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Abstract The methylxanthine derivative pentoxifylline, ]
widely used in the treatment of vascular diseases, also Iijtoduction

numerous immunological effects. In in vitro experiments,

the human natural killer cell cytotoxicity was investigatethe methylxanthine derivative pentoxifylline (PTX) has
in the presence of pentoxifylline. A clinical trial involvedeen widely used for years in the treatment of various dis-
an investigation of the natural killer cell activity in patientsases (Ely 1994; Samlaska and Winfield 1994). Its hemo-
to whom pentoxifylline had been administered for differenheologic properties include an increased red blood cell
periods. The natural cytotoxicity in macroangiopathic p#exibility, a decreased blood viscosity and inhibited plate-
tients treated with pentoxifylline was compared with that lat aggregation (Dettelbach and Aviado 1985; Hammer-
healthy controls and that in patients with vascular diseasebmidt et al. 1988).

who did not receive pentoxifylline therapy. A total of 62 Among its immunological effects, the inhibition of tu-
macroangiopathic patients and 20 healthy controls werenmer necrosis factor (TNF) production is of great impor-
vestigated. The natural killer cell activity in patients receitance (Doherty et al. 1991). PTX might therefore be benefi-
ing pentoxifylline therapy for more than a year proved to b&l in the treatment of septic patients, in tumor-induced
significantly lower P<0.005). The presence of vasculatachexia, in organ transplantation, in graft-versus-host dis-
disease did not influence the natural killer activity. In the gase, and in patients with AIDS and asymptomatic HIV-
vitro cytotoxicity reaction, pentoxifylline at a concentraseropositivity (Clerici et al. 1997). We recently reported the
tion of 100 pg/ml was found to suppress the natural killersults of complementary PTX therapy in the treatment of
cell cytotoxicity at any stage of the reaction. The influenpatients with sepsis syndrome (Mandi et al. 1995; Nagy et
of pentoxifylline on the natural killer cell activity was noal. 1997).

due to inhibition of the expression of intercellular adhesion The effector cells of the immune response associated
molecule-1. However, this drug significantly decreassth infection and cancer are the macrophages and the nat-
(P<0.05) the apoptosis of target cells. It is presumed thaal killer (NK) cells (Brittenden et al. 1996). The most im-
the suppressor effect of pentoxifylline on natural killer cgdortant characteristic feature of NK cells is their ability to
activity should be taken into consideration in the treatmdyse a variety of virus-infected and tumor cells without pri-
of clinical diseases where this drug is administered chroaoi-sensitization (Lanier et al. 1986; Trinchieri 1989; Rob-

cally. ertson and Ritz 1990; Yokoyama 1995). It may therefore be
concluded that a long-lasting decrease of NK activity may
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Table 1 Data of groups of

patients Group Male/female  Average age Duration of Diagnosis rate
(in years) PTX therapy (in years)
(in years)
n=15 8.7 59.1 (43-77) 0 Generalized arteriosclerosis obliter
ans (=12)
Arteriosclerosis in lower extremities
(n=2)

Supraaortic arteriosclerosis<1)

n=19 15:4 59.2 (36-78) 0-1 (mean, 0.7)  Generalized arteriosclerosis obliter
ans (=17)
Atherosclerosis of the aorta<1)
Visceral arteriosclerosii€l)

n=28 235 57.4 (44-74) 1-10 (mean, 3.6) Generalized arteriosclerosis
obliterans (=19)
Arteriosclerosis in lower extremities
(n=6)
Thromboangiitis obliterans€1)
Aneurysm of the abdominal aorta
(n=1)
Supraaortic arteriosclerosis=1)

i Immunofluorescence analysis of intercellular adhesion molecule-1
Materials and methods (ICAM-1) expressionThe expression of ICAM-1 on K 562 target
cells was analyzed by flow cytometry in a FACStar Plus (Becton
ickinson) machine at an excitation wavelength of 488 nm. The K
cells (X1° cells in 50 pl) were incubated for 45 min on ice with
ul fluorescein-isothiocyanate (FITC)-conjugated anti-ICAM-1 an-
ody (Serotec).

Effector cell separationHuman peripheral blood mononuclear cell
(PBMCs) were isolated from heparinized venous blood samples fri
normal blood donors and macroangiopathic patients by gradient
trifugation on Ficoll-Paque (Pharmacia, Uppsala, Sweden), followiH

a standard procedure (BOyum 1968). - .
P (Boy ) Determination of CD56+ cell number by immunofluorescence analy-

sis. The expression of CD56+ on peripheral mononuclear blood cells
s investigated in a FACStar (Becton-Dickinson) by immunofluo-
ence assay. Mononuclear cellgsl(® cells in 50 pl) were incu-

d for 45 min on ice with 20 pl phycoerythrin (PE)-conjugated an-
D56 antibody (Becton-Dickinson). The background fluorescence
was determined by using mouse isotypes as negative controls. Cells
were washed three times with ice-cold PBS containing 1% FCS, and
fluorescence analysis was performed with a FACStar Plus at 488 nm

Target cells and culture mediumhe most frequently applied NK-
sensitive cell line, K 562, a human tumor cell line derived from a p‘?;{@1
tient with chronic myelogenous leukemia, was used as target ¢ERC
(Robertson and Ritz 1990). The cells were suspended in an RP*
1640 (Gibco Brl, Grand Island, N.Y., USA) medium supplementéﬁ
with 10% fetal calf serum (Gibco).

Cytotoxicity assaysThe natural killer cell activity against K 562 tar itation
get (T) cells was measured in a 4-h standard chromium-51 releas€ X" )

say. Cytotoxicity assays were performed in 96-well U-botto N .
microplates (Nunc, Denmark) in a total volume of 0.2 ml. K 562 tarls_etermlnatlon of target cell apoptosiEhe target cell apoptosis was

; ; determined by flow cytometry, the apoptotic cells being marked with
get cells were labeled with 100 pCi JR&rO, (Amersham) for 45 - . .
min at 37°C and washed three times with phosphate-buffered saffheC-1abeled Annexin V (R&D Systems) and the necrotic cells with
(PH 7.4). A total of X10* target cells were used in each well. Effect ropidium-iodide (PI), according to the instructions of the manufac-
(E) cells were titrated to obtain E:T ratios of 50:1, 25:1 and 12.5t4rer (R&D Systems).
After a 4-h incubation period at 37°C in 5% £ @e plates were cen- . ) ) )
trifuged at 300y for 5 min. Supernatant (0.1 ml) was collected anfiNF @ssayTNF was titrated in a bioassay on cell line WEHI-164
the released radioactivity was counted in a gamma counter (A spevik and Niessen-Meyer 1986). The activities were calibrated
gamma, Cobra II; Packard). Spontaneous release was measured3ggipst rh TNF (Genzyme, Cambridge, England).
the incubation of target cells with the appropriate assay medium. The

percentage cytotoxicity was calculated according to the formula; Statistical methodData were analyzed by using the paired Student's
t-test. The level of significance (two-tailed) was set at 5%.

experimental release — spontaneous release x 100
total incorporated radioactivity Patients.In a clinical study, the natural cytotoxicity in macroangi-

opathic patients treated with pentoxifylline for different periods was
compared with that in healthy controls and that in patients with vas-

Pentoxifylline(Trental; Hoechst, Germanyln the in vitro experi- cular diseases not receiving PTX therapy. The trial involved 62 mac-

ments, PTX was used at a concentration of 100 pg/ml, at which it h@angiopathic patients (Table 1) and 20 healthy volunteers (10 men,

no toxic effect on the effector or target cells. PTX was added to tt@ women; mean age 40.2 years, range 22-58 years) who had never

wells before the target cells were added to the effector cells.

% cytotoxicity =
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Fig. 2 Concentration dependence of inhibitory effect of PTX. Before

Fig. 1 In vitro effect of PTX on NK cell activity. The effector cellsmixing of the effector and target cells, PTX was added to the reaction
were obtained from healthy controts=@0). K 562 cells were used asin different concentrations (10, 25, 50, 100 and 200 pg/ml). The inhi-
target cells. E:T ratios were 50:1, 25:1 and 12.5:1. Cytotoxicity waiion of cytotoxicity was calculated via the following formula:
mesured by the 4-HCr release assay. PTX was added to the NK cell o o
cytotoxicity assay at a concentration of 100 ug/ml at the onset of ggatrol cytotoxicity — cytotoxicity in the presence of PTX
reaction. The data are meat8D control cytotoxicity

x 100 (%)

E:T ratio=50:1. Target cell: K 562. Data are mea8&M of six sim-
ilar experiments

received PTX. The macroangiopathic patients were divided into three

groups:

Group 1: patients not receiving PTX therapy,15.

Group 2: patients receiving PTX therapy for less than 1 year (mean,

0.7 years)n=19.

Group 3: patients receiving PTX therapy for more than 1 year (range 50 -

1-10 years; mean, 3.6 yeans¥28. |
PTX was administered in an oral dose of 800-1200 mg/day, divid- 44 |-

ed into three parts. Factors affecting NK cell activity, such as immun-

R onn = 12n 1h KRRKA 20

no PTX

osuppression, diabetes mellitus, major depression, autoimmune dig-
eases and virus infections, were excluded. These patients wele 3o 2%
examined in the preoperative diagnostic period. s
: ,{/’ 3
10 %55 = R
Results s = :
RS =7
. L 0 —
In vitro effect of PTX on NK cell activity 50:1 25:1
E:T ratio

Figure 1 demonstrates the results relating to the in vitro Nfg. 3 Time-dependence of the effect of PTX during the NK cell re-
cell Cytotoxicity in hea|thy volunteers. The presence gf;tion. PTX was added to the reaction at 0 min or 0.5, 1 or 2 h after

; P ixing the effector and target cells. Supernatants were collected after
PTX at a concentration of 100 ug/mi Slgnmcamlﬂ]-h incubation. The E:T ratios were 25:1 and 50:1. The data are

(P<0.0001) suppressed the NK activity against K 562 tafeanstSD of three similar experiments
get cells at all E:T ratios.
The effect of PTX on NK activity was demonstrated to

be concentration-dependent (Fig. 2). A PTX concentration As concerns the time-dependence of the effect of PTX,

of 10 pg/ml was still ineffective, while a concentration af was found that PTX suppressed the cytotoxicity at all

200 pg/ml decreased the cytotoxicity by+3&%. The stages of the 4-h reaction (Fig. 3).

concentration of 100 pug/ml was chosen for further experi-

ments because our previous studies suggested that this was

optimal from the point of view of the inhibition of TNFEffect of PTX on ICAM-1 expression

production (Mandi et al. 1995). This concentration de-

creased the cytotoxicity by #8.5% (X+SEM of six ex- Intercellular adhesion molecule-1 plays an important role

periments). in binding the effector cells to the target cells. Chong et al.
(1994) reported that specific cell adhesion molecule inter-
actions can provide costimulation to enhance the natural
cytotoxicity in NK cells. We therefore investigated the ef-
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Fig. 4a—d Apoptosis of K 562 target cells, as analyzed by flowus apoptosis of K 562 cells labeled with Annexin V and propidium-
cytometry. The effector cells were incubated with the target cells foio#lide. c Fluorescence intensity of target cells due to the NK cell re-
h with or without PTX. The E:T ratio was 104 Target cells were action without PTXd The same as c, but with PTX at a concentration

gated according to their sizeQ and shapeSSQ. b The spontane- of 100 pg/ml

fect of PTX on the ICAM-1 expression of K 562 targeEffect of PTX on target cell apoptosis
cells. Flow cytometric analysis revealed that K 562 cells
exerted a considerable expression of ICAM-1 on their sépoptosis was detected through the changes in cell mem-
face. PTX did not influence the fluorescence intensity oflitane structure via Annexin V labeling (Koopman et al.
562 cells after a 4- to 18-h pretreatment at the concentt@94; Vermes et al. 1995). Annexin V binds specifically to
tion used in the NK cell reaction. In five separate expephosphatidylserine (Andree et al. 1990) while propidium-
ments with or without PTX the mean fluorescence intensitdide is a DNA-binding fluorochrome. Among the double-
was 44.810.3 as well. Accordingly, it seems that PT)tained cells, the cells undergoing apoptosis were repre-
does not inhibit the binding of the effector cells to the targagnted in the lower right quadrant in flow cytometric
cells. measurements, exhibiting considerable green fluorescence
(FL1). Necrotic cells stained by Pl were represented in the
upper right quadrant, exhibiting red fluorescence (FL2).
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tients receiving no PTX therappX15); Group 2 patients receiving
PTX therapy for less than 1 year=(Q9); Group 3 patients receiving b
PTX therapy for more than 1 year=@8). The E:T ratios were 50:1,
25:1 and 12.5:1. The data are mea8®. *Significant relative to the IS

healthy controlsF#<0.005)

Only a small proportion of the K 562 cells (5%) displaye
spontaneous apoptosis (Fig. 4b). When these cells were ]
cubated with lymphocytes in a ratio of 10:1, 15.8% of tf =8
target cells were apoptotic (Fig. 4¢). It should be noted tt ]
K 562 cells were gated from lymphocytes according
their forward scattering (FSC) and side scattering (SS o]
because of the differences in size and shape. Only gate
562 cells were investigated further. In the presence of P1 ] M1

the apoptotic proportion decreased to 8.5% (Fig. 4« 1 1 )
Therefore, we presume that PTX inhibited the apoptosis 3-_ I i

Counts

the target cells in the NK cell reaction. In contrast, in seg ]
rate experiments PTX did not inhibit the camptothecin-ii 1
duced apoptosis of K 562 cells (data not shown). ol T A . .
10° 10" R
FL2-Height

In vivo effect of PTX on NK cell activity ) o i
Fig. 6a,b Determination of CD56+ cells in mononuclear cedl®ot-

. - . lot analysis of mononuclear cell population according to FSC and
Figure 5 demonstrates the cytotoxicity reactions of cert%@c by FACStar Plus (Becton-Dickinsoh)CD56 expression on

groups of macroangiopathic patients. The NK cell activityiononuclear cells. The figure presents the results obtained by analy-
in patients to whom PTX had been administered for maosig of the mononuclear cells of a healthy blood donor, a typical repre-
than 1 year was significantlyp€0.005) lower than that in sentative of ten similar experiments; mean fluorescence intensity 56.7
healthy blood donors at all E:T ratios (2012.4% at an

E:T ratio of 50:1). In patients who received PTX therapy

for less than 1 year, the difference in cytotoxicity was not

significant £>0.05; 25.314.3%). The cytotoxicity in the 53.6% (15 of 28), respectively, of the patients exhibited a
patients not receiving PTX therapy (3512.5%) did not decreased NK cell activity.

differ from that in the healthy controls (33111.2%); it

may therefore be stated that the presence of vascular dis-

ease does not influence the NK cell activity. Cytotoxicitpetermination of the number of NK cells

values below 20% were regarded as reflecting a decreasgettie peripheral blood

cytotoxicity. In the macroangiopathic group not receiving

PTX therapy, none of the patients displayed a decreasedldye number of CD56+ NK cells was determined by flow
totoxicity. In the groups of patients receiving PTX theramytometric analysis. Figure 6a depicts the results of a typi-
for less than 1 year or for 1-10 years, 42.1% (9 of 19) azal dot-plot analysis of mononuclear cells originating from
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a healthy blood donor, while Fig. 6b presents the histograey cell line; Nagy and Mandi 1998). The PTX concentra-
obtained after the staining of these cells with PE-conjugtion of 100 ug/ml was chosen because this was the most ef-
ed CD56-antibodies. A total of 13.5% of the mononucleactive in previous studies relating to the inhibition of TNF
cells were positively stained with the antibody. A compagproduction (Mandi et al. 1995). PTX significantly de-
son of the results with those of an analysis of cells originateased the apoptosis of target cells. Contradictory data
ing from macroangiopathic patients treated with PTX ftiave been published concerning the effect of PTX on
more than 1 year revealed no significant difference as capoptosis (Belloc et al. 1995). In our experiments, PTX had
cerns the percentage of CD56+ cells: 33.8% in healthy no effect on the apoptosis of K 562 cells induced by
volunteers vs. 12481.6% in the PTX-treated group<10 camptothecin (unpublished data), but it exerted an inhibito-
in each group). It can therefore be presumed that the deeffect on target cell apoptosis during the NK cell reac-
crease in NK cell activity observed after long-term PT¥on. In this reaction, the target cell death due to the NK cell
therapy is not due to a decrease in the NK cell numberaitivity was inhibited by PTX; this could be detected either
vivo, but rather to a direct effect of PTX on NK cells. on the basis of!Cr release or by examining the apoptosis
of target cells. It is noteworthy that in parallel experiments
there was a moderate production of TNF by lymphocytes
i i incubated together with K 562 cells (60—100 u/ml), but this
Discussion production decreased in the presence of PTX (010 u/ml).
Flow cytometric analysis revealed that K 562 cells ex-
Pentoxifylline is applied in the treatment of many differemrted a considerable expression of ICAM-1 on their sur-
systemic disorders (Ely 1994; Samlaska and Winfieldce. PTX did not influence the fluorescence intensity of K
1994). Its beneficial effect has been demonstrated maiBB2 cells after a 4- to 18-h pretreatment at the concentra-
in chronic obliterative arterial diseases (Poggesi et abn used in the NK cell reaction. Neuner et al. (1997) re-
1985), cerebrovascular insufficiency, hypercoagulation, gierted that pentoxifylline in vivo and in vitro down-regu-
abetic retinopathy, autoimmune diseases, Graves ophthdhates the expression of ICAM-1 in monocytes, but in our
opathy (Balazs et al. 1997) and andrological conditioagstem the ICAM-1 expression was investigated on K 562
(Jayaprakash et al. 1997). The numerous immunologicells, which is not a monocytic cell line. The effect of PTX
effects of PTX (Balazs and Kiss 1994) include the inhibdn the ICAM-1 expression might be dependent on the type
tion of TNF production (Doherty et al. 1991) and the actif cell. In addition, Neuner et al. applied a higher concen-
vation of granulocytes (Hammerschmidt et al. 1988; vamation of PTX (200 pg/ml).
Leenen et al. 1993). The in vitro effect of PTX on NK cell In the NK cell reaction, the effect of several signal
activity was first reported by Reed and DeGowin (1992)yechanisms and mediators lead to the death of target cells
who found that the suppression of NK cell activity by PTEArase et al. 1995; Berke 1995; Oshimi et al. 1996; Moretta
occurred at drug concentrations higher than those achiet®87). The apoptosis of target cells and the TNF produc-
in patients, and appeared to be mediated by an increas#oim by effector cells are only parts of this process, and it
prostaglandin Eproduction from PBMCs. seems that PTX can inhibit both. The possibility of further
As far as we are aware, the present report is the fieffiects of this drug that could result in the suppression of
publication concerning the modulation of cytotoxicity biNK cell activity remains an issue to be solved in the future.
PTX during chronic administration to macroangiopathic Our investigations indicate that PTX suppresses the in
patients. The NK cell activity was significantly lower irvitro NK cell activity to a considerable extent, but also that
macroangiopathic patients receiving PTX therapy for maitee NK cell activity of patients chronically treated with
than 1 year. Peak plasma drug levels in patients receivifibX is significantly lower than that of untreated patients. It
oral doses of 400 mg PTX are reported to range from @&h therefore be concluded that the suppression of NK cell
ng/ml up to more than 1000 ng/ml (Reed and DeGowaativity by PTX should be taken into consideration in clini-
1992); at that concentration, no demonstrable effectscal diseases where this drug is administered chronically.
PTX on NK cell activity were manifested. We hypothetize
that the plasma concentration of PTX during chronic aficknowledgement We thank Mrs. Muller for excellent technical
ministration might not be the same as that on the surfac&gfstance:
the leukocytes and in the tissues. Just because of the differ-
ences in PTX concentrations present in vitro and in vivo,
we presume that a longer administration of PTX would References
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