SUPPLEMENTAL MATERIAL

Detailed methods

Immunization and generation of a Nanobody phage display library

100 g of either recombinant mouse or human VCAM1/Fc chimera protein (RnD Systems, Minneapolis, MN; resp. # 643-VM and 862-VC) was resuspended in 500 l Phosphate-buffered Saline (PBS), mixed with 500 l Gerbu adjuvant (LQ#3000, GERBU Biotechnik GmbH, Heidelberg, Germany) and injected s.c. in a camel (Camelus dromedarius) that was housed in the Central Veterinary Research Laboratories (CVRL, Dubai, United Arab Emirates). Mouse VCAM1 protein was injected on days 0, 14 and 28 and human VCAM1 protein on days 7, 21 and 35. On day 39, 30 mL anti-coagulated blood was drawn from the jugular vein and diluted with an equal volume of 0.9% (w/v) NaCl. Peripheral Blood Lymphocytes were isolated using Leucosep tubes (Greiner Bio-One, Monroe, NC) and total RNA was extracted using Trizol reagent (Invitrogen, San Diego, CA), both according to manufacturer's instructions.

20 g of total RNA was mixed with 2.5 µg of oligo-dT12-18 and converted into cDNA using the Superscript II Reverse Transcriptase system (Invitrogen, San Diego, CA). Total cDNA is used as template for a primary PCR reaction with primers CALL001 (5’-GTCCTGGCTGCTCTTCTAC

AAGG-3’) and CALL002 (5’-GGTACGTGCTGTTGAACTGTTCC-3’) using the FastStar Taq DNA polymerase system (Roche, Basel, Switzerland). The CALL001 primer anneals to the template strand of leader-signal sequences of both camelid VH and VHH genes, whereas the CALL002 primer anneals to the coding strand of CH2-sequence of camelid IgG. The 700-750 bp DNA fragment (amplicon from heavy-chain-only antibodies) is extracted from a 1% (w/v) agarose gel using the Gel Extraction Kit (Qiagen, Hilden, Germany), avoiding the 1000 bp DNA fragment (amplicon from conventional antibodies), and is used as template for a nested PCR reaction with primer A6E (5'-GATGTGCAGCT

GCAGGAGTCTGGRGGAGG-3', R is A or G, PstI restriction enzyme site is underlined) and primer 38 (5'- GGACTAGTGCGGCCGCTGGAGACGGTGACCTGGGT-3', NotI restriction enzyme site is underlined). The A6E primer anneals at the template strand for the first 10 codons and primer 38 at the template strand for the last 7 codons of VHH or Nanobody. The resulting circa 400 bp DNA fragment is digested with restriction enzymes PstI and NotI (Roche, Basel, Switzerland), and ligated into the pHEN4 vector 1 using T4 DNA ligase (Fermentas, Burlington, Canada). The pHEN4 vector is a pUC-derived phagemid with an F1 origin of replication and an ampicilin-resistance gene, where Nanobody expression is driven from a Plac promoter, induced by Isopropyl-β-D-thiogalactopyranoside (IPTG). The Nanobody sequences are ligated in frame and downstream of a pelB leader signal sequence, and upstream of a hemagglutinin (HA) tag and the gene III from M13 bacteriophage. The pelB leader sequence ensures directing the Nanobody-fusion protein to the periplasmic region of E. coli.

The whole pHEN4-Nanobody ligation product is electroporated into electrocompetent E. coli TG1 cells using the Gene Pulser electroporation instrument (BioRad, Richmond, CA) and 0.1 cm electroporation cuvettes, plated out on Luria-Broth (LB) solid agar supplemented with 0.1% (w/v) glucose and 100 g/mL ampicillin (LB/AMP/GLU agar) and grown overnight at 37°C. Bacterial colonies were collected by scraping in liquid LB medium to obtain the anti-VCAM1 Nanobody immune library of about 108 transformants.

A general step-by-step protocol to generate a Nanobody immune library is also described elsewhere 2.
Phage display and biopaning of the anti-VCAM1 Nanobody phage display library.

2×1010 cells from the anti-VCAM1 Nanobody immune library were inoculated in 300 mL 2xTY medium supplemented with 0.1% (w/v) glucose and 100 g/mL ampicillin (2xTY/AMP/GLU) and grown at 37°C until the exponential phase. 5×1011 M13KO7 helper phages were added to infect bacterial cells. After overnight growth in 2xTY medium supplemented with 100 g/mL ampicillin and 70 g/mL kanamycin (2xTY/AMP/KAN), the library of phage-displayed Nanobodies is generated. Virions are harvested from the bacterial culture medium via precipitation: bacterial cultures were centrifuged for 30 min at 4°C at 2200×g, supernatant was collected and mixed with a final concentration of ice-cold 3% (w/v) polyethylene glycol 6000 and 400 mM NaCl (PEG/NaCl). After 30 min incubation on ice, precipitates were centrifuged at 4°C for 30 min at 2200×g, supernatant was removed completely, and virions were resuspended in 1 mL PBS. OD260nm of a 50-fold dilution of the virion solution was measured and the phage titer was calculated using the following formula:

1 OD260nm = 1.5×1013 phage particles per mL. The phage particle concentration was adjusted to 2×1012/mL in PBS and used for subsequent biopanning.
As a first step in the biopanning protocol, 100 µL of either mouse or human recombinant VCAM1/Fc chimeric protein at 100 µg/mL in 100 mM NaHCO3 was immobilized overnight at 4°C into one well of a Maxisorb 96-well microtiter plate (NUNC, Rochester, NY) and overcoated with 2% (w/v) skimmed milk powder in PBS for 1h at room temperature. 1011 Nanobody-displaying virions were added for 1h at room temperature and unbound phages were washed away with PBS + 0.05% (v/v) Tween-20 (PBS/Tween). Bound phages were eluted using 100 l 100 mM Triethylamine (Sigma-Aldrich, St. Louis, MO) and neutralized in 100 µL 1 M Tris-HCl, pH 7.4. Harvested phages were re-amplified by infection of exponentially growing E. coli TG1 cells overnight at 37°C in the presence of 109 M13KO7 helper phages in 2xTY/AMP/KAN medium. Amplified virions were collected by precipitation, as described before. The biopanning procedure is then repeated for multiple rounds of selection on either mouse or human recombinant VCAM1/Fc chimeric protein. Three types of biopannings were performed: (i) multiple rounds of selections on mouse VCAM1 recombinant protein only; (ii) multiple rounds of selections on human VCAM1 recombinant protein only; (iii) multiple rounds of selections, alternatingly on mouse or human VCAM1 recombinant protein.

A general step-by-step protocol to biopan a phage-displayed Nanobody library is also avaliable elsewhere 2.
Anti-VCAM1 Nanobody selection procedure

After each round of biopanning on VCAM1 recombinant protein, 10 l of a tenfold dilution series of eluted bacteriophages were allowed to infect 90 l of exponentially-growing E. coli TG1 cells, which were then plated on LB/AMP/GLU agar and grown overnight at 37°C. Isolated colonies were picked, transferred to a reference LB/AMP/GLU agar plate and inoculated in 1 mL Terrific Broth (TB) medium supplemented with 100 g/mL ampicillin (TB/AMP). After 6h of growth at 37°C with gentle shaking, expression of Nanobody/HA-tag/bacteriophage protein 3 fusion protein was induced by addition of a final concentration of 1 mM Isopropyl-β-D-thiogalactopyranoside (IPTG, Duchefa Biochemie, Haarlem, The Netherlands) overnight at 37°C. The Nanobody fusion protein was extracted from the bacterial periplasm via cold osmotic shock. Therefore, bacteria were pelleted for 15 min at 2200×g and gently shaken for 30 min in 200 µL TES (0.2 M Tris-HCl pH 8.0, 0.5 mM EDTA, 0.5 M sucrose). Then, 300 µL of fourfold-diluted TES is added and again shaken for 30 min at 4°C. Bacteria were pelleted as before and supernatant was harvested. The Nanobody-fusion protein in this periplasmic extract was assessed for VCAM1-binding in two assays: (i) in ELISA to bind to mouse and/or human recombinant protein; (ii) using flow cytometry to bind to mouse endothelial cells stimulated to express VCAM1 protein.
ELISA. 100 µL of mouse VCAM1/Fc, human VCAM1/Fc and HER2/Fc recombinant protein (as irrelevant control Fc fusion protein; RnD Systems #1129-ER) at 1 µg/mL in 100 mM NaHCO3 was immobilized overnight at 4°C into separate wells of a Maxisorb 96-well microtiter plate (NUNC, Rochester, NY). Non-immobilized antigen was removed and wells were overcoated (together with an uncoated well) with 2% (w/v) skimmed milk powder in PBS for 1h at room temperature. 100 l periplasmic extracts containing Nanobody-fusion proteins were added to each well for 1 h at RT. Nanobody binding was detected by sequential 1h incubations at room temperature with 1 g/ml anti-HA antibody (Covance, Emeryville, CA, #MMS-101R), 1 g/ml alkaline-phosphatase-coupled anti-mouse IgG antibody (Sigma-Aldrich #A3562) and AP blot buffer (100mM NaCl, 50 mM MgCl2 and 100 mM Tris-HCl pH 9.5) supplemented with 2 mg/ml phosphatase substrate (Sigma-Aldrich #P4744). Wells were washed 3 times with PBS + 0.05% (v/v) Tween-20 after overcoat, periplasmic extract, anti-HA antibody and anti-mouse IgG antibody additions. OD405nm values in each well were quantified on an Ultra Microplate reader (Biotek instruments, Winooski, USA). Nanobodies reaching OD405nm values on mouse and/or human VCAM1/Fc recombinant protein that were al least threefold higher than those obtained on both the control HER2/Fc-fusion protein and the uncoated well, were selected as potential anti-VCAM1 Nanobodies. A general step-by-step protocol to select antigen-specific Nanobodies via ELISA is also described elsewhere 2.
Flow cytometry. Flow cytometry was used to further assess whether the Nanobodies that were selected based upon the ELISA assay were able to specifically interact with the mouse VCAM1 receptor. To this end, the mouse brain-derived endothelial cell line bEND5 (ECACC, Salisburg, UK, #96091930) was cultured in DMEM medium supplemented with 10% fetal calf serum, 2 mM L-glutamine, 1 mM sodium pyruvate, 1 mM nonessential amino acids, 100 units/mL penicillin and 0.1 mg/mL streptomycin (all from Invitrogen). In 10 cm dishes, 4×106 cells were plated during 18h in 5 mL growth medium in the absence or presence of 10 ng/mL recombinant mouse Tumor Necrosis Factor alpha (mTNF, Peprotech, Rocky Hill, NJ, #315-01A), at 37°C in a humidified incubator with 5% CO2. mTNF-stimulated and non-stimulated bEND5 cells were collected by trypsinization, counted, and 105 cells from each condition were sequentially incubated on ice for 1h with 100 l periplasmic extract, for 1h with 1 µg anti-HA mAb (Covance, Emeryville, CA, #MMS-101R) and for 30min with 200 ng PE-labeled rat anti-mouse IgG1 (BD Biosciences, Erembodegem, Belgium; #550083), each time in 200 l final volume. Between each incubation step, cells were washed with 2.5 mL PBS + 1% (w/v) Bovine Serum Albumine (BSA, Sigma Aldrich, #A2153). As a control for VCAM1-stimulation, cells were similarly stained with 200 ng PE-labeled anti-mouse VCAM1 mAb (Abcam, Cambridge, UK; #ab34248). Nanobody-binding was measured on a FACS Canto II analyzer (BD Biosciences, Franklin Lakes, USA) and data were analyzed with FlowJo software (TreeStar, Ashland, USA). Nanobodies that showed an increased fluorescent signal on TNF-stimulated bEND5 cells but not on unstimulated bEND5 cells were selected for further study. 

pHEN4 plasmids containing Nanobodies of interest were purified using the plasmid miniprep kit (Qiagen) and sequenced with the universal primer M13-R (5'-GGATAACAATTTCACACAGG-3'). Aminoacid sequences of all anti-VCAM1 Nanobodies were aligned using the ClustalW algorithm 3. 

Nanobody production and purification

Nanobodies of interest were re-cloned into the expression plasmid pHEN6 
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. This plasmid is derived from the pHEN4 plasmid in which the carboxy-terminal HA-tag is replaced by a hexahistidine-tag (His-tag) and the M13 bacteriophage gene III is removed. To this end, Nanobody-encoding DNA fragments were digested out of purified pHEN4 plasmids using restriction enzymes NcoI and BstEII (Fermentas), separated from plasmid DNA on 1% (w/v) agarose gel and extracted using the Gel Extraction Kit (Qiagen). The same assay is performed on empty pHEN6 plasmid, but here NcoI/BstEII-digested plasmid is gel-extracted. Digested Nanobody DNA fragments and pHEN6 plasmids were ligated using T4 DNA ligase (Roche) and electroporated into E. coli WK6 cells, as described before. Electroporated cells were plated on LB/AMP/GLU agar plates and grown overnight at 37°C. On the resulting transformants, colony PCR is performed with plasmid-specific primers M13-R (5'-GGATAACAATTTCACACAGG-3') and M13-F (5'-GTAAAACGACGGCCAGT-3') and the Taq DNA Polymerase system (Roche). Colony PCR products were separated on 1% (w/v) agarose gels to discriminate bacterial clones with Nanobody-containing plasmids (circa 600 bp amplicon) from those with empty plasmids (circa 200 bp amplicon). Correct re-cloning in pHEN6 plasmid was finally confirmed by sequencing the plasmids, as described before.

His-tagged Nanobodies, encoded by the recombinant pHEN6 plasmids, were produced by bacteria as periplasmic proteins and were purified from bacterial cultures in three steps: (i) Osmotic shock; (ii) Immobilized Metal Affinity Chromatography (IMAC); (iii) Size Exclusion Chromatography (SEC);

First, a single colony of E.coli WK6 cells containing the recombinant pHEN6 plasmid with the Nanobody of interest was inoculated in 15mL Luria-Broth (LB) medium supplemented with 100 g/mL ampicillin (LB/AMP) and this starter culture was shaken overnight at 37°C. The next day 1 mL of starter culture was inoculated into 330 mL Terrific Broth (TB) medium supplemented with 100 g/mL ampicillin, 0.1% (w/v) glucose and 2mM MgCl2 (TB/AMP/GLU/MG) in baffled shake flasks and shaken at 37°C until OD600nm 0.6-0.9 was reached. Nanobody expression was induced by adding 330 µL 1M IPTG and shaken overnight at 28°C. Next day, induced cultures were centrifuged at 11300×g for 8 min at 4°C. Cell pellets were resuspended in 4 mL TES (0.2 M Tris-HCl pH 8.0, 0.5 mM EDTA, 0.5 M sucrose) until no bacterial clumps were visible and shaken on ice for 1h. Next, 8 mL fourfold-diluted TES (TES/4) was added to the cell suspension and shaken for at least 2h on ice. Bacteria were pelleted at 4°C for 30 min at 11300×g and supernatant (i.e., the periplasmic extract) was collected.

Nect, IMAC was performed. Therefore, 1mL of His-Select Nickel affinity gel (Sigma-Aldrich, 15mg Nanobody-capturing capacity per mL gel) was added to the periplasmic extract derived from 1L bacterial culture and gently agitated for 30min at room temperature. An empty PD-10 column was fitted with a frit (white filter), periplasmic extract with HIS-Select resin was poured into the column and allowed to drain by gravity. The HIS-Select adsorbent was washed with about 20 volumes of PBS and allowed to drain by gravity, until the OD280nm of the wash eluate was close to zero. The His-Select-bound Nanobody was eluted by adding 5 column volumes of PBS/imidazole (500mM imidazole (Sigma-Aldrich) in PBS, adjusted to pH 7.5 with HCl).

Finally, imidazole was removed and Nanobody was further purified by SEC. Therefore, the IMAC-eluate was run at 2 mL/min on a Superdex 16/600 column, connected to an AKTA Express system (GE Healthcare, Little Chalfont, UK), with PBS as a mobile phase. Nanobody fractions, from which the peak typically elutes after approximately 90 mL running buffer, were collected and pooled. If necessary, purified Nanobodies were further concentrated using Vivaspin-15, 5000 MWCO HY concentrators (Sartorius) at 2000×g centrifugal speed. Nanobody concentration was ultimately adjusted to 1 mg/mL.

A step-by-step protocol to express and purify His-tagged Nanobodies, is also described elsewhere 5.
In vitro evaluation of unlabeled nanobodies

Flow cytometry. Flow cytometry on mTNF-stimulated bEND5 cells was performed as described above, except that 1g purified Nanobody was used instead of periplasmic extracts containing Nanobody-fusion protein, and anti-His mAb (AbD Serotec, Kiddlington, UK; #MCA1396) was used instead of anti-HA mAb.

Flow cytometry was also used to evaluate crossreactivity of purified nanobodies with the human VCAM1 receptor. Human umbilical vein endothelial cells HUVEC (Millipore, Temecula, CA, #SCCE001) were cultured in EndoGro basal medium with added EndoGro-LS supplements (Millipore, Temecula, CA, #SCME001). In T75 flasks, 4×106 HUVECs at passage 2 were plated during 12h in 15 mL growth medium in the absence or presence of 10 ng/mL recombinant human Tumor Necrosis Factor alpha (hTNF, Peprotech, Rocky Hill, NJ, #300-01A), at 37°C in a humidified incubator with 5% CO2. Cell harvest, nanobody and antibody stainings and flow cytometry analysis were identical as described for bEND5 cells, except that 250 ng PE-labeled anti-human VCAM1 mAb (RnDSystems, Minneapolis, MN; #FAB5649P) was used to demonstrate hVCAM1 induction by TNF. 
Thermal stability. Circular Dichroism (CD) measurements were performed with a J715 spectropolarimeter (Jasco, Tokyo, Japan) in the far-UV (205–250 nm) region, using a protein concentration of 0.166 mg/ml and 0.1 cm cell path length. A total volume of 300 l of each sample was heated in 50 mM phosphate buffer pH7.0. Heat-induced unfolding was monitored by increasing the temperature from 35°C to 95°C at a rate of 1°C/min, and recording the fluorescence intensity at 205 nm as a function of temperature. Data were acquired with a reading frequency of 1/20sec, a 1sec integration time, and a 2 nm bandwidth. Data analysis was performed assuming a two-state unfolding mechanism 6. Obtained Tm values (unfolding temperatures) are defined as the temperature at which half-maximal unfolding is observed.
Surface Plasmon Resonance (SPR)-based affinity evaluation. Nanobodies affinity for human and mouse VCAM1/Fc chimera recombinant proteins were determined by SPR analysis on a Biacore 3000 apparatus. Recombinant mouse ICAM1/Fc chimera (RnD Systems, #720-IC) was used as a negative control. The surface of a CM5 sensor chip (Biacore, Uppsala, Sweden) was activated with 100 mM N-hydroxysuccinimide (NHS) and 400 nM 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC). Recombinant proteins, diluted to 4 g/mL in 10 mM sodium actetaat pH 4.5 were fixed on the activated surface of three flow channels on the same chip, each to 1400(53 response units (RU). Non-occupied reactive sites were blocked with 1M ethanolamine hydrochloride-NaOH, pH 8.5.

A 2-fold dilution series of nanobodies from 50 to 1nM in PBS + 0.005% Tween-20 were tested. We used a flow rate of 20 l/min for all phases, at a temperature of 25°C. Binding and dissociation phases occurred for 180 sec. After each series of binding and dissociation phases, chips were regenerated by two cycles of 10 µl 20 mM glycine-HCl pH2.0 without loss of RU signals. Association rate constants (ka), dissociation rate constants (kd), and equilibrium dissociation constants (KD) were obtained by fitting sensograms using a 1:1 standard association model fit (BIAevaluation software).
Epitope competition using SPR. SPR was used to determine which nanobodies compete for the same epitope. This was assessed on the flow channel containing immobilized recombinant mouse VCAM1/Fc chimera. The same general running conditions were used as described above.

First, a nanobody at 1 M concentration is injected for 240 sec and allowed to reach saturating RU signal. Immediately thereafter a mixture of the same Nanobody with the competing Nanobody (both at 1 M) is injected, again for 240 sec. This procedure is performed for each combination of two Nanobodies, and in both directions. Sensograms were interpreted visually. Increase in RU signal after addition of the mixture indicates that both nanobodies bound to a different epitope, while if the nanobodies recognized the same epitope no increase was observed in the sensorgram.
Radiolabeling and HPLC assessment of in vitro and in vivo stability

Nanobodies were radiolabeled site-specifically at their hexahistidine-tag with 99mTc using the tricarbonyl-method 
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. First, [99mTc(H20)3(CO)3]+ (99mTc-tricarbonyl) was synthesized by adding 1 mL of 99mTcO4- solution (99Mo/99mTc generator eluate; 0.74-3.7 GBq; Drytec(; GE Healthcare, Piscataway, NJ) to an Isolink( kit (Covidien, St Louis, MO) containing 4.5 mg of sodium boranocarbonate, 2.85 mg of sodium tetraborate.10H2O, 8.5 mg of sodium tartrate.2H2O, and 7.15 mg of sodium carbonate, pH 10.5. The vial was incubated at 100°C in a boiling bath for 20 min. The freshly prepared 99mTc-tricarbonyl was allowed to cool at room temperature for 5 min and then neutralized with 125 L of 1 M HCl to pH 7.4. 500 l 99mTc-tricarbonyl was added to 50 L of 1 mg/mL hexahistidine-tagged Nanobody and 50 μl of 50mM carbonate buffer pH 8.0, and this mixture was incubated for 90 min at 50°C in a water bath. Generally, the labeling efficiency was determined by instant thin-layer chromatography (ITLC) on silica gel impregnated glass fiber sheets (Pall life Science, New York, NY) in acetone as mobile phase and analyzed using a VCS-201 radiometric chromatogram scanner (Veenstra Instruments, Joure, The Netherlands). The 99mTc-Nanobody solution was further gelfiltrated on Sephadex G25 disposable columns (NAP-5; GE Healthcare, Piscataway, NJ) in PBS and passes through a 0.22 (m Millex( filter (Millipore, Bedford, MA) to eliminate possible aggregates.

A detailed protocol to label hexahistidine-tagged Nanobodies using the tricarbonyl method is also described elsewhere 8.
Radiochemical purity was also assessed immediately after labeling, after 6h at 20°C in PBS and in mouse blood 3h post-injection (p.i.). In the latter case, 100µL sampled whole blood was centrifuged and plasma was filtered using a Nanosep 10kDa Omega Membrane (Pall life Science, New York, NY). Radiochemical purity was determined by RP-HPLC using a C4 column (Symmetry 300 C4 3.5µm. 4.6mm x 150mm) eluted at 1 mL/min with the following Acetonitrile/Trifluoroacetic acid (ACN/TFA) gradient mobile phase: 0-5min: 5% solvent B; 5-20min: 5%-60% solvent B; 20-25min: 60% solvent B; 25-30min: 60%-5% solvent B, where solvent A = 0.1% (v/v) TFA in water and solvent B = 0.1% (v/v) TFA, 90% (v/v) ACN. Radioactivity was monitored using a radiodetector (γ-RAM Model 4, LabLogic).

In vitro evaluation of 99mTc-labeled nanobodies

bEND5 cells were cultured as described above. 250x103 cells were plated in 1 mL medium in 24-well plates for 18h in the presence of 10ng/ml TNF. Culture medium was removed, and 5 nM of each 99mTc-nanobody in 0.5mL PBS + 1% (w/v) Human Serum Albumine (HSA) was added for 1.5h at 37ºC. Non-stimulated cells and empty wells were used as controls. Competition studies with a 500-fold excess of unlabeled nanobody were conducted to assess the specificity of the binding. Unbound activity was removed by washing 5 times with 1mL ice-cold PBS + 1% (w/v) HSA. Bound 99mTc-nanobody was collected after dissociation with 1mL 1M NaOH and counted in a gamma-counter (Cobra II Inspector 5003, Canberra Packard, Waltham, MA). Experiments were performed in triplicate. Nonspecific binding to the well was subtracted, and results were normalized to the TNF-negative condition.
Animal model and processing of aortas

All animal experiments were approved by the Grenoble Research Center of the Army Health Services (CRSSA) committee. 35±2 week-old ApoE-/- and control female mice were used (Charles-River, France). ApoE-/- mice (n=47) were fed a western diet containing 0.25% cholesterol for 18 weeks (Safe, France), whereas control C57Bl/6J mice (n=15) remained on a standard chow diet. Each anti-VCAM1 nanobody was evaluated in 3 ApoE-/- mice except cAbVCAM1-5 (n=6), which was also further evaluated in control C57Bl/6J mice (n=4). cAbBcII10 was evaluated as a negative control in both ApoE-/- (n=4) and control mice (n=5). Two hours following 99mTc-radiolabeled nanobody administration (67±4 MBq i.v.) the mice were anesthetized using 2% isoflurane (Baxter) and SPECT/CT acquisition was performed (nanoSPECT, Bioscan, see below). Mice were euthanized by an overdose of sodium pentobarbital (CEVA) and aortas were carefully harvested along with major organs. Aortas were cleansed free from adherent tissues in 10% formalin and cut into 12 segments from the ascending aorta to the iliac bifurcation. A lesion-extension index was attributed to each segment as shown in supplemental Fig. 1: (-) no lesion (control segments), (+) lesion covering up to 50% of the arterial segment length, (++) lesions covering >50% of the arterial segment length and (+++) lesions extending over the whole segment length. Aortic segments and tissue samples were weighed and their activity was determined by gamma-well counting (Cobra II, Packard). Results were corrected for background and decay and expressed as a percent of injected dose per gram of tissue (%ID/g). Aortic lesion and control uptakes were defined as the average uptake in all segments ranked (+++) or (-), respectively. Lesion-to-control, lesion-to-blood and lesion-to-heart ratios were also determined. 

Adjacent 20- and 8µm-thick cryosections were obtained from all twelve aortic segments for micro-autoradiography imaging (BASS-5000, Fujifilm) and immunohistological VCAM1 staining, respectively.

Competition. A competition experiment was conducted to further investigate the specificity of 99mTc-cAbVCAM1-5 binding in vivo in ApoE-/- mice. Biodistribution of 99mTc-cAbVCAM1-5 (5µg) was assessed in vivo by SPECT/CT imaging and ex vivo by gamma-well counting (n=4), in comparison to that obtained following co-injection with a 100 fold (500µg) excess of unlabeled cAbVCAM1-1 competitor nanobody (n=6). Results were expressed in %ID/g.
Pharmacodynamics. A subgroup of C57Bl/6J mice was used to evaluate 99mTc-cAbVCAM1-5 pharmacodynamics in major organs using dynamic SPECT/CT imaging from 0 to 180min following injection (86.1±28.0 MBq) (n=3). Results were expressed as %ID/cm3.

Blood kinetics. 99mTc-cAbVCAM1-5 blood clearance was assessed in 3 C57Bl/6 mice by collecting blood samples at several time points after injection. Results were expressed as %ID in total blood volume (%ID/TBV).

Histology and Immunohistology
Histology. Standard trichrome HES staining (Haematoxylin, Erythrosine, Safran) for nuclei, cytoplasm and fibrosis staining was performed on frozen sections. 

Immunohistology. VCAM1 staining in atherosclerotic lesions was performed using a goat anti-VCAM1 antibody (Sc-1504, Santa-Cruz Biotechnology). PBS/SFG 0.5% (Skin Fish Gelatin, Sigma) buffer was used for the washing steps, and 10% donkey serum in PBS-SFG 0.5% buffer for the blocking step and for antibody incubation steps. This staining was performed on frozen sections. The slices were fixed in acetone for 10 min at -20°C. Blocking of endogenous peroxidases was performed using 0.45% H2O2 for 15 min in deionised water. A commercial Avidin/Biotin blocking kit was used (Vector Laboratories). Following a one hour blocking step at room temperature, the primary antibody was then applied overnight on the tissue sections at 4°C (0.5µg/ml). A 1 hour incubation with a biotinylated donkey anti-goat secondary antibody (Jackson ImmunoResearch) was then performed. DAB was used as the chromogen (Vector Laboratories) and the sections were counterstained with haematoxylin (Sigma). Following dehydratation in ethanol (3 x 5min) and xylene (2 x 5min), the slides were mounted in organic medium (Vector Laboratories). Staining specificity was assessed by omitting the primary antibody on control slices. In a subset of ApoE-/- and control mice, VCAM1 immunostaining was also performed on heart, muscle, salivary gland, liver, bone marrow, lymph node, spleen and thymus.

SPECT/CT imaging

Two hours following i.v. injection, anesthetized animals were placed in a temperature-controlled bed and whole-body SPECT/CT acquisitions were performed (nanoSPECT, Bioscan). The approximate CT acquisition time was 10 min, using the following acquisition parameters: 45kvp, 240 projections and 1000ms per projection. The helicoidal SPECT acquisition was performed with 4 heads equipped with 1mm-resolution multi-pinholes collimators (9 x 1.4mm diameter pinhole per head) using 24 projections and 45 min of acquisition. CT and SPECT acquisitions were reconstructed, fused and quantified using dedicated software (InVivoScope). SPECT scale was normalized to %ID to allow direct visual comparison between animals. Regions of Interest (ROIs) were drawn at the level of the aortic arch, left ventricle cavity and left ventricle wall for determination of arch-to-blood and arch-to-heart ratios.

Autoradiography

For each animal, autoradiographic images were obtained following overnight exposure of 3 sets of 20µm thick slices obtained at distinct levels of the 12 aortic segments. Images were quantified using dedicated software (Image Gauger, Fujifilm). ROIs were drawn around atherosclerotic lesions and control VCAM1-negative aortic wall. Results were corrected from background and expressed as average lesion-to-control ratios.
Supplemental Tables & Figures and Figure legends

	
	ApoE-/-

	 
	cAbVCAM1-1
	cAbVCAM1-2
	cAbVCAM1-3
	cAbVCAM1-4
	cAbVCAM1-5
	cAbVCAM1-6
	cAbVCAM1-7
	cAbVCAM1-8
	cAbVCAM1-9
	cAbVCAM1-10
	cAbBcII10

	Blood
	1.2±0.1*
	0.6±0.1
	0.6±0.0
	1.5±0.1*
	0.6±0.1
	0.4±0.1
	0.3±0.0
	0.6±0.1
	1.2±0.0*
	1.0±0.2*
	0.4±0.0

	Heart
	0.3±0.0
	0.4±0.1*
	0.4±0.0*
	1.1±0.0*
	0.3±0.1*
	0.2±0.0
	0.2±0.0
	0.3±0.1
	0.5±0.0*
	0.4±0.1
	0.2±0.0

	Lung
	3.2±0.6
	1.5±0.2
	3.2±0.5
	4.1±1.0*
	2.3±0.3*
	1.7±1.1
	1.3±0.2
	2.1±0.6
	2.5±0.1
	2.7±1.0
	1.0±0.2

	Liver
	2.2±0.2*
	2.0±0.1
	1.5±0.1
	8.3±0.7*
	1.8±0.3*
	0.8±0.1
	1.2±0.2
	3.1±0.6*
	2.4±0.2*
	4.0±0.4*
	0.7±0.0

	SM
	0.6±0.4
	0.1±0.0
	0.2±0.0
	0.2±0.0
	0.2±0.0
	0.2±0.1
	0.1±0.0
	0.2±0.1
	0.2±0.0
	0.2±0.0
	0.1±0.0

	Skin
	0.2±0.1
	0.3±0.1
	0.3±0.0
	0.9±0.5
	0.4±0.0
	0.3±0.0
	0.4±0.0
	0.6±0.2
	0.4±0.1
	0.4±0.1
	0.3±0.0

	Fat
	0.1±0.0
	0.1±0.0
	0.1±0.0
	0.2±0.0
	0.1±0.0*
	0.1±0.0
	0.1±0.0
	0.2±0.1
	0.1±0.0
	0.1±0.0
	0.1±0.0

	Brain
	0.0±0.0*
	0.1±0.0*
	0.1±0.0*
	0.2±0.0
	0.1±0.0*
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.1±0.0*
	0.0±0.0*
	0.0±0.0

	SG
	0.9±0.3*
	0.4±0.0
	0.5±0.0
	1.2±0.1*
	0.5±0.1*
	0.3±0.0
	0.5±0.1
	0.6±0.3
	0.6±0.1
	0.7±0.1
	0.2±0.0

	Pancreas
	0.3±0.1
	0.2±0.0
	0.3±0.0
	0.6±0.0*
	0.3±0.0*
	0.2±0.0
	0.2±0.0
	0.3±0.1
	0.4±0.0*
	0.3±0.1
	0.1±0.0

	Thyroid
	0.9±0.2
	0.5±0.2
	1.0±0.2
	1.5±0.2
	0.7±0.1
	1.0±0.6
	0.9±0.2
	1.1±0.4
	1.3±0.5
	1.4±0.1
	0.1±0.0

	Stomach
	0.6±0.0
	0.6±0.1
	0.6±0.0
	1.5±0.3*
	0.6±0.1*
	0.3±0.0
	0.5±0.1
	0.7±0.1
	0.7±0.0
	0.7±0.1
	0.4±0.1

	Bile
	0.9±0.2
	0.4±0.1
	1.7±1.0
	0.5±0.0
	0.7±0.2
	0.5±0.1
	0.9±0.1
	1.1±0.1
	---
	0.8±0.2
	0.4±0.1

	Intestine
	1.4±0.8
	0.5±0.1
	0.5±0.0
	0.7±0.4*
	0.5±0.1*
	0.3±0.1
	0.6±0.2
	0.5±0.1
	0.6±0.0
	0.5±0.1
	0.2±0.1

	Kidney
	125±13
	228±34
	303±68
	97±16*
	222±12
	207±31
	254±18
	315±33
	158±6
	304±32
	266±14

	Urine
	265±84*
	59±14
	96±35
	58±33
	83±15
	77±18
	92±25
	27±7
	98±12
	44±14
	41±10

	Spleen
	2.9±0.2
	8.0±0.3
	20.3±11.4*
	35.7±0.3*
	9.2±1.0*
	1.7±0.0
	1.6±0.1
	1.6±0.2
	8.0±1.2
	4.3±0.5
	0.4±0.0

	Thymus
	0.4±0.1
	0.7±0.1
	1.9±0.1*
	2.2±0.6*
	1.7±0.1*
	0.4±0.0
	0.5±0.0
	0.5±0.1
	1.5±0.2*
	0.9±0.2
	0.2±0.0

	BM
	2.6±0.3
	5.9±0.8
	13.7±5.6
	31.8±2.2*
	10.7±2.9*
	1.9±0.2
	2.6±0.1
	1.5±0.3
	7.0±0.8
	3.2±0.7
	1.0±0.7


Suppl. Table 1. Ex vivo biodistribution of 99mTc-labeled anti-VCAM1 nanobodies 3h post-injection in hypercholesterolemic ApoE-/- mice. Results are expressed as mean ± s.e.m. * P<0.05 vs. cAbBcII10. SM, skeletal muscle; SG, salivary glands; BM, bone marrow.
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Supplemental Figure 1. Processing of aortas.

Representative aortic samples with lesion-extension index rank ranging from (-) to (+++). (-) no lesion (control segments), (+) lesion covering up to 50% of the arterial segment length, (++) lesions covering >50% of the arterial segment length and (+++) lesions extending over the whole segment length.
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Supplemental Figure 2. Sensograms showing nanobody epitope competition using SPR.
Examples of nanobodies cAbVCAM1-2 not competing with cAbVCAM1-5 (A), and nanobody cAbVCAM1-1 competing with cAbVCAM1-5 (B) are shown. Competition of nanobody binding to immobilized mouse VCAM1/Fc recombinant protein was assessed using SPR. A lack of competition was demonstrated when the maximal response of an equimolar mixture of two nanobodies was equal to the sum of the maximal response obtained for each nanobody individually (A). Competition was demonstrated when binding of one nanobody to mVCAM1-Fc prevented full binding of the competing nanobody. In example (B), cAbVCAM1-5 completely blocked VCAM1-binding of subsequently added cAbVCAM1-1, while cAbVCAM1-1 inhibited ~75% of cAbVCAM1-5 binding. 
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Supplemental Figure 3. cAbVCAM1-5 organ & blood kinetics.

99mTc-cAbVCAM1-5 kinetics in control C57Bl/6J mice were determined using dynamic SPECT/CT imaging of the kidney, heart, lung, and liver (A-D).  In addition, 99mTc-cAbVCAM1-5 blood kinetics were also evaluated using serial blood sampling and gamma-well counting. 99mTc-cAbVCAM1-5 accumulated in kidneys and rapidly cleared from all other investigated tissues. At the time of imaging (i.e. 3 hours post-injection), 99mTc-cAbVCAM1-5 tissue activity was low, with only 0.7, 1.2, 1.5 %ID/cm3 and 0.6 %ID/TBV remaining in the heart, lung, liver, and blood respectively.
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Supplemental Figure 4. cAbVCAM1-5 autoradiography

Representative examples of cAbVCAM1-5 uptake in ApoE-/- mouse aortas. All 4 samples originate from the same animal, either from the abdominal (2 left) or thoracic aorta (2 right). Autoradiographic images were obtained on 10µm thick slices following an 18h exposure time (bottom row). Hematoxylin-erythrosin-saffron (HES) staining was performed on the same slices (top row), whereas VCAM1 immunostaining was performed on adjacent 8 µm-thick slices (middle row). cAbVCAM1-5 was taken up in atherosclerotic lesions and visually colocalized with VCAM1-positive areas (arrowhead).
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