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ABSTRACT: Fibroblast activation protein (FAP) is a proline-selective serine protease. It is hardly expressed in healthy adult tissue, but 

upregulated in tissue remodeling sites associated with several diseases including epithelial cancer types, atherosclerosis, arthritis and fibrosis. 

Ongoing research aims at clinical implementation of FAP as a biomarker for these diseases. Several immunochemical methods that quantify 

FAP expression have been reported. An alternative/complementary approach focuses on quantification of FAP’s enzymatic activity. Devel-

oping an activity-based assay for FAP has nonetheless proven challenging, because of selectivity issues with respect to prolyl oligopeptidase 

(PREP). Here, we present substrate-type FAP probes that are structurally derived from a FAP-inhibitor (UAMC1110) that we published 

earlier. Both cleavage efficiency and FAP-selectivity of the best compounds in the series, equal or surpass the most advanced peptide-based 

FAP substrates reported to date. Finally, proof-of-concept is provided that 4-aminonaphthol containing probes can spatially localize FAP 

activity in biological samples. 

Fibroblast activation protein (FAP, FAPα) is a transmembrane 

serine protease that belongs to the dipeptidyl peptidase (DPP) 

family. Next to post-proline exopeptidase activity, FAP pos-

sesses endopeptidase (gelatinase) activity, with a clear prefer-

ence for the Gly-Pro sequence.1–3 FAP also exhibits a unique 

expression pattern. Typically, FAP expression is low to unde-

tectable in most healthy adult tissues, with endometrial cells and 

wound healing sites being well-known exceptions. However, 

FAP is highly upregulated in lesions associated with idiopathic 

pulmonary fibrosis (IPF), hepatic fibrosis, rheumatoid arthritis 

(RA), atherosclerosis and in stromal tissue of a multitude of tu-

mour types, including nearly all epithelial carcinomas.4–8 Fur-

thermore, FAP enzymatic activity and/or its expression levels 

have been reported to be correlated with patient outcome, dis-

ease severity and/or susceptibility to treatment in some of the 

aforementioned pathologies.4-9 Interestingly, most of these re-

ports have so far focused on quantification of FAP expression, 

generally relying on classical immunochemical techniques 

(e.g., ELISA). A number of FAP-specific antibodies are availa-

ble to support such studies, although some of the commercial 

antibodies have been reported to lack specificity.6-8 Alterna-

tively and/or complementary to measuring the enzyme’s ex-

pression levels, others are investigating whether FAP’s enzy-

matic activity status could be a better biomarker of disease. The 

latter could indeed the case, based on earlier reports that func-

tionally link FAP activity to disease, e.g. in cancer and fibro-

sis.4-5,8-10 Experimental validation nonetheless is required and 

fundamental questions regarding the biological regulation of 

FAP’s activity status in vivo remain to be addressed.11 While 

awaiting the settlement of these issues, several ‘Activity-Based 

Probes’ (ABPs) have been reported that are amenable to quan-

tification of FAP activity in biological matrices. These comprise 

both substrate-type compounds and active site ligands equipped 

with a suitable reporter system. A well-known limitation of sev-

eral of these probes is their lack of selectivity with respect to 

peptidases related to FAP, specifically towards the endopepti-

dase prolyl oligopeptidase (PREP).12 Likewise, the synthetic 

substrates commonly used to measure dipeptidyl peptidase 

(DPP) activity are also processed by FAP.13 Selected, relevant 

examples of ABPs for FAP are shown in Figure 1. Compound 

1 (ANPFAP) is an activatable near-infrared (NIR) fluorescent 

probe, developed by Li, and co-workers. This quenched probe 

was originally reported to be selective for FAP but processing 

by PREP was later on demonstrated by Bainbridge and co-

workers.12,14 In response, Bainbridge reported a series of 

quenched fluorescent substrates based on the endogenous FAP-

substrate FGF21.12 The most promising compound in that paper, 

2 (also referred to as aP, Figure 1), was not processed by PREP 
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under the assay conditions and was convincingly demonstrated, 

i.a., to be applicable for reliable quantification of FAP-activity 

in plasma. Other groups have devoted attention to discovery of 

small-molecule-based ABPs for FAP. In 2018, Haberkorn and 

co-workers published a -series of PET probes for tumour imag-

ing, represented by compound 3 in Figure 1.15–17 These com-

pounds, for which human applicability was demonstrated, were 

structurally derived from UAMC1110, a FAP-selective inhibi-

tor reported by our group (substructure highlighted in probe 3, 

also shown as compound 5 in Figure 2).18 A boronate-based 

inhibitor related to UAMC1110, published by Bachovchin has 

also been used as the structural basis for the fluorogenic sub-

strate ARI-3144 (compound 4, Figure 1).19,20 This compound 

was claimed by the authors to be a specific substrate for FAP 

and used for quantification of FAP-activity in serum and tissue 

samples. However, no processing parameters (kcat, Km) for FAP, 

PREP or any of the related dipeptidyl-peptidases were reported, 

and no information was provided on whether other analogues 

had been synthesized and evaluated. Moreover, in our own 

hands, ARI-3144 did not behave as a specific substrate of FAP 

(vide infra, Table 1). 

 

Figure 1: Relevant published probes for detection and quantification of FAP activity. 

 

In response to the latter, we decided to explore the chemical 

space around 4 to obtain probes with a higher FAP/PREP selec-

tivity. Noteworthy, we were interested in direct analogues of 

our own FAP-inhibitor UAMC1110 (compound 5, Figure 2), 

which is one of the most potent and selective FAP-inhibitors 

published to date.18,21 Replacing its carbonitrile warhead func-

tion by an enzyme processable amide group was expected to be 

instrumental for obtaining selective and efficiently processed 

substrates: for carbonitrile-based compounds (capable of form-

ing transition-state mimicking complexes after binding to FAP 

or the related proteases), transition state theory predicts a strong 

correlation between Ki values and the –log(kcat/Km) parameter 

of derived substrates.22 This implies that, at least in theory, the 

low nanomolar FAP potency of UAMC1110 should translate in 

efficient processing of the corresponding substrates by FAP. 

Likewise, the low affinity of UAMC1110 for PREP and the re-

lated dipeptidyl-peptidases would translate in poor substrate 

properties for the latter enzymes. Three reporter groups were 

selected for target compounds 6: 7-amino-4-methylcoumarin 

(AMC), para-nitroaniline (pNA) and 4-aminonaphthol (4-AN). 

The first two are well-known constituents of fluorogenic and 

chromogenic protease substrates. The third reporter (4-AN) in 

its free, non-acylated form, is capable of reducing tetrazolium-

type precursors to formazan dyes. When a combination of a 4-

AN containing substrate and a tetrazolium dye precursor is ap-

plied to a biological sample that contains spatially defined loci 

of enzymatic substrate processing, liberated 4-AN produces 

formazan blue in situ. The insoluble formazan blue precipitates, 

allowing spatial localization of enzymatic activity. Further-

more, the intensity of the blue precipitates can be used as a 

(semi-) quantitative measure of activity. In the more recent lit-

erature, substrates of this type have been reported for dipeptidyl 

peptidases and PREP and their applicability in (patho-)histol-

ogy was demonstrated.23,24 Two additional structural features 

were investigated in the substrate series of generic structure 6: 

1) difluoro-substitution at the P1 pyrrolidine residue and 2) the 

P2 amino acid residue (‘Xaa’ in Figure 2). While difluorination 

of the pyrrolidine ring in 6 appreciably increases FAP-affinity, 

it also increases lipophilicity and decreases solubility. Because 

enzyme substrates are typically used at higher concentrations 

than inhibitors (micromolar vs. nanomolar ranges), we expected 

the lower aqueous solubility of difluorinated substrates to be a 

potentially limiting factor. Therefore, analogues with a non-

fluorinated P1-pyrrolidine were also included in this study. 

 

Figure 2. Overview of the FAP ABPs prepared in this study. 

 

At the P2 position, both a Gly and a D-Ala residue were se-

lected. The choice for D-Ala was motivated by the presence of 

this residue in 4 and earlier literature claims that D-Ala in this 

position can be used to increase FAP/PREP selectivity.19,25 

Results and discussion 

The general synthetic pathway toward target compounds 6 is 

shown in Scheme 1. Commercially available Boc-L-proline 7 

or Boc-4,4-difluoro-L-proline 8 was coupled with either AMC, 

pNA or 4-AN , delivering compounds 9-14. These were subse-

quently deprotected to the analogous, deprotected P1-building 

blocks 15-20. The latter were then coupled to Boc-protected D-

alanine or glycine, yielding the protected [P2-P1] constructs 21-

32. Acidolytic deprotection of these intermediates resulted in 
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33-44, from which final compounds 6a-k and 4 were synthe-

sized by acylating the free amine group with quinoline-4-car-

boxylic acid.

Scheme 1. Synthetic strategy for target compounds 6(a) 

 
(a)Reagents and conditions: a) AMC or pNA, 1-chloro-N,N,2-trimethyl-1-propenylamine TEA, DCM:THF (1:1), rt; b) 4-AN, isobutyl 

chloroformate, TEA, DCM, 0 °C to rt, c) HCl, DCM, rt d) TFA, DCM, rt; e) Boc-Xaa, T3P, DIPEA, DCM, rt; f) quinoline-4-carboxylic acid, 

T3P, DIPEA, DCM.

 

For all final compounds, substrate properties were determined 

by measuring initial velocities of product formation catalyzed 

by FAP, PREP, DPP4, 8 and 9. At least 6 concentrations per 

substrate were evaluated and the highest concentration evalu-

ated for each substrate was either 250 µM or the highest con-

centration of full solubility in assay media. Km and kcat parame-

ters were determined when substrate solubility was sufficient to 

achieve enzyme saturation. Otherwise, a first order rate constant 

of substrate processing (kcat/Km) was determined from the linear 

part of the curve. Depending on the reporter group in the sub-

strates (AMC, pNA or 4-AN), different quantification methods 

were used. AMC-concentrations were measured using fluorom-

etry and pNA concentrations via absorption spectrophotometry. 

For assessment of 4-AN-release, a photometric approach could 

not be elaborated because of overlaps between the absorbance 

and fluorescence spectra of 4-AN and other assay components. 

Therefore a Multiple Reaction Monitoring (MRM)-based LC-

MS method was developed.  

Biochemical evaluation data for 6a-k and 4 are shown in Table 

1. At the highest concentration evaluated (vide supra), none of 

the compounds were observably cleaved by DPPs 4, 8 and 9. 

This is not surprising, since DPPs are known to require a posi-

tively charged P2-amino terminus for molecular recognition of 

their substrates. Due to this lack of processing, the assay results 

for the DPPs are not shown in Table 1, and only data for FAP 

and PREP are given. First, both for FAP and PREP, a clear dif-

ference in processing efficiency (kcat/Km) can be observed be-

tween substrates with different reporter groups: AMC-based 

molecules (6a-c, 4) are generally more efficiently cleaved than 

pNA-containing molecules (6d-g) and these, in turn, are 

cleaved more efficiently than 4-AN derivatives (6h-k). Quanti-

tative analysis of the kcat/Km reduction between AMC- (6a-c, 4) 

and pNA (6d-6g)-based substrates, reveals that the fold de-

crease is different for each substrate and enzyme. Furthermore, 

the underlying cause for the lower cleavage efficiency seems to 

be inconsistent: either a decrease of the kcat-parameter, an in-

crease of the Km-parameter or both can be seen for the individ-

ual pNA-derived molecules compared to analogous AMC-

based substrates. All these findings indicate that most likely an 

ensemble of kinetic (e.g., leaving group properties of the 

amines) and thermodynamic factors (e.g., substrate accomoda-

tion in the active site) govern the decrease. Finally, quantitative 

comparison with 4-AN substrates (6h-k) cannot be done relia-

bly, given the lack of processing that is observed for several of 

the latter.  

Furthermore, difluorination at the P1-proline residue appears 

not to have major impact on FAP-processing efficiency. This 

can be illustrated by comparing FAP-processing data for the 

corresponding pairs 6a/6b, 4/6c and 6d/6e. Very remarkably 

nonetheless, while difluorination does not strongly affect the 

overall cleavage efficiency (kcat/Km), it does seem to induce a 

decrease of comparable proportionality on both the kcat and Km 

parameters of the corresponding substrates.. The lower Km value 

of the difluorinated molecules, (which implies that active site 

saturation is reached at lower substrate concentration), can be 

rationalized by taking into account the higher lipophilicity 

and/or better accomodation of these compounds. The decreased 

kcat parameter however also indicates that once bound to FAP, 

difluorinated substrates are less readily processed by the en-

zyme. In contrast to FAP processing, a clearly negative effect 

of substrate difluorination on PREP cleavage efficiency can be 

observed, as exemplified by the corresponding kcat/Km data for 

the same substrate pairs. A detailed, quantitative comparison 

nonetheless is not possible, since most difluorinated substrates 

are so poorly processed by PREP that only for 6b the individual 

kcat and Km values could be determined.
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Table 1: Processing data for target compounds 6 by FAP and PREP.(a), (b) 

Nr. Structure Enzyme kcat/Km (106 s-1.M-1) kcat (s-1) Km (µM) SI(c) 

6a 

 

FAP 1.6 ± 0.1 68 ± 17 43 ± 11 
4 

PREP 0.40 ± 0.01 27 ± 1 68 ± 8 

6b 

 

FAP 1.6 ± 0.2 12 ± 1 7.6 ± 0.4 
32 

PREP 0.050 ± 0.001 1.8 ± 0.1 36 ± 2 

4 

 

FAP 0.040 ± 0.003 ND(d) ND 

15 
PREP 0.0027 ± 0.0002 ND ND 

6c 

 

FAP 0.016 ± 0.001 ND ND 

FAP >>> PREP 
PREP NP(e) NP NP 

6d 

 
 

FAP 0.48 ± 0.08 30 ± 6 63 ± 6 
7 

PREP 0.066 ± 0.002 ND ND 

6e 

 

FAP 0.51 ± 0.04 16 ± 2 30 ± 5 
26 

PREP 0.020 ± 0.002 5 ± 1 263 ± 68 

6f 

 

 

FAP 0.010 ±0.001 ND ND 

FAP >>> PREP 
PREP NP NP NP 

6g 

 

FAP 0.015 ± 0.002 8 ± 3 522 ± 245 

FAP >>> PREP 
PREP NP NP NP 

6h 

 

FAP 0.40 ± 0.06 ND ND 

FAP >>> PREP 
PREP NP NP NP 

6i 

 

FAP 0.6 ± 0.1 ND ND 
FAP >>> PREP 

PREP NP NP NP 

6j 

 

FAP NP NP NP 
NA(f) 

PREP NP NP NP 

6k 

 

FAP NP NP NP 
NA 

PREP NP NP NP 

45 

 
 

FAP 0.0202 ± 0.004 ND ND 
0.04 

PREP 0.5 ± 0.1 120 ± 36 243 ± 126 

(a)Values are represented as the mean ± standard deviation (n = 3; for 6h and 6i: n=2); (b)None of the compounds in Table 1 displayed substrate inhibition (si) 

towards FAP, except compound 6a (Ksi= 29 ± 6 µM) (c)SI= Selectivity Index, defined as kcat/Km (FAP)/ kcat/Km (PREP) (; (d)NP= Not Processed, no cleavage 

of the substrate was observed at the highest concentration that was evaluated; (e)ND= Not Determined, no active site saturation could be reached in the 

concentration range that was used; (f)NA= Not Applicable. 

 

Finally, the presence of D-Ala in P2 also has a notably negative 

effect on the catalytic efficiency for both FAP and PREP when 

compared to Gly-containing substrates. This is illustrated by the 

analogous pairs 6a/4, 6b/6c and 6d/6f. Quantitative comparison 

reveals that for FAP, the decrease in none of the cases exceeds 

one order of magnitude. However, the effect appears to be much 

more pronounced for PREP: out of all D-Ala-containing sub-

strates, only 4 was processed by PREP.  

For selecting the most promising FAP substrates in this series 

of compounds, both the FAP/PREP Selectivity Index (SI) and 
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the absolute value of FAP cleavage efficiency should be taken 

into account. For the fluorogenic and chromogenic subseries, 

the direct AMC- and pNA-analogues of UAMC-1110 (6b and 

6e) clearly possess FAP cleavage efficiencies that are unprece-

dented in the FAP substrate literature. In addition, they have 

FAP/PREP selectivity indices (32 and 26, respectively) that are 

significantly higher than that of reference 4 (ARI-3144). As 

mentioned earlier, 4 was reported earlier as a FAP-specific mol-

ecule, although no substrate characterization data (e.g., kcat/Km-

values for FAP and PREP processing) were ever published. In 

addition, also within the AMC- and pNA-based subseries, 6c, 

6f and 6g are not measurably processed by PREP. Although the 

FAP cleavage efficiencies of these molecules are also lower, 

their kcat/Km-values are still considerably higher than the pub-

lished value for quenched peptide substrate 2/aP (kcat/Km= 

0.00383x106s-1M-1).12,26 Comparable considerations can be 

made for the 4-AN-based histology substrates 6h and 6i. The 

latter are not cleaved by PREP, and possess cleavage efficien-

cies that are higher than what has been reported for both the 

peptide-based 2 and reference 4. Finally, the commercially 

available fluorogenic substrate Z-Gly-Pro-AMC (45) was in-

cluded in this study as an additional reference (Table 1). This 

molecule has been used, e.g., for quantification of FAP and 

PREP activity in plasma.27 As clearly observable, both FAP 

cleavage efficiency, and its FAP/PREP selectivity are less fa-

vourable than the quinolinoyl-containing analogues in this 

study. These data also underscore the particular importance of 

the quinolinoyl function. 

As a final part of this study, we wanted to deliver proof-of-con-

cept that the most promising 4-AN-based probe 6h indeed can 

be used for localized staining of FAP-activity in biological sam-

ples. Cultured HEK293T cells were considered an appropriate 

model system. First, the cells were either transfected with empty 

pDEST40-vector (Figure 3, panel A) as a negative control, or 

with pDEST40-hFAP-vector (Figure 4, panels B, C, D) for 48 

hours. Constitutional expression of FAP and PREP in in empty-

vector transfected cells, was found to be minimal. (Supporting 

Information, determined via classical activity measurement on 

cell lysate).27 Likewise, selective overexpression of FAP was 

confirmed in pDEST40-hFAP-transfected cells. Five minutes 

before adding substrate 6h to A-D, the cells were first pretreated 

with either DMSO (panels A and B), with FAP-inhibitor 

UAMC1110 (panel C) or with selective PREP inhibitor KYP-

2047 (panel D).28 Gratifyingly, all these cellular experiments 

were found to confirm the in vitro FAP-processing selectivity 

determined earlier. The non-homogenous and clearly localized 

fashion in which blue stains appeared, is assigned to subpopu-

lations of the cells in which transfection had been successful. 

Cells treated with an empty transfection vector or with UAMC-

1110 do not show blue precipitates. Similar results were ob-

tained using the 4-AN based probe 6i (Supporting Information, 

Figure S2). Altogether, we consider the results of these proof-

of-concept experiments promising enough to pursue future ef-

fort in real histochemistry settings.  

 

Figure 3. FAP-Activity staining in HEK293T cells with 6h. Panel 

A: cells transfected with empty pDEST40-vector and treated with 

6h; Panels B-D: cells transfected with pDEST40-hFAP-vector, 

treated with 6h (B), with 6h + FAP-inhibitor 5/UAMC-1110 (C) or 

with 6h and PREP-inhibitor KYP-2047 (D). 

Conclusion 
Given the need for sensitive and reliable activity-based probes 

for FAP to support biomarker research, a series of novel small 

molecule substrates for FAP was delivered. These compounds 

were inspired by a FAP inhibitor that we published earlier 

(5/UAMC1110) and also by a small molecule substrate reported 

by Bachovchin (4/ARI-3144). Among the fluorogenic and chro-

mogenic substrates that we prepared, 6b and 6e were found to 

combine unprecedented FAP cleavage efficiencies and 

FAP/PREP selectivity indices that are significantly better than 

for reference 4. In addition, the fluorogenic and chromogenic 

subset was found to contain a number of probes (6c, 6f and 6g) 

that are not cleaved by PREP under the assay conditions but still 

are characterized by significantly higher FAP-cleavage effi-

ciencies than the value reported for 2/aP. The latter is the most 

promising peptide-based FAP substrate reported to date. Simi-

lar considerations can be made for the 4-AN containing sub-

group of compounds. In addition, this is the first time that spa-

tial localization of FAP activity is demonstrated with a 4-AN 

based substrate. Taken together, these data demonstrate that 

FAP inhibitors like 5/UAMC1110, can serve as a promising 

starting point for construction of substrates. Noteworthy, ex-

pansion to other fluorogenic, colorigenic and even biolumino-

genic reporter types is possible. 
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Graphics for De Decker et al.  

1) Figures 

 

 

Figure 1: Relevant published probes for detection and quantification of FAP activity. 

 

 

 

 

 

Figure 2. Overview of the FAP ABPs prepared in this study. 
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Figure 3. FAP‐Activity staining in HEK293T cells with 6h. Panel A: cells transfected with empty pDEST40‐

vector and treated with 6h; Panels B‐D: cells transfected with pDEST40‐hFAP‐vector, treated with 6h (B), 

with 6h + FAP‐inhibitor 5/UAMC‐1110 (C) or with 6h and PREP‐inhibitor KYP‐2047 (D). 
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2) Scheme 

 

Scheme 1. Synthetic strategy for target compounds 6(a) 
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10,16: X= F, RNH2= AMC
11,17: X=H, RNH2= pNA
12,18: X=F, RNH2=pNA
13,19: X=H, RNH2=4-AN
14,20: X=F, R-NH2=4-AN

21,33,6a: X=H, RNH2=AMC, Xaa=Gly
22,34,6b: X=F, RNH2= AMC, Xaa=Gly
23,35,4: X=H, RNH2= AMC, Xaa=D-Ala
24,36, 6c: X=F, RNH2=AMC, Xaa=D-Ala
25,37,6d: X=H, RNH2=pNA, Xaa=Gly
26,38,6e: X=F, RNH2=pNA, Xaa=Gly
27,39,6f:X=H, RNH2=pNA, Xaa=D-Ala
28,40,6g:X=F, RNH2=pNA, Xaa=D-Ala
29,41,6h:X=H, RNH2=4-AN, Xaa=Gly
30,42,6i:X=F, RNH2=4-AN, Xaa=Gly
31,43,6j:X=H, RNH2=4-AN, Xaa= D-Ala
32,44,6k: X=H, RNH2=4-AN, Xaa= D-Ala

9-14

 
(a)Reagents and conditions: a) AMC or pNA, Ghosez reagent, TEA, DCM:THF (1:1), rt; b) 4‐AN, isobutyl 

chloroformate, TEA, DCM, 0 °C to rt, c) HCl, DCM, rt d) TFA, DCM, rt; e) Boc‐Xaa, T3P, DIPEA, DCM, rt; f) 

quinoline‐4‐carboxylic acid, T3P, DIPEA, DCM. 
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3) Table 

Table 1: Processing data for target compounds 6 by FAP and PREP.(a), (b) 

Nr. Structure Enzyme kcat/Km (106 s-1.M-1) kcat (s-1) Km (µM) SI(c) 

6a 
 

FAP 1.6 ± 0.1 68 ± 17 43 ± 11 
4 

PREP 0.40 ± 0.01 27 ± 1 68 ± 8 

6b 

 

FAP 1.6 ± 0.2 12 ± 1 7.6 ± 0.4 
32 

PREP 0.050 ± 0.001 1.8 ± 0.1 36 ± 2 

4 

 

FAP 0.040 ± 0.003 ND(d) ND 
15 

PREP 0.0027 ± 0.0002 ND ND 

6c 

 

FAP 0.016 ± 0.001 ND ND 

FAP >>> PREP 
PREP NP(e) NP NP 

6d 
 

 

FAP 0.48 ± 0.08 30 ± 6 63 ± 6 
7 

PREP 0.066 ± 0.002 ND ND 

6e 

 

FAP 0.51 ± 0.04 16 ± 2 30 ± 5 
26 

PREP 0.020 ± 0.002 5 ± 1 263 ± 68 

6f 
 

 

FAP 0.010 ±0.001 ND ND 
FAP >>> PREP 

PREP NP NP NP 

6g 

 

FAP 0.015 ± 0.002 8 ± 3 522 ± 245 
FAP >>> PREP 

PREP NP NP NP 

6h 

 

FAP 0.40 ± 0.06 ND ND 
FAP >>> PREP 

PREP NP NP NP 

6i 

 

FAP 0.6 ± 0.1 ND ND 
FAP >>> PREP 

PREP NP NP NP 

6j 
 

FAP NP NP NP 
NA(f) 

PREP NP NP NP 

6k 

 

FAP NP NP NP 
NA 

PREP NP NP NP 

45 
 

 

FAP 0.0202 ± 0.004 ND ND 
0.04 

PREP 0.5 ± 0.1 120 ± 36 243 ± 126 
(a)Values are represented as the mean ± standard deviation (n = 3; for 6h and 6i: n=2); (b)None of the compounds in Table 1 displayed substrate 
inhibition (si) towards FAP, except compound 6a (Ksi= 29 ± 6 µM) (c)SI= Selectivity Index, defined as kcat/Km (FAP)/ kcat/Km (PREP) (; (d)NP= Not 
Processed, no cleavage of the substrate was observed at the highest concentration that was evaluated; (e)ND= Not Determined, no active site 
saturation could be reached in the concentration range that was used; (f)NA= Not Applicable. 
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4) For Table of Contents use only: 

Graphical Abstract for:  

Novel small molecule-derived, highly selective substrates for fibroblast activation protein (FAP). 
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Anne-Marie Lambeir and Pieter Van der Veken 
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