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SUMMARY studies of function of this enzyme in human
glioma cells

There is growing evidence that dipeptidyl pepti-

dase IV [DPP-1V, EC 3.4.14.5] takes part in the

metabolism of biologically active peptides partici-INTRODUCTION

pating in the regulation of growth and transforma:

tion of glial cells. However, the knowledge on the Dipeptidyl peptidase IV (DPP-IV, EC 3.4.14.5), a

DPP-IV expression in human glial and gliomamember of the family of cell membrane proteases

cells is still very limited. In this study, using histo- (Yaron and Naider, 1993) is identical to the T-cell

chemical and biochemical techniques, the DPP-Nactivation antigen CD26 (Hegenal, 1990) and to

activity was demonstrated in two commerciallythe adenosine deaminase binding protein (Kameo-

available human glioma cell lines of different ka et al, 1993). Due to both hydrolytic and non-

transformation degree, as represented by U37hydrolytic mechanisms, DPP-IV is involved in a

astrocytoma (Grade Ill) and U87 glioblastomanumber of cell functions, such as cell to cell com-

multiforme (Grade V) lines. Higher total activity munication, cell activation, proliferation, adhesion,

of the enzyme, as well as its preferential localisametastasising etc. (Bauvasal, 1993; Johnsoat

tion in the plasma membrane, was observed in U€al., 1993; _edcet al, 1996; lwata and Morimoto,

cells. Compared to U373 population, U87 cells1999). As reviewed previously, DPP-IV up-regula-

were morphologically more pleiomorphic, they tion is associated with cell differentiation in various

were cycling at lower rate and expressing lescells and tissues (_edo and Kraml, 1994).

Glial Fibrillary Acidic Protein. The data revealed Although the enzyme was found in a variety of

positive correlation between the degree of transcells in various mammalian species, the data on its

formation of cells and activity of DPP-IV. Great expression in nervous system cells are very rare. So

difference in expression of this enzyme, togethefar, only very low levels of the enzymatic activity,

with the phenotypic differences of cells, makesimmunoreactivity and mRNA expression of DPP-

these lines a suitable standard model for furthelV were found in rat glial cells (Hartet al, 1988;
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Hildebrandtet al, 1991; Mentleiret al, 1990). On  Cell cultures

the other hand, significant levels of DPPdutivi- The human astrocytoma U373 and human
ty were demonstrated in rat C6 glioma ceisdo  glioblastoma multiforme U87 cell lines were
and Revoltella, 1994). Our previous study provide(obtained fromATCC, Rockwille, MD, USAThe
evidence that DPP-I¥ctivity upregulation, its sub  cells were seeded at 1.2-1.3 ¢ t8lIls/cni in 10
cellular redistribution and the change of pl-patterrcm diameter plastic Petri dishes (Nunc, Roskilde,
are associated with fgfrentiation of these cells Denmark)They were cultured at 3C in DMEM
(Sedoet al, 1998).There is growing evidence that supplemented with 10% FCS under a humidified
the DPP-IVactivity is of significance to the metab (>909) atmosphere of 5% GI95% air for 7-14
olism of biologically active peptides participating in gays to reach confluence of about 75%e medi

t_he regulation of glial cell growth _and transforma ym was exchanged every 5 dayke cell viabili
tion (Hoffmannet al, 1993; Mentleiret al, 1993).  ty evaluated by trypan blue exclusion was always
Therefore, it seems that the enzyme expression greater than 90%@he cell morphology was exam

regulated and switched on during some physielogijned on an inverted microscope (NikaiMS,
cal and/or pathological processes in the NeVOlTokyo, Japan).

system. Data on the enzyme expression in humé pq piochemical experiments, the cells were
normal glial cells are not available. Up to NOW \\sched tree times with phosphatefénsfd saline
DPP-IV activity was described only in a commer (PBS: 137 mM NaCl, 2.68 mM KCI, 4 mM
cially not available clone (D-384) of human astro N\ 1Ppo. 176 mM KHPO. pH 7.4) and then

cytr(])ma_cell If'n?].G'CC dM (Medelror?t gl, 1991) .'I bl removed from Petri dishes by scraping with a rubber

hzmear?lmlioometl Icsellsurjng dt\a/\lla:uit; bllg fo?nsﬁj\ijeiueg ;policeman into PBS. Cells were counted by Coulter

DPP-IV ?ole in transformation and growth related Counter 22 (Krefeld, Germany) and cell suspen
sions were adjusted with PBS to aboutceis/ml.

processesThus, we have examined the actiyity C . : . ,
! : o ell suspension aliquots were solubilized by addi
intrapopulation and subcellular distribution of DPP- 1 of 25 mM Zwittegent™? (ZW*) for measure

IV in U373 and U87 glioma cell linesTEC, Rock ment of the total cellular enzvme activi
wille, USA), which difer in the degree of malignity y v
and the growth rate of the tumours formed after the

transplantation to nude mice. Cell growth curves

The cells were seeded at density®B (U87) or
310" (U373) cells/well in 96 well plate (Nunc,

MATERIALS AND METHODS Roskilde, Denmark). Starting from day 3 after the
plating, the cells were harvested in one-day inter
Chemicals val by 0.2% trypsin/0.02% EDN'solution in PBS.

The fluorogenic and histochemic substratdgly- The number of cells was determined by Coulter
cyl-L-prolylamido)-4-methylcoumarin (GP-NHMec) Counter Each point of the growth curve is a mean
and 7-(glycyl-L-prolylamido)-4-methoxg-naph ~ * SD .from two independent experiments mea
thylamide (GP-MNA) were from Bachem, Buben Sured in triplicate.
dorf, Switzerland. RNAas&, Nonidet 40, 7-amino-
4-methylcoumarin (NEMec), Zwittegent? (Zw?),  DNA Flow-cytometry
Extravidin-Peroxidase, Bisbensimide H33258, The cells in the exponential phase of growth were
foetal calf serum (FCS), salmon sperm DA detached by 0.2% trypsin/0.02% E®3%olution in
trypsin/EDTA solution were from Sigma-Aldrich, PBS and suspensions were fixed and stored in 70%
Prague, Czech Republic. Dulbecco’s modifieccold ethanol. For DNAtaining, aliquots (about 10
Eagles medium (DMEM) was from Sevapharma, cells/ml) were transferred in PBS and incubated in
Prague, Czech Republic. Bovine and serum album @ mixture of propidium iodide (5@g/ml), RNAase
fractionV (BSA) was from Serva, HeidelligrGer A and 0.1% Nonidet 40 in PBShe samples were
many Other common chemicals used were of thhmeasured by ACSort flow cytometer (Becton
highest available purity and were obtained from varDickinson, MountairView CA, USA) and the data
ious commercial sources. evaluated byVinMDI 2.8 software.
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Glial Fibrillar y Acidic Protein (GFAP) RESULTS

Immunocytochemistry

GFAP was detected with monoclonal anti-&F  Morphology, proliferation and GFAP expression
GF-01 (Exbio, Prague, Czech Republic) antibod' The U373 glioma population consisted of slim
(1:25) and goat anti-mouse IgG FITC conjugatebipolar cells with relatively scanty cytoplasm and
(Fab specific, 1:200) or biotin conjugated goallong processesThe population was relatively
anti-mouse 1gG (Fab specific, 1:300) followed byhomogeneous and often orderly arranged along
Extravidin-Peroxidase (1:100) and a conventionathe longitudinal axes of cell§he U87 cells were
diaminobenzidine reaction enhanced by nickemorphologically less uniform, more plasmatic and
chloride.All antibodies except for the anti-BP  often multipolar Except some cells, the cell
ones were from Sigma, St. Louis, USRe cells  processes were shorter and widdre cells grew
were examined by transmission light- or epi-fluo often in small islands interconnected by bundles

rescence microscope (Axioplan, Opton). of longitudinally arranged cells. Population cell
_ _ density in age-matched cultures were lower in
Enzyme Histochemisty U87 than in U373 cells. Small round particles

The cells grown on glass cover sli.ps.or on stripyyere often found stuck to the more densely popu
cut of the bottoms of culture Petri dishes were|5iaq islands of US7 cells.

fixed in cold (4C) of acetone and chloroform
(2:1) for 2 min and then incubated in GP-MNA
and Fast Blue B (pH 7.4) over night &C4 Sub
sequently the specimens were washed in 4%
paraformaldehyde over night étCGlfollowed by a
water bath and mounting Apathy syrup (Lojda,
1981). Matched slides, incubated with@RP-I1V
substrate, were used as controls of the stainir
specificity.

As revealed by cell growth curves (Fig. 1), the
proliferation of U373 astrocytoma was faster than
in U87 glioblastoma cell line under the same- cul
ture conditionsThe doubling times in the expo
nential phase of growth were 31.5 h and 56.3 h for
U373 and U87 cells, respectivelyimilar growth
difference was indicated by the number of S-phase
cells as determined by flow cytometry (20.7% in
U373 vs. 7.8% in U87; Fig. 2Jhe majority of
U373 cells were intensively stained for &fi.e.
expressing astrocyte specific intermediate - fila
ments. Staining of U87 cells was less intense and
many of them were unstained (Fig. 3C,D).

Enzyme Biochemisty

The DPP-IVactivity was measured at 37 with
GP-NHMec at a final concentration of 20 in
PBS using continuous rate assays as describ
before Gedoet al, 1989).The reaction was start
ed by adding 5@ of enzyme sample into 1.95 m AR -
of p?/e-warrr?ed@substraile solutio%he NHMec AS shown in Fig. 3A, DPP-NActivity was pre
release from the substrate was monitored on-a fiS€Nt Only at the threshold levels in the majority of

orimeter (Perkin-Elmer LS 50B) at excitation andY373 cells. In a small part of the population, the
emission wavelengths of 380 nm ad60 nm, DPP-IV act|V|Fy was, howeverquite intense a_nd
respectively The assays were standardised wittPresent both in the cell body cytoplasm and in the
NH:Mec in the assay bigr. Enzyme activity was b!polar processes. DPP-positive cells occurred_
expressed as nkat/mg of total cellular protein or g€ither solitarily or in small groups of apprexi

| Enzyme Histochemisty

nkatfig DNA. mately 2 to 6 cells. On the contrany U87 glioma
line, DPP-IV positively stained cells were fre
Protein and DNA Estimation quent. Fifty percent of the cells exhibited moeder

Total protein concentration in cell sampleate and 20% even a strong staining (Fig. JBp
aliquots was determined according to Markvezll DPP-IV positive cells appeared either solitary or
al. (1981) with BSAas a standard. DNgoncen formed bands containing both moderately and
tration was measured with bisbenzimide H3325¢densely stained cells. Smaller part of the popula
according to Brunlet al. (1979) with DNAfrom  tion was unstained or contained only threshold
salmon sperm as an internal standard. levels of the DPP-I\feaction product.
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Growth curves of human glial cell lines
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Fig. 1 - Growth curves of U373 and U87 glioma cells in culture.
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Fig. 2 - DNA content distribution in U373 and U87
e e ) : OhSnuces B glioma cells in the exponential phase of growth.
DPP-1V Biochemistry DISCUSSION

The total cellular DPP-NActivity expressed per
DNA was significantly higher in U87 than in U373 The present study revealed activity of DPPHV

cells.When expressed per cellular protein, ne sigU373 astrocytoma as well as in U87 glioblastoma
nificant difference was observeda@d. 1).This can  multiforme cell lines by both histochemical and
be explained by diérent protein concentration in biochemical approach. Histochemicallgreat
both cell lines; the latter amounted to 0.8607/009 intrapopulation dfierences were observed in both
mg/ug DNA and 0.030+ 0.004 mgig DNA in  cell lines.The higher activity in some cells of the
U373 and U87 cells, respectively population could reflect their clonal or cell-to-cell
The cell surface associated DPPd¥gtivity was contact specifitiesThe actual impact of such fac
significantly higher in U87 than in U373 cells. In tors on DPP-IVactivity however remains to be
contrast to U373 cells, the majority of DPP-IV examinedThe incidence of DPP-Iositive cells
activity in U87 population was localised in therevealed in both cell lines histochemically cerre
plasma membrane. sponds to the activity of this enzyme assayed bio
chemically namely when expressed per DNA.
The higher activity of DPP-1Vh U87 cells corre

Fig. 3 - Histochemistry of DPP-I\in U373 (A) and U87 (B) glioma cells using GP-MN& a substrate. @GP immunocyte
chemical staining of U373 (C) and U87 (D) cefgiophot, Zeiss, Nomarski phase contrast, magnification 400x.
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Table |
Dipeptidyl peptidase IMDPP-1V) activity and distribution in human glioma cell lines
U373 us7

DPP-IV Activity Cell line

Cell surface-associated nkat/mg protein 12.77+5.12 30.06+ 5.07
nkat/ug DNA 0.18+ 0.05 0.95+0.28

Total cellular nkat/mg protein 40.65+ 8.06 45.06+ 9.84
nkat/ug DNA 0.59+ 0.1 1.35+0.29

Data are meansSD from at least 3 independent experiments in duplicates.
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