
Supplementary Methods 

 

Patients with IBD 

Peripheral blood and colonic samples from patients with UC (n = 55), CD (n = 94) 

and controls (n = 42) were collected (Table 1) and analyzed after obtaining informed 

written consent according to the approval of the Ethics Committee of the Friedrich-

Alexander-University Erlangen-Nuremberg. Tissues were obtained from surgical 

specimens of CD or UC patients with active disease. Macroscopically healthy tissue 

of colorectal cancer patients served as control. Blood samples came from patients 

with CD or UC as well as from healthy donors. Where indicated, blood samples from 

patients undergoing therapy with vedolizumab were sequentially collected before 

treatment one and three.  

 

Isolation and culture of human monocytes 

Peripheral blood mononuclear cells (PBMCs) were isolated by Pancoll density 

gradient (Pan Biotech). Human CD14 MicroBeads (Miltenyi Biotec) were used to 

isolate CD14+ monocytes according to the manufacturer’s specifications. 

For the analysis of apoptosis and necrosis of monocytes treated with therapeutic 

antibodies, CD14+ monocytes were cultured in RPMI medium with 10 % FCS and 

1 % penicillin/streptomycin (P/S) for 2 hours in the presence or absence of 10 µg/mL 

vedolizumab or natalizumab. Cells were subsequently harvested and stained with 

propidium iodide (eBioscience) and Annexin V (PacBlue, Biolegend). 



Flow cytometric analysis of human and mouse cells 

For analysis of homing marker expression on human peripheral blood monocytes, 

PBMCs were incubated with specific antibodies against CD14 (AF488 or PE, 

HCD14), CD16 (APC/Cy7, 3G8, all Biolegend), α4 integrin (VioBlue, MZ18-24A9, 

Miltenyi Biotec), αL integrin (PE/Cy7, HI111), αM integrin (FITC, ICRF44), β7 integrin 

(PerCP/Cy5.5, FIB27), β1 integrin (AF647, TS2/16), β2 integrin (PerCP/Cy5.5, 

TS1/18), CCR2 (BV605, ICO36C2, all Biolegend), GPR15 (AF405, FAB3654V, 

Novus Biologicals), CD3 (FITC, OKT3, Biolegend), CD19 (FITC, LT19, Miltenyi 

Biotec) and CD56 (FITC, HCD56, Biolegend) or appropriate isotype control 

antibodies. For experiments with directly labeled vedolizumab, an AF647-labeling kit 

(ThermoFisher) was used to label vedolizumab.  

For fluorescence activated cell sorting (FACS)-based isolation of classical and non-

classical monocytes from the peripheral blood, PBMCs were incubated with specific 

antibodies against CD14, CD16 and CD56 (as above), CD3 (VioGreen, REA613) and 

CD19 (VioBlue, LT19, both Miltenyi Biotec). 

For analysis of integrin expression on mouse peripheral blood monocytes, peripheral 

blood was taken from the facial vein and stained with CD11b (APC, M1/70), Ly6G 

(PerCP/Cy5.5, 1A8, both Biolegend), CX3CR1 (PacBlue, SA011F11), α4 integrin 

(FITC, R1-2) and β7 integrin (PE, FIB27, all Biolegend), fixable Viability Dye efluor 

506 (eBioscience).  

Samples were fixed with FoxP3/Transcription Factor Staining Buffer Set 

(eBioscience). Analyses were performed on LSR Fortessa (BD) and MACSQuant 

(Miltenyi Biotec) instruments. 

 



Histology 

Mouse colonic cryosections were H/E-stained and subsequently analyzed by bright-

field microscopy (Leica DM6000B).  

 

Immunohistochemistry 

Human colonic cryosections were fixed with 4 % PFA and subsequently treated with 

Avidin/Biotin-Blocking-Kit (Vector Laboratories) as well as with protein blocking 

reagent (Roth), BSA and goat serum. Slides were incubated with primary antibodies 

against CD14 (MCA2185, BioRad, 61D3, eBioscience and polyclonal, Novus 

Biologicals), CD163 (5C6-FAT, Novus Biologicals and EPR19518, abcam), 

αL/CD11a (EP1285Y, abcam), α4 (polyclonal, Thermo Scientific) and β7 integrin 

(9D8, Genentech). Secondary detection was performed by incubation with goat anti-

rabbit Cy3 (Merck), goat anti-mouse AF488 (abcam) or biotinylated goat anti-mouse 

antibodies (Vector Laboratories) followed by Dylight488-Streptavidin (Biolegend).  

Mouse colonic cryosections were similarly fixed and blocked and subsequently 

incubated with primary antibodies against F4/80 (BM8, Biolegend), CD68 (polyclonal, 

abcam), CD86 (GL-1, Biolegend), iNOS (polyclonal, abcam), CD163 (TNKUPJ, 

Thermofisher), CD206 (polyclonal, abcam) and Arginase-1 (polyclonal, Novus 

Biologicals). For single stainings, secondary antibodies were goat anti-rabbit Cy3 

(Merck) or goat anti-rat biotin (Biolegend) followed by streptavidin-Cy3 (Biolegend) or 

the TSA Cyanine 3 System (Perkin Elmer). On slides treated with this system, an 

additional blocking step with H2O2 to block internal peroxidases was performed. Prior 

to staining for CD68 and CD206 slides were permeabilized with 0.1 % triton X. Nuclei 

were counterstained with Hoechst (Life Technologies). For double stainings, goat 

anti-rabbit AF488 (Invitrogen) and goat anti-rat biotin followed by streptavidin-Cy3 

(both Biolegend) were used for detection. 



The samples were analyzed with fluorescence (Leica DM6000B) and confocal 

microscopy (Leica SP8) at 40x magnification. For quantification, single and/or double 

positive cells in at least three high power fields were counted. For analysis of marker 

expression in intestinal wound healing, fields of view directly adjacent to the lateral 

and inferior wound edges were selected to ensure to ensure that only peri-lesional 

tissue only was included into the analyses. In most cases, these images included 

around 85 % or the peri-lesional area. 

 

Dynamic adhesion assays 

Miniature glass capillaries (Vitrocom) were coated with the addressins vascular cell 

adhesion molecule (VCAM)-1 and MAdCAM-1, connected to plastic tubing and 

blocked with 5 % BSA. Then, CD14+ monocytes isolated with magnetic beads or 

FACS-sorted CD3-CD19-CD56-CD14+CD16- classical monocytes (CLM) and CD3-

CD19-CD56-CD14-CD16+ non-classical monocytes (NCM) were stained with 

CellTrace CFSE (ThermoFisher), incubated with or without 10 µg/ml of the anti-α4β7 

integrin antibody vedolizumab (Takeda), or the anti-α4β1 integrin antibody 

natalizumab (Biogen) and then perfused through the capillaries using a peristaltic 

pump. After three minutes perfusion capillaries were rinsed to remove all non-

adhering cells and then imaged at Leica Inverted Microscope (DMi8) with 20x 

magnification. Cells on eight high power fields were quantified for each capillary, 

 

Mice 

C57BL/6 (WT), C57Bl/6-Itgb7<tm1Cgn>/J (β7-/-) and B6.129S7-Rag1<tm1Mom>/J 

(Rag1-/-) mice were housed in individually ventilated cages and used for experiments 

according to approval of the Government of Lower Franconia. 

 



In vivo gut homing of monocytes 

In vivo monocyte gut homing experiments were performed as recently described for 

lymphocytes [1]. Briefly, bone marrow was isolated from mice by removing the skin 

and the muscles from the hind limbs and disarticulating the leg at the hip joint. Then, 

the proximal and the distal ends of each bone were cut to get access to the shafts 

and the bone marrow. Bone marrow was extracted by flushing the bones with warm 

medium (RPMI + 10 % FCS + 1 % P/S) with a 27 3/4G needle through a 70 µm nylon 

strainer. Bone marrow was cultivated with recombinant mouse M-CSF (Miltenyi 

Biotec) for three days. The cell suspension was stained with antibodies against 

CD115 (BV605, AFS98), Ly6C (FITC, Hk1.4) and CX3CR1 (PacBlue, SA011F11, all 

Biolegend) and FACS-purified to CD115+Ly6ClowCX3CR1high non-classical 

monocytes and CD115+Ly6ChighCX3CR1low classical monocytes. These monocyte 

subsets were stained with CFSE or CellTrace FarRed (Thermo fisher) and injected to 

the ileocolic arteria of C57BL/6 mice together with 300 µg anti-α4β7 antibody 

(DATK32, BioXCell) or IgG isotype (Sigma) as well as Hoechst dye and TexasRed 

Dextran (Life technologies) for cell and vessel counterstaining, respectively. 

Monocyte homing to the gut was analyzed by intravital confocal microscopy (Leica 

SP8) and, after one hour, LPMCs were isolated for subsequent flow cytometry.  

For analysis of gut homing by light sheet fluorescence microscopy, vessels were 

stained with specific anti-CD31 antibodies (AF594 or AF647, MEC13.3, Biolegend) 

and bone-marrow derived NCMs labelled with CellTrace FarRed or CellTrace Yellow 

(Thermo fisher). After 1 h mice were perfused with ice cold 5mM PBS-EDTA followed 

by perfusion with ice cold 4 % PFA. Colon samples of up to 1 cm were subsequently 

post-fixed for additional 2 h at 4°C before dehydration using an ascending ethanol 

dilution series at 4 °C. Finally specimens were optically cleared with ethyl cinnamate 

(Sigma) at room temperature as described elsewhere [2]. Samples were imaged with 



the Ultramicroscope II (LaVision BioTec). Images were taken with 2x magnification 

for overview stacks and 6.4x magnification for detail stacks, 0.042 numerical 

aperture, a dynamic focus of 3 and 5 µm and 2 µm z-steps for overview and detail 

stacks, respectively. 3D reconstruction was performed using Imaris 9.0.2 software 

(Bitplane). 

Expression of α4β7 on monocyte was determined by staining of bone marrow 

cultures with the above mentioned antibodies against CD115, Ly6C, CX3CR1 and 

α4β7 labeled with an AF647-antibody labeling kit (Thermo fisher). 

Intravascular vs. intraparenchymal localization of transferred cells was determined by 

i.a. injection of bone marrow-derived cells labelled with CellTrace FarRed into WT 

mice. After 45 min, CFSE was injected i.v. to the tail vein. The experiment was 

terminated after additional 15 min. At that time, blood was drawn and LPMCs were 

isolated. Whole blood and LPMCs were subsequently analyzed by flow cytometry for 

co-expression of CFSE in CellTrace FarRed+ cells. 

 

In vivo wound healing model 

In vivo wound healing was assessed as previously described [3]. In brief, mice were 

anesthetized with isoflurane. Colonoscopy was performed with a mini-endoscopy 

system (Karl Storz). Using a biopsy forceps, wounds were inflicted to the mucosa and 

subsequently followed up for seven days by endoscopy. Where indicated, mice were 

treated daily either with 100 µg anti-α4β7 integrin antibody or IgG isotype control 

antibody. Wound diameters were measured with ImageJ and related to the initial 

wound diameter.  

For immunohistochemistry analyses, wound areas were obtained at the indicated 

time points and frozen and cut in OCT compound. 

 



Latex bead in vivo assays 

Labeling of non-classical monocytes in vivo was performed as previously described 

[4]. In brief, mice were injected with 250 µL of Fluoresbrite® Polychromatic Red latex 

beads (0.5 µm, diluted 1:25 in sterile PBS, Polysciences) intravenously via the tail 

vein one day prior to endoscopy-guided multiple colon wounding as described above. 

Immediately before, labeling efficiency was checked by flow cytometry of full blood 

collected from the facial vein. Five days later, monocyte fate was determined by 

selective isolation of LPMCs from regions of wounded intestine and staining with 

antibodies specific for F4/80 (APC/Cy7 or BV421, BM8, Biolegend), CD206 (PE/Cy7, 

C068C2, Biolegend), CD163 (PerCP-eFluor 710, TNKUPJ, eBioscience), Arg1 

(FITC, IC5868F, R&D Systems) and iNOS (APC, REA1982, Miltenyi). 

 

Statistics 

Statistical analyses were performed with GraphPad Prism5 (GraphPad Software). In 

case two independent groups were compared, student’s T-test was used. For three 

or more groups, One-way ANOVA with Newman-Keuls post-hoc testing was 

performed. Grouped data were analyzed with 2-way ANOVA and Bonferroni post-hoc 

comparison. Levels of significance are indicated by asterisks (* p < 0.05, ** p < 0.01, 

*** p < 0.001). Graphs show means with SEM indicated by error bars. 
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