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Abstrakt

Biologicka funkce fady lokdlnich mediatorii ucastnicich se na patogenezi
revmatoidni artritidy (RA) je kontrolovana proteolytickym odStépenim dvou
aminoterminalnich aminokyselin prostfednictvim dipeptidylpeptidazy-1V (DPP-1V) a
molekul vykazujicich DPP-IV-podobnou enzymovou aktivitu ("Dipeptidylpeptidaze-1V
Aktivitou a/nebo Strukturou Homologni molekuly- DASH).

Cilem této disertatni prace bylo identifikovat spektrum DASH molekul
podilejicich se na celkové DPP-IV-podobné enzymové aktivité u nemocnych s RA
v periferni krvi a synovidlni tekutiné a srovnat ho s kontrolni skupinou pacientli
trpicich osteoartrézou (OA) a dale popsat vztah téchto molekul k aktivité onemocnéni u
RA.

Prokézali jsme, ze dominantnim nositelem DPP-1V-podobné enzymové aktivity
V plazmé¢ a synovialni tekutin€ u pacientli s RA je kanonickd DPP-IV. DPP-IV-podobna
aktivita a kanonicka DPP-IV byla déle detekovana na povrchu mononukledrnich bunék
Vv krvi 1 synovialni tekutiné

U pacienti s RA jsme pozorovali snizenou DPP-1V-podobnou enzymovou
aktivitu i expresi DPP-IV na mononuklearnich bunkach synovialni tekutiny. U téchto
pacienti navic zastoupeni DPP-IV+ T lymfocyti v synovidlni tekutiné negativné
korelovalo s koncentraci prozanétlivého mediatoru SDF (stromal cell-derived factor-
la)), ktery je substratem DPP-IV. V krevni plazmé jsme u pacientli s RA prokézali
vyznamné nizsi aktivitu a koncentraci DPP-IV ve srovndni s OA a negativni korelaci
mezi koncentraci C reaktivniho proteinu (CRP) a enzymovou aktivitou DPP-IV.
Nepozorovali jsme rozdil v DPP-IV-podobné enzymové aktivité ani expresi na krevnich
mononukledrnich buitkdch (BMNC) mezi pacienty s RA a OA. Pfi intraindividualnim
porovnani doslo u pacientt s poklesem aktivity RA k poklesu DPP-IV na BMNC a
soucasn¢ narustu plazmatické DPP-IV.

Tyto vysledky svéd¢i pro mozny vztah DPP-IV Kk aktivitt RA a moznou
vyuzitelnost tohoto enzymu pifi monitoringu 1é€by. Pozorovana sniZzena dostupnost
DPP-IV na mononukledrnich buikéach v synovidlni tekutiné navic naznacuje jeji
moznou piimou patogenetickou roli na lokdlni urovni prostfednictvim omezeni

degradace SDF a tim zvySeni jeho prozanétlivého piisobeni.



Abstract

The biological half-life of several pro-inflammatory mediators involved in the
pathogenesis of rheumatoid arthritis (RA) is controlled by molecules exhibiting
dipeptidyl peptidase-1V (DPP-1V)-like enzymatic activity (Dipeptidyl peptidase-IV
activity and/or structure homologues- DASH).

The aim of this thesis was to identify the molecular source of the DPP-IV-like

enzymatic activity in the peripheral blood and synovial fluid in patients with rheumatoid
arthritis as compared to control patients with osteoarthritis (OA), and to evaluate the
association of DPP-IV with the disease activity.
We found that the main source of the DPP-IV-like enzyme activity in the plasma and in
the synovial fluid in patients with RA is the canonical DPP-IV. DPP-IV-like enzymatic
activity and canonical DPP-IV were also detected on the cell surface of blood and
synovial fluid mononuclear cells.

Significantly lower DPP-1V-like enzymatic activity and DPP-IV expression in
the synovial fluid mononuclear cells was found in RA as opposed to OA patients. In the
synovial fluid of RA patients there was also a negative correlation between the
concentration of the pro-inflammatory DPP-1V substrate SDF (stromal cell-derived
factor-1ot) and the proportion of the DPP-IV+ T cells. The blood plasma DPP-IV-like
enzymatic activity and concentration were lower in patients with active RA as
compared to OA, while there were no differences in DPP-IV expression on the blood
mononuclear cells (BMNC). In a follow-up study, intraindividual comparison in
patients with disease remission revealed that there was an increase of the blood plasma
DPP-IV and a decrease of DPP-IV on BMNC in RA patients during the less active
phase of their disease.

The association between RA activity and the changes in the blood plasma and
the blood mononuclear cell DPP-1V in individual patients supports the possible role of
DPP-1V as a disease activity marker. The lower local availability of DPP-IV in the
synovial fluid in RA may in addition participate on the disease progression by the

reduced degradation of the pro-inflammatory chemokine SDF.



ZKkratky

BMNC
BSA
CD
CRP
CXCR4
DAS28
DASH

DPP
ELISA
FAP
FMNC
FW
FSC
IC50
MAD
MFI
MRNA
NK1
OA

PB
PBS
RA
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SDF
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SP
SSC
Tc

Th

mononukledrni buniky periferni krve

hovézi sérovy albumin

diferenciacni skupina (clusters of diferenciation)

C-reaktivni protein

CXC chemokinovy receptor 4

disease activity score 28

dipeptidylpeptidaze-1V aktivitou a/nebo strukturou homologni
molekuly

dipeptidylpeptidaza

enzyme-linked immunosorbent assay

fibroblastovy aktiva¢ni protein-a

mononukledrni buiiky synovialni tekutiny

rychlost sedimentace ¢ervenych krvinek

forward scatter detektor umistén v ose dopadajiciho paprsku
koncentrace inhibitoru potfebna k inhibici 50% enzymové aktivity
monoklonalni protilatka

median intenzity fluorescence

mediatorova ribonukleova kyselina

neurokininovy receptor 1

osteoartrdza

periferni krev

fosfatovy pufr

revmatoidni artritida

regulated upon activation normal T-cell expressed and secreted
stromal cell-derived factor-1a/ CXCL 12

synovialni tekutina

substance P

side scatter detektor v uhlu 90° na dopadajici paprsek
cytotoxické T lymfocyty

pomocné T lymfocyty



VAS vizualni analogova skala

VIP vasoaktivni intestinalni peptid
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Uvod

Revmatoidni artiritida (RA) je =zanétlivé autoimunitni onemocnéni, jehoz
patogeneze neni dosud zcela objasnéna, nicméné za rizikové faktory lze povazovat
genetickou predispozici (zejména exprese HLA-DR4), pohlavni hormony a infek¢éni
nebo jiné antigeny ovliviiujici imunitni systém. U pacienti s RA dochdzi vlivem
autoimunitniho procesu predevsim k destrukci kloubti, a nasledn€ i postizeni dalSich
organi (Mclnnes a Schett 2011). Rozvoj zanétlivého poSkozeni u RA je spojeny
s infiltraci bun€k do synovialniho prostiedi kloubu, pficemz vyznamnou roli v téchto
procesech hraji T lymfocyty (Loetscher a Moser 2002). Bunky v synovialnim prostiedi
secernuji prozanétlivé cytokiny, coz stimuluje migraci dalSich bun€k do synovidlni
tekutiny i tkané a vznik uskupeni buncék podobnych sekunddrnim lymfatickym
organim. V dusledku zvySené dostupnosti prozanétlivych mediatort dochazi
k stimulaci synovialocytl a fibroblasti podporujici formovani zanétlivého pannu, ktery
produkuje kolagenasy a stromelysin, jez jsou zodpovédné za postupnou destrukci
chrupavek a kosti. (Loetscher a kol., 2002, Mclnnes a kol., 2011). Rada z t&chto
mediatort jako napt. SDF (stromal cell-derived factor-la), SP (substance P), VIP
(vasoaktivni intestinalni peptid), RANTES (regulated upon activation normal T-cell
expressed and secreted), ma svij biologicky polo¢as kontrolovany DPP-1V-podobnou
enzymovou aktivitou (Ohnuma a kol., 2011). Jejich zménéna dostupnost tak mimo jiné
muze vznikat 1 v disledku zmény proteolytického opracovani a vést k ovlivnéni

progrese onemocnéni (Sedo a kol., 2005).

SDF (Stromal cell-derived factor 1-a) je chemoatraktant produkovany
synovialnimi bunikami a endotelem (Bradfield a kol., 2003). V patogenesi RA se SDF
podili ptedevsim na stimulaci infiltrace lymfocyti a monocyti/makrofagi do zanicené
synovie (Wolf a kol., 2008). Infiltrujici buniky (zejména CD4+ T lymfocyty) exprimuji
membranovy receptor pro SDF — CXCR4 (Bradfield a kol., 2003). Exprese CXCR4 je
rovnéz zvySovana parakrinnim ptsobenim nékterych dal$ich lokalnich mediatort, které
jsou pfitomné v zanétlivém kloubu a predpoklada se, ze 0sa CXCR4 - SDF je zasadné
vyznamna pro setrvani imunitnich bun€k v synovialnim prosttedi. To ve svém disledku
vede k dalsi perpetuaci zanétlivého procesu zpusobujicim naslednou destrukci kloubt
(Pablos a kol., 2003, Proost a kol., 2006).
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Neuropeptid Substance P (SP) je prozanétlivy mediator interagujici
s tachykinovymi receptory NK1, NK2 a NK3, nicmén¢ nejvyssi afinitu ma k receptoru
NK (Maggi 1995). Vyssi koncentrace SP byla ve srovnani s kontrolnimi skuinami
nalezena v synovialni tekutin¢ pacienti s RA (Westermark a kol., 2001) . SP vykazuje
prozanétlivé ti¢inky na monocyty, lymfocyty, ale téz synovialocyty v prostredi zanicené
synovialni tkan¢. To vede k dalsi produkci fady prozanétlivych cytokinii, kolagenaz a
adhezivnich molekul, podilejicich se na formovani synovidlniho pannu a tim dalSim

rozvoji vlastniho onemocnéni (Lambert a kol., 1998)

Dipeptidylpeptidaza-1V (DPP-1V, CD26, EC 3.4.14.5, Obrazek 1) odstépuje
diky své hydrolytické aktivit¢ N-termindlni dipeptid z peptidd majicich jako
ptedposledni aminokyselinu prolin nebo alanin. Po dlouha Iéta byla DPP-1V
povazovana za jedinou molekulu vykazujici takovouto enzymovou aktivitu. Dal$i studie
ovSem postupné prokazaly existenci dalSich molekul nesoucich podobnou enzymovou
aktivitu a rovnéz nékolik molekul bez charakteristické hydrolytické aktivity, ovSem
DPP-IV sekven¢né podobnych. Studium vlastnosti a biologickych funkci téchto
molekul vedlo k definici ,,Dipeptidylpeptidaze-IV podobnych strukturou a/nebo
aktivitou homolognich“ (DASH) molekul (Sedo a Malik 2001). Vétsina téchto molekul
tedy vykazuje DPP-1V-podobnou enzymovou aktivitu, pfi¢emz ovSem nékteré své
biologické funkce vykonavaji tyto molekuly nezdvisle na své vnitini enzymové aktivité.
DASH molekuly jsou casto multifunkéni proteiny, nesouci rizné biologické funkce,
Vv zéavislosti na exprimujici tkani ¢i bunééném systému, ale i subcelularni lokalizaci a
kontextu daného mikroprostiedi. DASH a molekuly snimiz funkéné interaguji
(substraty, receptory), predstavuji ,,DASH systém®, jehoz (de)regulace se
pravdépodobné uplatiuje v fad¢ patogenetickych procest (Sedo a kol., 2001).
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Obrazek 1. Dipeptidylpeptidaza-1\vV (DPP-1V, CD26, EC 3.4.14.5). DPP-IV je
transmembranovy protein II. typu obsahujici 6 aminokyselin dlouhou cytoplazmatickou
doménu, extracelularni doménu s kratkym flexibilnim segmentem a C-koncovym
regionem se serin-proteazovym typem katalytického centra. Serin®® tvoi katalytickou
triadu s kyselinou asparogovou’® a histidinem™°

1999).

. Pfevzato z Mentlein 1999 (Mentlein
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DPP-1V poprvé identifikovali na zaklad¢ jeji proteolytické aktivity Hopsu-Havu a
Glenner v jaternich homogenatech (Hopsu-Havu a Glenner 1966). DPP-1V pak byla
nasledn¢ identifikovana a jeji protein charakterizovan v celé fad¢ tkani i bun¢k (napf.
epitel, endotel, glie, bunky imunitniho systému) za fyziologickych i1 patologickych
okolnosti (Lambeir a kol., 2003, Sedo a kol., 2008) a jeji solubilni forma se také
vyskytuje v télnich tekutinach vcetné krevni plazmy (Sedo a kol., 2005, Balaziova a
kol., 2006). Tato multifunk¢ni molekula svoji enzymovou aktivitou vykonava ruzné
imunoregulacni funkce a mnoho uloh téZz zastdva v metabolismu zivin i patogenezi

diabetu mellitu.

V imunitnim systému je kanonicka DPP-IV identicka s diferenciacnim antigenem
CD26. Je exprimovana zejména CD4+CD45RO+ pamétovymi T lymfocyty a je
asociovana s Thl imunitni odpovédi. Obvykle nedetekovatelna, nebo jen velmi malo
exprimovana je DPP-IV na B-lymfocytech, NK buiikdch a na monocytech zdravych
jedinct (Ohnuma a kol., 2011). Kjeji upregulaci dochazi na aktivovanych T
lymfocytech (Morimoto a kol., 1989). DPP-IV je rovnéz ko-stimula¢ni molekulou T
lymfocytt podilejici se na jejich aktivaci a proliferaci. Tyto G€inky jsou pravdépodobné
zavislé na jeji intrinsické enzymové aktivit¢ (Ohnuma a kol., 2008, Ohnuma a kol.,
2011).

V in vitro studiich byl pouzitim DPP-IV inhibitori prokazan pokles produkce
nékterych cytokint (IL-2, IL-6, IL-10, IL-12 a IFN gamma) a zvySeni produkce
supresivniho cytokinu transformujiciho rustového faktoru beta (Ansorge a kol., 1997,
Reinhold a kol., 1997, Reinhold a kol., 1997, Reinhold a kol., 1998, Lendeckel a kol.,
2003) Vzhledem k funkénimu vyznamu v imunoregulacich je v soucasnosti DPP-IV
V imunitnim systému intenzivné studovana v souvislosti s moznymi disledky jeji
systémové farmakologicky navozené inhibice pii 1écbé diabetu mellitu 2. typu gliptiny

(Stulc a Sedo 2010).

Mezi neenzymové ulinky DPP-IV lze zafadit jeji interakci s adenosin
deaminazou, déale 1 S membranové vazanou protein. tyrosin fosfatdizou CD45 ¢&i jeji

vazbu ke kolagenu a fibronektinu (Tanaka a kol., 1994, Tanaka a kol., 1995, Aytac a
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Dang 2004). DPP-IV takto zprostiedkovava kontakt mezi bunkami navzajem i mezi
buitkami a extracelularni matrix. Jeji interakce s proteiny extracelularni matrix jsou
vyznamné pro invazi a migraci nadorovych bunc¢k a tim 1 pro dal$i metastazovani
nadort, stejné¢ tak jako pro migrace lymfocyti do zanétlivé tkané synovie (Dang a

Morimoto 2002, Kikkawa a kol., 2003, Kikkawa a kol., 2005).

Zmény exprese DPP-IV byly popsany V biopsiich zraznych typu lidskych
tumoru, kdy u nékterych z nich je povazovana za mozny prognosticky ukazatel (Tanaka
a kol., 1995, Busek a kol., 2004) DPP-IV byla studovana v transformovanych
nervovych bunikach, glidlnich buiikdch ¢i melanomech. Potla¢eni tumorigeneze
v disledku re-exprese DPP-IV bylo pozorovano na builkdch melanomu ¢i
neuroblastomu (Wesley a kol., 1999, Arscott a kol., 2009). Nicméné v pokroc€ilych
stadiich melanomu spojeném jiz s tvorbou metastdz, exprese DPP-1V tento
protinadorovy efekt spojeny se zménami invazivity nevykazuje (Pethiyagoda a kol.,
2000)

Zvysena exprese kanonické DPP-IV byla pozorovano v tkanich pochazejicich
z gliomti Svys$Sim stupném malignity dle WHO (Stremenova a kol., 2007).
V permanentnich 1 primarnich liniich odvozenych z téchto nddori byl pozorovan
negativni efekt DPP-1V-podobné enzymové aktivity na rist bunék in vitro (Busek a
kol., 2012, Ptiloha 3).
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Kromé¢ kanonické DPP-IV/CD26 patii mezi DASH molekuly (Obrazek 2)
naptiklad Fibroblastovy aktiva¢ni protein alfa (FAP), DPP-1I, DPP8 a DPP9, dtive byl
mezi né fazen i atraktin (Wrenger a kol., 2006, Wrenger a kol., 2006).

vezikuly

atraktin

Obrazek 2. Bunééna lokalizace DASH molekul. DPP-IV a FAP jsou lokalizovany na
bunééné membrané, jejich aktivni doména je orientovana extracelularn€. Atraktin je
exprimovany na membrané i v intracelularnich vesikulech. DPP8 a DPP9 jsou typicky
cytosolické enzymy. DPP-1l je lokalizovana v intracelularnich vezikulech. (DPP -
Dipeptidylpeptidaza, FAP — fibroblastovy aktiva¢ni protein alfa), pfevzato a upraveno
dle Wrenger a kol. 2006, Maes a kol 2007.
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Atraktin byl primarné identifikovan jako solubilni DPP-1V-enzymové aktivni
protein, ktery vsSak nevykazuje strukturni homologii s kanonickou DPP-IV (Duke-
Cohan a kol., 1995). Nasledné prace popisuji i jeho expresi na buiikach periferni krve,
zejména na monocytech (Wrenger a kol., 2006). Dalsi studie vSak zpochybnily existenci
jeho intrinsické proteolytické aktivity, ale prokazaly jeho schopnost zvySovat
specifickou aktivitu kanonick¢ DPP-IV, pravdépodobné piimou intermolekuldrni
interakci obou molekul, zprostiedkovanou CUB doménou Atraktinu (Jonathan-Duke
Cohan, osobni sdéleni). Friedrich a kol. (2007) izolovali atraktin z plazmy periferni krve
a prokazali, ze atraktin nema podil na DPP-1V-podobné enzymové aktivité¢ a jeho

regulaéni ucinky jsou spise disledky neenzymovych interakei (Friedrich a kol., 2007).

Dipeptidylpeptidaza-11 (DPPII, ,,Quiescent cell“ prolinova dipeptidaza) je
intracelularni proteaza s pH optimem v kyselé oblasti (Underwood a kol., 1999) . Pii
neutralnim pH ma stejnou substratovou specifitu jako DPP-IV, avsak v bunkach je tato

molekula lokalizovana ve vesikulech (Chiravuri a kol., 2000).

Dipeptidylpeptidaza 8 a 9 (DPP8 a DPP9) jsou DASH molekuly vykazujici
DPP-IV-podobnou exopeptidasovou aktivitu i strukturni homologii (21% resp. 19%)
s kanonickou DPP-1V (Sedo a kol., 2001, Qi a kol., 2003). Oba enzymy jsou
exprimovany v buiikdch imunitniho systému a epitelidlnich strukturdch riznych tkani
(Qi a kol., 2003, Bank a kol., 2011). Maes a kol (2007) diky frakcionaci leukocyti
prokazali, Ze molekuly DPP8 a DPP9 jsou dominantné lokalizovany v cytosolu, zatimco
kanonicka DPP-IV je exprimovana piedev§im v membranové frakci (Maes a kol.,
2007). Ojedin¢lé je pozorovani Bankové et al. (Bank a kol., 2011) popisujici v
nepermeabilizovanych mysich splenocytech a permanentnich bunéénych liniich Jurkat
(T lymfoblastoidni linie) a H9 (embryonalni kmenové bunky) DPP-1V-podobnou
aktivitu inhibovatelnou specifickymi inhibitory DPP8 a 9. Autofi spekuluji, zda se jedna
o primarn¢ extracelularni lokalizaci nebo o sekundarni interakci pivodné extracelularné
secernované molekuly s plazmatickou membranou. Struktura molekul DPP8 a 9 navic

neobsahuje typickou transmembranovou doménu (Abbott a kol., 2000, Qi a kol., 2003)
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Fibroblastovy aktiva¢ni protein alfa (FAP), znamy téZ pod ndzvem sepraza, je
strukturné vysoce homologni s kanonickou DPP-1V a je povazovan za produkt jeji
genové duplikace (Busek a kol., 2004). Kromé& DPP-IV-podobné enzymové aktivity
vykazuje i endopeptidazovou gelatinazovou aktivitu (Aertgeerts a kol., 2005). Stejné
jako DPP-IV byva jeho solubilni forma secernovana bunkami a nachazime jej téz
Vv plazmé periferni krve (Lee a kol., 2006). Exprese FAP byva spojovana s migra¢nim
fenotypem bun¢k a jeho lokalizace byla prokdzéna napt. v invadopodiich malignich
bunék a spolu s dal§imi secernovanymi proteazami hraje roli v degradaci slozek
extracelularni matrix (Sedo a kol., 2001, Ramirez-Montagut a kol., 2004). FAP je
exprimovan nejen v fad¢é tumort, ale i aktivovanymi fibroblasty synovialni tkan¢ a u
pacientl s osteoartrozou byla prokazana jeho role v destrukci chrupavky (Bauer a kol.,
2006, Ospelt a kol., 2010).

Ghersi a kol popisuji formace membranové vazanych komplexti FAP s DPP-1V a
jejich vliv na migraci a invazi bun¢k (Ghersi a kol., 2002, Ghersi a kol., 2006). V nasich
studiich (Balaziova a kol., 2011, Ptiloha 2), jsme prokazali ko-expresi DPP-1V a FAP

na primarnich kulturach i permanentnich liniich odvozenych z glidlnich tumord.

V poslednich letech doSlo k zna¢nému rozsifeni poznatki o moZzném vyuZiti
diagnostického a terapeutického potencialu DASH molekul, stejné tak jako ve studiu
jejich funkéniho vyznamu V patogenezi fady onemocnéni. U pacienti s RA byl
pozorovan pokles solubilni DPP-IV-podobné enzymové aktivity v periferni krvi ve
srovnani s kontrolami a rovnéZ vyssi intenzita exprese na mononukledrnich bunkach
periferni krve (Balaziova a kol., 2006, Ohnuma a kol., 2011). N¢kteti autofi se rovnéz
snazili najit rozdily v téchto parametrech mezi pacienty s vysSi/nizs§i aktivitou
onemocnéni (Gerli a kol., 1996, Ulusoy a kol., 2012) ¢i jejich vztah ke klinickym

parametrim souvisejicimi s aktivitou RA.

Jen malo praci se vSak zaméfilo u pacientii s revmatoidni artritidou na konkrétni
charakterizaci DASH molekul, které by byly dostupné bud’to V solubilni formé

cirkulujici v té€lnich tekutinach nebo jako membranové vazané molekuly a svoji DPP-
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IV-podobnou enzymovou aktivitou by se tak mohly pfimo podilet na proteolytickém
opracovani lokalnich mediatord. Dosud publikované vysledky (Gerli a kol., 1996,
Balaziova a kol., 2006) navic naznacuji, ze 1ze o¢ekavat jejich odlisné chovani a tlohu
na systémové trovni tj. v periferni krvi a v lokalnim synovialnim mikroprostfedi. Dosud
nebyla provedena longitudidlni studie, ktera by se zaméfila na intraindividudlni
charakterizaci molekul DASH systému u jednotlivych pacienti v zavislosti na vyvoji

aktivity jejich onemocnéni.
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Hypotéza

Ve srovndni s pacienty s osteoartrozou (OA) jsou U pacienti
trpicich revmatoidni artritidou (RA) pozorovany vyznamné rozdily DPP-IV na

systémové (periferni krev) a lokélni (kloubni vypotek) trovni.

Disledkem je pravdépodobné zména opracovani biologicky aktivnich peptidi
pritomnych jak v cirkulaci, tak v kloubnim prostiedi pfitomnou solubilni, nebo na
bunécnych povrsich lokalizovanou DPP-1V-podobnou enzymovou aktivitou a tim i

vysledny patogeneticky efekt - perpetuace a rozvoj zanétlivého procesu.

Identifikace molekul "DASH systému", jejichz exprese je V soub&hu nebo
v disledku zminéné dysregulace zménéna, mize vést K nalezeni novych diagnostickych
piistupti a nebo prognostickych uvah a soucasné¢ k navrhu novych terapeutickych

modalit, regulujicich specificky aktivitu patogeneticky vyznamnych DASH molekul.
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Cile prace

Identifikace DASH molekul nesoucich DPP-1V-podobnou
enzymovou aktivitu v plazmé a na povrchu mononuklearnich bunék

periferni krve a synovialni tekutiny a jejich reak¢énich partneri

Porovnani exprese a DPP-1V-podobné aktivity vybranych DASH
molekul, jejich substrati a receptori u pacienti s revmatoidni
artritidou (RA) ve srovnani s pacienty s osteoartrézou (OA) na

lokalni a systémové urovni

Intraindividualni posouzeni vztahu vybranych DASH molekul v

periferni krvi ke klinickému pribéhu RA
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Material a metody

Pacientsky soubor

V Revmatologickém ustavu v Praze byla rekrutovana skupina pacientd s aktivni
RA (diagnostika dle standardnich kritérii (Arnett a kol., 1988) a kontrolni skupina
tvofend pacienty s osteoartrézou (OA), ktefi méli v dobé zatazeni do studie vypotek
V kolennim kloubu (Tabulka 1).

Aktivita revmatoidni artritidy byla hodnocena na zakladé tzv. DAS28 skore
(Prevoo a kol., 1995) vypocitaného z hodnoty plazmatické koncentrace C-reaktivniho
proteinu (CRP), pacientem uvedené hodnoty VAS (vizudlni analogové §kaly) a poctu

bolavych a oteklych kloubu (http://www.das-score.nl/).

Tabulka 1. Klinické charakteristiky studovanych skupin pacienti.

Revmatoidni artritida Osteoartroza

(n=27) (n=15)
Vek 59 +13 62+11
Muzi/Zeny 7/20 6/9
Délka onemocnéni (roky) 12.5+12.4 -
Pocet bolavych kloubt (0-28) 9+6.3 -
Pocet oteklych kloubu (0-28) 11+ 6.7 -
DAS 28 5.8+1.1 -
FW (mm/h) 56+28.2 10+6.4
CRP (mg/l) 44+26 5+ 4

DAS 28, disease activity score; CRP, C-reaktivni protein, FW, rychlost sedimentace
cervenych krvinek. Hodnoty jsou uvedeny jako medidn+SD.

Nésledné (follow-up) vySetieni bylo u pacientli s RA provedeno v dobé, kdy
neméli kloubni vypotek a uplynulo alesponn 6 mésicti od vstupniho vySetieni a zafazeni
do studie. Intraindividualni zmény studovanych parametri byly hodnoceny u pacientt
vykazujicich alespon mirny pokles aktivity onemocnéni, definovany jako zména

DAS28 skore (pokles DAS28 vétsi nez 0.6 oproti vstupnimu vySetfeni, jestlize souc¢asna
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hodnota je mensi nez 5.1 a nebo jako pokles DAS28 vétsi nez 1.2 jestlize soucasna
hodnota je Vetsi nez 5.1, Tabulka 2)
(https://www.rheumatology.org/practice/clinical/indexes/members/Disease_Activity Score_She
et.pdf).

Tabulka 2. Klinicka charakteristika skupiny pacienti s RA vykazujici alespoi

mirny pokles aktivity onemocnéni ve follow-up vySetreni.

Vstupni hodnoty Follow-up
Vek 60x16 61£16
Muzi/Zeny 5/13 5/13
Délka onemocnéni (roky) 4.5+13.3 5.5+13.5
Pocet bolavych kloubt (0-28) 9+6 243
Pocet oteklych kloubu (0-28) 11.5+£6.5 2.5+6.6
DAS 28 5.66£0.97 3.49+1.22
FW (mm/h) 56+27.7 30+24.1
CRP (mg/l) 51.08+24.49 731+19.13

DAS 28, disease activity score; CRP, C-reaktivni protein, FW, rychlost sedimentace
¢ervenych krvinek. Hodnoty jsou uvedeny jako median£SD.

V letech 2011-2012 (5 let po vstupnim odbéru) pak u vSech pacienti zatazenych
do studie bylo provedeno kontrolni rentgenologické vysetieni k posouzeni pfitomnosti

eroze kloubt. Pouze u péti pacienti byla pozorovana progrese erozi kloubu (Tabulka 3).

Tabulka 3. Radiologicky hodnocena progrese erozi kloubti u pacienti zahrnutych

do studie

paléi(;(rl]ta Pohlavi Stupen eroze

Vstupni Follow-up Vysetieni po 4
vySetfeni vySetfeni letech

1 zena I ] i

22 zena I I I

34 Zena i v v

35 muz ] v v

47 muz I I i
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Pacientim byla pfi vstupnim vySetfeni odebrana periferni krev a synovialni
tekutina. V ramci follow-up vySetfeni pak byl proveden pouze odbér periferni krve.
Studie byla schvalena etickou komisi Revmatologického ustavu v Praze a byla

v souladu s Helsinskou deklaraci. VSichni pacienti podepsali informovany souhlas.

Biologicky material

Izolace mononuklearnich bunék

Periferni krev byla odebrana do ,,.BD Cell preparation tube“ (BD Biosciences,
USA) obsahujici jako protisrazlivou latku heparin a ficoll pro efektivni gradientovou
separaci. Vacutainer byl centrifugovan 20 minut pii teplot¢ 20°C a 2000g kdy doslo
K oddé€leni erytrocytli a vytvoreni vrstvy BMNC

Synovialni tekutina byla po punkci vypotku z kolene odebrana do sterilnich ,,BD
Vacutainer (BD Biosciences, USA) obsahujicich heparin. Mononukledrni buniky byly
ziskany gradientovou centrifugaci (40 minut pii teploté¢ 20°C a 1000g) na gradientu
vytvoteného pomoci Ficoll-Paque Plus (GE Healthcare, Sweden).

Vyizolované buiiky byly odebrany, dvakrat promyty roztokem PBS a nasledné
byla stanovena jejich koncentrace na piistroji Z2 Coulter (Beckman Coulter,USA).

Viabilita izolovanych bun¢k byla potvrzena testem s Trypanovou modii.

Piiprava plazmy a synovidlni tekutiny pro analyzy

Periferni krev 1 synovidlni tekutina byly po odebrani do BD vacutaineru
s heparinem ulozeny na led. Pro stanoveni koncentrace Substance P byl vzdy 1ml
heparinizované krve ihned po odbéru pienesen do zkumavky obsahujici aprotinin (0,014
TIU/ml vzorku, Sigma Aldrich, USA). VSechny typy vzorkl byly nésledné centrifugovany
(15 minut, 4°C, 850g) a supernatanty odebrany. Vzorky pro analyzu DPP-1V-podobné
enzymové aktivity byly ihned analyzovany, alikvoty pro stanoveni koncentrace DPP-

IV, FAP, SDF a SP byly zamrazeny na -80°C.
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Analyza bunék priitokovou cytometrii

Pro imunofenotypizacni studie byly pouzity vzorky heparinizované periferni
krve (PB) nebo synovialni tekutiny (SF) ziskané z kloubniho vypotku. Vzorky SF byly
centrifugovany (5 min, 4 °C, 233 g), pelet promyt a resuspendovan v RPMI 1640
mediem (Lonza, Svycarsko) a zfiltrovan (50 um cup filcons, BD Biosciences, USA).

50ul vzorku bylo inkubovano 30 minut ve tm¢ pii laboratorni teploté se smési protilatek

(Tabulka 4).

Tabulka 4. Protilatky pro pritokovou cytometrii

Protilatka Zdroj  Redéni Klon Fluorochrom  Vyrobce
BD
anti-CD3 mys 1:20 SK7 PerCP Bioscience
BD
anti-CD4 mys 1:20 SK3 APC Bioscience
BD
anti-CD8 mys$ 1:20 SK1 PE-Cy7 Bioscience
BD
anti-CD14 mys 1:20 M5E2 APC-Cy7 Bioscience
anti-CD26/DPP-1V  krysa 1:20 222113 FITC RD systems
anti-CXCR4 mysS 1:20 12G5 PE RD systems
anti-FAPa stalk
region kralik 1:50 - - Abcam
anti-FAPa spacer
region kralik 1:50 - - Abcam
anti-NK1 receptor  kralik 1:50 - - Abcam
anti-rabbit 1gG
H&L koza 1:50 - FITC Abcam

PerCP - Peridinin chlorofyl protein; APC, Alofykocyanin; PE-Cy7, Fykoerytrin -
Cyanin-7; APC-Cy7, Alofykocyanin -Cyanin-7; FITC, Fluorescein isothiokyanat; PE,
Fykoerytrin

Erytrocyty ve vzorcich byly lyzovany pomoci BD FACS Lysing solution (BD
Biosciences, USA) a vzorky byly nasledné¢ promyty roztokem BD Cell wash (BD

Biosciences, USA). V pfipadé nepiimé imunofluorescence byla po tomto promyti
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provedena 30 minut dlouhd inkubace ve tmé a pfi laboratorni teploté¢ se sekundarni
protilatkou (Tabulka 4). Analyza byla provadéna na pfistroji BD FACS Canto (BD
Biosciences, USA) se softwarem Diva 5 pro akvizici. K vlastnimu kvantitativnimu
vyhodnoceni pak byl pouzivan software FlowJo (TreeStar, Inc. USA). Vysledky jsou
vyjadieny jako % pozitivnich bunék ze sledované populace, nebo jako podil medianu

intenzity fluorescence (MFI) pozitivnich a negativnich populaci bun¢k.

Stanoveni DPP-1V-podobné enzymové aktivity

DPP-IV-podobna enzymova aktivita byla stanovovéana spektrofluorimetricky za
ptitomnosti 50 umol/l 7-(Glycyl-L-Prolylamido)-4-methylkumarinu (Bachem AG,
Svycarsko) jako substratu. Detekce byla provadéna pii excitaéni vinové délce 380 nm a
emisni 460 nm na spektrofluorimetru Perkin Elmer LS50B (Perkin Elmer, USA).
Aktivita byla méfena v krevni plazmé, supernatantu synovialni tekutiny a ve viabilnich
mononukledrnich bunikach periferni krve a synovialni tekutiny pti pH 7,4 a 37°C. Pro
zjisténi celkové aktivity byly pak buniky permeabilizovany pomoci 0.1% Triton X-100
(Balaziova a kol., 2006). Inhibi¢ni studie byly provadény s pouzitim specifickych
inhibitord DPP-1V a DPP8/9, ziskanych v ramci spoluprace s Ferring Research (USA)
(Stremenova a kol., 2007) .

Izolace a kvantifikace celkové RNA, real-time RT PCR

Mononuklearni buniky vyizolované z periferni krve i synovidlni tekutiny byly
resuspendovany v 2,5 ml izoloa¢niho ¢inidla TriZol (Life Technologies, USA), celkova
RNA byla izolovéana ¢inidlem TriZol dle instrukei vyrobce. Koncentrace celkové RNA
byla stanovena kitem RiboGreen RNA Quantitation Kit (Life Technologies, USA). Ke
studiu exprese DPP-IV, FAP, NK1R, CXCR4 a B-aktin (interni referen¢ni transkript)
mRNA byly vyuzity gen kodujici region-specifické priméry a fluorogenni TaqgMan
proby, pfipravené v programu Primer Express (Applied Biosystems - Life
Technologies, USA). Jejich prehled je uveden v tabulce 5. Exprese byla kvantifikovana
sprazenou real time RT-PCR s vyuzitim ThermoScript One-Step System (Life
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Technologies, USA). Analyzy byly provadény v dubletech v MicroAmp Optical 96-
jamkové desce na pfistroji ABI PRISM 7700 Sequence Detection System (Applied
Biosystems - Life Technologies, USA). Exprese cilovych transkriptd byla
normalizovana na expresi mRNA B-aktinu pouzitim ACt metody (Livak a Schmittgen
2001)

Enzyme-linked immunoassay (ELISA)

DPP-1V, FAP a SDF

Pro stanoveni koncentrace DPP-1V, FAP a SDF byly pouzity komeréné dodavané kity
,DuoSet“ firmy RD Systems (USA) DPP-1V/CD26 DY1180, FAP DY3715 a
CXCL12/ SDF DY350. Piiprava vsech reagencii byla provedena dle instrukci vyrobce.
Vzorky heparinizované plazmy i synovialni tekutiny byly pro stanoveni DPP-1V a FAP
nafedény 1000x, pro analyzu SDF 2x roztokem 1% BSA v PBS. 96-jamkova desticka
byla pies noc inkubovana na tiepacce pii pokojové teploté se 100 pl roztoku protilatky,
4x oplachnuta roztokem PBS s 0,05% Tween-20 na pfistroji Hydroflex (Tecan,
Svycarsko) a hodinu blokovana roztokem 1% BSA v PBS. Po promyti byly do jamek
naneseny vzorky i standardy v duplikatech a dvé hodiny inkubovany na tiepacce pii
pokojové teploté. Po promyti byla do jamek nanesena detek¢ni protilatka a inkubovéana
(2 hodiny, pokojova teplota). Poté byly jamky promyty a 20 minut (SDF 40 minut)
inkubovany ve tm¢ s roztokem Streptavidin-HRP (soucast kitu) a nasledné se 100 pl
substratu (DY999, RD systems USA), pfipraveného smichadnim roztokt ,,Color reagent
A* (stabilizovany peroxid vodiku) a ,Color reagent B*“ (stabilizovany
tetrametylbenzidin) v poméru 1:1 (20 mintu DPP-1V a FAP, 40 minut SDF). Reakce
byla zastavena ptidanim 50 pl 2N kyseliny sirové. Opticka densita byla méfena na

pfistroji Sunrise (Tecan, Svycarsko) pii vinové délce 450nm s korekci na 540nm.
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Substance P

Pro stanoveni koncentrace byl pouzit Substance P Parameter Assay Kit firmy
RD systems (USA) KGEO007, ktery funguje na principu kompetitivnhiho enzymového
imunostanoveni. Do kazdé jamky bylo dle instrukci napipetovano 50 pl nafedéné
plazmy (1:1 s roztokem ,,Calibrator diluent®, soucast kitu), 50 ul primarni protilatky a
50 pul konjugované Substance P. Deska s jamkami byla 3 hodiny inkubovana na tfepacce
pii pokojové teploté a 4x oplachnuta roztokem PBS s 0,05% Tween-20 na pfistroji
Hydroflex (Tecan, Svycarsko). Do jamek bylo ptidano 200 pl substratu (peroxid vodiku
a tetrametylbenzidin v poméru 1:1, soucast kitu). Reakce byla zastavena ptidanim 50 pl
2N kyseliny sirové. Optické densita byla méfena na pfistroji Sunrise (Tecan, Svycarsko)

pii vinové délce 450nm s korekei na 540nm.

Statisticka analyza

Statisticka analyza byla provadéna v programu Statistica 12.0 (StatSoft, Inc.,
USA). Rozdily mezi jednotlivymi skupinami jsou hodnoceny pomoci Mann-Whittneyho
U-testu a v piipad¢ intraindividudlniho posuzovani zmén u pacienti pak pouzitim
Wilcoxnova parového testu, korelace byly analyzovany pomoci Spearmanova

korela¢niho koeficientu.
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1€

Tabulka 5. Prehled priméri a prob pro real time RT-PCR

Transkript GeneBank Sekvence a finalni koncentrace primért a TagMan préb
Vstupni é&islo.

DPP-IV NM 001935 Forward primér: 5'-TGGAAGGTTCTTCTGGGACTG-3', 200 nmol/l

Reverse primér 5'-GATAGAATGTCCAAACTCATCAAATGT-3', 200 nmol/1l

TagMan préba 5'- (6-FAM) CACCGTGCCCGTGGTTCTGCT (TAMRA) -3', 200 nmol/1l
FAP NM 004460 Forward primér 5'-TGCCACCTCTGCTGTGC-3', 200 nmol/1l

Reverse primér 5'-GAAGCATTCACACTTTTCATGGT-3', 200 nmol/1

TagMan préba : 5'-(6-FAM) TGCATTGTCTTACGCCCTTCAAGAGTTC (TAMRA)-3', 200 nmol/l
NK1 NM 001058 Forward primér 5'-CAGTGGTGAACTTCACCTATGCT-3', 400 nmol/1l

Reverse primér 5'-GATGTATGATGGCCATGTACCTATC-3', 400 nmol/1

TagMan prdéba 5'- (6-FAM) TCCACAACTTCTTTCCCATCGCCG (TAMRA) -3', 200 nmol/l
CXCR4 NM 001008540 Forward primér 5'-CATGGGTTACCAGAAGAAACTGA-3', 400 nmol/1

Reverse primér: 5'-GACTGCCTTGCATAGGAAGTTC-3', 400 nmol/1l

TagMan préba : 5'-(6-FAM)CACCTGTCAGTGGCCGACCTCCT (TAMRA)-3', 200 nmol/l
B-Aktin NM 001101 Forward primér 5'-CTGGCACCCAGCACAATG-3', 200 nmol/1l

Reverse primér 5' -GGGCCGGACTCGTCATAC-3', 200 nmol/1l

TagMan préba 5'-(VIC) AGCCGCCGATCCACACGGAGT (TAMRA)-3', 200 nmol/1




Vysledky

|. Identifikace DASH molekul nesoucich DPP-1V-podobnou enzymovou
aktivitu v plazmé a na povrchu mononuklearnich bunék periferni krve

a synovialni tekutiny a jejich reakénich partneri

Detekce DASH molekul na mononuklearnich bunkach

Metodou pratokové cytometrie byla analyzovana piitomnost DPP-IV, FAP,
CXCR4 a NK1 receptoru na populacich lymfocytd a v monocytech v periferni krvi a
synovialni tekutiné pacientii s RA a OA. Lymfocyty byly definovany dle optickych
parametr a nasledné s vyuzitim monoklonalni protilatky anti-CD3 jako T lymfocyty
(Obrazek 3).
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Obrazek 3. Gatovaci strategie pro identifikaci lymfocytarni populace a exprese
DPP-1V. DPP-1V je dominantné lokalizovana na CD3+ lymfocytech, zatimco na CD3-
lymfocytech je prakticky nedetekovana. V nékterych vzorcich byla patrnd pfitomnost

DPP-1V vysoce pozitivni (high) populace CD3-+lymfocytl. Typicky experiment.
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Subpopulace  lymfocyti  (Obrazek 4) byly definovany jako Th
(CD4+CD3+lymfocyty) a Tc (CD8+CD3+lymfocyty). Monocyty byly identifikovany
jako CD14+ bunky (Obrazek 5 a 6)
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Obrazek 4. Gatovaci strategie pro identifikaci T lymfocytarnich subpopulaci CD4+
a CD8+ bunék . Typicky experiment.

Na vSech analyzovanych vzorcich periferni krve i synovialni tekutiny pacientt
S RA 1 OA byla detekovana pfitomnost DPP-IV a receptoru CXCR4. Zatimco CXCR4
byl exprimovan na lymfocytech i monocytech, DPP-IV byla dominantné (95-100%)
pfitomna na CD3+ lymfocytech. Pozitivita detekovana na CD3- lymfocytech a
monocytech (definovanych jako CD14+ buiiky) byla spiSe vyjime¢nd a na hranici
detekce. Ve vétsin€ vzorki nebyla hodnotitelna tzv. DPP-IV high populace pozitivnich
bun¢k (Obrazek 3).
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Obrazek 5. Gatovaci strategie pro identifikaci monocytarni populace. Monocyty byly

charakterizovany jako CD14+bunky. Typicky experiment.
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Obrazek 6. Detekce exprese DPP-IV na monocytech (CD14+ buiikach).
Neni detekovatelna zména intenzity fluorescence po obarveni monocytt protilatkou proti
DPP-1V s fluorochromem FITC oproti kontrole barveni (vlevo) ani subpopulace DPP-IV

pozitivnich bunék (dot-plot, vpravo). Typicky experiment.
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Na vzorcich BMNC ani FMNC nebyla metodou pritokové cytometrie prokazana
pritomnost FAP ani receptoru NK1 zadnou z pouzitych protilatek. Proto jsme se rozhodli
ovetit na neékolika vzorcich separovanych BMNC a FMNC piipadnou expresi FAP a
NK1-R transkriptu pomoci real-time RT-PCR. V grafu jsou uvedeny relativni hodnoty
exprese jednotlivych transkriptd normalizovanych na hodnotu exprese beta-aktinu
(Obrazek 7). Tyto vysledky potvrdily, ze FAP a NKIR (NKI receptor) nebyly v

mononukledrnich buiikach pfitomny ani na rovni transkriptu.

Na vsech vzorcich BMNC i FMNC byla nalezena povrchové vazana DPP-1V-
podobna enzymova aktivita, jejimz zdrojem je tedy pravdépodobné kanonicka DPP-1V.,
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Obrazek 7. Exprese mRNA DPP-1V, FAP, NK1R a CXCR4 v mononuklearnich
buiikach normalizovana na lidsky beta aktin. Na mononuklearnich bunikach periferni
krve (BMNC) i synovidlni tekutiny (FMNC) byla u pacientli s revmatoidni artritidou
(RA) 1 osteoartrézou (OA) potvrzena ptitomnost transkriptu DPP-IV a CXCR4, zatimco
exprese FAP a NKI1R zde prokazana nebyla.
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Detekce molekul DASH systému v plazmé periferni krve a solubilni

komponenté synovialni tekutiny

Ve vsech vzorcich plazmy periferni krve 1 solubilni (bezbunécné) komponenté
synovialni tekutiny byla detekovana DPP-IV-podobnd enzymové aktivita, kterd byla
velmi dobfe inhibovatelna DPP-IV specifickym inhibitorem (IC50 pro rekombinantni
protein 2 nmol/l vs. 4,8 nmol/l ve vzorcich plazmy a 5,8 nmol/l pro solubilni frakci SF).
Pro specificky inhibitor DPP8/9 (IC50 pro rekombinantni protein DPP8 je 4 nmol/l a pro
DPP9 20 nmol/l) byly naméfeny hodnoty 1C50 546 nmol/l ve vzorcich plazmy a 498
nmol/l pro solubilni frakci SF svéd¢ici proti vyznamné pfitomnosti téchto enzyma v nami

analyzovaném materialu.

Koncentrace DPP-IV stanovena metodou ELISA signifikantn¢ korelovala s DPP-
IV-podobnou enzymovou aktivitou v plazmé (r=0.83, p<0.001) i v synovialni tekutiné
(r=0.61, p<0.001). FAP byl ve vzorcich s vyuzitim ELISA rovnéz detekovatelny, avsak
jeho koncentrace byla nékolikandsobné niz$i nez koncentrace DPP-IV a s DPP-IV-
podobnou enzymovou aktivitou nekoreloval (Tabulky 6 a 7). Z téchto vysledku vyplyva,
ze dominantnim nositelem DPP-1V-podobné enzymové aktivity v plazmé periferni krve a

solubilni komponenté synovialni tekutiny je kanonicka DPP-1V.

Koncentrace biologicky aktivnich substratt DPP-IV SDF a SP byly ve vsech
naSich vzorcich nad detekénim limitem pouzit¢ metody, avSak dostupné protilatky proti
SDF a SP neumoziiuji rozliSeni peptida biologicky aktivnich (intaktnich) a
inaktivovanych (proteolyticky opracovanych) DPP-IV-podobnou enzymovou aktivitou.
Stanovena koncentrace je tak spiSe nepfimou informaci o celkovém mnozstvi a obratu

prozanétlivého mediatoru nez o jeho biologicky aktivni frakei.
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Il. Porovnani exprese a DPP-IV-podobné aktivity vybranych DASH
molekul, jejich substratii a receptoriic u pacienti s revmatoidni
artritidou (RA) ve srovnani s pacienty s osteoartrozou (OA) na lokalni a

systémové arovni

Periferni Kkrev

Ve vzorcich BMNC pacientil s aktivni RA ve srovnani s nemocnymi s OA nebyl
pozorovan statisticky vyznamny rozdil v DPP-IV-podobné enzymové aktivité ani

procentudlnim zastoupeni DPP-IV ¢i CXCR4 pozitivnich bun¢k (Tabulka 6).

Pacienti s aktivni RA ve srovnani s kontrolni skupinou ovSem vykazovali
signifikantné nizsi plazmatickou DPP-IV-podobnou enzymovou aktivitu i koncentraci
DPP-1V v krevni plazmé (Tabulka 6). Tato aktivita u pacientti s RA vyznamné negativné

korelovala s koncentraci proteinu akutni faze CRP (r = -0.39 p<0.05, Obrazek 8).

U pacientd s RA byla oproti kontrolni skupiné¢ pozorovana vyssi plazmaticka
koncentrace SDF i SP, ale nebyla zde nalezena zadna statisticky vyznamna korelace ani s
DPP-1V-podobnou enzymovou aktivitou ani s ELISA stanovenymi koncentracemi DPP-
IV a FAP. RovnéZ nebyl pozorovan statisticky vyznamny vztah obou prozanétlivych
mediatort k pfitomnosti DPP-IV a receptoru CXCR4 na povrchu krevnich

mononuklearnich bunék.
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Obrazek 8. Negativni korelace koncentrace CRP a DPP-1V-podobné enzymové

aktivity v plazmé periferni krve pacient s RA. Spearmantiv korelac¢ni koeficient

Synovialni tekutina

Signifikantné niz§i DPP-IV-podobna enzymova aktivita 1 mnozstvi DPP-
IV pozitivnich bun€k bylo pozorovano ve vzorcich FMNC u pacienti s RA ve srovnani
exprese u DPP-IV pozitivnich lymfocytl (vyjadiend jako median intenzity fluorescence -
MFTI pozitivni/negativni populace; median+SD 34.2+14.0 v RA vs. 65.3+£30.6 v OA, p=
p<0.05) nez u pacienti s OA. Stejn¢ jako v periferni krvi, byla u pacientd s OA i
vV builkdch ze synovidlni tekutiny DPP-IV dominantné¢ exprimovana na CD4+
lymfocytech, zatimco u pacientli s RA nebyla podobné ptevazujici exprese DPP-1V na
CD4+ v porovnani s CD8+ lymfocyty synovialni tekutiny pozorovana (Ptiloha 5,
Obrazek 9),
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Tabulka 6. Porovnani exprese a DPP-IV-podobné enzymové aktivity vybranych

DASH molekul a pFitomnost jejich substrati a receptori u pacienti s revmatoidni

artritidou ve srovnani s pacienty s osteoartrozou v periferni krvi

Revmatoidni Statisticka

artritida Osteoartroza analyza
BMNC
DPP-IV-podobna enzymova
aktivita pkat/10° bungk 0.15+0.075 0.18+0.079 n.s.
DPP-1V+ lymfocyty (%) 46.7+14.9 50.9+18.4 n.s.
DPP-IV+ monocyty (%) nedetekovatelné nedetekovatelné
FAP+ lymfocyty (%) nedetekovatelné nedetekovatelné
FAP+ monocyty (%) nedetekovatelné nedetekovatelné
CXCRA4+ lymfocyty (%) 28.5+25.5 20.0+18.2 n.s.
CXCR4+ monocyty (%) 44.5+26.5 43.0+24.6 n.s.
NK1R+ lymfocyty (%) nedetekovatelné nedetekovatelné
NK1R+ lymfocyty (%) nedetekovatelné nedetekovatelné
Plazma
DPP-IV-podobna enzymova
aktivita pkat/ml 220.15+83.6 376.9+144.9 p<0.001
DPP-IV koncentrace ng/ml 465.1+£215.6 953.3+368.4 p<0.001
FAP koncentrace ng/ml 56.7+47.3 73.3+30.7 n.s.
SDF koncentrace pg/ml 170.0+214.0 50.0+51.0 p<0.05
SP koncentrace pg/ml 495.0+83.6 262.0+220.7 p<0.05
BMNC — mononuklearni bunky periferni krve, DPP-dipeptidylpeptiddza, FAP -

fibroblastovy aktiva¢éni protein alfa, SDF - Stromal cell-derived factor 1-a, SP —
substance P, n.s. — statisticky nevyznamny rozdil mezi skupinami, hodnoty jsou

vyjadieny jako median+SD
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DPP-IV-podobna enzymové aktivita, stejné¢ jako ELISA stanovend koncentrace

DPP-IV a FAP v solubilni komponenté synovialni tekutiny mezi obéma skupinami

nemocnych nevykazovaly signifikantni rozdil (Tabulka 7)

Tabulka 7. Porovnani exprese a DPP-1V-podobné enzymové vybranych DASH

molekul a piitomnost jejich substrati a receptori u pacienti s revmatoidni

artritidou ve srovnani s pacienty s osteoartrozou Vv synovialni tekutiné

Revmatoidni Statisticka
artritida Osteoartroza analyza
FMNC
DPP-1V-podobnd enzymova
aktivita pkat/10° bungk 0.16+0.16 0.37+0.84 p<0.05
DPP-1V+ lymfocyty (%) 33.7+15.9 52.6+16.4 p<0.05
DPP-1VV+ monocyty (%) nedetekovatelné nedetekovatelné
FAP+ lymfocyty (%) nedetekovatelné nedetekovatelné
FAP+ monocyty (%) nedetekovatelné nedetekovatelné
CXCR4+ lymfocyty (%) 38.5+22.6 23.0+24.5 n.s.
CXCR4+ monocyty (%) 37.0+23.8 37.0+20.9 n.s.
NK1R+ lymfocyty (%) nedetekovatelné nedetekovatelné
NK1R+ lymfocyty (%) nedetekovatelné nedetekovatelné
Solubilni komponenta
DPP-1V-podobna enzymova
aktivita pkat/ml 90.9+33.9 96.5+30.8 n.s.
DPP-1V koncentrace ng/ml 315.0+152.0 293.0+101.0 n.s.
FAP koncentrace ng/ml 58.0 + 38.0 49.0+41.0 n.s.
SDF koncentrace pg/ml 174.0+£513.0 55.0 £219.0 p<0.05
SP koncentrace pg/ml 459.0+126.5 256.0+192.7 p<0.05

FMNC — mononuklearni buiiky synovialni tekutiny, DPP-dipeptidylpeptidaza, FAP —
fibroblastovy aktivaéni protein alfa, SDF - Stromal cell-derived factor 1-a, SP —
substance P, n.s. — statisticky nevyznamny rozdil mezi skupinami, hodnoty jsou

vyjadieny jako medidn+SD
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Obrazek 9. Procentuelni zastoupeni DPP-IV pozitivnich bunék v ramci CD4+
a CD8+ populaci lymfocytii. BMNC — mononuklearni buiiky periferni krve, FMNC —
mononukledrni bunky synovidlni tekutiny, DPP-IV —dipeptidylpeptidaza-1V, RA —
revmatoidni artritida, OA — osteoartrdza, * p< 0.05, Manm-Whitneytiv U test

U pacientd s RA byla pozorovana vyssi koncentrace SDF i SP ve srovnani S
kontrolni skupinou. Na rozdil od systémové urovné (periferni krve), na lokalni trovni (v
kloubnim vypotku) koncentrace SDF v solubilni komponenté u pacientli s RA vyznamné
negativné korelovala s mnozstvim DPP-IV+ CD3+lymfocytti synovialniho vypotku (R =
-0.614; p=0.001, Obrazek 10, Ptiloha 1)
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Obrazek 10. Negativni korelace procentualniho zastoupeni DPP-IV+CD3+lymfocytii
(DPP-IV+T lymfocyti) a koncentrace SDF (stromal cell-derived factor 1-a) v

synovialni tekutiné pacienti s RA. Spearmantiv korela¢ni koeficient.
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I11. Intraindividualni posouzeni vztahu DASH molekul ke
klinickému pribéhu RA

Jako dominantni nositel DPP-1V-enzymové aktivity v krevni plazmé 1 na
mononuklearnich buinikach periferni krve u pacientit s RA byla v prvni ¢asti studie
identifikovana kanonickda DPP-IV. Proto byla intraindividualni sledovani vztahu DASH
molekul ke klinickému pribéhu RA zaméfena na studium exprese a enzymové aktivity

kanonické DPP-1V.

Pro analyzu byli ze skupiny pacientti S aktivni RA vybrani ti, u nich doslo
k definovanému zlepSeni (tj. poklesu aktivity onemocnéni — viz Material a Metody,
https://www.rheumatology.org/practice/clinical/indexes/members/Disease_Activity Scor
e_Sheet.pdf). U 13 pacienti naseho experimentalniho souboru (72%), bylo toto zlepSeni
stavu onemocnéni asociovano se vzestupem plazmatické DPP-1V-podobné enzymové
aktivity alespoii 0 20% ve srovnani se vstupni hodnotou u daného pacienta. U 3 pacient

(17%) zustala aktivita nezménéna a u 2 (11%) poklesla.

Celkové lze Fici, ze plazmaticka DPP-IV-podobna enzymova aktivita vzrostla na
141+46% (median=SD, p=0.011) v porovnani se vstupnimi hodnotami jednotlivych
pacienti. Podobny vzestup na 168+25% (median+SD, p=0.033) vstupnich hodnot
individualnich pacientii byl pozorovany i v piipadé koncentrace proteinu plazmatické
DPP-IV stanovené metodou ELISA (Obrazek 11). Navzdory tomuto pozorovani, vzestup
plazmatické DPP-IV u pacientil s poklesem aktivity RA medidn této hodnoty zlstava asi

0 30% niz8i neZ u pacientl bez zanétlivého kloubniho onemocnéni.
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Obrazek 11. Intraindividualni porovnani plazmatické DPP-IV u pacienti
s poklesem aktivity RA. Plazmaticka DPP-IV-podobna enzymova aktivita a DPP-IV
koncentrace analyzované u pacienti vykazujicich pokles aktivity RA. Znazornéni

individudlnich vstupnich a follow-up hodnot. * p< 0.05, Wilkoxontv parovy test

Opacény trend byl u nemocnych s poklesem aktivity RA pozorovan v BMNC
(Obrazek 12). Povrchova DPP-1V-podobna enzymova aktivita BMNC poklesla na
66+56% (median+SD, p=0.018) individualnich vstupnich hodnot pacientli. Procentualni
zastoupeni DPP-IV pozitivnich lymfocytd u jednotlivych pacientd sice signifikantné
pokleslo o 11£80% (mediantSD, p=0.029), ale vétsi a vyznamngj$i zmeény byly
pozorovany v expresi DPP-IV kvantifikované jako median intenzity fluorescence, ktery

poklesl na 63+31% vstupnich hodnot (median+SD, p=0.005).
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Obrazek 12. Intraindividualni porovnani p¥Fitomnosti DPP-IV na povrchu
mononuklearnich bunék periferni krve (BMNC) u pacienti s poklesem aktivity RA.
DPP-1V-podobna enzymova aktivita povrchu BMNC a median intensity fluorescence
(MFI) DPP-IV+ lymfocyti u pacientd vykazujicich pokles activity onemocnéni RA.
Znazornéni individualnich vstupnich a follow-up hodnot. * p< 0.05, Wilkoxondv parovy

test

Zavérem lze Fici, ze pokles aktivity RA individualnich pacientti byl spojen s nartstem

plazmatické DPP-IV a poklesem DPP-1V mononuklearnich bun¢k periferni krve.
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Diskuze

Nékolik diivéjsich studii, v¢etné praci nasi laboratofe, poukazuje na moznou roli
dipeptidylpeptidaze-1V aktivitou a/nebo strukturou homolognich molekul (DASH)
V autoimunitnich zanétlivych onemocnénich jako napft. systémovy lupus erythematodes a

revmatoidni artritida (Hagihara a kol., 1987, Gotoh a kol., 1989, Kobayashi a kol., 2002).

Cilem této disertatni prace bylo identifikovat spektrum DASH molekul
podilejicich se na celkové DPP-IV-podobné enzymové aktivit¢ u nemocnych s RA
v periferni krvi a synovidlni tekutin¢ a srovnat ho s kontrolni skupinou pacient trpicich
osteoartrézou (OA) a dale posoudit mozny vztah téchto molekul k aktivit¢ RA. Nami
provedené inhibiéni Studie za vyuziti specifickych inhibitort spolu s ELISA analyzami
potvrdily dominantni podil kanonické DPP-1V na celkové DPP-1V-podobné enzymové
aktivité jak v periferni krvi tak i synovialni tekuting a to i véetné¢ vyznamné korelace mezi
DPP-IV-podobnou enzymovou aktivitou a koncentraci DPP-IV proteinu. Tato
pozorovani jsou v souladu s praci Durinx a kol. (Durinx a kol., 2000) v niz autofi popisuji
95% podil kanonické DPP-IV na celkové DPP-1V-podobné enzymové aktivity v krevni
plazmé. NaSe imunodetekéni studie, stejné tak jako expresni studie na urovni mRNA,
navic neprokazaly pfitomnost FAP na mononuklearnich buiikach jak v periferni krvi, tak
v synovialni tekutiné, proto i zde je vysoce pravdépodobné, ze membranové lokalizovana
DPP-IV-podobna enzymova aktivita BMNC a FMNC je pravdépodobné dominantnim
atributem kanonické DPP-IV. Pro dalsi porovnani jsme se tedy zaméfili na studium
kanonické DPP-IV v periferni krvi a synovialni tekutin€ u pacientd s RA ve srovnani
SOA a nasledné¢ na vlastni dynamiku DPP-IV u jednotlivych pacienti ve vztahu

k aktivité jejich onemocnéni.

U pacientl trpicich RA byla prokdzana niz8§i plazmatickd DPP-1V-podobna
enzymova aktivity ve srovnani s kontrolni skupinou S nezanétlivym kloubnim
onemocnénim (Busso a kol., 2005, Balaziova a kol., 2006). Toto pozorovani jsme dale
rozvinuli v této praci, kdy pozorovana plazmaticka DPP-1VV-podobna enzymova aktivita i
koncentrace proteinu DPP-IV byly o 50% niz§i ve srovnani s pacienty S osteoartrozou
(Priloha 4). Ackoliv Cuchacovich a kol. (Cuchacovich a kol., 2001) prokazali, ze u
pacientli s RA (na rozdil od zdravych kontrol) dochéazi k hypersialylaci DPP-IV a tim ke
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snizeni jeji specifické enzymové aktivity, nase vysledky v souladu s dal§imi (Cordero a
kol., , Busso a kol., 2005, Ulusoy a kol., 2012) ukazuji, Zze niz§i enzymova aktivita
pozorovana u RA pacienti je z velké Casti zpusobena spise poklesem koncentrace
proteinu DPP-IV v plazmé. Funk¢éni dasledek tohoto pozorovani vSak stale zdstava
neobjasnén.  Niz§i DPP-IV-podobnd enzymova aktivita byla nékterymi autory
popisovana i v synovialni tekutin¢ pacientti s RA ve srovnani s OA (Gotoh a kol., 1989,
Sedo a kol., 2005), nicmén¢ tento zavér nebyl u vSech autort jednozna¢ny (Busso a kol.,
2005) a ziejm¢ muze zaviset i na zpusobu vyjadieni specifické enzymové aktivity
(ptepocet na objem nebo na koncentraci celkového proteinu ve vzorku; vzhledem k tomu,
ze celkova koncentrace proteinu je ve vypotku u pacienti s RA vyznamné vyssi nez u
OA, enzymova aktivita vyjadifena ve vztahu k celkové koncentraci proteinu mohou
zdanlivé maskovat skutecny proteolyticky potencidl DPP-IV pfitomné v synovidlni
tekutin€). V nasi studii nebyl pozorovan vyznamny rozdil mezi DPP-1V-podobnou
enzymovou aktivitou synovidlni tekutiny RA a OA pacienti vyjadiovanou na jednotku

objemu vypotku (Sromova a kol., 2010, Ptiloha 1).

Signifikantni vzestup exprese antigenu DPP-IV na CD4+ lymfocytech byl popsan
u pacientl s chronickou (medidn trvani onemocnéni 11.5 let) revmatoidni artritidou
(Ellingsen T 2007), zatim co u kratkodobé diagnostikovanych pacienti (< 6 mésicl),
signifikantni rozdil ve srovnani se zdravymi kontrolami pozorovan nebyl (Ellingsen a
kol., 2012). V nasi studii byli jako kontrolni skupina pouziti pacienti s osteoartrézou.
Nepozorovali jsme signifikantni rozdil v proporci DPP-IV pozitivnich lymfocyti ani v
intenzité exprese DPP-IV mezi obéma pacientskymi skupinami. Variabilita v délce trvani
onemocnéni, rozdily v pouzitych protilatkach anti-DPP-IV a rozdilné kontrolni skupiny
pozorovany rozdil mezi nasimi vysledky a daty v citované literatufe. V souladu s diive
publikovanymi vysledky nasi laboratofe (Balaziova a kol., 2006), jsme nepozorovali
signifikantni rozdily v DPP-IV-podobné enzymové aktivité¢ na mononuklearnich bunkach
periferni krve mezi RA a OA pacienty, zatimco v FMNC byla pozorovana vyznamné
niz§i DPP-IV-podobna enzymova aktivita u pacienti s RA. Tato nizs§i enzymova aktivita
korespondovala i s niz$im procentualnim zastoupenim DPP-IV+ lymfocytil i intenzité
exprese DPP-1V (MFI) na téchto bunkach (Sromova a kol., 2010, Piiloha 1). Nase

vvvvvv

cv v
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pacientd s aktivni RA ve srovnani s OA. (Muscat a kol., 1994), avsak v dalsi praci
¢aste¢n¢ poukazuji na fakt, Ze presné pocty pozitivnich bun¢k jsou do jisté miry zavislé i
na typu pouzité protilatky (Gerli a kol., 1996). DPP-IV pozitivita na bunkach je
spojovana s migracnim fenotypem bunék infiltrujicich revmatoidni synovii (Ohnuma a
kol., 2006). Tento jev muize byt pfi¢inou relativniho ubytku DPP-IV+ FMNC v kloubnim
vypotku u RA pacientli pozorovanych v této studii, avSak nelze vyloucit ani primarni

pokles exprese DPP-IV FMNC u pacientti s RA (Sromova a kol., 2010, Piiloha 1).

Na bunkach periferni krve je DPP-IV exprese dominantné pfitomna na CD4+ T
lymfocytech (Morimoto a kol., 1989). Podobnou distribuci jsme v nasi studii pozorovali u
OA BMNC i FMNC, nikoliv vSak u RA, kde DPP-IV pozitivita byla rovnomérné
rozlozena mezi CD4+ a CD8+ bunky i kdyz relativni proporce obou téchto subpopulaci

ve vypotku se mezi obéma skupinami nemocnych vyznamné nelisila (Ptiloha 5, Obrazek

9).

SDF, biologicky substrat DPP-IV, dosahuje vysSich koncentraci v synovialni
tekutiné nemocnych s RA nez s OA (Wei a kol., 2006, Kim a kol., 2007). Tato zvySena
dostupnost SDF v synovialnim prostiedi je povazovana za faktor vedouci ke zvySené
neovaskularizaci, infiltraci imunitnich bunék do synovialni membrany a k destruktivnimu
uc¢inku na chondrocyty (Pablos a kol., 2003, Bauer a kol., 2006). Tento efekt zvyseného
uvoliovani SDF, substratu DPP-1V, ze zanétlivé tkané mtze byt dale potencovan nami
pozorovanou niz$i ptitomnosti DPP-IV na FMNC pfitomnych v synovidlni tekuting
(Sromova a kol., 2010, Ptiloha 1 Obrazek 13). V prib&hu péti let po ukonéeni studie
doslo k progresi eroze kloubt u sledované skupiny pacientli pouze u péti. Pravdépodobné
i z tohoto diivodu jsme pii porovnani ostatnich sledovanych parametrii na této malé
skupin¢ nemohli pozorovat zadny vyznamny vztah k nami sledovanym parametrtim.

Soubor nemocnych by z tohoto hlediska vyzadoval dalsi sledovani.
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stromal cell-derived factor-1; DPP-IV: dipeptidylpeptidaza-1V (Sromova a kol., 2010, Ptiloha 1)



Nekteré publikované studie spekuluji mozny vztah DPP-IV a aktivity RA. Cordero a kol.
(Cordero a kol., 2001) popsali negativni korelaci mezi koncentraci proteinu DPP-IV v
krevnim séru a poctem oteklych kloubt, avSak nepozorovali rozdily v sérové koncentraci
DPP-IV mezi skupinami s aktivni a neaktivni RA. Podobné ani Ulusoy a kol (Ulusoy a
kol., 2012) nepozorovali vyznamny vztah DPP-IV v krevnim séru s aktivitou RA. Vyssi
exprese DPP-IV v T lymfocytech byla pozorovana u pacientd s aktivni RA ve srovnani s
pacienty s méné aktivni RA (Muscat a kol., 1994, Gerli a kol., 1996). Diive publikované
vysledky nasi pracovni skupiny prokazaly negativni korelaci mezi enzymovou aktivitou
plazmatické DPP-IV a koncentraci CRP (Balaziova a kol., 2006). Dosud provadéné
studie vychazely vétSinou z interindividudlnich skupinovych porovnéni, kterd vzhledem
k pomérné znaéné populacni variabilité piitomnosti DPP-IV v biologickém materialu
mohou ve statistickych porovnanich vést k falesné negativnim vysledkim. Pokusili jsme
se tedy charakterizovat vztah DPP-1V a aktivity RA na intraindividualni bazi. V pribéhu
nasi studie méli jednotlivi pacienti rozdilnou 1é¢bu, v zavislosti na klinickém posouzeni
oSetfujiciho 1ékate (glukokortikoidy, metotrexat, anti-TNF alfa a anti-CD20 protilatky,
leflunomid, sulfasalazin ptfipadné jejich kombinace). Navzdory heterogenité¢ pouzité
1é¢by jsme ve follow-up vysetfeni pozorovali signifikantni vzestup plazmatické DPP-I1V-
podobné enzymové aktivity i koncentrace u pacienti s definovanym poklesem aktivity
RA. Podobny vzestup DPP-1V-podobné enzymové aktivity, spojeny s posunem z
kyselych do vice neutrdlnich glykoforem cirkulujici DPP-1V, byl jiz diive popsan u
nemocnych s klinickym zlepSenim RA navozenym anti-TNF cilenou terapii

(Mavropoulos a kol., 2005).

Kromé téchto zmén v hladin€ solubilni DPP-IV jsme v nasi studii pozorovali, Ze i
DPP-IV-podobna enzymova aktivita na BMNC a exprese na lymfocytech klesa soub&ézné
s poklesem DAS28, tedy se snizenim aktivity RA u jednotlivych pacientd.
Intraindividualni pokles exprese DPP-IV antigenu byl nejvice patrny na CD4+ T
lymfocytech (p=0.055), coZ je v souladu s popsanou dominantni pfitomnosti DPP-IV v

této lymfocytarni subpopulaci u RA pacientt (Muscat a kol., 1994).

50



Zavéry

o Kanonicka DPP-1V je hlavnim nositelem DPP-1V-podobné enzymové aktivity
Vv krevni plazmé, synovialni tekutiné a velmi pravdépodobné i na povrchu BMNC a
FMNC u nemocnych s RA (i OA).

. U nemocnych s RA ve srovnani s OA je vyznamné niz§i enzymova aktivita a
koncentrace DPP-IV v krevni plazmé a exprese a aktivita DPP-IV na FMNC. U pacientt
s RA nebyl pozorovan statisticky vyznamny rozdil v expresi a aktivit¢ DPP-1VV nha BMNC

oproti kontrolni OA skuping.

. Intraindividudlné pozorované snizeni exprese a aktivity DPP-IV na BMNC, a
vzestup koncentrace 1 aktivity plazmatické DPP-1IV spojené s poklesem aktivity
onemocnéni a negativni korelace plazmatické aktivity DPP-IV s CRP naznacuji vztah

tohoto enzymu k aktivité RA a jeho moznou vyuzitelnost pti sledovani 1é¢by.

o Nizs$i dostupnost DPP-1V na FMNC mize vést k omezeni degradace SDF a tim ke

zvySeni jeho prozéanétlivého plisobeni v synovidlnim prostredi.
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ARTICLE INFO ABSTRACT

Background: Dipeptidyl peptidase-IV (DPP-IV) enzymatic activity controls biological halftime of multiple
local mediators. Its deregulation is associated with pathogenesis of several autoimmune diseases, including
rheumatoid arthritis (RA). Although DPP-IV is the canonical representative of the group, a number of other
proteins have been shown to have similar enzymatic activity. This study was aimed to identify the molecular
source of DPP-IV activity in synovial fluid (SF) and fluid mononuclear cells (FMNC) in patients with RA and
osteoarthritis (OA). In addition, the association of DPP-IV and the concentration of stromal cell-derived
factor-1cx (SDF), DPP-1V substrate, were evaluated.

Methods: DPP-IV activity was measured by the kinetic fluorimetric method. The expression of studied
molecules in FMNC and their concentrations in SF were assayed using flow cytometry and ELISA respectively.
Results: DPP-IV activity in SF, dominantly derived from the canonical DPP-1V, does not significantly differ
between RA and OA. However, a significantly lower DPP-1V activity and expression in FMNC was found in RA
as opposed to OA patients. Negative correlation between SDF concentration in SF and the relative amount of
CD3+4-CD26+ cells was observed.

Conclusions: We report decreased presence of DPP-IV/CD26 in CD3+ FMNC in RA, which also may participate
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on impaired balance of SDF concentration in SF.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Dipeptidyl peptidase-IV (DPP-1V, EC 3.4.14.5, identical to CD26
differentiation antigen) is an almost ubiquitous multifunctional
plasma membrane peptidase. Within the immune cells, it is typically
localized in lymphocytic elements. Furthermore, a soluble form of
DPP-1V, known to enhance proliferation of T-cells in response to
specific antigens, is present in blood plasma [1]. DPP-IV was formerly
believed to be the only enzyme capable to cleave N-terminal
dipeptides from substrates with proline aminoacyl residue on the
penultimate position. Yet, further research discovered a growing
panel of molecules possessing DPP-IV-like enzymatic activity and a
varying structure similarity, with specific cell type and tissue
distribution. This fact led to the definition of the novel molecular

Abbreviations: DASH, dipeptidyl peptidase-IV activity and/or structure homolo-
gous; DPP-IV, dipeptidyl peptidase-IV; ELISA, enzyme-linked immunosorbent assay;
FAP, fibroblast activation protein-a; FMNC, synovial fluid mononuclear cells; MFI,
median fluorescence intensity; OA, osteoarthritis; RA, rheumatoid arthritis; SDF,
stromal cell-derived factor-1a¢/CXCL 12; SF, synovial fluid.

* Corresponding author. Laboratory of Cancer Cell Biology, Institute of Biochemistry
and Experimental Oncology, First Faculty of Medicine, Charles University in Prague, U
Nemocnice 5, 128 53, Prague 2, Czech Republic. Tel./fax: +420 2 2496 5826.

E-mail address: aleksi@cesnet.cz (A. Sedo).

0009-8981/% - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.cca2010.03.034

group of multifunctional “Dipeptidyl peptidase-IV activity and/or
structure homologous” (DASH) molecules [2], also including fibro-
blast activation protein-« (FAP) and DPP-1I, DPP8, DPP9 apart from
the canonical DPP-IV. As opposed to the intracellularly localized
DASH, both DPP-IV and FAP are expressed as plasma membrane
ectoproteases with soluble counterparts present in the body fluids
and thus available to process local humoral mediators [1]. In the last
decade, great strides have been made to exploit diagnostic potential of
DPP-1V/CD26 and FAP [3] as well as to understand their roles in
pathogenesis of a number of diseases, including rheumatoid arthritis
[1.4].

Rheumatoid arthritis (RA) is a systemic autoimmune disease
characterized by infiltration of T-cells and monocytes into the
synovium and proliferation of synoviocytes. Although its etiology
has not yet been fully elucidated, there is vast evidence for the
participation of multiple humoral circuits within the systemic, e.g.
blood circulation as well as local, e.g. synovial, environment. A
dysregulation of biologically active mediators may, among others, be
the consequence of their improper proteolytic processing. A number
of proinflammatory peptides supposed to be involved in the
pathogenesis of rheumatoid arthritis, have their biological half-life
controlled by limited proteolysis executed by DPP-IV-like hydrolytic
activity [5]. In this respect, the chemokine stromal cell-derived factor
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1-alpha (SDF}, a crucial mediator controlling the influx of lympho-
cytes and monocyte'macrophages into the inflamed synovium and
thus triggering joint destruction |6, belangs amang the best natural
subsates of DPP-IV.

Decreased, seventy and treatment dependent DPPIV enzymatic
activity in the blood plasma [7.8] and increased expression of DPP-IV
in the blood mononuclear cells (BMNC) {9.10] in active RA patients
were already reparted by several authors However, there is just
sparse evidence about the DPP-IV within the “local envitanment™ of
synovial fluid (5F) and fhuid mononudear cells {FMNC). The main gaal
of this study was therefare (o assess the representation of both plasma
membrane and soluble forms of DPP-IV and FAP in FMNC and SF,
respectively, in patients with active RA. Additianally, the assodation
of DPP-IV and concentration of SDF in synovial flikd was evaluated
due 10 the Lba that increased concentration of DPP-IV-contralled
chemokine SDF was previously observed in SFof RA patents

SF and PMNC of patients with estecanthritss {0A), which possess
substantally lower Inflammatary component in terms of aggressive-
ness progressivity, erosive potential and systemic inflammation,
were used xs controk.

2. Materials and methods

The study was approved by the Instingional ethic comminse and
was conducted in acordance with the Declaration of Helanki All
patients signed informed consent. Patienis with active RA were
diagnosed acoording 1o standard aiteria of the American College of
Rheumatology {11} All had active diseasedespite their treatment. The
contfol group was comprised of patients with 0A with knee effision
[Tabie 1) SFwas collkeaed into a vacutainer with sodium heparin as
an anticoagulant under sterile conditions. FMNC were salated by
discontinuous Fiool-Paque density centrifugation (Ficoll-Pague Plus,
GE Healthcare, Sweden ). kalated cells were counted on a cell counter
Z2 (Backman Coulter, USA) and their viability was determinad 1sing
the 1rypan blue exclusion

DPP-IV enzymatic activity In SF and plasma membrane of viabie
FPMNC was measured by a continuous rate fluonimetnic assay
(Spectiofluorimeer Perkin Bmer 15508) with 7-{glyeyl-prolyls-
mido)-4-methy koumarin | Bachem, Switzerland), final conce ntration
of 50umal/L. 25 a substrate. Inhibition studies were performed as
desaibed previously |12 The release of NHMec was detected at
exdiation and e mission wavele ngths ol 380 and 460 nm, respectively
{13] The total protein concentraton in all samples was measured
with Lowry's reagent | 14}

Immueno phe notypi zation was performed by a llow cytometer FAG
Canto (BD Biosciences, USA) with the Diva soltware for acquisition
and Flowjo (TreeStar Inc) for data evaluation For this purpase,
synov ial fludkd was centrifuged (5 min, 4 °C, 233 g), the cell pellet was
resuspended in RPMI 1640 (Lonza, Switzerand) and the resulting
sispension was filtered (30 pm cup fakons, BD Biosdences, USA).
504 of the filtrate was incubated for 30 min with a mixture of

Tabide 1
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antibodies. Mouse anti-CD3-PerCP, a19i-CD4-APC, anti-CD8-APCLYT
and anthCD14-PE-Cy7 antibodies (rom BD Bioscience, rat antl-DPP-
V/ D26 FITC and mouse anti-O(CRA-PE from RD systems were used
in titres 1:20. Primary rabbit anti-FAP stalk region and anti-FAP spacer
regionand secondary goatanti-rabbit 1gG HA&L-FITC fram Abcam were
uwsed In titres 1:50. Lymphacyte subsets were identified by gating
analysis and fluarescence profiles obtained for 10000 cells of sach
ample.

SDF, CD26 and FAP concentrations were determined by the
andwidy enzyme-linked immunosorbent asay (“Duo ser™ ELISA
Kits - DY350,DY1180, DY3715 from RD Systems, UK |, acarding to the
manulacturers instruaions. A microplate reader Sunrise (Tecan,
Switzerland) was used 10 measure atsorbance ai 450 nm. A
wavelength correction was performed a1570 nm

The Statistica 80 software (StaiSoft, Inc USA) was ised forstatistical
analyses. Differences benween the groups were evaluated with the
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Mann-Whitney test; correlations were assessad by Spearman’s corre-
lation coeffident

3. Results

DPPIV enzymatic activity in SF was detected in all patients
included inthe study, and was very similar in both RA and OA groups
(Fig. 1A).Inline with that, the immunodetection of neither CD26 [ RA:
315 +152 ng/mL; OA: 253 £ 101 ng/mL) nor FAP {RA: 58 + 38 ng/mi;
OA: 49+ 41 ng/mL) InSF did not demonstrate a significant difference
between the diagnoses DPPIV emymatic activity in SF ughtly
correlated with the concentration of CD26 (Fig 1B}, but not with
FAP (Fig. 1C). Inhibition studies 1sing specific inhibitor of DPPS/S
argued against significant participation of both enzymes on the total
DPP-1V-like enzymatic activity in SF (not shown).

A significantly lower FMNC surface DPPIV enzymatic acivity
(Fig. 2A) &5 well xs the presence of CORE positive cells (Fig 2B) was
olserved in FMNC derived from RA patients than OA ones. DPP-1V/
CD26 Immunostaining in FMNC provided qualitatively identical
pattem as in BVINC (not shown). No detectable immunopositivity of
FAP was found using two commercially available primary antibodies,
generated against different molecular domains of the molearle and
reliably recognizing FAP in other cell systems As expected, immuno-
phenoty pization studies demonstrated a significant majonity of CD26
expression among CD3+ elements, ranging between 30 and 70% in
individual patients, while the (3 — lymphacytes were (D26 negative
with the antibody used. Cell surface DPP-IV enzymatic activity of
FMNC correlated with the relative number of the M3+ population
{R=0.452, p=002). The dowle positive (M3 +DM26+ population
possessed sipnificantly lower median Quorecence intensty (MFI,
p=Q012) in RA patents comparad © the OA grouwp (Fg 2D). In
contrast with OA patients, where the CD26 immunopositivity of T-
cells was prevalently assodated with (D4 -+ elements, in RA synavial
fluid T-cells CD26 was distributed almost evenly benween both CD4+
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and CD8+ subpopulations (not shown ). (D26 expresion was below
the detection limit in B and NK cells and reached up 1o 15% positive
elements in monocylic CD14+ population, without significam
dilferences between RA and OA (not shown ).

As shown in Fig 3A a sgnificantly higher (p=0003) SDF
concentration was observed in synovial fluid of RA (med-
an=174pgnl mean=401 pg/ml) patients than in OA (med-
fan =355 pg/ml. mean=105pg'mlL) padents. Significant negative
carrelation (R=—0614; p =0001) between the SDF concentratiin
in synovial fluld and the amount of CD3+CD26+ cells In RA was
demonstratad (Fig. 38).

4. Discussion

In this study, we identified molecular source of DPPIV enzymatic
activity in SF and In plasma membrane of FMNC in RA and DA
Furthermare, we demonstrated lower representation of DPP-IV in
FMNC derived from RA patients, as compared with OA patients In
addition, we observed for the first time inverse comelation of CIR26
+CD3 + FMNC and SDF cancentration in SF in RA patients.

While the circdating T-cells and vascular endothelia seem to be
the mainsources of DPP- IV and FAP ocaurr ing in blood plasma [ 15,16,
the origin of both malacules in synovial fluid remains engmatic
Lower DPPIV enzymadc activity in synovial fluid of RA patients
compared 1o the OA was noted in some reports|[1,17], yet it was not
confirmed by others 18] In this respect, data availatde so far may
depend whether the fluld volume ar It protein concentration are
considerad as the (actors 1o express specific DPP-IV activity. Since the
Iotal protein mncentration & significantly hgher in RA than in 0A
effusions, specific activity expressed relative 1o the proin may
seemingly @moulage the real proteolytic potential of DPP-IV present
in SF. In our study a significant difference berween the DPP-IV
enzymanic activity in synovial fluids of RA and OA patients has not
been abserved. Moreover, quantizative abundance of (D26 over FAP,

¥ B
T p=0.007 T

2

CD26+CD3+/Lymphocytes (%)
= 3

g
»
o

p=0.012

B

MFI of CD3+CD26+ cells
¥ 8 2
o

o

Ha Qa

Fig 2. DPRIV in symovial flsd mocanaciear celisof RA and OA matents (A) DFP-V enxymasc actviy of PVING suttice. (B) Relave representason of (D264 hymphacyes. (C)
Typical pazem of DPRIV/(DZE exguessian an RA and OA PINC (D) Mecian fearescence incensiny of CD26+ (D3 4 colis. Squares: madian walex bowes middie 25-73X of
measared vaees bars miniedl map mudendl vlees; g She probabiliny of Giflem are Detwoe 0 exje dme ol gIaps



L Sromowa et & | Cladoa Chledca Aza 41! (2006 1046- 05 049

5 1690
T A
1200 p=0003

4% o
! ~
B

am
% "
5 ] s

2 RA oA
e 1w -
B
1200 fls 0814
"\ p= 0001
= ™

800 S
é § ,\"'\
o . o S
. - .

Bl
E < . A
\\
20 40 &0 B8O
CD26+CD3+/Lymphocytes (%)

Fig 3. Soma ol carivwed Lo la (SDF) concestraton in synovid s of
rhesmanid adwiss (RA) and osvoardrits (OA) patiees {A) and it carezin
wih the rSamve represenasion of CIRES 4 CTH + cels {B). Squwres: modian valees,
Doces: middie 25- TR of messared \alices bars: minial =, maoma valos g the
pobasillicy of Glflerence Detace £ 00 Sraes d DU

the former correlating with DPP-IV hydrolytic activity, about two
orders of magnitude higher DPPIV than FAP affinity 1oward the Gly-
Pro N-terminal sequence of the substrates [18] and results of
inhibidon studies using DPPS/9 inhibitar argue for canonical DPP-IV
a5 the dominant part of DASH hydrolytic potngal in SF.

Similarly, the correlation of DPP-IV enzymaric activity with CD26
immunopositivity, associated with negative resulis of FAP immuode-
tecton and previously olserved absence of FAP transeripts| 20, s ug gests
that canonical DPP-IV &5 the major, if nat exdusive, molecide proessing
DASH sulsirates by the FMNC surface. Lower DPP-IV enzyma e activity
of KA PMNC corres pands with the lower expression of DPP-IV/CD26 in
CD3 + cells This result supparts the previous re port of Muscat et al {9),
which claims smaller (D26+CD3+ FMNC population, exhibiting
sgnificantly lower median lluorescence Intensity In patients with active
RA compared 10 the OA although hs own later paper |10} partially
challenged that painting © the de pendence of tesulis an the particular
type of an ant-DPP-IVACDZ6 antibody 1sed. Immunobistodhen cal
studies of other authars have revealed an abundant presence of (D26+
cells in the sy novial tissue 1n such cases, CO26+ phenatype is asociated
with the “migratony” of aaivaied elements tending o
inflltrate the rheumatoid synovium [21). This phenomenon may be the
caise of relative depletion of (D26+ FMNC in RA observed in our study.
However, primary downregulation of (D26 expression by FMNC in RA
cannot be excluded on the basis of clinical data

Typically, in human peripheral blood, CD26 ex pression s domunantly
restricted 1o the CDA+ helper/memary population of T-cells |22 A
similardistribution was observed in ourstudy in OA FMNG, but not in RA
whete the CD26 positivity almost evenly spreads between (D4 + and
CD8 + cells, while there lative propor tion of both populationswithin the
FMINC remains similar in both diseases A clinical approach does not
allow a clear-cut dedgon on whether the observed differences in the
rel ative (D264 ntigen reprasentaton within the CD4 + and CD8 -+ FMNC

subpopulatons are a consequence of speafic regulation in the given
cells or diffenng redistribution of a particular population between the
synovial flukd Synov il dssue mmpartments

Together, DPP-IV in FMNC and i1s soluble coenterpartinSF seem 10
represent a dominant DASH pracessing local humoral mediators in
the SF environment, while FAP, known to be abundandy expressed in
rheumatoid synovial tissue and possessing also the endopeptidase
collagenalytic activity, in additian to the DPP-IV-like one is probably
mostly involved in the cleavage of structural proteins (4,23

SDF, masdy synthesized and secreted info the synovialenvironment
by synoviocytes | 24,25 readhes higher conce ntratons insymovial fluid
it RA than in OA patients |624) Althoug h commerdally availsble anti-
SDFantibodies do not discriminate intact and DPP-IV-truncated SDF, its
increased ava llability in thesynovial fuid and consequent amplification
of its sigmalling has been noted by several studies | 26). Apart from that,
an augmented ex pressionof the XCR4 recepror in synovial CD4+ cells
of RA patients was observed |26). The substantial rale of boosted SDF-
CXCR4 sigralling axis in the processes of RA pathogeness sichaseg
neovasculartzation, homing of fluld immune cells 1o the rhewnatic
synovium, and the antlapoptotic effect on T-cells as well 25 its harmful
eflect on clondrocytes was previously affirmed by several studies
|24.26} The role of SDF signalling via OCCRT in FMINC soll remains asa
hypothetical aption. Besides the indeased spill o from the inflamed
synovial Tissue, the impaired degradation of SDF causad by the knver
DPP-IV activity of FMNC might be considered a causeof their own higher
sensitivityto SDF signalling. Maraover, although the PMNC surface DPP-
IV only represents about 20% of the activity of synovial fluld of the
respective volume (not shown), it might suill be significant alo for
quantitative scavenging of SDF from SF.

Interestingly, ligand induced Internalization of the CXCR4, SDF
cognate receptor, asociated with down regulation of DPP-IV/CD26
has been olxerved in human lymphocytes |27} Although we have not
abserved significant difference in OCCRA expression in RA and 04
FMNC (inpublished resuls ), this mechanism may also sccount for the
decreased CO26 immunopasitivity and DPPIV enzymatic activity in
FMNC éxposed 1o Increased SDF concentration in RA SF.

DPP-IV inhibition recently represents the novel therapeutic
regimen in diabetes mellitus type 2 and its clinical relevance is also
speculsted in the treatment of several sulnimmune and rhewmatc
diseases |1 | The ambiguous role of DPP-IV i such processes however
deserves caution. DPP-IV is kown 1o be pasitively involved in the
stimulaton of cellular immunity whiledue to its proteolyticaaivity, it
mitigates the proinflammatory effect of a number of cytokines | 18]
Consequently, while the systemic application of DPP-IV inhibitors
demanstratad a potent antharthritic effect in several models lence
there is growing evide nce that the local - synovial - DPP-IV inhibition
may be counterproductive, due to the protection of promnflammatory
mediators-DPP-IV substrates | 1] Moreaver, the inhibltars thought 1o
be DPP-IV spedfic may have roader off-target inhibition range
within the DASH group. For example, inhibidon of FAP expressed in
synovial tissue may abrogate {15 destruaive effecton he cartilage and
bone of anhrotk jints 231 Such cross/inhibition of other DASH
molecules can aka explain the anth-arthritic effects of DPP-IV
Inhibitars demonstrated in DPP-IV knockout animals 1]

Incondusion, were porta markedly lowe r DPP-IV enzymatic activity
in the cell surface of FMNC in RA in cymparison 1o the OA patienss and
Mentified Its moleaular source a5 a canonical DPP-IV. The lower DPP-IV
hydrolytic potential of FMNC might relatively decrease effective SDF
disposal at lexstinthelr immediate environment and thus favour their
“paracrine” aaivation (Fig 4) Further studies will however be required
10 assess the funcrional relevance of this hypothesi<
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Abstract  Dipeptidyl peptidase-IV (DPP-IV) and fibro-
blast activation prokin-o (FAP) are specalated © patici-
pae in the reglation of mulipke biokgical processes,
because of thewr unique enzymatic activity, as well as by
non-hydrolytic molecular interactions. At present, the role
of DPP-IV and FAP in the development and progression of
vanous types of tumors, including gliobligoma, is inten-
sively smdied, and their functional crosstslk & hypothe-
sized. In this anticle, we descnbe the correlative expression
of DPP-IV and FAP mRNA in primary cell cultures
denved from human ghoblastoma and associaked expres-
sion dynamics of both maolecules in smyocytoma cell lines
depending on culure conditions. Although the molecular
mechanisms of DPPIV and FAP coregulations nemam
unclear, uncoupled expression of transgenic DPP-TV and
the endogenous FAP suggests that it occwrs rather at the
tramcriptional than & the posttramscriptionsl  kvel.
Underanding of the expressional and functional coordi-
nations of DPP-IV and FAP may help clarify the mecha-
nisms of biclogical roles of both mokcuks i transformed
astrocytic cells
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Introduction

The plasma membrane-bound sermne pratease dipeptidyl
peptidase (DPP)-IV (EC 34.14.5) was discoverad on the
hass of its unique subswrate specificity as 3 protese
cleaving X-Pro dipeptides from the amino-eminus of
peptides and proteins. However, a number of molecuks
condituting a group of “dpeptidyl peptidase-IV activity
andbor stuctre homologues™ (DASH) were discovered
subsequently. In addiion © the canonical DPP-IV, this
group comprises another plasma membrane-bound prote-
ase, fibroblig sctvation pratein-a (EC 3421 FAP), and
the intracellularly localized DPPS, DPPY, quiescent cell
proline dipeptidase (QPF), and thymusgpecific serine
proiease (1] Mareover, in the late 19905, few reports
suggested e existence of 82-kDa plaima membrane DPP-
IV-like active protein DFP TV in the immune cell lines.
Until now, it has baen peither sequenced nor cloned (2],

Owing to itscapacity to process a number of biologically
ative peptides, involved in the processes of cell growth,
migration, invasion, and neovascalarization, DPP-IV is
belie vad © be a significant player in cancer pathogenests [3).
FAP, in addition to the DPP-IV-like exopeptidase activity,
also pxssesses proline-specific endopeptidase activity, and
hence was suggested 1o panticipate in the degradation of the
extracellular matnx duning tssue remaode ling and cancer cell
mvasion [3). Mareover, some bidlogical roles of DPP-IV as
well a5 FAP seem to be independent of their enzymatic
activity [4).

Since the DPP-IV pratein has 54% amino acid sequence
wemity with FAP and both genes are localizad close to
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each other on chromcsome 2 [ 5], they are fought © be 2
product of gene duplication [6]. Co-expression of DPP-TV
and FAP was described in multipk transformed cell types
| 10]. We described a correlation between the expression
of DPP-IV and FAP in the human ghoblastoma [11]. In
pasg, FAP was shown 10 participate on the processes of
glioma eell invason [12] In addition, hekromenc DPP-
IVIFAP complexes, possessing both DPP-IV-like exopep-
tidese and prolinespecific endopeptidase enzymatic
activity, are uwspected to influence the migratory
and invasive potential of fbroblasts and endothelial celk
(8 13, 14].

In this study, we demonstraie e coupled expression of
DPP-IV and FAP in transformed glial cells.

Materials and methods
Cell Imes, primary cell coltures, and sample preparation

UI38MG and USTMG cell lines derived from the human
maligrant ghioma clsssified & WHO gade IV (WHO
clhsification 207) were obtained from ATCC (UK.
USTMG possess epithelial-like morphology, with a ten-
dency 0 produce long slender processes. UI3RMG are
typeally polygonal cellk with cyboplasmatc processes.
Bot cell lines in culture form netlike formations, not
reaching the full “cobblesgtone” confluence.

Cell lines U138MG, USTMG, and USTMG cells trans-
fected using a vector containing full length DFP-IV ¢cDNA
were culmred in the DMEM (Sigma, Czech Republic)
either supplementad with 10% FCS (Sigma) or in serum-
free conditons, he latter a5 & model of adaptive cell dif-
ferentiation [15).

Primary cell culmres were derived from 15 human
glicblastomas Freds tissue samples were cut ink small
pieces and cultwred in DMEM, supplementad with 10%
FCS, with the addition of Steplomycin and Peniaillin G
(Sigma).

Cell lysstes were prepwred on ice in a lyss buffer
(10 mM Tris-HCl pH 75, containing 1| mM EGTA, | mM
Na:EDTA, 1% Triton X-100, 0.1% SDS, and 10% glye-
erol) supplemented with 25 M pepstatin A, 200 pM
AEBSF and S0 pM E-64 and clearad by cenmnfugation at
27,000 g, 4°C for 30 min,

In order 10 separate the solubk and membrane subeel-
lular fractions, the cells were resuspended in dstillad water
supplemenied with 25 M pepstatin A, 200 uM AEBSF,
and 50 uM E-64, disrupied by sonication and centrifuged
a1 250 g, 4°C, 10 min, 1o spin down the nuclei. The fol-
lowing ulracentrifogation of the resulting supematant o
136000 g, 4°C, 30 min, produced the soluble fraction. The
pellet after further resuspersion in the lysis buffer with

proeases’ inhibitors and conresponding uliracentrifugation
was then usad 1o produce solubilized membrane fraction,

Construction of 3 DPP-IV ¢cDNA vector and cell
ransfecton

USTMG cells were transfected with human DPP-IV wsing
the Mifeprdgone-inducible Gene Switch Sysem (Invitro-
gen, Czech Republic) and the Lipofectamine TM2000
according to the manufscturer’s instructions | 16).

FISH

To dect chwomosome 2, centromenic DNA probes CEP 2
(D2Z1), Spectrum Orange and CEP 18 (DI1SZ1) Spectrum
Green (contral) were emplyed sccording © the mam-
facmrer's recommendations (Abbott Mokcalar, USA),
BAC grobes (RP11-576116 for FAP and RP11-178A M foe
DPP-IV, Pentagen, Czach Republic) were usad for locak
wing e DPP-IV and the FAP genomic DNA sequences.

RT-PCR

The isolation of tal RNA, RT-PCR quantification of the
DPP-IV, FAP, and intemnal reference f-actin transcripts
were parfarmed as deseribed previously [16].

Grel filtration chromatography and enzymane
ativity asays

To separate and identify the DPP-IV-like exopeptidase and
the prolinespecific endopeptidase enzymatic activities, gel
filtration chromatography on a Sephacryl S-300 (Pharma-
cig, Swaden) was utilized as described previoudy [17]

Enzymatic activity asays

The exopeptidase and the endopeptidase enzymatc actiy-
Hties in gel filwation fractions and cell suspensions were
determined with the fluorogenic substrates glyeyliprolyk
T-aminomethykounaine (H-Gly-Pro-AMC) and Neben-
zylaxycarbonyl-glycyla-prolyl-7-aminome hylcoumarine
(ZGly-Pro-AMC) (Bachem, Switzedand), respectively,
using the contintous rate fluorimeric sssy & described
previowsly [17, 18], Cell surface activity was recorded in
the whole cell suspension, 1ol activity after the addition
of Triion X-100 i the same sample, with contimal dats
axquisition (15}

ELISA

The levels of DPP-IV and FAP proteins were determined
using the DooSet ELISA development system human
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DPPIV/CD26 and human FAP kits (R&D Systens, UK),
respectively, according 1o the manufacturer's instractions.
The microplae reader Sunrise (Tecan, Switzerland) was
used to measure the shsorbance of samples at 450 nm.

Immunoe yoche musiny

Cells were fixed with 4% paraformaldehyde. The 1mmu
nodetection of DPP-IV and FAP was performed by an
overnight incubation at 4°C with the respective monoc lonal
primary antibodes mouse anti-human CD26
M-A261, 1:103, Abcam, UK) and r& anty-human FAP-x
(clone D28, 1:3X); Vimtex, USA) This step was followed
by incubation with the Alkexa Fluor 488-kabeled goat anti-
mouse [gG and the Alexa Fluor 546-labeled goat anti-ra
TG (11000 and 1:600, respactively, Mokcular Prabes/
the

{clone

Invitrogen), In controk, primary antibodies were

omitted. Mounted cover shps were observed and photo-
graphed using lserscanning tucroscope Olympus IXRI1
(Olympus, Czech Republic).

Results

A significant carrelation between DPP-IV and FAP was
ohserved both & the transeription and ranslaton levels in
the primary cell cultures derived from the human gho
blagzoma muliforme. Whike the expressons of both DPP
IV and FAP mRNA ®mplates carrelaied with cell surface
as well as the 1otal cellular DFP-TV-like hydrolytic activity,
on the protein lkevel only DPP-IV expression correlaed
with the enzymat activity (Table 1)

The dynamic association of DPP-IV with FAP expres
aon was demonstrated m a model of adaptive differenia
ton known © lead © the imncrease of cellular DPP-IV-1ike
enzymatic activity [15). For this purpose, URTMG and
UI138MG cell lines, ath co-expressing DPP-IV and FAP
and exhibiting s presence of the respective gene loci in the
proper localization on the chromasome 2 (Fig. 1), were
used Upregulation of the cell surface DPP-IV- ke activity
the incresse of DPP-IV and FAP
3. Tabke 2).

was asociaked with
mRNAs and proteins in both cell ines (Figs 2,

Fahle | Camhtons of PP

. Transcr Prean Cell sarface DFF. Toul DPRIV
TV il TAY Sanaxgs, - V.like esgymatic ke enzymas
5y ! mymanc (e enzymasc
peoteins, snd DPP TV bike DPPIV FAP DPPIV  FAP e Yy
xavey aavey
eazymatic actvity m primay -
cell cultums derived for
cell culues derved fom Tamcrpt
human ghob hatomas 2 x . ,
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Fig. 2 Rehnive ingemeat (fold change) of DPPIV twhite har) and
FAP(hlack har )mRNA expressions, and the cell surface DPP IV hike
acavity (filled square). & USTMG and b U13EMG cdls cuktared =
serum free DMEM compared to $ose grown i 10% FCS mpple
mened DMEM. ¢ DPPIV tramsfeceed USTMG cells tmated by
0.25 oM Mifepriaone to apeegulze tansgeme DPP-IV compared ©
the antreated commerpas of e control

To distinguish DPP-IV and FAP within the whole DPP-
IV-like activity, the gel filtration separation was introduced
before the enzymatic assay. The elution pagern of exo-
peptidsse  DPP-IV-like activity using H-Gly-Pro-AMC
demonstrated two molecular weight (MW) farms of sbou
410-610 KDa and 130-230 kDa MW, the former abow
four times higher and the later about 30% lower in celk
cultured in semum-free media compared © the standard
culture conditions (Fig. 4). In the same seming, using,
however, Z-Gly-Pro-AMC as a substrste targeting the

€ Springer

proline-specific endopeptidase activity, MW peals carre-
ponding 10 A0-610kDa and MW 60-90 kDe  were
detected. In USTMG cells, cultured in serum-free media,
bath the DPP-IV- like exopeptidase and the proline-specific
endopeptidase sctivites incremsed in fractions carre-
ponding © MW of about 410-610 kDa (Fi. 4). To
wentify the subcellular localizaton of the given enzyme
activity, gel filration was also performed using the isoled
pliama membrane and solublke fractions. DPPIV-like
exopeptidase and the proline-specific endopeptidase activ-
ties eluting in 410-610 kDa MW-region were dominantly
represented in the pliana membrane subcellular fraction,
while e DPP-IV-lile exopeptidase and the proline-spe-
cific endopeptddase actvities of 130-230 kDa MW and
60-90 kDa, respectively, occured mostly in the solube
fraction (Fig. 5).

As opposad 10 USTMG cells, the praline-specific endo-
peptidase actvity m the MW-region of about 410-610 kDa
was not detectable in UIBEMG cells under neither the
growth fackors proficiency nor the deficiency culture con-
ditions, while the DPPIV-like exopeptidise activity in
U138MG cells rose similarly a5 in USTMG cells (not
shown).

The changes in DPP-IV and FAP expresson, induced by
cultivation under growth factors deficiency conditions were
reverted by an addition of 10% FCS into the culture media.

In DPP-TV ransfeced URTMG cells meiter the
upregulation of FAP mRNA and prokin expression nos the
merease of relevant proline-specific endope ptidase activity
wi olserved upon the imduction of transgenic. DPP-IV
overexpression (Figs. 2, 4; Table 2).

Discussdon

The role of DPP-IV and FAP in multiple physiological as
well as pathological processes, mcluding regulation of
growth, migration, and invasion of transformed cells has
been revealed and their functional crosgalk & hypothe-
sdzed. In this anicle we describe for the fist time the
coupled expression of DPP-IV and FAP in human trans
formed astrocytic cells.

The previous sudy by the suthors demornstrated a cor-
relation between DPP-IV and FAP transceipss in the human
ghoblstoma multforme [11]). To better characterze the
natwe of this dhiervation and 1o asess the coincidence of
bath mokcules in transformed agrocytes, further studies
using ghobagoma-derived primary cell coltures were
parformed. A carelgion of DPPIV and FAP mRNA
between henselves, as well as with e appropriate protein
was confinmed and indirectly suppons co-regulation of
bath molkcules. Significant comelation of the DPP-IV
prokein expression with the carspondng enzymatc
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Fig. 3 Immumodesecton of
DPPIV (greaen) md FAP (red
in IRTMG and UISEMG cell
Imes. Covership with adhewrd
cells was mcubased m seram
free DMEM for T2 h Bbesets

stmmg contmia

UBTNIG

U138MG

Table 2 DPPIV =d FPAP immmopoamtvity (ELISA) & USTMG
UL13EMG, and DPP IV mansfeceed USTMG ghoma cell limes

DPPIV FAP
Mem 4 SD  (ngimg prodan)

Cultare

condihons

USTMG SFWv 561408 s 4123
FcS™ 15467 233412
U138MG SEM 64 412 1087 407
FCS® Wit -+ 558 X4 418
Transfeated USTMG Mifopnsiome™ 1634 3 1.7 54 4+ 17
Contmls? IR 407 R4 £ 18

* Ssum-fme medi; " DMEM supplementad with 10% foetal cal
saum; “DPPRIV tansfeaad USTMG cells stmulited © expess
tansgene DPPIV by 025 oM Mifepastione; © Unmexead DPPIV
tnnsfected USTMG cells

activity argues m suppont for canonxcal DPP-IV which
represents 2 domunant sowrce of the DPP-IV-like enzymatic
activity i the pnmary cell culwres derived from the
glioblastoma multiforme

To exemplify the dynamic aspects of DPP-IV and FAP
copled expression, penmanent glhoblastoma cell hnes
possessing the characterstic genonmuce localzation of DPP
IV and FAP were used. The celk cultured under the con
ditions of the adaptive cell differentiation were kmown ©
increase their DPP-IV-like sctivity [15). In soch settmngs,
an incresse of the cell surface DPP-IV-like enzymatic
activity is consigently msociated with the coupled upreg-
ulation of DPFP-IV and FAP transorigpts and proeis m both
order 10 dscrminae

cell lines. In paticipaion  of

prokolytically active FAP from the whole DPPIV-like
activily and 1o eliminate #s superposion with ghe canon

cal DPP-IV, twe proline-specific endopeptidase enzymatc
activily characten®tic for FAP was measured using Z-Gly

Pro-AMC a5 a solstrate [18]). However, a possible inter

ference with the prolvl-endopeptidase (PEP; EC 3.4.21.26),
responsible for sulstantial pant of the cellular proline-spe-
afic endopeptidase actvity in lwochencal assay had 1o be
conaderad. Thus, to distinguish bath endopeptidase activ

fties known to differ in thexr MW, gel Alvation was used. In
USTMG cells cultured in serum-free media, the mncrements
of both the DPP-IV-like exopepiidase and the proline
ecific endopeptidase activities were observad in the MW

region of about 410-610 kDa, namely, in samples from the
plasms membrane fractions, whh caresponds well with
the expecied DPP-IV and FAP subcellular localization
Although both DPP-IV and FAP are typreally described as
hamodimers with MW of 180-220 kDa [1] their higher
ersessing MW o about
Another prolime-specific endo

oligomene complexes,
180820 kDa occur [8
peptdase activily peak, present in the elution profiles of
soluble hut nat plasie membrane subcellular fractions and
drowing MW of about 80 kDa, corresponds with the
eytaolic FEP [19]. Significant increase of the DPP-IV-like
activity in 410-610 kDa MWaregion, which 15 attribatable
the plasma memivane DPP-IV-lile species,
commesponds with the upregolation of DPP-IV and FAP

mostly to

ranscripls and prokein oocamring tn serum-lree condiiions.,
In addinon, 2 minor decrease in the 130-230 kDa peak was
olserved, representing mostly racellular forms of the

DPP-IV-like activity. The roles of modified expresson of
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DPPR/S andfor changed proporion of the intracellulas/
plama membrane localized DPP-IV on tis phenomena
remain under dispute.

Although we did not olwerve the increase of proline-
specific endopeptidase activity which & stributsble to FAP
in UI38MG cell line, an abundant expression of FAP van-
seript accompaniad by a high FAP proteinconcentration was
found. There sre of kast eleven known ahermative splice
variants of e FAP primary (ranseript, some of them
encoding iofans devoid of enzymatic activity [The Ace-
View Database, httpSivww.nchinlm nih gowTEB/R ese arcly
Acembly/fav cgiMb=uanank c=Gene&I=FAP, X), 21}, Ths,
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the lack of the characteni gic enzymatic activity mght be cansed
by the expression of enzymatically inxctive FAP variant(s) in
UL38MG cells; however, the data & confirm that explamation
are nussing

An uncoupled expression of the endogenous FAP and
ransgenie DPP-IV i trandected cells, where the DPP-IV
gene is inserted away from its physiological genomic
coniext suggests that the corregulation of both malecules
& more likely s resull of a joint control of both genes'
expressions thian 3 consaquence of an indirect reciprocal
regalation, nvolving changes of ther mRNA adér
protein
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Taken wgether, he aswociared dynamics of DPP-IV and
FAP expressons at the transcriptiomal and translational
levek in the gliobagoma cell lines Nwrdher argues in favor
of their putative jomt ivolvement in biological processes.
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Article history: Malignant gliomas exhibit abnormal expression of proteolytic enzymes that may participate in the uncon-
Received 9 November 2011 trolled cell proliferation and aberrant interactions with the brain extracellular matrix. The multifunctional
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membrane bound serine aminopeptidase dipeptidyl peptidase (DPP)-IV has been linked to the develop-
ment and progression of several malignancies, possibly both through the enzymatic and nonenzymatic
mechanisms.

In this report we demonstrate the expression of DPP-IV and homologous proteases fibroblast activation

ﬁg:::::s' protein, DPP8 and DPP9 in primary cell cultures derived from high-grade gliomas, and show that the
Tumor suppression DPP-1V-like enzymatic activity is negatively associated with their in vitro growth. More importantly, the
Primary cell cultures DPP-1V positive subpopulation isolated from the primary cell cultures using immunomagnetic separation
Astrocytoma exhibited slower proliferation. Forced expression of the wild as well as the enzymatically inactive mutant

DPP-1V in glioma cell lines resulted in their reduced growth, migration and adhesion in vifro, as well as
suppressed glioma growth in an orthotopic xenotransplantation mouse model.

Microarray analysis of glioma cells with forced DPP-IV expression revealed differential expression of
several candidate genes not linked to the tumor suppressive effects of DPP-IV in previous studies. Gene set
enrichment analysis of the differentially expressed genes showed overrepresentation of gene ontology
terms associated with cell proliferation, cell adhesion and migration.

In conclusion, our data show that DPP-IV may interfere with several aspects of the malignant phenotype

of glioma cells in great part independent of its enzymatic activity.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Gliomas rank among the deadliest human malignancies. The
median survival for the most common grade IV tumors (glioblas-
toma multiforme) is one year despite multimodality treatment
with surgery, chemotherapy and radiotherapy (Wen and Kesari,
2008). Disease recurrence is almost a rule due to the uncon-
trolled proliferation of glioma cells that extensively infiltrate the

Abbreviattons: DPP, dipeptidyl peptidase; FAP, fibroblast activation protein;
SDF-1, stromal cell derived factor; SP, substance P; DMEM, Dulbecco's Modified
Eagle’s Medium; FBS, fetal bovine serum; GFAP, glial fibrillary acidic protein; BSA,
bovine serum albumin: MACS, magnetic cell sorting; bFGF, basic fibroblast growth
factor.

* Corresponding author at: Institute of Biochemistry and Experimental Oncology,
First Faculty of Medicine, Charles University in Prague, Laboratory of Cancer Cell
Biology, U Nemocnice 5, 128 53 Prague 2, Czech Republic. Tel.: +420 224965748;
fax: +420 224965826.

E-matl address; aleksi@cesnet.cz (A. Sedo).

URL: http:{/wwwe.If1.cuni.cz/Ibnb (A. Sedo).

1357-2725/% - see front matter © 2012 Elsevier Ltd. All rights reserved,
doi:10.1016/j.biocel. 2012.01.011

surrounding brain parenchyma. In addition to genetic alterations,
deregulated expression of para- as well as autocrine mediators and
their receptors (Hoelzinger et al., 2007 ), components of the extra-
cellular matrix and proteolytic enzymes jointly contribute to the
malignant phenotype of glioma cells (Rao, 2003; Louis et al., 2002;
Levicar et al., 2003).

In our previous work, we detected dipeptidyl peptidase (DPP)-
IV-like enzymatic activity in permanent glioma cell lines (Sedo
et al., 2004) as well as in astrocytic tumors in situ (Stremenova
etal.,2007).This enzymatic activity is an attribute of a limited num-
ber of proteases such as the canonical DPP-IV (CD26, EC 3.4.14.5)
and homologous proteases fibroblast activation protein { FAP), DPP8
and DPP9 belonging to the MEROPS (http://merops.sanger.ac.uk)
S9B subfamily (Sedo and Malik, 2001). The most thoroughly char-
acterized of these molecules is DPP-IV, a multifunctional plasma
membrane-bound serine dipeptidyl aminopeptidase. It is also
found as a cleaved ectodomain in body fluids (Durinx et al., 2000)
and is thought to proteolytically modify and thus fine tune the
bioavailability and receptor binding of a large number of biolog-
ically active peptides in the pericellular space (Mentlein, 1999).
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In addition to the well-studied incretins {Mcintosh, 2008), the
DPP-IV substrates also include several poly- and oligopeptides
strongly associated with the malignant behavior of glioma cells,
such as the chemokine stromal cell-derived factor (CXCL12, SDF-
1) and the neuropeptide substance P (5P} (Mentlein, 1999; Bajetto
et al,, 2006; Palma and Maggi, 2000). Furthermore, DPP-IV executes
several of its functions by protein-protein interactions that are
independent of its intrinsic enzymatic activity, The binding part-
ners of DPP-1V include proteins of the extracellular matrix, (D45,
caveolin-1, thrombospondin, adenosine deaminase and plasmino-
gen {Ohnuma et al, 2008; Liu et al,, 2009; Gonzalez-Gronow et al.,
2008). We speculated that plasma membrane localized DPP-IV-
like enzymatic activity as well as nonproteolytic protein-protein
interactions of DPP-IV may represent an important mechanism reg-
ulating the growth properties of human glioma cells (Busek et al.
2004, 2008),

In the current study we explore the role of DPP-IV in gliomagen-
esis by using primary cell cultures derived from high-grade gliomas
and glioma cell lines inducibly expressing DPP-IV. We show that the
DPP-IV-like enzymatic activity in primary cell cultures is negatively
associated with their in vitro growth and DPP-IV overexpressing
glioma cells exhibit decreased proliferation in vitro, In addition,
forced expression of both enzymatically active and enzymatically
inactive DPP-1V suppressed glioma growth in an orthotopic xeno-
transplantation mouse model.

2. Materials and methods
2.1. Glioma primary cell cultures end cell lines

Primary cell cultures were derived from tumor tissue samples
collected from patients undergoing astrocytic tumor resection at
the Department of Neurosurgery, Hospital Na Homolce in Prague,
Czech Republic, The study was approved by the Institutional ethics
committee and was conducted in accordance with the Dedara-
tion of Helsinki; all biopsy donors gave full informed consent.
Each fresh tissue sample was sectioned inte small pieces and
cultured in Dulbecco’s Modified Eagle’s Medium (DMEM; Sigma,
Czech Republic) supplemented with 20% fetal bovine serum (FBS,
Sigma), 100 pg/mL Streptomycin (Sigma) and 100U/mL Penicillin
G (Sigma), After 5-7 days, the explants were removed and the
medium was replaced with DMEM supplemented with 10% FBS and
antibiotics. GFAP expression was detected with a variable inten-
sity in the majority of primary cell cultures supporting their glial
origin,

Human glioma cell lines U373, T98G and U87 were from ATCC
(LGC Standards, Middlesex, UX) and were cultured under standard
conditions in DMEM supplemented with 10% FBS,

The CD26 positive cell subpopulation was isolated using MACS
{magnetic activated cell sorting) by incubating the cells with a
mouse anti-CD26 antibody (clone M A261, Acris, Germany) and
then Dynabeads pre-coated with anti-mouse IgG antibodies (Invit-
rogen, CA, USA). After isolation, the cells were expanded and
subcultured before ascertaining their growth properties.

22. Construction of vectors with enzymatically inactive mutant
DPPIV

The catalytic Ser™® of the full-length human DPP-IV inserted
in the pGENE or pTRE-Tight vector was mutated to Ala by site-
directed mutagenesis {Quik Change II, Agilent Technologies, Inc,
CA, USA) using the following primers: forward 5'-GAATTGCAAT-
TTGGGGCTGGGCATATGGAGGGTACGTAACCTC-3'  and  reverse
5 -GAGGTTACGTACCCTCCATATGCCCAGCCCCAAATTCGAATTC-3'
(GeneriBioTech, (zech Republic).

The presence of the anticipated mutation was verified by DNA
sequencing using automated DNA sequencer (ABI Prism 3100, Life
Technologies Corporation, CA, USA).

2.3. Transfected cells

U373, T98G and USB7 cells were transfected with DPP-IV using
the mifepristone inducible Gene Switch system (Invitrogen), as
described previously (Busek et al_, 2006). Mifepristone (Invitrogen)
in concentrations of 0,025-5nmol/L was used to induce DPP-IV
expression. In addition, a tetracycline inducible expression system
(Clontech, CA, USA) was utilized. U373 cells were transfected with
4 pg of the regulatory pTet-On-Advanced plasmid and selected
clones were co-transfected with the pTRE-Tight vector containing
either the wild-type full-length human DPP-IV or the enzymati-
cally inactive DPP-1V carrying an active site S630A substitution, and
a linear Hygromycin marker (Clontech) using Lipofectamine 2000
(Invitrogen), Stable transfected clones inducibly expressing DPP-
IV were subsequently selected with 400 pg/mL G418 (Sigma) and
200 pg/mL Hygromycin B (Invitrogen),

2.4. DPP-IV-like enzymatic activity assay

The cell surface DPP-IV-like enzymatic activity was measured
in suspensions of viable cells by a continuous-rate fluorimetric
Kinetic assay using a plasma membrane impermeable {Bank et al.,
2011) H-Gly-Pro-7-amino-4-methylcoumarin (Bachem, Buben-
dorf, Switzerland) as a substrate at pH7,5 and 37:C; the total
DPP-IV-like enzymatic activity was measured under the same con-
ditions after permeabilization of the cells with 0.1% Triton X-100
(Sedo et al,, 1989).

2.5, Characterization of the growth properties of glioma primary
cell cultures

Cells were grown in DMEM supplemented with 10X FBS and
counted every 2-3 days using a Coulter Counter Z2 (Beckman Coul-
ter, CA, USA). The population doubling time was determined from
the least square regression fit of the exponential part of the growth
curve, The clonogenic assay was performed by seeding cells at
a density of 50 and 150 cells/cm? in triplicates and counting the
colonies after 2-5 weeks.

2.6. Growth of DPP-1V trangected cells, co-culture experiments

Glioma cells were grown in the presence of various concentra-
tions of the inducing agent mifepristone and in some experiments
together with a DPP-IV inhibitor Diprotin A (Bachem; 5 mmol/L),

In co-culture experiments, 4000 cells/well of wild type cells,
DPP-IV transfected cells or a mixture of 1:1 wild type:DPP-IV trans-
fected U373 cells were seeded in 96-well plates. After 24 h, the
medium was exchanged with or without the addition of mifepris-
tone, and the cells were allowed to grow for additional 72 h.

For quantification, cells were fixed and stained with methylene
blue (5g/l in 30%, vfv, ethanal) at the indicated time points, lysed
with 1% sodium dodecyl sulfate and the relative cell number was
determined by reading absorbance at 630 nm using a 96-well plate
reader (Sunrise; Tecan, Mannedorf, Switzerland). In some experi-
ments, the cells were counted using a Coulter Counter Z2 {Beckman
Coulter) to verify the results of colorimetric quantification,

2.7. Cell cycle analysis
Nuclear DNA in ethanol fixed cells was stained for 1 h with

50 pg/mL propidium icdide {Sigma) in PBS with 0.1% NaN3 and
1 mg/mL bovine serum albumin (BSA; Sigma) in the presence of
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I mg/mL RNAse A {Sigma). Samples were analyzed using the flow
cytometer FACS Canto Il with Diva software (Becton Dickinson) for
data acquisition, Histograms were analyzed using the Dean-Jett-
Fox model in Flow-Jo (TreeStar Inc,, OR, USA).

2.8. Migration assay

6 x 10% cells in DMEM were applied to the cell culture inserts
with 8 um pores (Becton Dickinson) and allowed to migrate for
24 h. Nonmigrated cells were removed using a cotton swab; cellson
the lower surface of the inserts were fixed with 5% glutaraldehyde
in PBS and stained with methylene blue. Five microscopic fields per
insert were counted manually.

2.9, Adhesion assay

Cell adhesion was assessed in BioCoat™ Fibronectin 96-well
plates (Becton Dickinson). 5 x 10% cells were added into the wells
blocked with 0.1% BSA in DMEM for 15min, and allowed to attach
at 37°C for the indicated times, after which the nonadherent
cells were gently removed with three PBS washes. The adhered
cells were fixed with 5% glutaraldehyde and stained with methy-
lene blue. Colorimetric quantification was performed as described
above.

2.10. Orthotopic xenograft glioma model

The experimental use of animals was approved by The Com-
mission for Animal Welfare of the First Faculty of Medicine of the
Charles University in Prague and The Ministry of Education, Youth
and Sportsof the Czech Republic according to the animal protection
laws.

Male adult NOD,12957(B6}-Rag! tm1Mom/j mice (The Jackson
Laboratory, ME, USA) weighting approximately 25 g were used, All
animals were anesthetized prior to surgery. 10° DPP-IV transfected
U373 cells in 5 pl of DMEM were injected with a Hamilton syringe
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1.2 mm anterior from the bregma and 2.5 mm sagital from the mid-
line to a depth of 3 mm using a stereotactic device (Stoelting Co,, 1L,
USA),

The expression of DPP-IV in the experimental group was ini-
tiated with the appropriate induction agent 1-3 days after cell
implantation and maintained till the sacrification of animals.
Mifepristone in sesame oil (Sigma) was administered intraperi-
toneally at a dose of 270 pg/kg ( 100 pL total volume) three times a
week; the control group received 100 plL of the sesame oil alone at
the same intervals. Doxycyclin hyclate (Sigma) was administered
in drinking water at a concentration of 2mg'mL; the doxycyclin
solution was changed three times a week,

2.11. Tumor volume assessment

Serial 25 wm thick coronal sections were cut on a cryostat at
—20°C, Every fifth section was stained with hematoxylin and eosin
and digitized at 20x magnification, Photographs were used for
unbiased tumor volume estimation according to the Cavalieri prin-
ciple (Mayhew and Olsen, 1991).

2.12. Immunodetection of DPP-IV and GFAP

For flow cytometric detection of DPP-IV, cells were fixed in 2%
paraformaldehyde, stained for 30 min at room temperature with a
phycoerythrin conjugated monoclonal anti-CD26 antibody (clone
222113, 1:40, RD Systems, MN, USA); samples were analyzed using
FACS Canto I as described above. For immunocytochemistry, cells
were grown on glass coverslips, air-dried at 4=C, blocked with 3%
heat inactivated FBS and incubated overnight at 4°C with the pri-
mary antibody (anti-CD26 [clone M A261, 1:100, Acris, Herford,
Germany]; anti-GFAP [GF-01, 1:200, Exbic, Czech Republic]) and
then for 1h at room temperature with the corresponding Alexa
Fluor 488 conjugated secondary antibody (invitrogen). The pri-
mary antibodies were omitted in the staining control. Slides were
mounted in Aqua Polymount (Polysciences, PA, USA) and viewed on

B °°°°°]' DPP-lV

00010 /8 s = l

:m]ll JH . [ll

DAE0
]

0,100

DPP8

Relative mRNA expression (2'4%Y)
[=]
g

N
N
\
\
6

N RZZZE

7 B 910111213141516
Primary cell culture code

345

ry caltures. (A} DPR-IV-like enzymatic activity and (B) expression of mRNAs encoding

proteases known to exhibit the DPP-IV-like xuvlty m pnmarv cell cul'mm derived from high-grade gliomas CS: cell surface; T: total DPP.IV-like enzymatic activity. The
expression of the investigated mRNAs was normalized to the expression of human B-actin using the A Ct method. nad - not determined; bar graphs depict mean + SD.



P Busek et al [ The Intermnational) ournal of Biochemistry & Cell Biology 44 (2012) 738-747 741

the Olympus X 70 microscope equipped with the DP30BW camera
or the Olympus IX81 confocal microscope { FluoView 300, Olympus,
Czech Republic).

2.13. DPP-IV-like catalytic histochemistry

25um brain sections were fixed in a 1:1 mixture of acetone
and chlorcform for 2min at 4°C and incubated with 7-
(glycyl-L-prolylamido )-4-methoxy-B-naphthylamide hydrochlo-
ride {0.83 mmol/L, Sigma) as a substrate and Fast Blue B (Sigma)
in PBS (pH 7.4) at room temperature for several minutes (Lojda,
1981),

2.14. Real time RT-PCR and microarray analysis (see
supplementary methods)

The expression of DPP-IV, FAP, DPP8 and DPP9 was quantified as
described previously (Stremenova et al, 2007; Busek et al, 2008).

For the microarray analysis, 075 pg of the amplified RNA from
control and induced (72 h, 1 nmol/L mifepristone) DPP-IV trans-
fected U373 cells was hybridized on Iflumina HumanRef-8 v3
Expression BeadChip (Illlumina, CA, USA) according to the manu-
facturer’s instructions, Wild type, untransfected U373 cells were
processed identically to correct for the effects of the inducing agent
itsell. The data were deposited to the ArrayExpress database under
the accession number E-MTAB-583,

Functional annotation and gene set enrichment analy-
sis (GSEA) was performed on transcripts with Storey's g-
value =0.1 using the DAVID database (Huang et al, 2009,
http:f/david.abccnciferf gov/ summary. jsp).

2.15. Statistical analysis

All statistical analyses were performed using the Statistica soft-
weare (StatSoft CR sr.0., Czech Republic) and a value of p<0.05 was
considered statistically significant,

3. Results

3.1. DPP-IV-ike enzymatic activity is associated with slower
growth in glioma primary cell cultures

in order to study the function of DPP-IV in a model that dosely
resembles the heterogeneous cell populations present in gliomas
in vivo, we examined the DPP-1V-like activity and growth proper-
ties of 16 primary cell cultures derived from high-grade gliomas.
Primary cell cultures in early passage expressed DPP-IV mRNA as
well as mRNAs encoding several proteases known to exhibit the
DPP-IV-like enzymatic activity {Fig. 1B). Expression of the canon-
ical DPP-IV was further confirmed using flow immunocytometry
and immunocytochemistry { Supplementary Fig. 1), The cell surface
DPP-IV-like enzymatic activity (Fig. 1A), probably representing the
sum of enzymatic activities of the membrane bound DPP-IV and
FAP, was variable and correlated rather poorly with the expression
of the corresponding transcripts (DPP-IV mRNA r=0.17, not signif-
icant (p=0.55), FAP mRNA r=0,51, p<0.05), mRNA expression of
the intracellularly localized DPPS and DPP9 did not correlate with
the DPP-IV-like enzymatic activity.

There was a statistically significant negative correlation of the
cell surface DPP-1V-like enzymatic activity and the ability to form
colonies (r=—0.52, p<0.035). In addition, there was a trend for an
increase in the doubling time (median 1025 vs. 143h, p=-0.08,
Mann-Whitney test) in primary cell cultures with high DPP-IV-like
enzymatic activity (Fig. 2). We further isolated the DPP-1V express-
ing cells using immunomagnetic separation {MACS) from some of
the primary cell cultures and assessed their growth properties. The

12A

10 -

Colonies as % of total
plated cells
o

-
2 A
A
o aa* 4 4 a -
0 50 100 150 200 250
CS DPP-V-like enzymatic activity
(pkat/ 10% celis)
“0 | B
350
g O Madan
= 00 025%-75%
- IMMI!
§§ =0
25
3'5 150 e
100 I
50
0
-m- uh'wu
CS DPP<Vdike enzymatic activity

Fig 2. Growth properties ol primary cell cultures derived from high-grade gliomas
in relation to their cell surface ((S) dipeptidyl peptidase (DPP)IV-like enzy-
matic activity. (A) Negative correlation of the CS DPP-IV-like emzymatic activity
and the ability to formn colonies (r- -0.52, p<0.05, Spearman correlation coeffi-
cient) (B) A trend for shorter population doubling time of primary cell cultures
with “low™ (S DPP.IV-like eczymatic activity. An arbitrary threshold for cate-
gorizing the cells 25 having “low™ (median~ 198 pkayf 10° cefls, n=8) or “hkigh”
(median~ 681 pkat/ 10° cells, n = §) CS DPP-IV-like ere ymaticactivity is based on the
median (5 DPP-IV-lik= erzymatic activity of all investigated primary cefl cultures
{303 pkayy 109 cells).

resulting DPP-IV positive subpopulation exhibited minimal in vitro
growth or progressively lost the DPP-IV-like enzymatic activity
(Supplementary Fig. 2). These results corroborate the assodation
between DPP-IV and decreased growth of the primary cell cultures.

3.2, DPP-IV overexpression in glioma cells leads to decreased cell
growth and a cell cycle block

The inherent heterogeneity of primary cell cultures together
with the possible contribution of DPP-IV activity by multiple molec-
ular species preduded a precise analysis in these cells of the
effects of DPP-IV on glioma growth. We therefore utilized model
glioma cell lines, which frequently exhibited low to undetectable
endogenous DPP-IV, and transfected them with DPP-IV using a
mifepristone inducible expression system. Transfected cells exhib-
ited a concentration dependent increase of the DPP-IV enzymatic
activity {Fig. 3A) that appeared within hours after the addition of
the inducing agent mifepristone; DPP-IV expression was further
confirmed by flow immunocytometry and immunocytochemistry
(Supplementary Fig. 4A).

DPP-IV overexpression in glioma cells led to a decreased in vitro
cell growth in different clones of TO8G, U373 (Fig. 3B) and U87 cells
(not shown),

In order to analyze the mechanisms of the growth inhibitory
effect of DPP-1V, we performed the cell cycle analysis in DPP-IV
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overexpressing cells. The proportion of the cells in the S phase
declined early after DPP-1V induction and a G2/M block developed
within 24-48h (Fig. 3C), Apoptotic cell death did not signifi-
cantly contribute to the growth inhibition as we did not observe a
significant GO/G1 subpeak or an increase in annexin V staining
(not shown). The changes were not due to the expression-inducing
agent itself since mifepristone in concentrations up to 10nmol/L
had no effect on the growth or cell cycle in untransfected glioma
cells(Fig. 4B and data not shown) and the concentrations used were
much lower than those described to have pharmacological effects
on glioma cells {Pinski et al,, 1993),

We further aimed at elucidating. whether the effects of DPP-
IV on glioma cells might be linked to an increased breakdown of
putative soluble growth factor(s) and thus depend on its intrin-
sic enzymatic activity. Culturing the DPP-IV expressing cells in the
presence of Diprotin A, an inhibitor that completely abrogated their
DPP-IV enzymatic activity at the concentrations used, only mildly
affected the growth decrease (Fig. 4A). We also observed no changes
in the growth or the morphology of the wild type, untransfected
cells when these were co-cultured with DPP-IV overexpressing
cells using cell culture inserts { Supplementary Fig. 3). In addition,
when wild type and transfected cells were seeded as a mixture
at various ratios, which allowed direct interaction of the cells, the
observed decline in cell numbers upon the addition of mifepristone
corresponded to the decreased growth of transfected cells{Fig 4B).
Finally, expression of an enzymatically inactive mutant DPP-IV with
catalytic site S630A substitution hampered the growth and induced
a G2/M cell cycle arrest in U373 cells similarly to the wild type
DPP-1V (data not shown), Collectively, these data suggest that the
effect of DPP-1V on the growth of glioma cells in vitro isin large part
independent of its enzymatic activity.

DPP-IV was described to interact with proteins of extracellu-
lar matrix such as collagen and fibronectin (Loster et al, 1995;
Cheng et al, 2003) with possible effects on cell adhesion and
migration. However, using cell adhesion and migration assays
we observed decreased adhesion and spreading on fibronectin
(Fig. 5A) as well as decreased migration (Fig. 5B} and collagen 1
induced haptotaxis (not shown) in glioma cells with high DPP-IV
expression.

To identify potential functional partners and molecular
mechanisms underlying the observed effects of DPP-IV in ocur
model, we compared the whole genome expression profile in
induced, DPP-IV overexpressing U373 cells and uninduced control
cells. Gene set enrichment analysis performed on differentially
expressed genes identified overrepresentation of genes linked
to cell proliferation, cell adhesion, migration and regulation of
cell development and neuron differentiation (Supplementary
Tables 1-4). Transcripts for several growth factor receptors (eg
PDGFRA, CALCRL, GRPR), proteins promoting cell cycle progres-
sion {eg CCND1, CDK6, PTP4A3) and involved in cell adhesion
(CD97, COL8AI1, COLI13A1, NLGNI1, NLGN4X, PCDH20, SCARFZ,
NrCAM) were downregulated {Supplementary Table 1). DPP-IV
overexpression also led to the elevation of several putative or
proven glioma assodated tumor suppressors such as BEX2 (Folz
et al, 2006), RAP1GAP (Zheng et zl, 2009), DUSP26 (Patterson
et al, 2010), SYT13 (Jahn et al, 2010), TSPYL2 (Tu et al, 2007),
On the contrary, several genes typically overexpressed in gliomas
(e.g CALCRL, COLBAI, HAS2, NES, RRM2; Cancer Genome Atlas
Research Network, http://cancergenome.nih.gov/ ) were downreg-
ulated. Expression of DPP-1V in glioma cells in vitro thus reverses
several changes in the expression profile typical of glioblastoma
multiforme,
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3.3, Forced DPP-IV expression reduces glioma growth in an
crthotopic xenograft model

To test the effect of DPP-IV on tumor growth in vivo, trans-
fected U373 cells inducibly expressing DPP-IV were orthotopically
implanted into immunodeficient mice and DPP-IV expression was
induced with mifepristone. DPP-IV induction in situ was confirmed
by enzyme catalytic histochemistry (Fig, 68B) and immunohisto-
chemistry (Supplementary Fig. 4C). Tumors developed in control
mice as well as in animals with DPP-IV expressing cells and
both exhibited features typical of high-grade gliomas, ie high
cellularity and infiltrative growth with occasional necrotic areas
(Supplementary Fig. 4D). The volume of tumors overexpressing
DPP-IV was decreased by 42 = 18% {mean % SD; p<0.05; N~ 16 per
experimental group} (Fig. 6A) compared to controls 5 weeks after
implantation, accompanied by z statistically significant decrease of
the Ki67 labeling index {median 23.1% vs. 18.5%, p<0.05; data not
shown).

To verify these results we used the tetracycline inducible
expression system for transgenic DPP-IV expression, Although this
expression system achieved much lower DPP-IV expression com-
pared to the mifepristone system (Supplementary Fig. 4A and
B), thus reducing the putative risk of non-spedfic effects of pro-
tein overexpression, we observed similar decrease in the size of
the implanted tumors. Importantly, identical results were also
obtained with U373 cells transfected with an enzymatically inac-
tive mutant DPP-IV (Fig. 6A),

Neither mifepristone nor doxycycline alone affected the size of
tumors originating from untransfected U373 at the doses used for
the induction of DPP-IV expression (not shown),

These data demonstrate that DPP-IV functions as an inhibitor of
glioma cell growth in vivo and that these growth inhibitory effects
are independent of its intrinsic enzymatic activity.

4. Discussion

Several proteases were shown to participate on the promotion
of malignandies due to their involvement in the regulation of cell
proliferation, invasion into surrounding tissue or support of neo-
vascularization (Kessenbrock et al, 2010}, This predominant view
of tumor associated proteases as molecules that support tumor
progression may however be oversimplified. Protease inhibitors
have so far failed in halting tumor progression in clinical trials and
several reports demonstrate that proteases may act as tumor sup-
pressors (reviewed in Lopez-Otin and Matrisian, 2007 ). Abnormal
expression of DPP-1V and its assodation with malignant transfor-
mation was demonstrated in a number of malignancies including
brain tumors (Stremenova et al, 2007), DPP-IV-like enzymatic
activity and DPP-IV expression are often increased in tumor tissue
(Sedo et al, 2008), but the clinical implications and the biolog-
ical effects of DPP-IV on transformed cells are diverse. On the
one hand, DPP-IV expression is associated with a more malig-
nant behavior in some T cell malignancies (Sato et al, 2005},
thyroid cancer (Hirai et al,, 1999), gastrointestinal stromal tumors
(Yamaguchi et al, 2008), and has recently been described as a
marker of a subpopulation of colorectal cancer stem cells respon-
sible for the metastatic spread of the disease (Pang et al,, 2010). On
the other hand, DPP-IV was reported to act as a tumor suppressor
in ovarian (Kajiyama et al, 2002), prostate (Wesley et al. 2003)
as well as non-small cell lung cancer cells (Wesley et al., 2004)
and also in the tumor cells derived from neurcectoderm such as
melanoma (Wesley et al,, 1999} and neuroblastoma (Arscott et al,,
2009), The underlying mechanisms of these disparate effects on
cancer cells are only scarcely understood and are likely depen-
dent on the cell type and the molecular context within the tumor
microenvironment. In neuroblastoma and prostate cancer cells,
DPP-IV may proteolytically inactivate the growth promoting and
prometastatic chemokine CXCL12 (SDF-1){Arscott et al., 2009; Sun
et al, 2008), However, in several experimental models {Wesley
et al,, 1999, 2004; Pethiyagoda et al., 2000} overexpression of a
mutant, enzymatically inactive form of DPP-IV was shown to pro-
duce similar results to the enzymatically active DPP-1V suggesting
that in addition to the inactivation of biologically active peptides,
nenproteolytic mechanisms must contribute to its tumor suppres-
sive effects, DPP-IV cverexpression in cell lines frequently triggers
profound changes in cell morphology, growth, migration or inva-
sion{Yu et al, 2010}, which may reflect the changed expression of
adhesion molecules (e.g. E cadherin, Kajiyama et al,, 2003), CD44
(Wesley et al., 2004), protease inhibitors (Kajiyama et al,, 2003),
altered expression and subcelullar localization of bFGF (Wesley
et al, 2005) or upregulation of the related protease FAP {Wesley
et al, 1999, 2004),

We previously reported a grade dependent increase of the DPP-
IV-like enzymatic activity in the human glioma tissue (Stremenova
et al, 2007 ). In the present study we therefore aimed at determin-
ing the role of DPP-IV and its intrinsic enzymatic activity in the
malignant behavior of glioma cells,

We observed varying cell surface DPP-IV-like enzymatic activ-
ity and DPP-IV expression on the mRNA as well as protein level in
primary cell cultures derived from high-grade gliomas. Somewhat
surprisingly, higher DPP-IV-like enzymatic activity was associated
with slower proliferation of primary cell cultures at early passage.
Although DPP-IV mRNA expression did not correlate with the DPP-
IV-like enzymatic activity in the set of primary cell cultures at early
passage that were used in this study, we later observed a modest
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correlation (r=056, p =0.05, n=47) in a substantially extended
panel of primary cultures {Balaziova et al, 2011). In addition to
the canonical DPP-IV (CD26), the cell surface DPP-IV-like enzy-
matic activity may in part reflect the presence of FAP. FAP was
detected on the surface of glioma cells by Mentleinet al. (2011 ) and
is increased in 40-60% of patients with glioblastoma (Stremenova
et al, 2007; Mentlein et al, 2011; Dolznig et al., 2005; The Cancer
Genome Atlas Research Network, 2008 ). So far, there are no dataon
the possible effects of FAP on glioma cell proliferation and a recent
report by Mentlein et al. {2011) suggests that FAP may rather be
involved in glioma cell invasion. There is one report suggesting that
a minor fraction of the typically intracellularly localized DPP8 and
DPP9O might also be loosely bound on the cell surface of immune
cells under certain circumstances (Bank et al,, 2011). However, the
washing steps preceding the enzymatic assay in our studies and
no correlation of the DPP8 and DPP9 mRNA expression with the
DPP-IV-like enzymatic activity make their putative contribution
less prabable,

Importantly, the DPP-IV positive subpopulation isolated from
our primary cell cultures using immunomagnetic separation
showed decreased growth, The antiproliferative effect of CD26
binding, which was previously demonstrated for certain anti-
(D26 antibodies in renal cell carcinoma and mesothelioma cells
{Inamoto et al, 2006, 2007), cannot be completely ruled out,
However, the higher proliferation of the CD26 negative subpopu-
lation compared to the parental population before MACS indirectly
argues that it is rather (D26 itself than the antibody binding
that is responsible for the slower cell growth, In addition, we
routinely use the respective anti CD26 antibody for the enrich-
ment of (D26 transfected cells without significant effects on cell
proliferation,

The ohserved negative association of DPP-IV and glioma cell
growth is also consistent with our reports of DPP-IV upregulation
in serum withdrawal-induced differentiation and growth arrest of
glioma cells (Sedo et al_, 2004; Balaziova et al, 2011).

To directly address the role of DPP-IV in glioma cells we
transfected glioma cell lines with DPP-1V using an inducible expres-
sion system. Consistently with the primary cell culture data, we
observed a diminished cell growth in cells expressing high levels
of transgenic DPP-1V, which was associated with delayed progres-
sion of the cell cycle as suggested by the decreased proportion of
cells in the S phase and a subsequently developing G2/M block,
Similarly to the previous studies in lung cancer cell lines and
melanoma (Wesley et al, 1999, 2004; Pethiyagoda et al, 2000),
the effects of DPP-IV were largely independent of its intrinsic enzy-
matic activity as demonstrated using enzymatically inactive DPP-IV
with an active site S630A substitution and coculture experiments,
These results suggested that similarly to other cancer cell types
(Arscott et al,, 2009; Wesley et al,, 1999, 2004, 2005), DPP-IV may
function as a negative growth regulator also in glioma cells. We
therefore tested the importance of DPP-IV for in vivo growth of
glioma induced by orthotopic implantation of glioma cells into
immunodeficient mice. Compared to the controls, tumor size was
significantly reduced in animals with the overexpression of the
transgenic DPP-1V in implanted cells. Similar results were obtained
with two different expression systems with differing levels of the
transgene expression and irrespective of the DPP-IV enzymatic
activity. This further supports specific growth inhibitory effect of
DPP-IV on giioma cells and its independence on the enzymatic
activity.

The whole genome expression profiling of glioma cells overex-
pressing DPP-1V revealed alterations of several pathways critical
for cell proliferation, as well as cell-cell and cell-extracellular
matrix interactions. In addition, DPP-IV overexpression reverted
the expression of a number genes typically overexpressed in
gliomas. Somewhat surprisingly, DPP-IV overexpression was

also accompanied by the upregulation of a number of growth
factors (e.g BMP4, BDNF, FGF18, GPI, IL11, PDGFB, TGFB3), inva-
sion promoting genes (MMP15) and genes that may support
glioma cell survival (ACSLS; Mashima et al., 2009), These gene
expression changes may indicate activation of compensatory
mechanisms counteracting the observed growth inhibitory effects
of DPP-IV, Functional validation and determining the biological
relevance of these changes require further studies. To the best
of our knowledge, this is the first study on the changes in the
whole genome expression profile induced by DPP-IV in cancer
cells,

The growth inhibitory effects of DPP-IV in glioma cells might
seemingly be in contradiction to the observation of higher DPP-IV
expression and activity in glioma tissue homogenates (Stremenova
et al,, 2007), The “net” pro- or anti-oncogenic effects of pro-
teases seems to represent an outcome of several factors including
their differing functions in individual cell populations of both the
tumor parenchyma and stroma, and varying (in)dependence of
these functions on the intrinsic enzymatic activity. For example,
forced expression of MT1-MMP was described to cause glioma
cell death, although its presence in the tumor microenvironment
promoted tumor expansion (Markovic et al,, 2009). Thus, DPP-IV
may - independent of its enzymatic activity - negatively influ-
ence the proliferation of glioma cells, slowing their growth possibly
as a part of an adaptive response to the limited nutrition supply
or hypoxia (Dang et al,, 2008), yet support angiogenesis of pro-
mote intratumoral deregulation of immune response through the
protealytic processing of neuropeptides and chemokines (Ghers:
et al, 2001; Mentlein, 1999). By degrading the chemokines such
as CXCL12 (SDF-1), DPP-IV might also impair the recruitment of
tumor suppressive neural precursor cells {Chirasani et al,, 2010;
Charles et al,, 2011) and as a result promote glioma progression,
Understanding of the complex role and the molecular mech-
anisms by which DPP-IV participates on gliomagenesis would
allow its rational therapeutic targeting with the advantage of the
availability of several specific, clinically tested DPP-IV inhibitors
that are used in patients with type 2 diabetes {Neumiller et al,
2010).

Taken together, in the present work we demonstrate a growth
inhibitory effect of DPP-IV on glioma cells. We show for the first
time that primary cell cultures derived from high-grade gliomas
express several molecules with DPP-IV-like enzymatic activity,
which is negatively associated with their proliferation, DPP-IV
overexpression in glioma cell lines does not promote their malig-
nantbehavior but rather slows their growth and may decrease their
migration and adhesion, Our data also indicate that nonproteclytic
mechanisms are important for these effects of DPP-IV in glioma
cells. The whole genome expression profiling of DPP-IV overex-
pressing glioma cells revealed several candidate genes that shed
light on the molecular pathways potentially affected by DPP-1V and
will serve as a lead for further functional studies,
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patients as evidenced by a decrease in the cell surface DPP-IV-like enzymatic activity as well
as the median fluorescence intensity of DPP-IV staiming in lymphocytes (median=5D
66x56%, p=0.018 and 63=31% of the patient’s entry values, p=0.005, respectively).

Conclusions: The association between FA activity and the changes m blood plasma and
blood monenuclear cell DPP-IV in individual patients supports the possible role of DPP-IV in

FA pathogenesis.
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Introduction

Dipeptidyl peptidase-IV (DPP-IV. CD26, EC 34.145) 1s a plasma membrane
peptidase that selectively cleaves an N-termunal dipeptide from peptides with a proline or
alanine residue m the penultimate position. DPP-IV 1s widely expressed on epithehial and
endothelial cells and a soluble form can be found in body fluids including blood plasma.
where it represents at least 93% of the DPP-IV-like enzymatic activity [1]. In the immune
system. DPP-IV 1s expressed preferentially by the CD4+CD45RO+ memory T cells. 1s
associated with the Thl response and its expression is upregulated following T cell activation
[2]. In confrast, DPP-IV is low or undetectable on B-cells, NK cells and monocytes in healthy
adults [3]. DPP-IV functions as a T cell co-stimulatory molecule, 1s involved in the T cell
activation and proliferation, and these effects seem to be dependent on its Intnnsic enzymatic
activity [4. 3]. In in vino studies, some of the DPP-IV inhibitors were demonstrated to
suppress the production of varous cytokines and enhance the production of the suppressive
cytokine transforming growth factor beta [5].

Changes m the expression and/or the blood plasma concentration of DPP-IV are
associated with several diseases including rheumatoid arthmtis (RA) [6], an autoimmune
inflammatory disorder characterized by synovial inflammation leading to cartilage destruction
as well as systemic manifestations. The pathogenesis of RA has not been clearly elucidated so
far. but involves an mterplay of predisposing genetic factors, sex hormones and possibly an
infectious or another immumnity triggering agent that ultimately lead to an inappropnate
activation of the immune system and perpetuating inflammation [7]. Given the role of DPP-
IV in T cell activation [8] and its ability to cleave numerous pro-inflammatory peptides
mnvolved m the pathogenesis of RA [6]. several studies examined its possible sigmficance in
the disease progression. The results of these studies. mcluding ours, have so far revealed



(although vanably) a decreased DPP-IV-like enzymatic actvity in the mononuclear cells
1solated from the synowvial flmd of RA patients [9. 10] as well as decreased blood plasma
DPP-IV enzymatic activity/concentration [10-12]. An mcrease of DPP-IV was reported mn
blood mononuclear cells and especially CD4+ T lymphocytes [13-16]. The literature datz on
the association of these changes with the disease acfivity are inconsistent [12. 10, 17, 16].
Furthermore. 1t 15 currently unclear whether the changes of DPP-IV in blood plasma and

peripheral monomuclear cells relate to the disease activity on the mtramdividual basis.

Materials and methods

27 patients with RA diagnosed according to the standard entena of the Amencan
College of Rheumatology were examined dunng the active phase of thewr disease wath joint
effusion (active RA). 15 patients wath osteoarthntis served as controls (Table 1.). RA dicease
activity was evaluated using the DAS2S score based on the blood plasmaz concentration of the
C-reactive protem (CRP). patient-assessed visual znalogue scale (VAS) and swollen and
tender joint counts (http://www.das-score.nl’). The follow-up examinahon m RA patients was
performed after jomt effumion regression and at lezst 6 months after the first mveshgation
Intramdnidual changes of the studied parameters were evaluated 1n patients with at least a
moderate mprovement of the disease activity as defined by the change of the DAS28 score (a
decrease i DAS28 =06 if the current value was <3.1 or a decrease in DAS28 =12 if the
current value was =5.1). The study was approved by the Institutional ethics commuittee and
was conducted m accordance with the Declaration of Helzinki. All patients signed mformed
consent.

Penpheral blood was collected under stenle conditions into BD Vacutammer (BD
Biosciences, USA) wath sodmum hepann as an anticoagulant. Blood mononuclear cells

(BMNC) were 1zolated by disconfinuous Ficoll-Paque density ceninfugation in the “cell



preparation tube” with sodium hepann (CPT. BD Biosciences, USA). Isolated BMNC were
counted on a cell counter Z2 (Beckman Coulter, USA): there were more than 95% of wiable
cells as determuned by trypan blue excluzion.

The DPP-IV-hike enzymatic activity m the hepanmzed blood plazma and i BMNC
was measwed by a contimuous rate fluonmetc assay with 7-(glycyl-prolylammdo)-4-
methylcoumann (Bachem Switzerland final concenfration 50 pmol/L), as a substrate at pH
7.5 and 37 'C. The release of 7-amuno-4-methylcoumann was monitored at excatation and
emussion wavelengths of 380 and 460 nm. respectively (Spectrofluonmeter Perkim Elmer
LS50B). The cell swrface DPP-IV-like enzymatic actnaty m BMNC was determumned as the
activity of viable cells, the total DPP-IV-like enzymatic activity was measured under the same
conditions after permeabihization of the cells wath 0.1% Trnton X-100 [10].

Immunophenotypization of the BMNC was performed by 2 flow cytometer FACS
Canto (BD Biosciences, USA) wath the Diva software for acqusition and FlowJo (TreeStar
Inc) for data evaluation 50 ul of the penpheral blood was incubated for 30 nun at room
temperature with mouse ant-CD3-PerCP. ant-CD4-APC. anh-CD8-APC-Cy7 and ann-
CDI4-PE-Cy7 (all from BD Biosciences), rat anti-DPP-IV/CD26-FITC (RD systems). All
anhbodies were used m the ftite of 1:20. Lymphocyte subsets were identified by gating
analysis and fluorescence profiles were obtained for 10 000 cells m each sample Meadian
fluorescence mtensity (MFI) of DPP-IV/CD26 expression m lymphocytes was calculated as a
ratio of the median fluorescence mtensity of the DPP-IV/CD26 pozitive and negative
Iymphocyte populations.

Blood plazma DPP-IV concentration was determuned by the sandwich enzyme-lnked
mmunosorbent assay ( Duo set” ELISA kit — DY1180, RD Systems. UK). according to the
manufacturer's instructions. A microplate reader Sunnse (Tecan, Swatzerland) was used to

measure the absorbance at 430 nm. a wavelength comection was performed at 570 nm.



The Statistica 12 software (StatSoft. Inc., USA) was used for statistical analyses. The
Wilcoxon pair test and the Mann-Whitney U test were used as appropnate. Comrelations were

analvzed by the Spearman’s comrelation coefficient.

Results

DPP-IV in patients with active rheumatoid arthritis

Compared to patients with osteoarthmtis (OA). rheumatord arthnns (RA4) patents
recruited 1n the active phase of thew disease exhibited sigmficantly lower blood plasma DPP-
IV-lhike enzymatic activaty (median+=SD 220.15=83.6 pkat/ml m R4 vs. 376.9=144 9 pkat'ml
m OA, p=0.001) and blood plasma DPP-IV concentration (median+SD 465.1=215.6 ng'ml mn
RA wvs. 953323684 ng/ml m OA p<0.001) (Figuwe 1). The blood plasma DPP-IV-hke
enzymatic activity comrelated with DPP-IV concentration determuned by ELISA (:=0.83,
p=0.001). In RA patents, there was a negative comelation between the DPP-IV-like
enzymatic actnity and the CRP concentration (Figure 2). These results were consistent with
the previously pubhished data, mcluding owrs [10, 6, 18].

Neither the DPP-IV-like enzymatc activity m blood monomuclear cells nor the DPP-
IV expression m hymphocytes determmed by flow cytometry were sigmificantly different

patients with achve RA compared to OA (data not shown).

Intraindividual changes of DPP-IV in blood plazma and in blood mononuclear cells
parallel dizease activity in RA

To evaluate whether the changes m the blood plasma DPP-IV reflect disease actmaty
i mdmvidual patients. a follow-up evaluation was performed 1n 18 patients with RA dunng a

less active phase of thewr disease as defined by the regreszion of joint effusion and mmproved



DAS28 score compared to the entry values. The disease actraty decreased (Table 2) as
evidenced by the reduction of the markers of mflammation CRP and ESR. In 13 patients
(72%). this mmprovement was associated with 2 nse m the blood plasma DPP-IV-like
enzymatic activity of at least 20% compared to the patient’s entry values. The enzymatic
activity remamned unchanged in 3 patients (17%) and decreased i 2 (11%). Overall, the blood
plasma DPP-IV-like enzymanc actvity rose to 141:46% (median=SD, p=0.011) compared to
the entry values of individual patients. A smmlar mncrease to 168£25% (median+SD, p=0.033)
of the patent’s entry values was observed for the blood plasma DPP-IV concentration as
determuned by ELISA. The change: of these parameters m individual patients are chown
Figure 3. Despite this observed increase of the blood plasma DPP-IV. the median of the
values mn the RA panents in the less active state of the dizease remained approximately 30%
below the levels in the OA patients (data not shown). most likely due to the backzround of the
RA disease activity.

In contrast to the blood plasma DPP-IV, an mverse trend was seen mn the BMNC
(Fizure 4). The plasma membrane as well as the total DPP-IV-like enzymatic actaty m
BMNC decreased to 66=56% (median=SD, p=0.018) and 52=64% (p=0.0053), respectively. of
the entry values of individual patients. Usmg flow cytometry, DPP-IV/CD26 was detected in
lymphocytes and only exceptionally a very low pozitivity was observed in monocytes (data
not shown). The percentage of CD26 positive lymphocytes was statistically sigmificantly
decreased compared to the mdmidual patient entry values (p=0.029. data not shown). Larger
changes were however observed mn the quantity of DPP-IV/CD26 expression as determuned
by median fluorescence intensity. which was decreased to 63£31% of the patent’s entry
values (median=SD. p=0.005). Taken together. the decrease of RA disease activity in
individual patients was accompanied by a nise of the blood plasma DPP-IV and a reduction of
DPP-IV expression in BMNC.



Discussion

Dipeptidyl peptidase-IV (CD26) 15 a coshimulatory molecule and a known marker of
actvated T lymphocytes. It 15 also mvolved m the specific procezsmg of several
promflammatory mediators by 1ts umque proteolytic actvity [6]. Several studies have
therefore explored the role of DPP-IV 1n autommmune and mflammatory diseases. mcluding
systemuc lupus ervthematodes and RA [12. 19, 20]. RA patients exhibit lower blood plasma
DPP-IV-like enzymatic acthvity compared to the controls [12. 21, 22, 18]. This was also
confirmed in our present study where both the DPP-IV-like enzymatic activity and DPP-IV
concentration were zlmost 30% lower compared to pahents with ostecarthntis. Although
Cuchcovich et al demonstrated that DPP-IV 1= hypersialylated in RA patients compared to
healthy controls and has lower speaific enzymatic activity [23]. our data in agreement wath
other reports [18. 17, 11] show that the lower enzymatic activity observed mm RA patients 15 1n
large part caused by the decreased blood plazma concentration of the DPP-IV protem. The
pathogenetic relevance of this consistently observed phenomenon nevertheless remains
elusive.

Sigmificant increase of the DPP-IV/CD26 anfigen expression m CD4+ T cells was
reported m patients with chronic (median disease duration 11.5 years) rheumatoid arthntis
[14]. while early after diagnosis (= 6 months). there were no differences m companson to
healthy controls [24]. In our study. patients wath ostecarthniis were used as a control and we
obzerved neither a s:igmificant difference m the proportion of DPP-IV posiive lvmphocytes
nor mn the intensity of DPP-IV expression between both patient groups (data not shown). The
vanability of disease duration, different antibodies unlized for DPP-IV/CD26 quantification
and different control group (osteoarthntis patients vs. healthy mdividuals) used m our study
may cause the difference between our results and the above cited literature data. In line wath

our previously publiched data [10]. we did not obzerve any substantial difference mn the DPP-



IV-like enzymatic actvity in blood mononuclear cells between RA and OA patents (data not
shown).

Several previous studies speculated the possible relation of DPP-IV and the actity of
RA. Cordero et al [17] descenibed the inverse comelation between the blood serum DPP-IV
concentration and the number of swollen joints, but did not obzerve differences mn the blood
serum DPP-IV concentration n the groups of patients with active as compared to mactrve RA
Smularly, Ulusoy et al [11] did not find a significant assocation between DPP-IV blood
serum concentration and RA disease actiaty. Higher expression of DPP-IV in T cells was
detected in patients with active RA as compared to the less active RA [13, 15]. Our previously
publiched data showed a negative comelation between the DPP-IV-like blood plasma
enzymatic actvity and CRP [10]. The main focus of our current study was to extend and
strengthen this observation by desenbing intrammdividual changes of DPP-IV m relation to the
disease actmaty. Dunng the study. the patients recerved vanous types of therapy based on the
climical judgment of the attendmng phy=ician (glucocorficoids. methotrexate, antn-TNF alpha
and ant1i-CD20 antbodies, leflunomide, sulfzsalazine and thewr combinations). Despite this
heterogeneity of the admimstered treatment. we observed a sigmficant mframdividual increase
in the blood plasma DPP-IV enzymatic activity and concentration m follow-up examinations
in patients with decreased RA activity. A sumlar mcrease of the DPP-IV enzymatic activity,
accompanied by a shift from acidic to more neutral glveoforms of the cwrculating DPP-IV,
was previously obzerved m patients with chmical improvement after anfi TNF alpha therapy
25}

In addition to the changes m the levels of the circulating DPP-IV. our study suggests
that both the DPP-IV-hike enzymatic activity in BMNC and it5 expression in lymphocytes are
decreased along with an improvement in the DAS2S score compared to the enfry valuez m

mndividual patients. The mtramndividual decrease of the DPP-IV/CD26 anfigen expression was
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most notable 1n the CD4+ T cells (p=0.053. data not shown) which is in agreement with the

reported domunant presence of DPP-IV/CD26 m thus lymphocyte subpopulation i RA

patients [13].

Conclusions

Blood plasma DPP-IV enzymatic achvity and concentration are lower in RA patients
dunng the active phase of the disease compared to non-inflammatory arthntis patients. In
addition, our infraindividual companson demonstrates elevation of the blood plasma DPP-IV
associated with the chmeal mmprovement in the RA panents. Concwrently, the DPP-IV/ICD26
iz peripheral blood mononuclear cells decreases. These results finther support the possible
role of DPP-IV in the pathogenesis of RA probably due to 1ts participation m mflammatory

processes.
List of abbreviations
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Figure legends

Figure 1. Blood plasma DPP-IV-like enzyvmatic activity and concentration in RA and
OA patients. In the box plots. the medians are depicted as small squares, interquarnle range
(25-75th centile) a= boxes and bars extend from the mimmum to maximum values.

* p< 0.001, Mann-Whitney U test.

Figure 2. Negative correlation between the blood plasma DPP-IV-like enzymatic activity

and CRP concentration in RA patients. Spearman’s correlation coefficient 15 chown.

Figure 3. Blood plasma DPP-IV in RA patients with clinical improvement of the dizeaze.
Blood plazmaz DPP-IV-like enzymatc activity and DPP-IV concenfration were determined m
patients exhibiting at least a moderate improvement of the disease, mdividual entry and

follow-up values are depicted. * p= 0.05, Wilcoxon pawr test.

Figure 4. DPP-IV in blood mononuclear cell (BMNC) in RA patients with clinical
improvement of the dizease, Cell surface DPP-IV-like enzymatic achivity and the median
fluorescence intensity (MFI) of DPP-IV in fymphocytes were determined m patients
exhibiting at least a moderate improvement of the disease, individual entry and follow-up

values are depicted. * p= 0.05. Wilcoxon pair test.
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Tahle 1, Chnieal characteriztics of the patient: included m the stady,

Fheumatoid arthnitis Okxtheoarthnitis

(=27) (m=13)
Age 5913 62+11
Male/Female 720 69
Dhsease duration (vears) 125124 -
Swollen jomt counts (0-28) 963 -
Tender jomt counts (J-28) 11+ 6.7 -
DAS 28 5811 -
ESR (mom/h) 56282 10=6.4
CEP (mg1) 44=26 =4

DAS 28, dizease actiity score; CRP, C-eactve protein; ESE erythrocyte sedimentation rate.

The values are medians=50.

Tahle 2. Clinical characteriztics of the EA patent: exhibiting at least moderate
improvement at the follow-up examination.

Entry Values Follow-up
Age 6016 61=16
MaleFemale 513 513
Disease duration (vear) 4.5+13.3 5.5=13.5
Swollen jomt count (0-28) O+6 23
Tender jomt count {-28) 115465 2566
DAS 28 5.66:097 348=122
ESE (mm'h) 56:27.7 30=24.1
CEP (ms=T1) 51.08+24 49 7.31+19.13

DAS 28, dizease actiity score; CRP, C-eactive protein; ESE. erythrocyte sedimentation rate.
The values are medians=5D.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Dipeptidyl peptidase-IV and Fibroblast activation protein in blood
and synovial fluid mononuclear cells of patients with rheumatoid
arthritis

L. Sromova ', H. Mareckova ?, L. Sedova °, E. Balaziova ' and A. Sedo *

'Laboratory of cancer cell biology, Department of Biochemistry and experimental
oncology, *Institute of Immunology and Microbiology, 1¥ Faculty of Medicine, Charles
University in Prague, Czech Republic; *Institute of Rheumatology, Prague, Czech
Republic

e-mail: aleksi@cesnet.cz

Evolutionary conserved proline residue at the penultimate position of the protein
amino-terminus of many biologically active mediators (e.g. several cytokines,
neuropeptides etc) represents a checkpoint avoiding proteolytic attack by majority of
common proteases. Dipeptidyl peptidase-IV (DPP-IV/CD26) was for many years
believed to be the unique proline specific protease, capable to cleave out X-Pro N-
terminal dipeptides. However, other enzymes possessing DPP-IV-like enzymatic
activity, sharing varying degree of structural homology, were found and classed as a
“DPP-IV activity and/or structure homologues” (DASH) [1]. Several proinflammatory
peptides as e.g. Substance P (SP) and Stromal cell-derived factor alpha (SDF),
supposed to be involved in rheumatoid arthritis (RA) pathogenesis, have their
biological half-lives controlled by dipeptidyl peptidase IV-like activity [2]. Indeed,
changes of DPP-IV enzymatic activity in blood plasma, synovial fluid and namely in
immune cells in RA patients were observed by several authors.

The aim of our study was to assess the expression of DPP-IV and Fibroblast
activation protein alpha/Seprase (FAP), both being the plasma membrane bound
DASH molecules, in blood and synovial fluid mononuclear cells (BMNC and FMNC
respectively) in patients with active RA.

Significant DPP-IV-like enzymatic activity was observed in both BMNC and FMNC.
Inhibition as well as immunodetection studies together with previously presented RT-
PCR studies argued for dominant, if not absolute, prevalence of the canonical DDP-
IV over the FAP. DPP-IV-like activity of BMNC correlated positively with CRP,
suggesting increased activation of immune cells as a reflection of the disease
severity. Such interpretation is also supported by inverse correlation of DPP-IV-like
enzymatic activity in BMNC and blood plasma. As expected, results of colocalization
studies demonstrated predominant (about five times) expression of CD26 in CD4
compared to CD8 positive BMNC. Surprisingly, CD26 was distributed almost evenly
between both CD4 and CD8 positive FMNC subpopulations, despite the ratio of
CD3+CD26+ and CD3+CD26- mononuclear cells was almost identical in peripheral
blood and synovial fluid.

Our data, demonstrating disease course associated variation of DPP-IV enzymatic
activity and expression supports its previously proposed pathogenetic role in RA.
Furthermore, differing distribution of DPP-IV in immune cell subpopulations in
peripheral blood and synovial fluid might argue for distinct functional mechanisms
executed by the enzyme in the central and peripheral regulation of inflammatory
processes.

References
1. Busek P, ef al: Int J Biochem Cell Biol, 36: 408-21, 2004
2. Sedo A, ef al.: Arthr Res Ther 7; 253-269 2005

Supported by grant No 9273-3, Grant Agency of Ministry of Health of Czech Republic
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Introduction:

Sovery pronfiammetory pepiides such as eg. Subsbnee P (EF) ond Shomal ood-
Cerived Sacior 1 aipha (S0F), suposed to be fvolved In B polhogenesis of rhewmasiold
artiviis (RA), hawe their biciopical Masi-ives controfied by dipeptidyl peplicnse RWV-Ie
acivity 111 Changes of DPFIV enzpmaiic acivity In biocod plasma, symovisl fuld and
namely n imeune ceis In RA paients were cbeerved by sevesy asfhors. The aim of owr
sy s D amess P egeesion of OPPY and Fiwoblast actvetion prokein
sipteySepmse (FAP-0) In biood and synoviad Suld mononuciess cefis (BVING and FVING
respeciively) in patients with achve RA

Patierts and methods:

Dyprorvial Suid ared petpteny bood were coliscted! o paSents with active rheusrelon! erttelts. Paterts
(13 waren, 4 mes) were degraed scoordng & fw serched cieds of e Americen Colage of
Mrmorstciogy (.
Monoruches oslls wes cisied cabrg Food Pegus Pus (GE Mesdthome, Sesscdert. DPPN-Be
srepTalc ecivity e Feditoe studes i oals aned ks wars sssssssc! by contracus rede fLodmetic
sszay | Spechohuryrster Pedin B
\rmrcpterctyphadion stiches wes parfaroed by fow cytorester (FACS Carde, 80 Bioscheroes, USA)
with softenrs Dhvs Ko scpiaition snd Pw)o (Tres@ter inc ) for dets svshason

of DPPYY erd FAPC apeeasion normosiioed 1o Suoven D-acin ofNA

By rend Svw NT-POR wairg Sequence Delecton Systen ASE PPOSM

OFPIV-Ie enzymalic activity In biood plasme was significantly higher than the DPP-
-k achvity In yrovial fuld (Rig. 1) Acconding 1o the iInhibison shusies the majority of
DPPIV- e achvilty can be alvibuied 10 comnonicyl DPP-Y (Tab 1),

Pgure 1 Tuite L IC80 valses Ror apecific DPPV

and OPPRY IBhRAcra. €20 wase moomed oy
P Tendutew S Te pahe  soorted
ot ww I B e CFSJy ralior el S
(P68 30d 700l o OFF4S tr e [ FPR% pnitns:

Z Negestve cometation (R=0.504; p=0.035) between e DFF-M-te enzymaiic acivity
of biood plasvs and BMNCG was ctserved (Figure 2) . The previously desoribed [1]

we found o posiive CometaSon betwesn CRP and DPP-RSle enzymalic acivity of
BMINC R0, 555 p=0,025).
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Podetve toasd TIPS Jbm wuryredc sty w OVN
g o proten

COMMAIT A2 waaiQanisl o T 1 st s
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3 The presence of canonical DPPWICDRS In BMNC and FMNG wes comfirmed by
Tow oytometry (g 3; one typical dot plot of 17 mensurements) and by antRsve
RT-FCR (Max2). On the contrary, the eapression of FAP-G was low (Tab.2) and there
were no FAP-g positive cefis detecied by Sow Qiometry (Fg. 4 ; 0ne typicad dot glot
of 10 marpremants).
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4. Fow oftometry stiudes demonsinted predominant sxpression of DFF-IV CORS n
CD4 compared o CO8 posiiive subpopulations of BMING (Fig 51 Quantity of double
posiive COS+CORE+ oefts In FVING 15 significantly Jower than that in BMINC =0.001).

Fgwre &
DIVIGC0 s aprewian an BMNC a9 PWAC

Conclusions:

DPP-{V-ike erzymatic acthvity of BMNC and FMINC is probably an
atiribute of canonical DPP-IV In patients with active RA

Demerent distribution of DPP-IV In populations of BMNC and FMNC
T-cells might argue for distinct funcional roles executed by the
enzyme In reguiation of cenfral and peripheral Inflammatory
PrOCesses.

Camelation between DPP-IV-Ike actvity In blood plasma
and CRP suggests association of DPP-IV with RA. severtty.
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DYNAMIKA DIPEPTIDYLPEPTIDAZY - IV V KREVNI PLAZME
A NA MONONUKLEARNICH BUNKACH PERIFERNI KRVE U PACIENTO
S REVMATOIDNI ARTRITIDOU V ZAVISLOSTI NA AKTIVITE ONEMOCNENI

Autor: Mgr. Lucie Sromova

Skolitel;  prof. MUDr. Aleksi 3edo, Dréc., Laboratof biologie nadorové budly, Ustav
biochamie a experimentdini onkologie 1, LF UK

Uvod: Dipeptidylpeptidaza~W (DPP-1V, kenticki 5 CD26) swojl proteclytickou skiivitou opface-
vava 1adu pro-zandtivych medidtord [napd. Substance # Stromal celt derived factor T-¢ {SDF)I
Giastaickch se patogeneze remmatordn artrtidy (RA), Ve srovndnd s kantroll skupinou pacienttl s o5
teoartrézou [OA), vykazuji pacentl s RA NI DPP-IV enzymovou stivitu v plaame a za paulitl nékterych typd peotildtek anti-
DPP-N/CD20 naopak vy33l expred na manonukledrnich bufikéch IMNC) v perifernd krvi {Sedo A et al, Arthritis Res Ther 2005,
7: 253-6%). Chom této price bylo posolzen! zmén express DPP-IV & koncentrace jeich blalegicky aktvnich substrati v perifer.
ni kvt u pacientdl s RA ve vziabu k aktivitd jepch anemocnéni,

Metody: Klinicka charakteristika packntiz Do studie bylo na 2akladé Informovanéha souhlasu zafazent 32 pacienti s aktiv-
ol BA, ktefl by dlagnostikovani podle standardnich Kiinickych kriteni {Arnest £C ot al: Arthritis Rbveurn, 1988, 31; 315-324),
Kontrolni skupinu tvohita 13 pacientd s astecastrdzou (OA), PH naslednému vydetfent (holtow-up) byl pacients s RA razdéleni
podie aktudini aktivity onemacnéni da dvou skupin: s poklesem CRP witdim nez 50% Lvyznamad Zepseni®) resp. meniim nek
5004 Lber vymamného depieni’] prot vatupni hodnotd (labulka)

Wik (roky) CRP {mg)
Paciertt Priimér (SD) Zany/Mus Primeér (50)
Ostecartréza 6600 X6 s(a)
Revmatoidnl artritida: aktan| 59(13) 2478 43 [30)
vstupnl hodnotym
Reymataidnl artriticda
hodnoty follaw ug
Vyznamne Zapieni 63116 112 10010}
Bez vyznamného zlepdeni &114) 62 5122)

DOP-IV enzymava aktivita v plazmé a na MNC byla stanovena kinetickou flucnimetrickou metodou 2a pouzit T-lghycyl-prolyls-
midal-4-methylikumarinu jako substrity, Exprese prateing DPP-1V/C026 na subpopulacich MAC byla kvantifikovana pritoko-
vau cytometrl a koncentrace proteinG DPP-IV/CD26, Substance P a SDF metadou ELISA. Statistickd ansfyza byla provadéna
v programu Statlstica 8.0, Rozdity mesi jednotivyani skupinami byly hadnoceny pomac Mann-Whittnoybao U-testu a Wikouno:
va parovahe testy, kecelace pomod Spearmanava korelaénibe kosficieniu. Klinkke paramesry ICRP, DAS 28, FW, revmataldni
faktary) byly ziskany z klinického a aboratorniho vybetieni ve spalupeaci s Revmiatologickym Ustavem v Praze.

Vysledky: V soulsdu s ditve publikovanymi daty (Sedo A et al., Arthitls fies Ther 2005, 7: 253-639) byl pozotovand viznam-
N nei DPP-IV enzymovd aktivita v plazmé pacientd s RA ve stovndn| s 04 (0 50 9%, p = 0,0001] & statisticky vyznamnai nega-
tivril korelace ez CRtP @ ereymavau aktivitou DPR-IV/CD26 (R =-0471, p = 0,013) v plazmé pacientd s aktivi 8A, Statisticky
yyznamna negatived kieelace byla navic Ziténa | mezi CRP & enzymovou aktivitou (R = 0,367, p=0,014} a koncentracd DPP-
IN/CD26 (Rt =—0,495, p = 0,002) v plazmé v celém soubioru pacientd s RA (tj. pacient] s aktivni A 3 folow-up”).
U pacientd s poldesom CRE hham lahy (dhipina virmamnd zleptent”l bylo pozaroving statisticky vwznamné zvydeni opP-Iv
enzymové akiiity (0 40 %, p = 0015)i plazmotické koncensrace OFP-V/CD26 |o 80 %, 2 = 0,007), Mezi paclanty s RA 8 OA no-
byl pozoravan statisticky viznamery rozdl v DPP-IY enzymaué aicivité na MNC, ani v expresl membranave vizansa DeP-v/
D26, ovsem u pacientd s vyznamngm poklesem CAP (skupinawyznamné depient”]) byl pozorovin vyznamng pokles BPP-IV
enzymone aktivity na MNC (0 30 %, p = 0,023) a imunofenotypizatnimi studiemi prokazana | nizdl exprese DPP-NICD26
{017 %, p= 0,014).
Nade vystedhy potvizull pozocovani ji2 dHve pablikovand rizmym autoey (Sedo A et o, Arthritis Res Ther 2005, 7; 253-69), 2=
koncentrace biolegickych substrath DPP-IV - Substance P a SOF v plazmé jsou vyznamné vydii u padentl s RA ve srovndnl
s pacienty s OA [Substance Po 60 % p « 0022 2 SOF & 200% p = 0,006), U pacientd s RA s pokesem akiivity anemacnin| jsme
v nadem soubary pazorovall statisticky vyznamng pokles kangentraco Substance P (0 423, p = 0,001) iSDF (o 60 %, p = D,003)
v plazmé,

Zavér: Sri2enl exprase a aktivity DPP-IV/CD26 na MNC parifarni krve s pokleserm aki ity onemoménd 3 negatiyn| konsface
plazmatické aktivity a kancentrace DPP-IY 5 CRP naznatuli vztah tohoto enzymu k akthiie fA a Jeho malnou vyuliteinost Jako
markery tspdinosti ladby.
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