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1. ABSTRACT

Dipeptidyl peptidases (DP) 8 and 9 are members
of the DPIV enzyme family. Other members include DPIV,
fibroblast activation protein (FAP) and the non-enzymes
DP6 and DP10. DPIV family members have diverse
biological roles, and have been implicated in a range of
diseases including diabetes, cancer, inflammatory bowel
disease, multiple sclerosis (MS), arthritis and asthma.
While DP8/9 biological functions are yet to be established,
they have been predicted to have similar roles to the other
DPs due to high sequence similarities within the active site
of the enzymes. While there is mounting evidence towards
the involvement of DP§ and/or DP9 in innate and acquired
immunity, direct proof for the link between DP8 and DP9
and human disease is yet to be definitively shown, thus
DP8 and 9 proteins remain guilty by association.
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2. INTRODUCTION

DP8 and DP9 are members of the DPIV gene
family (S9b), an atypical serine protease family with a
reversed catalytic motif: the nucleophilic Ser residue
precedes the Asp and His residues. Other S9b members
include the extensively researched DPIV, fibroblast
activation protein (FAP) and the non-enzymes DP6 and DP10
that lack the catalytic serine. DPIV and the other enzyme
members cleave dipeptides from the N-terminus of substrates
with a preference for proline in the penultimate position. The
S9b proteins are characterised by a pair of conserved Glu
residues in the propeller region that are critical for the
dipeptidyl peptidase activity of the enzyme members (1-3).

DPIV, also called CD26 due to its role in T cell
activation, is a 766-amino-acid, type-II integral membrane
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Figure 1. S9b phylogenetic representation. The S9b family
is comprised of three highly homologous protein pairs:
DP6/10, DP8/9, DPIV/FAP. The DPIV and FAP genes are
found on the same chromosome and have similar size and
exon structure. DP6 and DP10 share large gene sizes and
exon structure. DP8 and DP9 share similar exon structure.

protein that cleaves dipeptides from the N-terminus of
substrates, including many chemokines, neuropeptides and
peptide hormones. DPIV has the ability to bind both
adenosine deaminase (4) and the extracellular matrix (5, 6).
Due to the broad range of DPIV functions it has been
implicated in type II diabetes (7-18), arthritis (19, 20), HIV
infection (21-25), cancer (26-29) and immune function (22,
30-41), as reviewed in (42, 43).

In contrast, FAP is not expressed in the adult
system except at locations of tissue remodelling, such as
tumours and liver disease (44, 45). FAP is also a type II
integral membrane-bound glycoprotein that is unique
amongst the DPIV family as in addition to exhibiting DP
activity it has endopeptidase and gelatinase activity (5, 45-
52). It has been suggested that in stromal cells FAP exhibits
DP enzyme activity, disrupting the autocrine/paracrine loop
and enhancing the growth of tumour mass, while in cancer
cells FAP deploys its collagenase activity to invade the
surrounding tissue (53).

In 1992, DP6 protein was first isolated from
bovine and rat brains by Wada et al (54). Since then, it has
had various names including DPPX, BSPL and DPLI
protein. Eleven years later, DP10 was identified in human
brain cDNA and mapped to chromosome 2 (55, 56). Like
DP6, DP10 has various names including DPPY and DPL2
protein. Despite the absence of DP activity, DP6 is
essential for several processes. In studies with murine rump
white (Rw) mice the loss or rearrangement of inversion
breakpoints proximal to DP6 disrupted the DP6 gene.
Homozygotes for the mutation were embryonic lethal and
heterozygotes displayed pigmentation defects, suggesting
that DP6 may have an important role in embryonic

3620

development (57). DP6 is an essential component of
neuronal potassium channels (Kv) where it associates with
the channels’ pore-forming subunits to facilitate their
trafficking and membrane targeting (58). Like DP6, DP10
is a component of the Kv4 channel complex (59). DP10
mRNA was expressed in a number of multiple sclerosis
c¢DNA libraries (60) suggesting levels may be up-regulated
in the brains of patients with this disease. Interestingly,
several of the brain regions where DP10 is expressed are
associated with optical reflexes and correlation centres for
auditory reflexes (60). Furthermore, DP10 has been
implicated in modulation of the asthmatic airway and
associated inflammation in an asthma setting (61, 62).

Comparison of DP8 and DP9 with the other S9b
proteins from the DNA to the protein level may provide
clues as to the nature of DP8 and DP9 functions. This
review will explore the current evidence at gene, protein
and tissue level for this gene family in order to speculate
the roles of DP8 and DP9 proteins in vivo.

3. DP GENE
STUDIES

STRUCTURE AND EXPRESSION

Gene expression patterns and cellular localisation
can give potential clues to a proteins role in vivo. The S9b
gene family, groups into three pairs of similar proteins
when phylogenetic analysis is performed. As depicted in
Figure 1, DPIV and FAP, DP6 and DP10 and DP8 and DP9
form homologous pairs. DPIV and FAP share 40% amino
acid (aa) identity but display different tissue expression and
biological roles. DP6 and DP10 share 53% aa identity and
both are predominantly expressed in the brain and both
function as critical components of Kv4 channels. While,
DP8 and DP9 share 58% aa identity and ubiquitous mRNA
expression, their specific functions and whether they share
similar in vivo roles is still unknown. S9b gene expression
studies are further complicated by the occurrence of variant
gene transcripts, in particular DP6, DP10, DP8 and DP9, all
alternate use of the first exon increasing the potential for
differential regulation and function within each gene.

DPIV protein is widely expressed, and as such,
can have different roles depending on the cell or tissue
type. DPIV is expressed in all organs by capillary
endothelial cells and on activated T-cells where it is known
as CD26. It’s protein expression on B-cells can also be
induced by pokeweed mitogen (PWM) (38). DPIV/CD26 is
expressed at low levels by some resting T cells but cell
surface expression increases 5 to 10 fold after stimulation
with antigen or anti-CD3 plus interleukin (IL)-2 or with
mitogens such as phytohemagglutinin (63, 64).
Furthermore, DPIV/CD26 expression can be induced by
IL-12 on T cells (65).

Conversely, FAP protein expression is restricted
to sites of tissue remodelling during development, tissue-
repair and carcinogenesis (45, 65-68). Despite DPIV and
FAP being located adjacent to each other on chromosome 2
(Figure 1) the strict regulation of FAP reveals distinct roles
for the two enzymes. However, in reactive fibroblasts of
healing wounds FAP and DPIV form heterodimers (44)
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displaying a combined function under particular regulatory
signals. Furthermore, DPIV and FAP form complexes on
endothelial cells of capillaries facilitating extracellular
matrix degradation (69). The DPIV gelatin-binding domain
was vital for DPIV gelatinase degradation by FAP
demonstrating distinct binding and activity-dependent roles
for the enzymes in the complex (69). In contrast over-
expression of both wild-type and enzyme negative FAP
proteins in 293T cells enhanced apoptosis and increased
cell adhesion and migration demonstrating that these
affects were occurring via an activity-independent
mechanism (70).

While DPIV and FAP appear to have distinct
expression patterns and have both independent and shared
roles in vivo, DP6 and DP10 are mainly expressed in the
brain and share common roles as auxiliary subunits in Kv4
channels (58, 59). A number of alternative transcripts exist
for both DP6 and DP10 and each form is differentially
expressed. Alternative splicing at the N-terminus gives rise
to a number of transcript variants for DP6 (L, S, K) (71)
and DP10 (a, b, ¢, d) (72). The DP6 long form (DP6-L) was
only detected by in situ hybridisation in the olfactory bulb,
cerebellum, and the habenula of rat brain whilst the DP6-S
and K forms were more widely distributed (71). In human
brain, DP6 transcript variants are expressed in similar
regions (73). DP10-c and DP10-d forms were detected by
reverse transcriptase-polymerase chain reaction (RT-PCR)
in human brain, adrenal gland and pancreas, whereas
DP10-a and DP10-b forms were only detected in the brain
(72). While DP6 and DP10 share common functions, the
differential expression and localisation of alternative gene
transcripts suggest potential transcriptional regulation of
their Kv4 channel roles.

Originally, an 882aa (AF221634) version of DP8
was cloned from a human testis cDNA library and activated
peripheral blood mononuclear cell ¢cDNA (74). Gene
expression analysis by Northern blot determined DP8 like
DPIV to be ubiquitously expressed with the highest
expression in testis and placenta (74). During DP8 cloning
other partial cDNAs for DP8 were characterised which
lacked various DP8 exons including those containing
residues essential for the catalytic activity of DP8 (74).
More recently a longer 898aa DP8 isoform (AY354202)
resulting from an alternate exon 1 was cloned from human
testis (75). RT-PCR with primers that detect all variants
demonstrated expression of the DP8 gene in the liver, and a
number of B- and T-cell lines (74). Using a specific N-
terminal primer, quantitative fluorescent-RT-PCR showed
that the larger 898aa DP8 splice variant is expressed at
significantly higher levels in adult testis tissue compared to
foetal tissue (75). Multi-tissue PCR followed by Southern
blot analysis, determined that the mRNA for the long 898aa
form was predominantly expressed in the testis and
pancreas, with weak expression in placenta and lung.
Interestingly, in this analysis the 898aa variant was not
expressed in blood leukocytes, while the 882aa variant was
detected and cloned from this cell type (74, 75). The
differences in mRNA tissue expression profiles for the two
versions suggest distinct roles and that the two forms may
be differentially regulated. Due to the high expression of
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the mRNA for the 898aa form of DPS in testis it was
suggested that this form plays a role in spermatogenesis
and male fertility (75). Although no known targeting motifs
are present in this extra 16 amino acid N-terminal region,
the 898aa DP8 and DP8 proteins resulting from the non-
enzyme DP8 mRNA variants described above may exhibit
their novel functions via ligand-binding and not via enzyme
activity.

Like DP8, DP9 was found to have two variants
comprising the controversial 863aa version (AY374518)
and the longer 892aa version (DQ417928) (76). There is
also evidence that DP9 of a longer form greater than 960 aa
(AF542510) exists but as yet the start codon for this form
has not been found. An initial report suggested that the
863aa version was inactive in mammalian cells (77).
However, Ajami K et al (2004) and Qi SY et al (2003) later
demonstrated that the 863aa version was enzymatically
active (60, 76). Recently, Bjelke J.R. et al (2006) again
reported inactivity with their DP9 863aa expressed in Sf9
cells , while in-house DP9 863aa expressed in Sf9 cells was
active but labile (M. R. Pitman unpublished results). The
reason for the discrepancy remains unclear. Whilst there is
controversy surrounding the activity of the short and long
DP9 forms, all studies agree on the ubiquitous nature of
DP9 mRNA expression. Northern blots using a 3° probe
which could detect all forms determined DP9 gene
expression was highest in liver, heart, spleen, blood
leukocytes and skeletal muscle (76). Interestingly, a probe
for the 5° DP9 (AF542510) form displayed predominant
expression in skeletal muscle and liver. It was also noted
that many expressed sequence tags derived from diseased
tissue contained sequence present in the 960aa DP9 (76)
suggesting a differential role for the long form in human
disecase. More studies are required to further elucidate
differences between the different forms of DP9. It is yet to
be discovered whether differences in the DP8 and DP9
tissue expression levels and transcript variants are
indicative of distinct cellular roles. Using DPIV and FAP as
an example it is also possible that DP8 and DP9 share
common functions but have distinct regulation.

4. POST-TRANSLATIONAL MODIFICATIONS OF
DP PROTEINS

At the protein level post-translational
modifications allow for variation in protein regulation.
Processes such as glycosylation, phosphorylation and
proteolysis can influence the structure, substrate affinity
and ligand binding of proteins and alter trafficking and
regulatory processes. While specific proteolytic processing
of DP proteins has not been reported, non-specific DP8/9
degradation in mammalian cell extracts demonstrate
protease affinity for DP8 and DP9 (M.R. Pitman,
unpublished results)

DPIV is highly glycosylated (79) and traffics to
the extracellular plasma membrane (80). Although no
splice variants have been reported for the DPIV gene, a
soluble DPIV form exists; thought to occur through
proteolytic cleavage of the membrane-bound form into the
circulation (81). The existence of both a membrane-bound
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and soluble plasma DPIV increases the substrate repertoire
available for cleavage via DPIV and the overall versatility
of the enzyme (65 , 82). Similarly, FAP, DP6 and DP10 are
membrane proteins, but soluble versions of these proteins
have been reported (83, 62). Using tagged recombinant
proteins, while DP8 and DP9 have been localised to the
cytoplasm they also colocalize with wheat germ agglutinin
in the Golgi apparatus of COS-7 cells (74, 76). This
suggests that DP8 and DP9 may have alternative locations
depending on regulation. Due to the lack of glycosylation
sites on DP8 it is unlikely that the protein would be stable
extracellularly.

Dubois et al recently published the first study
purifying and identifying a natural DP9-like protein from
bovine testes (85). Active DP9-like protein was purified
from homogenates by a combination of ion exchange,
lectin affinity, metal-chelating, hydrophobic interaction and
inhibitor-affinity chromatography steps. Although DP9 has
two potential glycosylation sites, during purification the
DP9-like protein did not bind the lectin-affinity ConA
sepharose column suggesting that natural DP9 is not
glycosylated. The enriched DP9-like protein was confirmed
to be DP9 by immunoblot and displayed similar size,
stability and kinetic properties to recombinant DP9. An
additional serine-protease was purified, displaying similar
properties to recombinant DP8, however the identity could
not be confirmed by anti-DP8 immunoblotting (85). The
antibody may not have recognized bovine DP8.
Interestingly the testis is a source rich in DP8 mRNA but
DP9 was preferentially purified from this tissue. It will also
be important for the N-terminus of this natural DP9 to be
determined to see whether it is the 863aa or 898aa or even a
longer form. Recently antibodies (Abcam, Cambridge UK)
have become available for immunohistochemistry
experiments (61). The development of reagents such as
these is critical for determining the location, abundance and
the primary sequence of native DP8 and DP9 in normal and
diseased tissue.

DPIV post-translational modifications include
glycosylation and phosphorylation. Insulin-dependent post-
translational phosphorylation of DPIV by c-Src tyrosine
kinase has been shown to occur (86). The DPIV c-Src
phosphorylation was restricted to the Golgi and endosomal
compartments. Therefore, cytoplasmic DP8/9 could only be
processed in this manner by being first trafficked to the
Golgi. However, tyrosine phosphorylated DP8 was
identified in a murine WEHI-231 B cell lymphoma cell line
proteomic study (87). This was the first indication of post-
translational modifications for DPS8, and indicates that like
DPIV, DP8 may also act as a signalling molecule under
some circumstances. The kinase responsible for DP8
tyrosine phosphorylation is as yet unknown but its
identification would be beneficial for determining
signalling cascades, which in turn may imply DP8 function.
Interestingly, the phosphorylated DP8 Tyr325 is a
conserved S9b residue. When comparing S9b structures (2,
88, 89), this residue is adjacent to the extended dimeric arm
and may therefore be involved in altering the multimeric
status of the proteins or altering binding affinity for
protein-protein interactions. While DP9 phosphorylation is
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yet to be shown, the high homology with DP8 and shared
cytoplasmic location suggest that this may be a common
process. Knowledge of phosphorylation and other post-
translational regulation of the DP8 and DP9 proteins will
be vital to understanding their in vivo functions.

5. STRUCTURAL ELEMENTS
COMPARISON TO DPIV AND FAP

OF DP8/9:

Structural information is key to understanding
protein function. To date, the crystal structures of DP8 and
DP9 have not been solved. Computational modelling (90,
91) has revealed high similarity to other family members
within the alpha-beta hydrolase domain. However, within
the beta-propeller domain, vast differences are obvious
when comparing DP8 and DP9 to other family members.
The primary sequence of this domain is larger in DP8 and
DP9 compared to DPIV and shares only 11-17% amino
acid sequence identity compared to 36% in the alpha-beta
hydrolase domain (74). DPIV uses the propeller domain to
bind to other proteins (e.g. adenosine deaminase) so this
diversity in the beta-propeller domain suggests that DP8
and DP9 may have autonomous roles to other DPs within
the cell, interacting with other as yet unidentified
cytoplasmic proteins via this domain.

The alpha-beta hydrolase domain, containing the
catalytic triad is highly conserved within all DPIV family
members (92). The more variable beta-propeller contains
the essential glutamic acids required for orientation of
substrates as depicted with NPY (neuropeptide Y) in the
DPIV structure (Figure 2) (1). The substrate pockets are
largely conserved and are formed by the two domains
(Figure 2). The DPIV and FAP active sites are similar
despite differences in substrate binding preferences (3, 88).
Furthermore, the DP6 substrate pocket structure is similar
to both DPIV and FAP despite the lack of catalytic function
(89).

Differences in DP8/9 protein structure within the
variable beta-propeller region can be partly attributed to
large inserts present in the DP8 and DP9 sequences. The
low homology loop-like regions make it difficult to predict
the three-dimensional structure of this region. Additionally,
the N-terminal region adjacent to the beta-propeller domain
is much longer than DPIV and FAP (approximately 80
amino acids). It is likely that this region contains extra
secondary structural elements like prolyl
oligopeptidase/prolyl endopeptidase (PEP/POP) (90).
Interestingly, this region has no homology to other
structures suggesting that the region may contain a series of
loops or unique structural elements. These variable loop
regions within DP8 and DP9 could also contain unique
ligand binding motifs or structural elements that facilitate
differential regulation and processing.

Structural elements of DP8 and DP9 substrate
pockets are of great interest for predicting potential
substrates and inhibitors. The P1 pocket residues are
conserved between family members, and are formed by
residues of the alpha-beta hydrolase domain. However,
non-conserved loops from the beta-propeller are predicted
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Figure 2. DPIV structure with bound NPY. Figures were
made using Pymol (DeLano, 2002). The dimeric DPIV
structure (PDBcode = 1R9N) is represented in surface view
(blue and green, top). NPY is represented in sticks with
functional oxygen groups represented in red and nitrogen in
blue. The active site is comprised of the upper alpha/beta
hydrolase domain and lower beta- propeller domains of
each monomer. The active site (bottom) contains conserved
Glu™, Glu®® residues (orange, beta- propeller domain)
required to bind the amino terminus of the substrate for
catalysis by Ser®™”, Asp’® and His™ (yellow, alpha/beta
hydrolase domain). NPY is cleaved by the catalytic serine
after the penultimate proline residue as indicated by the
arrow.

in models to form the P2 substrate pocket of DP8 and DP9
(90, 91). Due to amino acid insertions and deletions in the
less-conserved  beta-propeller domain, S9b protein
sequence alignments are difficult. Different arrangements
of alignment gaps within this P2 loop produced alternative
residues lining the P2 pocket (91). These differences would
alter the electrostatic properties of the pocket.
Unfortunately, the true arrangement will only be discovered
by crystal structure determination. Despite this, Rummey et
al predicted that the DP8 and DP9, P2 pockets were larger
and less hydrophobic than DPIV (91). Properties such as
this may be exploited for the design of selective DP8 and
DP9 inhibitors, and substrate profiling. Additionally, inhibitors
that select between DP8 and DP9 would be valuable tools and
could be used to determine their distinct roles.

Originally, DP8 and DP9 proteins were believed
to be monomeric (74, 76), however further analysis
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revealed that they were in fact dimeric proteins (78, 93).
This difference in the quaternary structure of the proteins
was most likely due to C-terminal tag interference, as it
wasn’t until an N-terminally tagged protein was expressed,
that the dimeric properties of DP8/9 were discovered (93).
Thus, DP8 and DP9 share this dimeric state with all DPIV
family members (DPIV, FAP, DP6 and DP10) At high
concentrations tetrameric DP8 has been observed (93)
which correlates with previous observations of tetrameric
human DPIV (3).

6. DISCOVERING POTENTIAL DP8/9 SUBSTRATES

Knowledge of natural substrates will shed light
on DP8 and DP9 cellular roles. As yet no natural DP8/9
substrates are known, however important structural and
functional information can be gleaned from in vitro studies
with artificial substrates.

Dipeptide substrate specificity profiles of the DP8
enzyme determined that DP8 prefers proline at the P1 position,
with very little cleavage observed for other residues at P1 (93).
At the P2 position, DP8 prefers basic and hydrophobic
residues. This differs slightly from DPIV which cleaves acidic
residues at levels approximately 20-fold higher than DP8 (93).
Although little cleavage was observed with alanine at the P1
position, DP8 and DP9 were shown to cleave the NH,-His-Ala
N-termini of glucagon-like peptide (GLP)-1 and GLP-2 in
vitro (78). Interestingly, peptide YY (PYY) was cleaved by
DPS, 250-fold slower than NPY despite having identical P1
and P2 residues (NH,-Tyr-Pro). The structures of NPY and
PYY (Figure 3) suggest that the folded PYY structure may
have hindered DPS8 binding. This highlights the importance of
substrate structure for recognition and cleavage in longer
substrates.

DPS8 cleaves the DPIV substrates stromal-cell
derived factor (SDF) -alpha and -beta (CXCL12) (NH,-
Lys-Pro), interferon-inducible T cell chemo-attractant
(ITAC, CXCL11) (NH,-Phe-Pro) and inflammatory protein
10 (IP10, CXCL10) (NH,-Val-Pro) in vitro (94). This work
confirms DP8’s preference for basic, hydrophobic or
aromatic residues in longer, non-chromogenic substrates.
The structures of these substrates also contain highly
flexible N-terminal loops (Figure 3). Twelve other
chemokines with a Ser, Ala or Pro in the penultimate (P2)
position were screened but neither DP8 or DPIV cleaved
these. Finally four chemokine substrates were cleaved by
DPIV and not by DP8. This suggests that DPIV and DPS8
have different preferences for in vivo substrates despite
having similar P1 -P2 dipeptide substrate specificity
profiles. Again this could be due to P1'-P2" residues or the
folded structures of the substrates (Figure 3). It is expected
that DP9 will show similar preferences however DP9
cleavage of these substrates is yet to be tested.

While DP8 and DP9 have been shown in vitro to
cleave several DPIV substrates, it is likely that many
unique substrates are yet to be discovered. It is also
possible due to their cytoplasmic localisation that few
DP8/9 substrates will overlap with DPIV substrates.
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prs
E  GLP-1

Figure 3. In vitro DP8 substrates. Structural
representations of A NPY (PDBcode= 1RON), B PYY
(PDBcode= 1QBF), C SDFl-alpha (PDBcode= 2SDF), D
ITAC (PDBcode= 1RIJT), and E glucagon-like peptide 1
(PDBcode= 1DOR) were made using Pymol (DeLano,
2002). Substrate structure is represented in ribbon. N-
terminal dipeptide residues P1 and P2 residues are
represented in orange sticks. The N-terminal regions
are flexible loop regions. DP8 cleaves NPY, SDFI,
ITAC and GLP-1 in vitro but not PYY despite matching
the N-terminus of NPY. This may be due to the N-
terminal region or the folded structure of PYY compared
to NPY.

However, in the context of chemokine cleavage it has been
proposed that DP8 could be released into the extracellular
space to cleave chemokines or that these chemokines are
internalised to the cytoplasm (94).
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7. DESIGNING SPECIFIC DP8/9 INHIBITORS TO
FURTHER ELUCIDATE THEIR FUNCTIONAL
ROLES IN VIVO

The design and synthesis of inhibitors that are
selective for DP8/9 over other DPs plus inhibitors that
discriminate between DP8 and DP9 is paramount to
elucidating their functional roles. Despite the lack of DPS8
and DP9 crystal structure data, some DP8/9 inhibitors have
recently been developed. These DP8/9 inhibitor structures
are depicted in Figure 4 along with several DPIV inhibitors
that are now know to target DP8/9. The inhibitor 1Cs,
values for these compounds are summarised in Table 1.
Like for DPIV inhibitors, amino acid analogues were used
as lead compounds for inhibitor development. Proline-like
ring moieties are common to all DP8/9 inhibitors as shown
in Figure 4A-D. Two recent studies developed specific DP8
inhibitors with some selectivity over DPIV and DPII (95,
96). Inhibitors with the piperazine moiety were potent DP8
inhibitors with ICs, values ranging from 16-71 nM (95).
This group concluded that the best inhibitor was 1- (4,4" -
difluorobenzhydryl) piperazine (ICso = 16nM) with 14-fold
selectivity over DPIV (95) (Figure 4A). The second study
focused on the diaryl phoshonate moiety in the P1 position.
A range of amino acid residues were tested in the P1
position for DP8/9 selectivity (96), however lysine in the
P2 position displayed higher selectivity for DP8/9 over
DPIV. The best compound, lysine 4- acetamidophenyl,
conferred >100 fold selectivity over DPIV and 200 fold
over DPII (structure not shown). Remarkably, none of the
inhibitors developed in these two studies were tested on
DP9, but they are likely to have comparable affinities due
to the high structural similarity between the two enzymes.
The pharmaceutical company Point Therapeutics (recently
taken over by DARA Biosciences) have developed two
other DP8/9 selective inhibitors PTX1200 and PTX1210
(120, 130) (Figure 4B and 4C) which to date, display the
best selectivity for DP8/9 over other DPs (Table 1). Merck
have also synthesised a selective DP8/9 inhibitor ( (28, 3R)-
2- (2-amino-3-methyl-1-oxopentan-1-yl)-1,3-dihydro-2H-
isoindole hydrochloride) (12) (Figure 4D). Despite being
designed to inhibit DPIV, isoleucyl thiazolidine (P32/98)
(Figure 4E) and Lys (Z (NO2))-pyrrolidide (Figure 4G)
display 2-10 fold selectivity for DP8/9 over DPIV and Val-
Boro-Pro (Figure 4F) inhibits DPS , DP9 and DPIV with
similar affinities (Table 1) (12). However, in both rats and
dogs Val-Boro-Pro or the Merck DP/9 selective inhibitor
(Figure 4D) caused anaemia, thrombocytopenia,
splenomegaly, multiple organ pathology, alopecia and
mortality (12). For determination of the distinct role of DP§
and 9, inhibitors that differentiate between the enzymes
will be required. Knowledge of both structure and natural
substrates would greatly benefit inhibitor design.

8. POTENTIAL ROLES FOR DP8 AND DP9

Research into DP8 and DP9 expression in
leukocytes and lungs has shown some promise in ‘teasing
out’ potential roles for these proteins in vivo. Previously,
cytoplasmic DP8 and DP9 specific activity was detected in
leukocytes (97). This has been made more significant by
the recent finding that DP8 and DP9 mRNA and enzyme
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Figure 4. DP inhibitor structures. Compounds A-D are DP8/9 selective inhibitors. Compounds E-G are compounds designed for
DPIV inhibition that show affinity for DP8 and 9. Inhibitor structures were produced by http://www.molinspiration.com/.

Corresponding ICs, values are represented in Table 1.

activity were up-regulated in bronchi during induction of
experimental asthma in rats (61), with some of this activity
attributed to the presence of leukocytes in the lung. DPIV
up-regulation was not observed, however similarly to DP8
and DP9, DP10, a potential marker for asthma, was up-
regulated in the bronchial epithelium of the airways. It was
suggested that differential DP10 expression was due to
expression in the bronchus-associated nervous system as no
expression could be detected in whole lung sections. It is
possible that DP8, DP9 and DP10 up-regulation in the lung
may contribute to the asthma pathology. However, further
work is required to determine the specific roles of these
proteins in the lung system.

One of DPIV’s most publicised roles is in glucose
homeostasis which has been extensively researched and
reviewed (14, 18, 98-102). The peptide hormones, GLP-1
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and GLP-2 and gastric inhibitory peptide (GIP) are
expressed and secreted after eating and trigger the secretion
of insulin, in turn causing glucose uptake. The extracellular
DPIV cleaves the N-terminus of GLP-1 and GIP, rendering
them inactive (103). DPIV inhibitors preserve the
circulating GLP-1 and GIP levels, improving glucose
homeostasis. In diabetes mellitus (type II), where glucose
homeostasis is impaired, DPIV inhibitors have been used as
therapeutics. Recently, Januvia (Sitagliptin, Merck), the
first commercial DPIV-inhibitor-based diabetes therapy
was released onto the market (11, 98, 104). Several other
compounds are in late  stage  development;
Galvus/Vildagliptin (Novartis), Saxagliptin (Bristol-Myers-
Squibb) and Alogliptin/Syr322 (Takeda) (7-10, 104-107).
Although DP8 and DP9 were shown to cleave GLP-1 and 2
in vitro (78), their cytoplasmic location makes in vivo
cleavage of these substrates by DP8/9 unlikely.
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Table 1. ICs, (nM) values for DP Inhibitors

Inhibitor DP8 DP9 DPIV FAP DPII Ref
A 1- (4,4’-difluorobenzhydryl) piperazine 16 ND 227 ND >100,000 (95)
B PTX1200 15 36 >27,000 >40,000 >30,000 (127)
C PTX1210 25 105 >50,000 >50,000 >50,000 (127)
D DP8/9 Selective 38 55 30,000 >100,000 >100,000 (12)
E L-allo isoleucyl thiazolidide 220 320 460 >100,000 >100,000 (12)
F Val-Boro-Pro 4 11 <4 560 310 (12)
G Lys (Z (NO,))-pyrrolidide 154 165 1,300 51,000 1,210 (12)

ND = Not determined

Signalling via DPIV/CD26 is well known
however the co-stimulatory or T-cell activating properties
of CD26 in vivo seem to occur via an activity-independent
mechanism. Association with the protein tyrosine
phosphatase (PTP) CD45 through CD26’s cytoplasmic
domain causes aggregation of lipid rafts, and facilitates the
colocalization of CD45 to the T cell receptor signaling
molecules p56 (Lck), ZAP-70, and TCRzeta, thereby
enhancing protein tyrosine phosphorylation of other
signalling molecules and subsequent IL-2 production (108).
In a similar manner, it is possible that DP8 and DP9 also
have signalling roles in the cell, separate to their catalytic
activity. DP8 over-expression in AD293 cells enhanced
staurosporine-induced apoptosis, while DP9 increased
spontaneous apoptosis (109). Interestingly, enzyme activity
was not required for their impairment of wound healing,
apoptosis and cell migration as similar results were
observed with wild-type and enzyme negative DP8/9
proteins (109). This work suggests that DP8 and DP9, like
DPIV and FAP, can influence cell-extracellular matrix
interactions via protein-protein interactions; and this is an
activity-independent role.

DP8 and DP9 expression on blood leukocytes and
B- and T-cell lines also suggests a role for these proteins in
immune processes. The majority of this work has been
performed by Point Therapeutics, using their nanomolar DP
inhibitor Val-Boro-Pro (PT-100, Talabostat). DP inhibition
has also been investigated for the treatment of solid
tumours and B-cell malignancies including chronic
lymphocytic  leukaemia, non-Hodgkin’s lymphoma,
metastatic colorectal cancer, non-small cell lung cancer and
stage IV metastatic melanoma (110-116).

Due to the non-selective nature of Val-Boro-Pro,
it is unknown which DP the inhibitor would be acting
against in each cancer type, however preliminary work by
Point Therapeutics suggests that inhibition of DP8 and DP9
can stimulate innate and adaptive immune responses which
could in turn kill tumour cells. As depicted in Figure 5,
DP8/9 inhibition by the inhibitor Val- Boro-Pro caused
secretion of IL1-beta in macrophages via caspase-1
activation (117). IL1-beta is a pro-inflammatory cytokine
implicated in various diseases including inflammatory
bowel disease, diabetes mellitus and rheumatoid arthritis.
The secretion of IL1-beta in human peripheral blood
mononuclear cells induced paracrine signalling via
chemokines and cytokines to cell types involved in both
innate and acquired immunity. The inhibition dependent
caspase-1 activation was confirmed with inhibitors more
selective for DP8/9 (PTX1200, PTX1210) (Figure 4B-C,
Table 1) (117). At present it is unclear whether inhibition

of both DP8 and DP9 is required for this effect or whether
the activation of caspase-1 requires only one of these
proteins to be inhibited. Earlier observations of DP8-
enhancement and DP9-induction of apoptosis suggest
similar roles for DP8/9 in other signalling pathways (109).
It is also likely that caspase-1 activation is mediated via
intermediate signalling molecules. Despite this, the ability
for these DP8/9 selective inhibitors to stimulate innate and
adaptive immunity responses gives them potential to kill
tumour cells. This exciting finding may have potential for a
range of therapeutic applications, although more research
needs to be done to investigate the underlying mechanism.
These inhibitor-induced affects together with Yu et al’s
study on DP8 and DP9 over-expression, suggest that both
activity-dependent and potential signalling/protein binding
activity-independent roles for DP8 and DP9 exist (109).

The mechanism of caspase -1 activation is not yet
fully understood. In recent years a number of caspase-1
interacting proteins have been discovered including Ipaf
(118), Rip2 (119), ASC (120), PAK and Nod1 (121). These
proteins bind to caspase-1 via a caspase recruitment domain
(CARD). Therefore, DP8 and DP9 are unlikely to interact
with caspase-1 directly as they lack CARD domains.
However, the caspase-1 interacting proteins COP, Iceberg
(122) and CARD-8 (123) inhibit caspase-1 activation.
Therefore it is also possible that DP8/9 activate caspase-1
via loss of inhibitory proteins. It is impossible to say at this
point which stage DP8 and DP9 are involved in caspase-1
activation as mediation of caspase-1 activation appears to
be a complex cascade involving protein-protein
interactions, phosphorylation and induced gene
expression.

Earlier studies also suggest a potential role for
DP8 and 9 in the immune system, as several cytokines
are affected by DP8/9 inhibition. Using two DP
inhibitors Lys (Z (NO,))-pyrrolidide (Figure 4F) and Lys
(Z (NO,))-thiazolidide, IL-10, IL-12 and interferon
(IFN)-gamma were shown to be down regulated in PWM
stimulated T-cells (124). These inhibitors also reduce in
a dose-dependent manner IFN-gamma, IL-4, and tumour
necrosis factor-alpha production of myelin basic protein-
stimulated T cell clones from patients with MS (125),
suggesting that inhibition of DP activity may be a useful
therapeutic tool in MS, or other autoimmune diseases. It
is important to add that while authors of this study
speculated that DPIV enzyme was responsible for the
changes caused upon DP inhibition, later studies have
shown that the inhibitors Lys (Z (NO,))-pyrrolidide and
Lys (Z (NO,))-thiazolidide are actually more selective
for DP8 and DP9 than for DPIV (Table 1) (12).
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Figure 5. Caspase 1 activation and IL-1 beta production
induced by Val-Boro-Pro and DP8/9 inhibitors. Adapted

from (117). Inhibition of DP8/9 induces IL-1 beta
production via a caspase-1 dependent pathway. The
mechanism of caspase-1 activation by DP8/9 is unknown.
IL1-beta causes expression of IL-1 receptor in
macrophages and fibroblasts via autocrine and paracrine
loop responses.

While such in vitro studies suggest great promise
for DP8&/9 inhibitors it is uncertain whether selective DP8/9
inhibitors will be a useful therapeutic tool in vivo, as
reports of toxicity as discussed previously with selective
DP8/9 inhibitors are cause for concern (12). More
specifically, in vitro studies with the inhibitors revealed
that both DP8/9 specific inhibitors and Val-Boro-Pro
inhibited T-cell proliferation and IL-2 release while DPIV
and DPII inhibitors had no affect (12). These side-affects
highlight the importance of having true DPIV selective
inhibitors for use as a diabetes therapy and highlight
difficulties that DP8/9 selective inhibitors may have as
therapeutics. This also implies that the functions of DP8
and DP9, although unclear, may be vital for immune
signalling and function.

9. WHAT THE FUTURE HOLDS FOR DP8 AND DP9

At this stage very little is known about DP8 and
DP9 in vivo functions. While there are definite similarities
to DPIV enzyme activity, expression and structure, their
longer N-termini and cytoplasmic location suggests that
they may bind different substrates or ligands and therefore
have unique in vivo roles. The effect of DP8 and DP9
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inhibition on signalling in macrophages demonstrated an
activity-dependent role (117). At this stage it is impossible
to say whether these observations are representative of an
overall role for DP8 and DP9 or are cell-specific. DPIV and
FAP have demonstrated both activity-dependent and
activity-independent roles, thus DP8 and DP9 have the
potential to demonstrate activity-independent roles also.
Using more selective inhibitors, DP§ and DP9 have now
been associated with immune function, however this role is
unclear. Until further evidence of direct signalling
pathways or natural substrates are determined, DP8 and
DP9 remain guilty by association.

10. REFERENCES

1. C. A. Abbott, G. W. McCaughan and M. D. Gorrell:
Two highly conserved glutamic acid residues in the
predicted beta propeller domain of dipeptidyl peptidase IV
are required for its enzyme activity. FEBS Lett, 458 (3),
278-284 (1999)

2. H. B. Rasmussen, S. Branner, F. C. Wiberg and N.
Wagtmann: Crystal structure of human dipeptidyl peptidase
IV/CD26 in a complex with substrate analog. Nat Struct
Biol, 10, 19-25 (2003)

3. K. Aertgeerts, S. Ye, M. G. Tennant, M. L. Kraus, J.
Rogers, B. Sang, R. J. Skene, D. R. Webb and G. S. Prasad:
Crystal structure of human dipeptidyl peptidase IV in
complex with a decapeptide reveals details on substrate
specificity and tetrahedral intermediate formation. Protein
Sci, 13, 412-421 (2004)

4. J. Kameoka, T. Tanaka, Y. Nojima, S. F. Schlossman
and C. Morimoto: Direct association of adenosine
deaminase with a T cell activation antigen, CD26. Science,
261 (5120), 466-9 (1993)

5. W. T. Chen: DPPIV and seprase in cancer invasion and
angiogenesis. Adv Exp Med Biol, 524, 197-203 (2003)

6. W. T. Chen: Membrane proteases: roles in tissue remodeling
and tumour invasion. Curr Opin Cell Biol, 4 (5), 802-9 (1992)

7. S. A. Miller, E. L. S. Onge and J. R. Taylor: DPP-IV
inhibitors: A review of sitagliptin, vildagliptin, alogliptin,
and saxagliptin. Formulary, 43 (4), 122-+ (2008)

8. N. Mikhail: Incretin mimetics and dipeptidyl peptidase 4
inhibitors in clinical trials for the treatment of type 2
diabetes. Expert Opin Investig Drugs, 17 (6), 845-853
(2008)

9. C. F. Deacon: Alogliptin, a potent and selective
dipeptidyl peptidase-IV inhibitor for the treatment of type 2
diabetes. Curr Opin Investig Drugs, 9 (4), 402-413 (2008)

10. R. A. Defronzo, M. Hissa, M. B. Blauwet and R. S. Chen:
Saxagliptin added to metformin improves glycemic control in
patients with type 2 diabetes. Diabetes, 56, AT74-A74
(2007)



Dipeptidyl peptidase 8 and 9 - guilty by association?

11. L. S. Schlesselman: Sitagliptin - The first dipeptidyl
peptidase IV inhibitor for the treatment of type 2 diabetes.
Formulary, 41 (9), 434-+ (2006)

12. G. R. Lankas, B. Leiting, R. S. Roy, G. J. Eiermann, M.
G. Beconi, T. Biftu, C. C. Chan, S. Edmondson, W. P.
Feeney, H. B. He, D. E. Ippolito, D. Kim, K. A. Lyons, H.
0. Ok, R. A. Patel, A. N. Petrov, K. A. Pryor, X. X. Qian,
L. Reigle, A. Woods, J. K. Wu, D. Zaller, X. P. Zhang, L.
Zhu, A. E. Weber and N. A. Thornberry: Dipeptidyl
peptidase IV inhibition for the treatment of type 2 diabetes
- Potential importance of selectivity over dipeptidyl
peptidases 8 and 9. Diabetes, 54 (10), 2988-2994 (2005)

13. B. Ahren, M. Landin-Olsson, P. Jansson, M. Svensson,
D. Holmes and A. Schweizer: Inhibition of Dipeptidyl
Peptidase-4 Reduces Glycemia, Sustains Insulin Levels,
and Reduces Glucagon Levels in Type 2 Diabetes. J Clin
Endocrinol Metab, 89, 2078-2084 (2004)

14. P. E. Wiedeman and J. M. Trevillyan: Dipeptidyl
peptidase IV inhibitors for the treatment of impaired
glucose tolerance and type 2 diabetes. Curr Opin Investig
Drugs, 4 (4), 412-20 (2003)

15. J. A. Pospisilik, J. A. Ehses, T. Doty, C. H. Mclntosh,
H.-U. Demuth and R. A. Pederson: Dipeptidyl Peptidase IV
Inhibition in Animal Models of Diabetes. In: Dipeptidyl
Aminopeptidases in Health and Disease. Ed H. e. al.
Kluwer Academic/Plenum Publishers, New York (2003)

16. D. J. Drucker: Therapeutic potential of dipeptidyl
peptidase IV inhibitors for the treatment of type 2 diabetes.
Expert Opin Investig Drugs, 12 (1), 87-100 (2003)

17. J. J. Holst, L. Hansen, C. Orskov, M. Wojdemann, A.
Wetiergren and C. F. Deacon: GLP-1 (7-36amide) is
transformed by dipeptidyl peptidase IV in the capillaries
supplying the L-cells into GLP-1 (9-36amide), which
antagonizes the gastrointestinal effects of GLP-1. Diabetes,
47, A30-A30 (1998)

18. J. J. Holst and C. F. Deacon: Inhibition of the activity
of dipeptidyl-peptidase IV as a treatment for type 2
diabetes. Diabetes, 47 (11), 1663-70 (1998)

19. S. Tanaka, T. Murakami, H. Horikawa, M. Sugiura, K.
Kawashima and T. Sugita: Suppression of arthritis by the
inhibitors  of  dipeptidyl peptidase IV. Int J
Immunopharmacol, 19 (1), 15-24 (1997)

20. Y. N. Williams, H. Baba, S. Hayashi, H. Ikai, T. Sugita,
S. Tanaka, N. Miyasaka and T. Kubota: Dipeptidyl
peptidase IV on activated T cells as a target molecule for
therapy of rheumatoid arthritis. Clin Exp Immunol, 131, 68-
74 (2003)

21. K. Augustyns, G. Bal, G. Thonus, A. Belyaev, X. M.
Zhang, W. Bollaert, A. M. Lambeir, C. Durinx, F.
Goossens and A. Haemers: The unique properties of
dipeptidyl-peptidase IV (DPP IV / CD26) and the

3628

therapeutic potential of DPP IV inhibitors. Curr Med
Chem, 6 (4), 311-27 (1999)

22. T. Shioda, H. Kato, Y. Ohnishi, K. Tashiro, M.
Ikegawa, E. E. Nakayama, H. Hu, A. Kato, Y. Sakai, H.
Liu, T. Honjo, A. Nomoto, A. Iwamoto, C. Morimoto and
Y. Nagai: Anti-HIV-1 and chemotactic activities of human
stromal cell-derived factor lalpha (SDF-1lalpha) and SDF-
Ibeta are abolished by CD26/dipeptidyl peptidase IV-
mediated cleavage. Proc Natl Acad Sci U S A4, 95 (11),
6331-6 (1998)

23.J. D. Jiang, S. Wilk, J. Li, H. Zhang and J. G. Bekesi:
Inhibition of Human Immunodeficiency Virus type 1
infection in a T-cell line (Cem) by new dipeptidyl-
peptidase IV (CD26) inhibitors. Res Virol, 148 (4), 255-266
(1997)

24. D. Reinhold, S. Wrenger, U. Bank, F. Biihling, T.
Hoffmann, K. Neubert, M. Kraft, R. Frank and S. Ansorge:
CD26 mediates the action of HIV-1 Tat protein on DNA
synthesis and cytokine production in U937 Cells.
Immunobiol, 195 (1), 119-128 (1996)

25. C. Callebaut, B. Krust, E. Jacotot and A. G.
Hovanessian: T cell activation antigen, CD26, as a cofactor
for entry of HIV in CD4+ cells. Science, 262 (5142), 2045-
50 (1993)

26. W. J. Rettig, P. Garin-Chesa, H. R. Beresford, H. F.
Oettgen, M. R. Melamed and L. J. Old: Cell-surface
glycoproteins of human sarcomas: differential expression in
normal and malignant tissues and cultured cells. Proc Natl
Acad Sci U S 4, 85 (9),3110-3114 (1988)

27. A. Sedo, E. Krepela and E. Kasafirek: Dipeptidyl
peptidase IV, prolyl endopeptidase and cathepsin B
activities in primary human lung tumors and lung
parenchyma. J Cancer Res Clin Oncol, 117 (3), 249-53
(1991)

28. U. V. Wesley, A. P. Albino, S. Tiwari and A. N.
Houghton: A role for dipeptidyl peptidase IV in
suppressing the malignant phenotype of melanocytic cells.
(see comment). J Exp Med, 190 (3), 311-22 (1999)

29. C. L. Pethiyagoda, D. R. Welch and T. P. Fleming:
Dipeptidyl peptidase IV (DPPIV) inhibits cellular invasion
of melanoma cells. Clin Exp Metastasis, 18 (5), 391-400
(2000)

30. E. Schén, S. Jahn, S. T. Kiessig, H. U. Demuth, K.
Neubert, A. Barth, R. Von-Béhr and S. Ansorge: The role
of dipeptidyl peptidase IV in human T lymphocyte
activation. Inhibitors and antibodies against dipeptidyl
peptidase IV suppress lymphocyte proliferation and
immunoglobulin synthesis in vitro. Eur J Immunol, 17 (12),
1821-6 (1987)

31. E. Schoén and S. Ansorge: Dipeptidyl peptidase IV in
the immune system. Cytofluorometric evidence for



Dipeptidyl peptidase 8 and 9 - guilty by association?

induction of the enzyme on activated T lymphocytes. Biol
Chem Hoppe Seyler, 371 (8), 699-705 (1990)

32. E. Schon, 1. Born, H. U. Demuth, J. Faust, K. Neubert,
T. Steinmetzer, A. Barth and S. Ansorge: Dipeptidyl
peptidase IV in the immune system. Effects of specific
enzyme inhibitors on activity of dipeptidyl peptidase IV
and proliferation of human lymphocytes. Bio/ Chem Hoppe
Seyler, 372 (5), 305-11 (1991)

33.N. H. Dang and C. Morimoto: CD26: an expanding role
in immune regulation and cancer. Histol Histopathol, 17
(4), 1213-26 (2002)

34. U. Aytac, F. X. Claret, L. Ho, K. Sato, K. Ohnuma, G.
B. Mills, F. Cabanillas, C. Morimoto and N. H. Dang:
Expression of CD26 and its associated dipeptidyl peptidase
IV enzyme activity enhances sensitivity to doxorubicin-
induced cell cycle arrest at the G (2)/M checkpoint. Cancer
Res, 61 (19), 7204-10 (2001)

35. F. J. Salgado, E. Vela, M. Martin, R. Franco, M.
Nogueira and O. J. Cordero: Mechanisms of
CD26/dipeptidyl ~ peptidase IV cytokine-dependent
regulation on human activated lymphocytes. Cytokine, 12
(7), 1136-41 (2000)

36. B. Bauvois, M. Djavaheri-Mergny, D. Rouillard, J.
Dumont and J. Wietzerbin: Regulation of CD26/DPPIV
gene expression by interferons and retinoic acid in tumor B
cells. Oncogene, 19 (2), 265-72 (2000)

37. C. Nguyen, J. Blanco, J. P. Mazaleyrat, B. Krust, C.
Callebaut, E. Jacotot, A. G. Hovanessian and M.
Wakselman: Specific and irreversible cyclopeptide
inhibitors of dipeptidyl peptidase IV activity of the T-cell
activation antigen CD26. J Med Chem, 41 (12), 2100-10
(1998)

38. F. Buhling, U. Junker, D. Reinhold, K. Neubert, L.
Jager and S. Ansorge: Functional role of CD26 on human B
lymphocytes. Immunol Lett, 45 (1-2), 47-51 (1995)

39. D. Reinhold, U. Bank, F. Biihling, U. Lendeckel, A. J.
Ulmer, H. D. Flad and S. Ansorge: Transforming growth
factor-beta 1 (TGF-beta 1) inhibits DNA synthesis of
PWM-stimulated PBMC via suppression of IL-2 and IL-6
production. Cytokine, 6 (4), 382-8 (1994)

40. F. Buhling, D. Kunz, D. Reinhold, A. J. Ulmer, M.
Emst, H. D. Flad and S. Ansorge: Expression and
functional role of dipeptidyl peptidase IV (CD26) on
human natural killer cells. Nat Immun, 13 (5), 270-9 (1994)

41. D. Reinhold, U. Bank, F. Buhling, K. Neubert, T.
Mattern, A. J. Ulmer, H. D. Flad and S. Ansorge:
Dipeptidyl peptidase IV (CD26) on human lymphocytes.
Synthetic inhibitors of and antibodies against dipeptidyl
peptidase IV suppress the proliferation of pokeweed
mitogen-stimulated peripheral blood mononuclear cells,
and IL-2 and IL-6 production. Immunobiol, 188 (4-5), 403-
14 (1993)

3629

42. A. M. Lambeir, Durinx C., Scharpe S. and De Meester
L.: Dipeptidyl-Peptidase IV from bench to bedside: An
update on structural properties, functions, and clinical
aspects of the enzyme DPIV. Crit Rev Clin Lab Sci, 40 (3),
209-294 (2003)

43. M. D. Gorrell and D. Yu: Diverse functions in a
conserved structure: The dipeptidyl peptidase IV gene
family. In: Trends in Protein Research. Ed R. J.W. Nova
Science Publishers Inc., (2005)

44. M. J. Scanlan, B. K. Raj, B. Calvo, P. Garin-Chesa, M.
P. Sanz-Moncasi, J. H. Healey, L. J. Old and W. J. Rettig:
Molecular cloning of fibroblast activation protein alpha, a
member of the serine protease family selectively expressed
in stromal fibroblasts of epithelial cancers. Proc Natl Acad
Sci US 4,91 (12), 5657-61 (1994)

45. M. T. Levy, G. W. McCaughan, C. A. Abbott, J. E.
Park, A. M. Cunningham, E. Muller, W. J. Rettig and M.
D. Gorrell: Fibroblast activation protein: A cell surface
dipeptidyl peptidase and gelatinase expressed by stellate
cells at the tissue remodelling interface in human cirrhosis.
Hepatology, 29 (6), 1768-1778 (1999)

46. C. Y. Edosada, C. Quan, T. Tran, V. Pham, C.
Wiesmann, W. Fairbrother and B. B. Wolf: Peptide
substrate profiling defines fibroblast activation protein as
an endopeptidase of strict Gly (2)-Pro (1)-cleaving
specificity. FEBS Lett, 580 (6), 1581-1586 (2006)

47. W. T. Chen: Proteases associated with invadopodia, and
their role in degradation of extracellular matrix. Enzyme
Protein, 49 (1-3), 59-71 (1996)

48. M. L. Pineiro-Sanchez, L. A. Goldstein, J. Dodt, L.
Howard, Y. Yeh, H. Tran, W. S. Argraves and W. T. Chen:
Identification of the 170-kDa melanoma membrane-bound
gelatinase (seprase) as a serine integral membrane protease.
J Biol Chem, 272 (12), 7595-601 (1997)

49. G. Ghersi, H. Dong, L. A. Goldstein, Y. Yeh, L.
Hakkinen, H. S. Larjava and W. T. Chen: Regulation of
fibroblast migration on collagenous matrix by a cell surface
peptidase complex. J Biol Chem, 277 (32), 29231-41
(2002)

50. G. Ghersi, H. Dong, L. A. Goldstein, Y. Yeh, L.
Hakkinen, H. S. Larjava and W. T. Chen: Seprase-dPPIV
association and prolyl peptidase and gelatinase activities of
the protease complex. Adv Exp Med Biol, 524, 87-94
(2003)

51. V. J. Christiansen, K. W. Jackson, K. N. Lee and P. A.
McKee: Effect of fibroblast activation protein and alpha
(2)-antiplasmin cleaving enzyme on collagen types I, III,
and IV. Arch Biochem Biophys, 457 (2), 177-186 (2007)

52. S. Aggarwal, W. N. Brennen, T. P. Kole, E. Schneider,
O. Topaloglu, M. Yates, R. J. Cotter and S. R. Denmeade:
Fibroblast activation protein peptide substrates identified



Dipeptidyl peptidase 8 and 9 - guilty by association?

from human collagen I derived gelatin cleavage sites.
Biochem, 47 (3), 1076-1086 (2008)

53. P. Busek, R. Malik and A. Sedo: Dipeptidyl peptidase
IV activity and/or structural homologues (DASH) and their
substrates in cancer. Int J Biochem Cell Biol, 36, 408-421
(2004)

54. K. Wada, N. Yokotani, C. Hunter, K. Doi, R. J.
Wenthold and S. Shimasaki: Differential Expression of 2
Distinct Forms of Messenger-Rna Encoding Members of a
Dipeptidyl Aminopeptidase Family. Proc Natl Acad Sci U
S4,89 (1), 197-201 (1992)

55. T. Chen, K. Ajami, G. W. McCaughan, W. P. Gai, M.
D. Gorrell and C. A. Abbott: Molecular characterization of
a novel dipeptidyl peptidase like 2-short form (DPL2-s)
that is highly expressed in the brain and lacks dipeptidyl
peptidase activity. Biochim Biophys Acta - Prot Proteom,
1764 (1), 33-43 (2006)

56. C. A. Abbott and M. D. Gorrell: The family of
CD26/DPIV related ectopeptidases. In: Ectopeptidases:
CD13/Aminopeptidase N and CD26/Dipeptidylpeptidase IV
in Medicine and Biology. Ed J. Langner&S. Ansorge.
Kluwer/Plenum, New York (2002)

57. R. B. Hough, A. Lengeling, V. Bedian, C. Lo and M.
Bucan: Rump white inversion in the mouse disrupts
dipeptidyl aminopeptidase-like protein 6 and causes
dysregulation of Kit expression. Proc Natl Acad Sci U S A,
95, 13800-13805 (1998)

58. M. S. Nadal, A. Ozaita, Y. Amarillo, E. Vega-Saenz de
Miera, Y. L. Ma, W. J. Mo, E. M. Goldberg, Y. Misumi, Y.
Ikehara, T. A. Neubert and B. Rudy: The CD26-related
dipeptidyl aminopeptidase-like protein DPPX is a critical
component of neuronal A-type K+ channels. Neuron, 37
(3), 449-461 (2003)

59. H. H. Jerng, Y. Qian and P. J. Pfaffinger: Modulation of
Kv4.2 channel expression and gating by dipeptidyl
peptidase 10 (DPP10). Biophys J, 87 (4), 2380-2396 (2004)

60. S. Y. Qi, P. J. Riviere, J. Trojnar, J. L. Junien and K. O.
Akinsanya: Cloning and characterization of dipeptidyl
peptidase 10, a new member of an emerging subgroup of
serine proteases. Biochem J, 373 (Pt 1), 179-89 (2003)

61. J. Schade, M. Stephan, A. Schmiedl, L. Wagner, A. J.
Niestroj, H. U. Demuth, N. Frerker, C. Klemann, K. A.
Raber, R. Pabst and S. von Horsten: Regulation of
expression and function of dipeptidyl peptidase 4 (DP4),
DP8/9, and DP10 in allergic responses of the lung in rats. J
Histochem Cytochem, 56 (2), 147-155 (2008)

62. M. Allen, A. Heinzmann, E. Noguchi, G. Abecasis,
Brozholme, C. P. Ponting, S. Bhattaharyya, J. Tinsley, Y.
Zhange, R. Holt, E. Y. Jones, N. Lench, A. Carey, H.
Hones, N. J. Dickens, C. Dimon, R. Nicholls, C. Baker, L.
Xue, E. Townsend, M. Kabesch, S. K. Wieland, D. Carr, E.
Mutius and I. M. e. a. Adcock: Positional cloning of a

3630

novel gene influencing asthma from Chromosome 2ql4.
Nat Genet, 35 (3), 258-263 (2003)

63. D. A. Fox and H. R.E.: Tal, a novel 105 KD human T
cell activation antigen defined by a monoclonal antibody. J
Immunol, 133 (3), 1250-1256 (1984)

64. B. Fleischer: A novel pathway of human T cell
activation via a 103kDa T cell activation antigen. J
Immunol, 138 (5), 1346-50 (1987)

65. O. J. Cordero, F. J. Salgado, J. E. Vinuela and M.
Nogueira: Interleukin-12 enhances CD26 expression and
dipeptidyl peptidase IV function on human activated
lymphocytes. Immunobiol, 197 (5), 522-33 (1997)

66. M. J. Scanlan, B. K. M. Raj, B. Calvo, P. Garinchesa,
M. P. Sanzmoncasi, J. H. Healey, L. J. Old and W. J.
Rettig: Molecular-Cloning of Fibroblast Activation Protein-
Alpha, a Member of the Serine-Protease Family Selectively
Expressed in Stromal Fibroblasts of Epithelial Cancers.
Proc Natl Acad Sci U S 4, 91 (12), 5657-5661 (1994)

67. 1. E. Park, M. C. Lenter, R. N. Zimmermann, P. Garin-
Chesa, L. J. Old and W. J. Rettig: Fibroblast activation
protein, a dual specificity serine protease expressed in
reactive human tumor stromal fibroblasts. J Biol Chem, 274
(51), 36505-36512 (1999)

68. M. A. Huber, N. Kraut, J. E. Park, R. D. Schubert, W. J.
Rettig, R. U. Peter and P. Garin-Chesa: Fibroblast
activation protein: Differential expression and serine
protease activity in reactive stromal fibroblasts of
melanocytic skin tumors. J Invest Dermatol, 120 (2), 182-
188 (2003)

69. G. Ghersi, Q. Zhao, M. Salamone, Y. Yeh, S. Zucker
and W. T. Chen: The protease complex consisting of
dipeptidyl peptidase IV and seprase plays a role in the
migration and invasion of human endothelial cells in
collagenous matrices. Cancer Res, 66 (9), 4652-61
(2006)

70. X. M. Wang, D. M. T. Yu, G. W. McCaughan and M.
D. Gorrell: Fibroblast activation protein increases
apoptosis, cell adhesion, and migration by the LX-2 human
stellate cell line. Hepatology, 42 (4), 935-945 (2005)

71. M. S. Nadal, Y. Amarillo, E. Vega-Saenz de Miera and
B. Rudy: Differential characterization of three alternative
spliced isoforms of DPPX. Brain Res, 1094, 1-12 (2006)

72. K. Takimoto, Y. Hayashi, X. M. Ren and N.
Yoshimura: Species and tissue differences in the
expression of DPPY splicing variants. Biochem Biophys
Res Commun, 348 (3), 1094-1100 (2006)

73. X. M. Ren, Y. Hayashi, N. Yoshimura and K.
Takimoto: Transmembrane interaction mediates complex
formation between peptidase homologues and Kv4
channels. Mol Cell Neurosci, 29 (2), 320-332 (2005)



Dipeptidyl peptidase 8 and 9 - guilty by association?

74. C. A. Abbott, D. M. T. Yu, E. Woollatt, G. R.
Sutherland, G. W. McCaughan and M. D. Gorrell: Cloning,
expression and chromosomal localization of a novel human
dipeptidyl peptidase (DPP) IV homolog, DPP8. Fur J
Biochem, 267 (20), 6140-6150 (2000)

75. H. Zhu, Z. M. Zhou, L. Lu, M. Xu, H. Wang, J. M. Li
and J. H. Sha: Expression of a novel dipeptidyl peptidase 8
(DPPS8) transcript variant, DPP8-v3, in human testis. Asian
J Androl, 7 (3), 245-255 (2005)

76. K. Ajami, C. A. Abbott, G. W. McCaughan and M. D.
Gorrell: Dipeptidyl peptidase 9 has two forms, a broad
tissue distribution, cytoplasmic localization and DPIV-like
peptidase activity. Biochim Biophys Acta (2004)

77. C. Olsen and N. Wagtmann: Identification and
characterisation of human DPP9, a novel homologue of
dipeptidyl peptidase IV. Gene, 299, 185-193 (2002)

78. J. R. Bjelke, J. Christensen, P. F. Nielsen, S. Branner,
A. B. Kanstrup, N. Wagtmann and H. B. Rasmussen:
Dipeptidyl peptidases 8 and 9: specificity and molecular
characterization compared with dipeptidyl peptidase IV.
Biochem J, 396, 391-399 (2006)

79. Y. Misumi, Y. Hayashi, F. Arakawa and Y. Ikehara:
Molecular cloning and sequence analysis of human
dipeptidyl peptidase IV, a serine proteinase on the cell
surface. Biochim Biophys Acta, 1131 (3), 333-6 (1992)

80. C. Harland, T. Shah, A. D. Webster and T. J. Peters:
Dipeptidyl peptidase IV--subcellular localization, activity
and kinetics in lymphocytes from control subjects,
immunodeficient patients and cord blood. Clin Exp
Immunol, 74 (2), 201-5 (1988)

81. S. Iwaki-Egawa, Y. Watanabe, Y. Kikuya and Y.
Fujimoto: Dipeptidyl peptidase IV from human serum:
purification, characterization, and N-terminal amino acid
sequence. J Biochem (Tokyo), 124 (2), 428-33 (1998)

82. H. Shibuya-Saruta, Y. Kasahara and Y. Hashimoto:
Human serum dipeptidyl peptidase IV (DPPIV) and its
unique properties. J Clin Lab Anal, 10 (6), 435-40 (1996)

83. K. N. Lee, K. W. Jackson, V. J. Christiansen, C. S. Lee,
J. G. Chun and P. A. McKee: Antiplasmin-cleaving enzyme
is a soluble form of fibroblast activation protein. Blood,
107 (4), 1397-1404 (2006)

84. H. H. Jemg, A. D. Lauver and P. J. Pfaffinger: DPP10
splice variants are localized in distinct neuronal populations
and act to differentially regulate the inactivation properties
of KvA-based ion channels. Mol Cell Neurosci, 35 (4),
604-624 (2007)

85. V. Dubois, A. M. Lambeir, P. Van der Veken, K.
Augustyns, J. Creemers, X. Chen, S. Scharpe and 1. De
Meester: Purification and characterisation of dipeptidyl
peptidase 9 - like enzyme from bovine testes. Front Biosci,
13, 3558-3568 (2008)

3631

86. N. Bilodeau, A. Fiset, G. G. Poirier, S. Fortier, M. C.
Gingras, J. N. Lavoie and R. L. Faure: Insulin-dependent
phosphorylation of DPP IV in liver. Evidence for a role of
compartmentalized c-Src. FEBS J, 273 (5), 992-1003
(2006)

87. C. S. Shu. H, Bi. Q, Mumb. M, Brekken D.L:
Identification of  Phosphoproteins and Their
Phosphorylation Sites in the WEHI-231 B Lymphoma Cell
Line. Mol Cell Proteom, 3 (3), 279-86 (2004)

88. K. Aertgeerts, I. Levin, L. H. Shi, G. P. Snell, A.
Jennings, G. S. Prasad, Y. M. Zhang, M. L. Kraus, S.
Salakian, V. Sridhar, R. Wijnands and M. G. Tennant:
Structural and kinetic analysis of the substrate specificity of
human fibroblast activation protein alpha. J Biol Chem, 280
(20), 19441-19444 (2005)

89. P. Strop, A. J. Bankovich, K. Hansen, K. C. Garcia and
A. T. Brunger: Structure of a human A-type potassium
channel accelerating factor DPPX, a member of the
dipeptidyl aminopeptidase family. Biophys J, 88 (1), 456A-
456A (2005)

90. M. R. Pitman, R. I. Menz and C. A. Abbott: Prediction
of dipeptidyl peptidase (DP) 8 structure by homology
modelling. In: Dipeptidyl Aminopeptidases: Basic Science
and Clinical Applications. Springer, New York (2006)

91. M. G. Rummey C: Homology Modelling of Dipeptidyl
Peptidases 8 and 9 with a Focus on Loop Predictions Near
the Active Site. Prot Struct Funct Bioinf, 66, 160-171
(2007)

92. M. D. Gorrell: Dipeptidyl peptidase IV and related
enzymes in cell biology and liver disorders. Clin Sci, 108
(4), 277-92 (2005)

93. H. J. Lee, Y. S. Chen, C. Y. Chou, C. H. Chien, C. H.
Lin, G. G. Chang and X. Chen: Investigation of the dimer
interface and substrate specificity of prolyl dipeptidase
DPP8. J Biol Chem, 281 (50), 38653-62 (2006)

94. P. M. Ajami K, Wilson CH, Park J, Menz RI, Starr AE,
Cox JH, Abbott CA, Overall CM, Gorrell MD: Stromal
cell-derived factors lalpha and 1lbeta, inflammatory
protein-10 and interferon-inducible T cell chemo-attractant
are novel substrates of dipeptidyl peptidase 8. FEBS Lett,
582 (5), 819-25 (2008)

95. 1. L. Lu, S. J. Lee, H. Tsu, S. Y. Wu, K. H. Kao, C. H.
Chien, Y. Y. Chang, Y. S. Chen, J. H. Cheng, C. N. Chang,
T. W. Chen, S. P. Chang, X. Chen and W. T. Jiaang:
Glutamic acid analogues as potent dipeptidyl peptidase IV
and 8 inhibitors. Bioorg Med Chem Lett, 15 (13), 3271-
3275 (2005)

96. P. Van der Veken, A. Soroka, I. Brandt, Y. S. Chen, M.
B. Maes, A. M. Lambeir, X. Chen, A. Haemers, S. Scharpe,
K. Augustyns and I. De Meester: Irreversible inhibition of
dipeptidyl peptidase 8 by dipeptide-derived diaryl
phosphonates. J Med Chem, 50 (23), 5568-5570 (2007)



Dipeptidyl peptidase 8 and 9 - guilty by association?

97. M. B. Maes, V. Dubois, 1. Brandt, A. M. Lambeir, P.
Van der Veken, K. Augustyns, J. D. Cheng, X. Chen, S.
Scharpe and I. De Meester: Dipeptidyl peptidase 8/9-like
activity in human leukocytes. J Leukoc Biol, 81 (5), 1252-
1257 (2007)

98. C. Shaffer: Incretin mimetics vie for slice of type 2
diabetes market. Nat Biotechnol, 25 (3), 263-263 (2007)

99. L. Idris and R. Donnelly: Dipeptidyl peptidase-IV
inhibitors: a major new class of oral antidiabetic drug. Diab
Obes Metab, 9 (2), 153-165 (2007)

100. B. Ahren: Gut peptides and type 2 diabetes mellitus
treatment. Curr Diab Rep, 3 (5), 365-72 (2003)

101. J. J. Holst: Therapy of type 2 diabetes mellitus based
on the actions of glucagon-like peptide-1. Diab Metab Res
Rev, 18 (6), 430-41 (2002)

102. R. Mentlein: Dipeptidyl-peptidase IV (CD26): role in
the inactivation of regulatory peptides. Regul Pept, 85 (1),
9-24 (1999)

103. R. Mentlein, B. Gallwitz and W. E. Schmidt:
Dipeptidyl-peptidase IV hydrolyses gastric inhibitory
polypeptide, glucagon-like peptide-1 (7-36)amide, peptide
histidine methionine and is responsible for their
degradation in human serum. Eur J Biochem, 214 (3), 829-
35(1993)

104. A. Barnett: DPP-4 inhibitors and their potential role in
the management of type 2 diabetes. Int J Clin Pract, 60
(11), 1454-1470 (2006)

105. C. K. Chakraborti: The potential role of vildagliptin in
the management and prevention of type 2 diabetes mellitus.
Indian J Pharm, 40 (1), 10-14 (2008)

106. J. Rosenstock, S. Sankoh and J. F. List: Glucose-
lowering activity of the dipeptidyl peptidase-4 inhibitor
saxagliptin in drug-naive patients with type 2 diabetes.
Diab Obes Metab, 10 (5), 376-386 (2008)

107. J. List, J. Rosenstock, S. Sankoh and R. Chen:
Saxagliptin improves glycaemic control as monotherapy in
type 2 diabetes. Diabetologia, 50, S367-S367 (2007)

108. T. Ishii, K. Ohnuma, A. Murakami, N. Takasawa, S.
Kobayashi, N. H. Dang, S. F. Schlossman and C.
Morimoto: CD26-mediated signaling for T cell activation
occurs in lipid rafts through its association with CD45RO.
PNAS, 98 (21), 12138-43 (2001)

109. D. M. T. Yu, X. M. Wang, G. W. McCaughan and M.
D. Gorrell: Extra-enzymatic functions of the dipeptidyl
peptidase IV-related proteins DP8 and DP9 in cell
adhesion, migration and apoptosis. FEBS J, 273, 2447-
2460 (2006)

110. C. Cunningham, D. Richards, R. Salgia, R. Leonard,
R. Raju, B. Berman, S. Anthony, Z. J. Yang, L. Gregoire,

3632

E. Haltom and M. J. Uprichard: A phase 2 study of
talabostat/docetaxel in advanced NSCLC. Clin Cancer Res,
11 (24), 9056S-9057S (2005)

111. T. F. Gajewski, D. H. Lawson, B. G. Redman, C.
Cunningham, S. Agarwala, M. S. Ernstoff, E. J. Haltom, L.
Gregoire and M. G. J. Uprichard: A phase 2 study of
talabostat in patients with stage IV melanoma. J
Immunother, 28 (6), 626-626 (2005)

112. C. Cunningham, D. Richards, R. Salgia, R. Leonard,
R. Raju, J. Arseneau, S. Packer, L. Gregoire, L. Haltom and
M. J. Uprichard: Phase 2 trial of talabostat and docetaxel in
patients with stage IIIb/IV NSCLC. J Clin Oncol, 23 (16),
650S-650S (2005)

113. M. J. Uprichard, S. J. O'Day, A. C. Pavlick, D. A.
Richards, G. Frenette, J. Stephenson, S. Anthony, P. A.
Pacciucci, V. Vrhovac and C. Cunningham: Phase 2 study of
talabostat and cisplatin in stage IV melanoma. J Clin Oncol, 23
(16), 725S-725S (2005)

114. B. G. Redman, M. S. Emstoff, T. F. Gajewski, C.
Cunningham, D. H. Lawson, L. Gregoire, E. Haltom and M. J.
Uprichard: Phase 2 trial of talabostat in stage IV melanoma. J
Clin Oncol, 23 (16), 727S-727S (2005)

115. A. Al-Katib, D. D. Hurd, R. Raju, J. Stephenson, F. Giles,
E. Haltom and M. J. Uprichard: Phase 1 study of talabostat and
rituximab in patients with indolent Non-Hodgkin's Lymphoma
with primary resistance to or progression following rituximab.
Blood, 104 (11), 394A-394A (2004)

116. J. A. McIntyre and J. Castaner: Talabostat. Oncolytic,
hematopoietic agent, dipeptidyl-peptidase IV (CD26) inhibitor,
fibroblast activation protein inhibitor. Drug Future, 29 (9),
882-886 (2004)

117. M. P. Jesson M, Miller G, Adams S, Aubin J, Jones
B.: Mechanism of Action of Talabostat: A Dipeptidyl
Peptidase Targeted Anti-Tumor Agent. In: American
Association of Cancer Research (AACR) Annual
Meeting. Point Therapeutics, Boston, MA (2007)

118. M. Saleh: Caspase-1 builds a new barrier to
infection. Cell, 126 (6), 1028-1030 (2006)

119. X. Wang, M. Narayanan, J. M. Bruey, D.
Rigamonti, E. Cattaneo, J. C. Reed and R. M.
Friedlander: Protective role of Cop in Rip2/caspase-
1/caspase-4-mediated HeLa cell death. Biochim Biophys
Acta-Mol Basis Dis, 1762 (8), 742-754 (2006)

120. C. Stehlik, S. H. Lee, A. Dorfleutner, A.
Stassinopoulos, J. Sagara and J. C. Reed: Apoptosis-
associated speck-like protein containing a caspase
recruitment domain is a regulator of procaspase-1
activation. J Immunol, 171 (11), 6154-6163 (2003)

121. J. D. Correia, Y. Miranda, N. Leonard, J. Hsu and R.
J. Ulevitch: Regulation of Nodl-mediated signaling
pathways. Cell Death Differ, 14 (4), 830-839 (2007)



Dipeptidyl peptidase 8 and 9 - guilty by association?

122. E. W. Humke, S. K. Shriver, M. A. Starovasnik, W. J.
Fairbrother and V. M. Dixit: ICEBERG: A novel inhibitor
of interleukin-1 beta generation. Cell, 103 (1), 99-111
(2000)

123. M. Razmara, S. M. Srinivasula, L. Wang, J. L. Poyet,
B. J. Geddes, P. S. DiStefano, J. Bertin and E. S. Alnemri:
CARD-8 protein, a new CARD family member that
regulates caspase-1 activation and apoptosis. J Biol Chem,
277 (16), 13952-13958 (2002)

124. M. Arndt, U. Lendeckel, A. Spiess, J. Faust, K.
Neubert, D. Reinhold and S. Ansorge: Dipeptidyl peptidase
IV (DP IV/CD26) mRNA expression in PWM-stimulated
T-cells is suppressed by specific DP IV inhibition, an effect
mediated by TGF-beta (1). Biochem Biophys Res Commun,
274 (2), 410-414 (2000)

125. D. Reinhold, B. Hemmer, B. Gran, 1. Born, J. Faust,
K. Neubert, H. F. McFarland, R. Martin and S. Ansorge:
Inhibitors of dipeptidyl peptidase IV/CD26 suppress
activation of human MBP-specific CD4+ T cell clones. J
Neuroimmunol, 87 (1-2), 203-9 (1998)

126. W. L. DeLano: The PyMOL Molecular Graphics
System. In: DeLano Scientific, Palo Alto,CA, USA (2002)

127. W. Jiaang, Y. Chen, T. Hsu, S. Wu, C. Chien, C.
Chang, S. Chang, L. SJ. and X. Chen: Novel isoindoline
compounds for potent and selective inhibition of prolyl
dipeptidase DPP8 Bioorg Med Chem Lett, 15 (3), 687-691
(2005)

Abbreviations: aa: amino acid, DP: dipeptidyl peptidase,
DP6-L: DP 6 long form, FAP: fibroblast activation protein,
GLP: glucagon like peptide, GIP: gastric inhibitory
polypeptide, IL: interleukin, ITAC: interferon-inducible T
cell chemo-attractant, Kv4: potassium channel, MS:
multiple sclerosis, NPY: neuropeptide Y, PYY: peptide
YY, PWM: pokeweed mitogen, RT-PCR: reverse
transcriptase -polymerase chain reaction, SDF: stromal-cell
derived factor

Key Words: Dipeptidyl peptidase, Inhibitor, Val-Boro-Pro,
Substrates, Talabostat, Review

Send correspondence to: Melissa Pitman, School of
Biological Sciences, Flinders University, GPO BOX 2100,
Adelaide 5001, South Australia, Australia. Tel: 61 08
82013836, Fax: 61 08 82013015, E-mail:
Melissa.pitman@flinders.edu.au

http://www.bioscience.org/current/vol14.htm

3633



