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Abstract

Fourteen monoclonal antibodies with specificity against native or recombinant antigens within the S100 family were investigated with regard to immunoreactivity. The specificities of the antibodies were studied using Elisa tests, Western blotting epitope mapping using competitive assays and QCM technology. The mimotopes of antibodies against S100A4 were determined by random peptide phage display libraries. Antibody specificity was also tested by IHC and pair combinations evaluated for construction of immunoradiometric assays for S100B. Out of the 14 antibodies included in this report eight demonstrated specificity to S100B, namely MAbs 4E3, 4D2, S23, S53, 6G1, S21, S36 and 8B10. This reactivity could be classified into four different epitope groups using competing studies. Several of these MAbs did display minor reactivity to other S100 proteins when they were presented in denatured form. Only one of the antibodies MAb 3B10, displayed preferential reactivity to S100A1, however, it also showed partial cross-reactivity with S100A10 and S100A13. Three antibodies, MAbs 20.1, 22.3 and S195 were specific for recombinant S100A4 in solution. Western blot revealed that MAb 20.1 and 22.3 recognized linear epitopes of S100A4, while MAbS195 reacted with a conformational dependent epitope. Surprisingly MAb 14B3 did not demonstrate any reactivity to the panel of antigens used in this study. 
Introduction

    Under the auspice of ISOBM (International Society of Oncology and Biomarkers) twelve TD-workshops have taken place. These were instigated to characterize panels of monoclonal antibodies reactive to tumor related antigens with clinical utility as serological markers. 

In this report the specificity of 14 monoclonal antibodies against members of the S100 family has been determined with primary focus on those towards S-100B.

    The S100 protein family are small acidic, glycosylated proteins (10-12kDa) found exclusively in vertebrates. The family of S100 proteins comprise at least 25 members and is the largest group of EF-hand Ca2+ binding proteins in humans [1]. The nomenclature and classification of S100 proteins according to Schafer et al is used in this report [2].

S100B was originally isolated from human brain and considered to be brain specific [3]. The S100 proteins are expressed in many tissues and although none is completely organ specific some degree of tissue association for members may be found. 

    The three dimensional structure of several members reveals a dimeric structure consisting of two EF-hand Ca2+ binding motifs per monomer. Calcium binding causes a conformational change with exposure of hydrophobic surfaces, making it possible for the S100 proteins to interact with a variety of other proteins. The S100 proteins have the unique property to appear both as homo- or hetero-dimers, a fact that makes the biological interactions more complex, and significant efforts have been made to elucidate the biological role these proteins play. More than 90 potential target proteins have been documented for the S100 proteins [1]. Within cells, most of the S100 proteins exist as antiparallel packed homodimers, capable of crossbridging two homologous or heterologous S100 proteins in a usually Ca2+ dependant manner. The proteins within the S100 family have been proposed to exert a number of intracellular and extracellular roles in the regulation of many diverse processes, such as protein phosphorylation, cell growth, motility, cell-cycle regulation, transcription, differentiation and cell survival [4]. Significant interactions have been described with components of the cytoskeleton, including tubulins, intermediate filaments, actin, myosin and tropomyosin. S100B controls the assembly of microtubule and S100A1 have been linked to functions related to the cytoskeleton [1].

    Two of the S100 monomers, designated S100A1 and S100B [2] are highly conserved between species and are found as homo- (BB or A1A1) or hetero-dimers (A1B) in the cytoplasm of glial cells in the central nervous system and in  certain peripheral cells e.g. Schwann cells, melanocytes, adipocytes and chondrocytes [5]. S100A1B and S100BB are also present in malignant tissues, most notably in melanomas and, to a lesser extent, in gliomas, thyroid cell carcinomas and renal cell carcinomas [6]. S100B is the clinically most valuable member of the S100 family and is used as serological marker for monitoring brain injuries [7-11]and malignant melanomas [12-14]
    At least nine different assays have so far been presented for detection of  S100B including chemiluminiscence assay (LIA), electrochemiluminscence assays (ECLIA), immunoradiometric assays (IRMA), enzyme-linked immunosorbent assays (ELISA) and immunflourimetric assays (IFMA) [15-20].  These assays have principally been used to detect brain injuries and to monitor patients with malignant melanomas. They, however, almost certainly detect target antigen from other tissues, and thus the specificity of the different antibodies used for assay development may be of crucial importance.  

    In this report we describe the results of the characterization of 14 monoclonal antibodies raised against S100 antigens. 

Materials and Methods

    Materials

    Fourteen monoclonal antibodies were received from the ISOBM TD11 S100 Workshop as coded aliquots of approximately 1 mg/ml (Table 1A and B). Reference preparations of antigens were also supplied. These were hS100, and hS100BB from human brain (HyTest), bS100BB, bS100A1A1, and bS100A1B from bovine brain (Affinity Research Ltd, UK), recombinant bovine rbS100B (L.J.Van Eldik), and recombinant human rhS100A4 (G. Mælandsmo, RH). The additional recombinant antigens rhS100A10 and rhS100A13 were obtained from C. Skjerpen, Department of Biochemistry, Institute for Cancer Research, OUS. A polyclonal rabbit anti-bovine S100B reactive in all species examined was provided by SWant (Bellinzona, Switzerland). Rabbit anti-cow S100, -anti-human S100A1, -anti-human S100A4 and HRP-labeled swine anti-rabbit IgG were all from Dako AS (Denmark). 

    Coating of microtiter plates (RH)

    1 µg /well of each MAb in 100 µl in 0.1 mol/l sodium dihydrogen phosphate buffer pH 4.5 was immobilized on Maxisorp Breakapart microtiter plates (Nalge Nunc International Corp., Denmark), pH 4.3. The microtiter plates were incubated in a humidified chamber at 37 oC for 20 h washed twice with washing solution (PBS containing 0.05% Tween 20), and blocked with 300 µl blocking buffer (50 mM Tris-HCl, 60 g/l D- sorbitol, 1 g/l BSA, 0.5 g/l sodium azide, pH 7.0) for 20 h at room temperature in a humidified chamber. After incubation the plates were aspirated and kept dry until use. 

    Radiolabelling (RH)
    The S100 proteins and antibodies were iodinated by the indirect Iodogen method (Pierce, Rockford, Ill., USA) with Na125I (Harman Analytic GmbH, Germany) at an equal molar ratio of protein to iodine. Iodinated protein was stored at –20oC in 50% ethylene glycol and 0.05 M Tris-HCl buffer pH 7.8 containing 1 g/l bovine serum albumin (BSA). 

    Binding studies to S100 antigens with iodinated MAbs (RH)

     Each 125I-labelled TD11-MAb (approx. 50 000 cpm in 100 µl) was incubated for 1 h with 100 µl of 200 µg/l of each S100B antigen preparation in 100 µl PBS -1% BSA  (hS100BB, bS100BB, bS100A1B, and rS100B). Simultaneously, 50 µl rabbit anti-S100B 1:1000 was incubated with 50 µl 10 mg/ml of paramagnetic polymer particles (Dynabeads M280, Invitrogen Dynal AS, Norway) coated with sheep anti-rabbit antibodies, SAR-beads, under continuous shaking for 1 h before washing 3 times with washing solution (PBS-0.05% Tween 20). Each MAb/S100 antigen solution was added to beads with anti-S100B and reacted for 1 h under continuous shaking, before washing and counting of bound radioactivity.

Binding of MAbs to rhS100 A4 and rhS100A1A1 was determined by incubating 100 µl of each MAb with 100 µl of 125I-labelled rhS100A4 and 125I-bS100A1A1 (approx. 50 000 cpm) for 1 h before adding 100 µl of 10 mg/ml Dynabeads coupled with sheep-anti mouse antibodies, SAM beads. (Dynabeads M280, Invitrogen Dynal AS, Norway). 

    ELISA reactivity against S100B, S100A1 and S100A4 (FDAB)

    The ISOBM S100 antibodies were coated in MaxiSorp plates (Nunc AS, Denmark) with 200 µl of ISOBM S100 MAb, 5 (g/ml in 0.2 M NaH2PO4 buffer, pH 4.2 by incubation over night at room temperature. The coated wells were washed (Wash Solution, Fujirebio Diagnostics AB, Sweden), 300 (l of blocking solution (50 mM Tris, 0.15 M NaCl, 0.5 g/ NaN3, 4 (M EDTA, 0.9 mM CaCl2, 0.33 M Sorbitol, pH 7.8) was added, sealed with plastic tape and stored at +4˚C until use. 

    Reactivity with different S100 antigens and detection using different anti S100 antibodies was analyzed using the following protocol: Plates were washed (Wash Solution, Fujirebio Diagnostics AB) and 25 (l antigen (10 ng/ml in std matrix for S100, CanAg S100EIA kit, Fujirebio Diagnostics AB) was added together with 100 (l Tracer Diluent (CanAg S100EIA kit, Fujirebio Diagnostics AB) and incubated for 2 h. After washing the plates 3 times 100 (l of the various detection antibodies diluted 1:1000 (except 1:10 000 dilutions of rabbit anti S100B) was added and incubated for 90 min. The plates were washed another 3 times and then incubated with 100 (l HRP labeled Swine anti-Rabbit IgG (1:4000, Dako AS, Denmark) for 1 h. After another 6 washes, OD at 620 nm was determined after incubation with 100 (l TMB for 30 min.

    Epitope mapping of S100B reactive MAb (FDAB)

    The epitope mapping was carried out on an Attana100 Biosensor (Attana AB, Sweden), using quartz crystal microbalance (QCM) technology. PBS, 0.005% Tween 20, 0.6 mM CaCl2 was used as running buffer during the analysis and all injections were made using a 50 (l injection loop. Biotinylation of antibodies was made with 5 times molar excess of BNHS using the procedure essentially described by Nustad et al. [21]. The biotinylated antibody was immobilized on a biotin chip (Attana AB, Sweden) by first saturating the surface with two injections of streptavidin 0.1 mg/ml diluted in running buffer and then adding two injections of the biotinylated antibody at 50 (g/ml (in running buffer). The immobilization was made at  a flow rate of 50 (l/min.

    S100 antigen (bS100A1B and bS100BB) was injected at a concentration of 2 (g/ml in PBS, 1% BSA, 0.6 mM CaCl2 at a flow rate of 10 (l/min. The surface was exposed to the antigen for 300 s. After the antigen injection, one injection with the same antibody (50 (g/ml in PBS with 0.05% Tween 20, 0.1% BSA and 0.6 mM CaCl2) as the biotinylated, but unconjugated was made at the same flow rate and with the same exposure time as the antigen. This was performed in order to saturate binding sites on antigen unspecifically  bound to the surface. Antibodies were then injected in series at a concentration of 50 (g/ml (in PBS, 0.05% Tween 20, 0.1% BSA, 0.6 mM CaCl2) and at a flow rate of 50 (l/min. The surface was exposed to each antibody for 40 s. The first antibody injected in every series was the same antibody as the biotinylated to ensure a low background. After each series the surface was regenerated with 2 mM HCl, injected at 50 (l/min and exposed to the surface for 40 s.

Mimotope analysis of S100A4 reactive MAb’s using phage displayed random peptide      libraries (FDAB) 

    The Ph.D. 7 library displaying 7 amino acid randomized peptides on the surface of phage M13 (New England Biolabs (Hertfordshire, UK) were panned against the rhS100A4 MAbs coated to Maxisorp plates. Four to six rounds of panning were performed according to the manufacturer’s instruction after which individual clones were amplified and sequenced according to standard techniques. In brief 10 µl of the library (2 x 1011 phage particles) was incubated for one hour with the selected MAbs after which unbound phage clones were washed away by 10 washings with TBST  (50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 0.1% Tween 20). Bound phages, eluted by incubation with a 0.2 M glycine-HCl (pH 2.2) buffer for 10 minutes, were amplified in E. coli and purified. The concentrated phage particles were then used for the next round of panning. In subsequent pannings the Tween 20 concentration in the washing buffer was raised to 0.5%. 

    Cross-inhibition assays (RH)
    Human S100BB, 200 µg/l in 100 µl PBS -1% BSA, was added to SAR beads, which were pre-incubated with rabbit anti-S100B as in the binding study above. The tubes were incubated with continuous shaking for 1 h before washing 3 times with washing solution. Each inhibiting MAb, 0.5 µg in 100 µl  PBS -1% BSA was then added to the hS100BB presented on the beads and incubated ½ h before 100 µl of each 125I-labelled MAb (approx. 50 000 cpm) was added to each tube and incubated for 1 h under continuous shaking. The beads were washed 3 times before counting of bound radioactivity. Binding of 125I-labelled MAbs without inhibiting antibody was used as reference. Complete cross-inhibition was defined as >80% inhibition.

    Immunoassays (RH) 
    100 µl of each S100 antigen (200µg/l) in PBS-1% BSA was added to microtiter wells coated with TD11 MAbs as described, and incubated under continuous shaking for 1 h. The wells were washed 3 times with washing buffer before adding 100 µl of 125I-labelled MAbs in PBS-1% BSA (50 000 cpm) and was incubated for 1 h with shaking. The wells were washed 3 times and bound radioactivity was counted.

    Western blots (RH)

    The antigens, 100 ng per lane, were run on 14% SDS-PAGE gels. The proteins were blotted on 0.44 µm PVDF membranes over night (Millipore Corp. Bedford, Mass., USA). The membranes were blocked by incubation for 1 h in 0.1% TBST dry milk buffer (20 mM Tris pH 7.5, 0.15 M NaCl, 0.1% Tween 20, 5% dry milk). Incubation with primary antibody was done in 0.1 % TBST dry milk buffer at a concentration of 1 µg/ml at 4 oC over night. HRP-conjugated rabbit anti-mouse IgG (DakoCytomation, Glostrup Denmark) diluted 1:5000 in 0.1% TBST dry milk buffer was used as secondary antibody against all primary antibodies, except against the rabbit-anti S100B when HRP-conjugated mouse anti-rabbit IgG (DakoCytomation, Glostrup Denmark) was  used. The filters were incubated with the second antibody for 1 h at room temperature and soaked in SuperSignal West Dura Extended Duration Substrate (Pierce, Rockford, USA). The pictures were exposed for 1 h on a Kodak Image station 2000R.

    Immunhistochemistry (XEMA)

    Immunohistological staining for S100 was performed using the streptavidin peroxidase complex method. Tissue specimens were post-processed in 10% neutral formalin and embedded in paraffin. Serial 4 (m sections were deparaffinized in xylene, rehydrated in graded ethanol solutions, and washed with TPS. The sections were then pretreated in citrate buffer solution (pH 6.0), then incubated in 0.03% hydrogen peroxide on methanol to block endogeneous peroxidase activity, incubated for 20 minutes in 0.05% normal horse serum to prevent non-specific binding of immunoglobulins to the tissues. Then the tissues were covered with S100 antibodies (prediluted in TBS) at 4oC in a moisture chamber over night, and then washed again in TBS. The sections were then incubated with biotinylated horse anti-mouse antibody for 30 minutes, washed and finally incubated for 30 minutes with streptavidin peroxidase complex using diaminobenzidine as substrate. Tissue specimens were counterstained with haematoxyline.
Results
    MAb reactive with S100B antigens 
    MAb  4E3, 4D2, S23, S53, 6G1, S21, S36 and 8B10 recognised S100 antigens containing a S100B subunit, i.e. S100BB and S100A1B antigens, in the ELISA (Table 2),125I binding studies (Table 3), epitope mapping using cross-inhibition (Table 4), or QCM binding (Table 2, Fig 2) and immunoassay combinations (Table 5 – 7). 

MAb 22B3 only reacted with recombinant S100B in the ELISA and 125I binding studies (Table 2), which indicated that it recognised an epitope that was only exposed in the free S100B subunit.

    Epitope mapping of S100B reactive MAb

    Epitope mapping using cross-inhibition and QCM binding studies indicated that the S100B reactive antibodies could be separated into 4 groups, Table 2 and 3. MAb 4E3, 4D2, S53, 6G1 and S21recognised the same or closely related epitopes included in one main antigenic domain. MAb S23 represented a unique domain, while 8B10 and S36 recognised closely related antigenic domains. The epitope mapping was further supported by the reactivity in immunoassay combinations Table 5 – 7).

    Mabs reactive in Western blotting

    The reactivity of MAb S23, S53, S21 and S36 in Western blot of all reduced S100B antigens suggested that they recognised linear epitopes of the S100B subunit, as may also be the case for MAb 22B3 when detecting recombinant rbS100B. The lack of reactivity of MAb 4E3 and 4D2  in Western blot suggested that these antibodies recognised conformation dependent epitopes of S100B. The recognition of linear epitopes by S23, S53, S21 and S36 was also supported by the positive IHC staining using these antibodies, Fig 5. 

    Cross reactivity of S100B MAbs with other S100 antigens

    The S100B MAb3B10, S53, 6G1, S21 and S36 reacted in addition to S100B containing antigens also with recombinant rhS100A10 and rhS100A13 antigens in the Western blot studies, while MAb S23 and 22.3 both showed faint reactions with rS100A10 and MAb 8B10 showed faint reactivity with rhS100A4. 

The results indicated that these antibodies in addition to epitopes exposed in the S100B subunit also recognised epitopes exposed in S100B, S100A10, S100A13 and S100A4, respectively, Fig 1.

     MAb with preferential reactivity with S100A1. 

    MAb 3B10 recognised an epitope exposed in the S100A1 subunit i.e. S100A1A1 and bS100A1B as shown both in the binding studies in solution as well as in Western blots (Fig 1, Table 3). This Mab had additional reactivity to reduced S100A10 and rhS100A13 antigens, although quite faint to S100A13. The results indicated that MAb 3B10 preferentially recognised a linear epitope present in S100A1, and that a similar epitope was exposed in S100A10 and in S100A13.

    MAb specific for S100A4

    MAbs 20.1, 22.3 and S195 reacted with S100A4 in solution (Table 2 and Table 3). Both 20.1 and 22.3 reacted strongly with reduced  S100A4 in Western blot, while 8B10 showed a faint reactivity of S100A4 in Western blot and S195 was negative in the Western blot analysis (Fig.1). The results indicated that 20.1 and 22.3 recognised linear epitopes, while S195 recognised a conformation dependent epitope of S100A4. 

     Mimotope analysis of S100MAb recognising linear S100A4 epitopes

    The consensus sequences of phage clones selected for affinity to 20.1 and 22.3 are shown in Fig 3, which would mimic the mimotopes of these two antibodies.

The consensus sequence of the MAb 22.3 mimotope was [-P x x L G-] corresponding to amino acids 43 – 47 of S100A4 amino acid sequence. The mimotope of MAb 20.1 was [-p D K q p-}, which corresponded to amino acid 94 – 98 of the C-terminal part of S100A4. The two mimotopes are indicated in the three dimensional structure of the S100A4 protein, Fig 4 [22].

IRMA combinations for S100B antigens

    The results from the study of combining antibody pairs in immunometric assays for different S100B-containing antigens, Table 5 to 7, supported the classification into four main epitope groups. For human and bovine S100BB several excellent assays were obtained when combining MAbs from different groups and even MAb pairs within a group gave some acceptable assays for these homodimers. However, MAb S36, group B III, worked particularly well both as solid phase and tracer MAb in many combinations with group I and group IV antibodies. This applied also for the recombinant S100B and the heterodimer S100A1B, as well, Tables 6 and 7. The A1-specific antibody 3B10 only made acceptable assays for S100A1B when used as tracer together with MAbs 6G1 or S21 from group B I.

    Immunohistochemistry (XEMA)

    Brain tissue stained with the different antibodies demonstrated similar pictures with the S100B specific antibodies as depicted in Fig 5. Neuroglial cells and vessel walls were stained with MAbs 6G1, 14B3, 8B10, 22B3 and S195.

Discussion

    The TD-11 Workshop has focused on antibodies specific for S100B since this is the serologically most important member of the S100 family, both as a marker to identify patients with possible neurological complications after minor head injuries [41] and as the primary serum tumor marker in malignant melanoma [5,6,33]. The study used various S100B antigens as well as some other members of the large S100 family to characterize the epitopes of the submitted antibodies. The combined results are summarized in Table 8. 

    Our decision to use various S100 antigens was based on the knowledge of significant sequence similarities within the S100 protein family. In particular, S100A1 and S100 B are highly conserved and thereby justify the use of both bovine and human antigens in this study. In general, members display 25 - 65 % sequence identity at the amino acid level. All contain two EF-hands, flanked by conserved hydrophobic residues and are separated by a linker region [2]. The sequences of the linker region and the C-terminal extension are the most variable parts among the S100 proteins. The biology behind these sequence similarities is still largely unknown. Some of the S100 members most probably regulate the activity of the same target molecules. For example S100A1, S100A6 and S100B all bind annexin [23;24], S100A1, S100 A2, S100A4 and S100B interact with the tumor suppressor p53 [25-27], whilst S100B, S100A6, S100A12 and S100A1 form complexes with proteins participating in ubiquitination [28]. 

    The majority of the 14 antibodies raised to recognize S100B(MAbs 4E3, 4D2, S23, S53, 6G1, S21, S36 and 8B10) appeared to be specific for S100B when tested with S100 antigens in solution. These results combined with their Western blot reactivity indicated binding to conformation dependant and linear epitopes. For several of the antibodies, MAbs 6G1, S53, S21 and S36 which apparently recognized continuous linear epitopes of S100B, cross reactivity with S100A10 and S100A13was observed in the Western blot analyses, while MAb S23 showed faint reactivity with S100A10. Based on the sequence similarities between different members of the S100 family it was not unexpected that antibodies with specificity for S100B also reacted with other members of the S100 family. The MAbs 4E3 and 4D2, which appear to recognize conformation dependent epitopes of S100B were not tested for reactivity with S100A10 and S100A13 in solution. It is therefore not possible to exclude cross reactivity with S100A10 and S100A13 or other members of the S100 family for these antibodies.   

    The three antibodies raised against S100A4 (MAbs 20.1, 22.3 and S195) showed minimal cross-reactivity to the other S100 members tested. Only a faint reactivity of MAb 22.3 with reduced rS100A10 was observed, whereas S195 had no cross reactivity to the antigens tested.. The mimotopes for 20.1 and 22.3 were identified as separate amino acid sequences in the molecule, i.e. aa  43 – 47 of the S100A4 sequence for 22.3 and in aa 94 – 98 for 20.1.  This suggests that they belong to well separated domains as depicted in the three-dimensional model, and explains the excellent compatibility observed when the two antibodies were used to design an IFMA for the detection of S100A4 [29]. The faint cross reactivity of MAb 22.3 with S100A10 is not surprising based on the high degree of sequence homology between S100A4 and S100A10 in the region aa 42 – 47.  
     The S100B reactive MAbs could be classified into four distinct epitope groups, as demonstrated by the cross inhibition experiments, immunoassay combinations and the QCM sensogram studies. A study of inhibitory reactivity revealed the unique binding specificities displayed by MAb S36 and S23. Each could generate assays as either coating or tracer antibody, when paired with the majority of all other the antibodies tested. Both MAbs were reactive with bovine S100BB, human S100BB and rS100B. MAb S36 was in addition particularly suitable as tracer MAb for determination of the heterodimer S100A1B. The best antibodies for immunoradiometric assays for S100B may be recruited from MAbs 4E3, 4D2, S36.

    MAb 22B3 also displayed an interesting immunoreactivity, characterized by restricted binding to only rS100B but not to any other S100B preparation in native form. In Western blot however, MAb 22B3 demonstrated significant reactivity to all S100B preparations, indicating reactivity with a specific S100B conformational epitope, which may be hidden in the native antigen structure, but exposed after denaturation or when the protein is expressed in recombinant form.

    The present investigations indicate that although extensive sequence homology exists within the S100 protein family, specific antibodies can be raised towards many of these antigens, allowing diverse use for research purposes and to a lesser extent in clinical applications. For the detection of S100B, the results indicate that also other members within the S100 family might in theory contribute to levels detected in serum and plasma, a possibility that has been discussed earlier 
 ADDIN EN.CITE 

[30;31]. 
 However the lack of pure preparations of all members in the S100 family precludes a definitive answer to this.
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Legends to figures

Fig. 1. Western blot against all investigated S100 antigens and TD-11 anti S100 antibodies
Fig.2. QCM sensogram of binding of ISOBM S100B MAb to S100A1B.
Biotinylated S23 immobilized on a chip and saturated with S100A1B exposed to sequential injection of different S100B specific ISOBM MAb. A negative frequency shift corresponds to binding of antibody.
Figure 3. Alignment of peptide sequences selected for binding to S100A4 MAb. The sequences were obtained by biopanning of 7-mer random peptide phage display library to ISOBM S100A4 MAb.

Figure 4. Three-dimensional structure of S100A4 [22]. The epitopes of the two S100A4 MAbs are indicated with yellow color.

Fig 5. Immunohistochemistry of brain tissue with MAbs 6G1 and 14B3.
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