity, and to fibronectin with high affinity (F).  In panel E: Data are the mean of 

three independent experiments with standard deviations indicated by the error bars.  RFU values 

for cells incubated with antibody were compared to RFU values for cells not incubated with 

antibody using a two-tailed, homoscedastic Student’s T-Test.  * denotes p < 0.05, ** denotes p < 

0.01.   

 

 

Fig. 7. Vedolizumab antagonism of MAdCAM-1-Fc binding to the α4β7
hi CD4 memory T 

lymphocyte population in human peripheral blood in vitro. Blood was stained with MAdCAM-1-

Fc, with or without vedolizumab, and with anti-CD4 and anti-CD45RO antibodies. MAdCAM-1-
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Fc binding to the CD4 memory T lymphocyte population was analyzed by flow cytometry. 

Results are reported as the percentage of the total CD4 memory T lymphocyte population that 

bound MAdCAM-1 versus vedolizumab concentration. Data are the mean of three independent 

donors.  

 

Fig. 8. Effect of vedolizumab (black circles, A and C), anti-α4 mAb (white circles, A and C), and 

isotype control Ig (hatched marks, A and C) on adhesion of cells expressing the α4β1 integrin to 

VCAM-1 and fibronectin. Effect of mAbs on high- (A and B) and low-affinity (C and D) binding 

of α4β1-expressing RAMOS cells to VCAM-1, and effect of mAbs on binding to fibronectin (E). 

Anti-α4 mAb, anti-β1 mAb, mouse IgG at 10 ug/ml, and vedolizumab at 400 ug/ml were used (B, 

D and E). ).  In panels B, D and E: Data are the mean of three independent experiments with 

standard deviations indicated by the error bars.  RFU values for cells incubated with antibody 

were compared to RFU values for cells incubated with mouse IgG using a two-tailed, 

homoscedastic Student’s T-Test.  * denotes p < 0.05, ** denotes p < 0.01.   
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TABLE 1 

Binding specificity of vedolizumab in normal human tissues.  

Tissue  Region 
Vedolizumab  Isotype Control  

20 µg/ml  2 µg/ml  20 µg/ml  2 µg/ml  

Adrenal  Stromal elements Neg. Neg. Neg. Neg. 

Blood cells 

Mononuclear cells 1.0 1.0 Neg. Neg. 

Polymorphonuclear cells Neg. Neg. Neg. Neg. 

Platelets Neg. Neg. Neg. Neg. 

Blood vessel endothelium  Stromal elements Neg. Neg. Neg. Neg. 

Bone marrow  Stromal elements Neg. Neg. Neg. Neg. 

Brain cerebrum  Stromal elements Neg. Neg. Neg. Neg. 

Brain cerebellum  Stromal elements  Neg. Neg. Neg. Neg. 

Breast Stromal elements Neg. Neg. Neg. Neg. 

Colon 
Mononuclear infiltrate 3.0 3.0  Neg. Neg. 

Stromal elements Neg. Neg. Neg. Neg. 

Cervix 
Mononuclear infiltrate 0.5 0.5 Neg. Neg. 

 Stromal elements Neg. Neg. Neg. Neg. 

Esophagus 
Mononuclear infiltrate  2.0 1.0 Neg. Neg. 

Stromal elements Neg. Neg. Neg. Neg. 

Eye  Stromal elements Neg. Neg. Neg. Neg. 

Heart  Stromal elements Neg. Neg. Neg. Neg. 

Kidney Stromal elements Neg. Neg. Neg. Neg. 

Liver Stromal elements Neg. Neg. Neg. Neg. 
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Lung Stromal elements Neg. Neg. Neg. Neg. 

Lymph node 
Mononuclear infiltrate 1.8 2.2 Neg. Neg. 

Stromal elements Neg. Neg. Neg. Neg. 

Mammary gland  Stromal elements Neg. Neg. Neg. Neg. 

Ovary  Stromal elements Neg. Neg. Neg. Neg. 

Fallopian tube oviduct  Stromal elements Neg. Neg. Neg. Neg. 

Pancreas  Stromal elements Neg. Neg. Neg. Neg. 

Parathyroid  Stromal elements Neg. Neg. Neg. Neg. 

Peripheral nerve  Stromal elements Neg. Neg. Neg. Neg. 

Pituitary  Stromal elements Neg. Neg. Neg. Neg. 

Placenta  Stromal elements Neg. Neg. Neg. Neg. 

Prostate 
Mononuclear infiltrate 2.0 2.0 Neg. Neg. 

 Stromal elements Neg. Neg. Neg. Neg. 

Salivary gland 
Mononuclear infiltrate 2.2 1.7 Neg. Neg. 

Stromal elements Neg. Neg. Neg. Neg. 

Skin Stromal elements Neg. Neg. Neg. Neg. 

Small intestine  
Mononuclear infiltrate 2.7 2.7 Neg. Neg. 

Stromal elements Neg. Neg. Neg. Neg. 

Spinal cord  Stromal elements Neg. Neg. Neg. Neg. 

Spleen  
Mononuclear infiltrate  2.5 2.5 Neg. Neg. 

Stromal elements Neg. Neg. Neg. Neg. 

Stomach 
Mononuclear infiltrate 2.7 2.7 Neg. Neg. 

Stromal elements Neg. Neg. Neg. Neg. 
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Skeletal Muscle  Stromal elements Neg. Neg. Neg. Neg. 

Testis  Stromal elements Neg. Neg. Neg. Neg. 

Thymus 
Mononuclear infiltrate  2.2 2.2 Neg. Neg. 

Stromal elements Neg. Neg. Neg. Neg. 

Thyroid Stromal elements Neg. Neg. Neg. Neg. 

Tonsil 
Mononuclear infiltrate  2.2 2.2  Neg. Neg. 

Stromal elements Neg. Neg. Neg. Neg. 

Urinary Bladder 
Mononuclear infiltrate 1.7 1.7 Neg. Neg. 

Stromal elements Neg. Neg. Neg. Neg. 

Uterus Stromal elements Neg. Neg. Neg. Neg. 

Data are mean values from three samples from three independent donors. 

0.0 to 0.3 (equivocal), 0.3 to 1.0 (weak), 1.3 to 2.0 (moderate), 2.3 to 3.0 (strong), 3.3 to 4.0 

(intense), Neg. (negative). 
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Figure 5  
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Figure 6  
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Figure 8   
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