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Lectin stimulation of human peripheral blood amononuclear cells causes an 
increase in neopterin, biopterin, 6-hydroxymethylpterin and 6-formylpterin, 
as was determined by HPIC after iodine oxidation of the acid extract. After 
72 h, pteridines peak at levels S-10 fold as compared to resting cells. Le- 
vels decline to initial values during the following 24 h. Changes in pteridi- 
ne prcportions indicate that the synthesis of tetrahydrobiopterin proceeding 
from dihydroneopterin triphosphate is controlled during the process of lym- 
phocyte activation. The release of both cellular neopterin and bicpterin, but 
not of 6-hydroxymethylpterin and its aldehyde, is controlled by interferon-y. 
CI 1985 Academic Press, Inc. 

The screening of urinary neopterin and biopterin levels during neoplasia, 

viral infections, autoimmune diseases, and allograft rejection had indicated 

that the activation of T-lymphocytes is associated with the production of 

pteridines (1,2). Evidently, these pteridines are derived from the immunopro- 

liferating cells. Macrophages were identified as the source of neopterin. Its 

release is triggered by IFN-y '(3,4). Biopterin was sixxvn to accumulate in 

the pbmc, e.g., during graft versus host reaction (5,6). In the first in vit- 

ro model the kinetics of pteridine accumulation in lectin stimulated mouse - 

spleen lymphocytes were recorded (7). The formation of biopterin, 6-hydroxy- 

methylpterin and 6-formylpterin is an early event and precedes the onset of 

DNA synthesis; neopterin is lacking in these cells of non-primate origin. The 

increase of GTP-cyclohydrolase activity in mononuclear blood cells analyzed 

five days after lectin stimulation (8) further indicates that pteridine bio- 

synthesis takes place in these proliferating cells. In order to gain a closer 

lAbbreviations: IFN- y = interferon-Y ; pbmc = peripheral blood mononuclear 
cells; PHA = phythemagglutinin ; Con A = concanavalin A; PMA = phorbol 12-my- 
ristate 13-acetate; IL-2 = interleukin 2. 
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understanding of the changes ocurring during stimulation of human pbmc the 

present investigations addressed the kinetics of pteridine formation after 

lectin stimulation of these cells. 

Previous experiments had shown that some reduced pterins modulate the rate 

3 
of [ H 1 thymidine incorporation in lectin stimulated mouse spleen lym- 

phocytes (9) and, particularly, the activity of IL-2 (10). A possible media- 

tor function of pteridines depends upon their previous release from pteri- 

dine-synthesizing cells. Therefore, as a second topic the role of IFN-y in 

ccntrolling the release of pteridines from human pbmc was included in our 

studies. 

MATEHIALS AND METHODS 

Stimulation and cultivation of pbmc. Cells were isolated from heparin an- 
ticoagulated blood by the Ficoll-Hypaque centrifugation method (11). Lectin 
stimu5lation was started with 40-60 ml batches in Falcon flasks containing 7.5 
x 10 cells/ml. Medium composition and culture conditions are described in 
(9). Optimum activation was achieved at concentrations of 3-10 ug/ml with Con 

A, at 2-9 ug/ml with PHA dependent on the donor. The activation rates declip 
ed above and below these values. The data in Figs. 1 and 2 were obtained from 
10 independent experiments. 

Harvesting of the stimulated cells, incubation with IFN-yand anti-UN-y 
At the periods indicated [JHIthymidine incorporation was determined in 206 
ul aliquots as described in (9). The cultures were labelled with 1 uCi/well 
(0.4 Ci/mmol). After determination of viable cell counts, 6-S ml aliquots 

were used for pteridine analysis. The centrifuged and washed cells were kept 
at -2oQz. In separate experiments cells were resuspended in phosphate buf- 
fered saline (Dulbecco; lacking ca" and Mg"), at a density of 1 x 106 
cells/ml and incubated with IFN-y , (from PMA stimulated pbmc; Fa. Biotest, 
Frankfurt), and with polyclonal anti-IFN-y(Fa.Paesel, Frankfurt), respective- 
1Y. Subsequently, cells were separated by centrifugation. The supernatants 
were lyophilised and both fractions were stored at -2Oq. The data in Fig. 
3 were obtained from 6 independent experiments. 

Identification and quantitative determination of pteridines by reverse 
phase HPL&. The method is described in (7). Briefly, the oxidized pteridines 
were pre-purified by Dowex H+ ion exchange chromatography, separated by 
reverse-phase HPLC (H3PO4(3 rM)/7% (v/v) methanol/l% (v/v) acetonitrile 
as mobile phase ) , and monitored by their fluorescence at 450 nm (excitation 
wavelength 350 nm). 

HESULTS 

Kinetics of pteridine formation during lectin activation. A typical HPLC 

elution profile of pteridines from activated mouse spleen lymphocytes is pre- 

sented in (7). The murine pteridines, biopterin, 6-hydroxymethylpterin and 

6-formylpterin, were also identified in human pbmc. Again, the latter pteri- 
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dine composed about 15 % of the carbinol and for reasons already described in 

(71, both the aldehyde and the carbinol were considered jointly in the data 

given below. In addition to the murine pteridines human pbmc are characteriz- 

ed by neopterin. 

The pteridine concentrations of resting cells, kept in medium remain 

approximately at the same low levels which are depicted in Fig. 1 for time 

zero. After a period of 48h they finally fall, probably due to decay. Lectin 

stimulation of the pbmc causes a marked increase in all pteridine fractions. 

Their levels reach a maximum at 72 h and drop to the initial values within 

the subsequent further 24 h. Thus they increase, peak, and decline earlier 

than DNA synthesis. 

A closer data analysis reveals that the relative amounts of the three 

pteridine fractions are changing during the course of the activation period. 

Fig. 2 shows their of the percentage distribution. Neopterin comprises about 

1 
101 0 

L 0 2 20 LO 60 80 1 
hours 

Fig.1. Pteridine levels and DNA synthesis in lectin stimulated human 
pbmc. - neopterin: M biopterin: - 6-hydroxymethylpterin + 
6-formylpterin. x...*-x [3Ii]thymidine incorporation. z S.D. 

Fig.2. Proportions of pteridines during lectin stimulation of human 
pbmc. M neopterin: - biopterin; - 6-hydroxymethylpterin + 
6-formylpterin. 1 S.D. 

0 
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80% during the first period of activation but drops to nearly half of this 

value in the following period. Concomitantly, the proportion of the other 

pteridines, especially of biopterin, is increasing markedly. In each of the 

experiments, lowest percentage contribution of neopterin coincided with the 

climax of pteridine accumulation after 72 h. 

Control of pteridine release by IFN-y . Initially, attempts were made to 

quantitate the pteridines in the culture medium to which IFN-y and anti- 

IFN-Y, respectively had been added. However, FtPMI 1640 medium contains gross 

amounts of interfering fluorescent compounds which could not be eliminated by 

the pre-purifaction procedure. Moreover, fetal calf serum itself introduces 

high levels of biopterin (7). Therefore, this allows only a rough estimation 

of pteridine release from the activated cells into the medium. Pilot tests 

indicated that the exposure of activated cells to phosphate buffered saline, 

containing IFN- y (100 U/ml) and anti-IFN-y (0.02-1.0 ug/ml), respectively, 

during a period of 3 h yielded results comparable to those obtained with the 

multicomponent standard medium. Noreover, the use of phosphate buffered sa- 

line yielded clear separation and quantitative determination of the pteridines 

by HPIC, provided the supernatants were processed in the same way as the 

cells (7). 

Fig. 3 shows the action of IFN- y on the release of pteridines from the 

activated cells. Case "a" of each panel depicts the pteridine levels of the 

freshly harvested cells. Cases 'b" illustrate the amounts of cellular and of 

supernatant pteridines after incubation with IFN-y . Cases "c" show their 

levels in the absence of IFN-y : additionally the endqenous lymphokine was 

neutralized by anti-IFN-y. It is evident that substantial amounts of neopte- 

rin (left panel) and biopterin (central panel) are released by the addition 

of IFN-y . Its antibody abrogates this effect. It is calculated that under 

our experimental conditions the IFN-Y induced release renders the medium 2-8 
-9 

x 10 M with respect to both pteridines. Their cellular levels are not re- 

duced after this period. It is therefore concluded that new pteridine synthe- 

sis had occurred during exposure of the cells to IFN-y. 
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EIOPTERIN 
6- HYOROXYMETHYLPTERIN 
+ 6 - FORMYLPTERIN 

16.0 

E&L Action of IFN-y on pteridine release from lectin stimulated human 
. a = cells after harvesting from the medium: b = incubation with IFN-y 

for 3 h; c = incubation with anti IFN- y for 3 h. For details see Materials 
and Methods, and Results. 

cellular pteridines: 
l-l 

pteridines from supernatant; S.D. 

Contrarily, addition of IFN- y as well as the antibody to phosphate 

buffered saline causes a release of 6-hydroxymethylpterin and its aldehyde. 

Therefore it is concluded that IFN-y is not responsible for the release of 

these pteridines. The data indicates that the elimination of this lymphokine 

may possibly cause an increase in the cellular levels of these pteridines. 

The short-term IFN-y -induced release of biopterin and neopterin describ 

ed above occurs only in activated pbmc, but not in resting cells which had 

been kept in medium for periods of 2-4 days. After their expsure to phos- 

phate buffered saline or to IFN-y, a fraction of the pteridines is transported 

into the supernatant but the total amounts remain at the same low levels as 

described above. 

DISCUSSION 

These experiments demonstrate the kinetics of pteridine accumulation dur- 

ing activation of human pbmc for the first time. The inrease, culmination and 

decline of their pteridine levels precede the respective phases of DNA syn- 

thesis. Samples collected after an activation period of only five days may 
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explain the low biopterin levels reported elsewhere (8). Our data show that 

the pteridine formation in human pbmc coincides with the period of their IL-2 

production (cf. 12). This provides the basis for the modulating effect of tet- 

rahydrobiopterin on the activity of this lymphokine (lo), finally resulting 

in the enhancement of lymphocyte proliferation (9). Neopterin and dihydrone- 

opterin were shown to lack such an effect (9). 

A positive modulation was found to be dependent on a subtle interrela- 

tionship of both the lymphokine and the tetrahydrobiopterin concentrations 

f!J,lfJ). Therefore, control of pteridine biosythesis and release is an essen- 

tial prerequisite for achieving optimum concentration. First indications for 

such control steps are obtained. Pbmc activation entails increased activity 

of GTP cyclohydrolase activity (8) and thus initiates increased production of 

dihydroneopterin triphosphate: it still remains undetermined whether this is 

due to an enzyme activation or to enzyme synthesis. After elimination of the 

triphosphate group dihydroneopterin may either proceed to tetrahydrobiopterin 

(cf. 13) or be released in the reduced (14) or in the oxidized form (1) , res- 

pectively. Elimination of excess pteridine may cccur at this step. nuring 

further progress of tetrahydrobiopterin synthesis, sepiapterin reductase is 

presumed to catalyze the reduction of the subsequent intermediate 6-pyru- 

voyl-tetrahydropterin (cf. 13). The data presented above, indicate an accele- 

ration of this pathway during the first 72 h in that increasing proportions 

of dihydroneopterin convert to tetrahydrobiopterin. Information on regulatory 

properties of sepiapterin reductase is needed to explain a further possible 

step of control. 

IFN- y plays a regulatory role in that both neopterin (3,4) and biopterin 

release is triggered by this lymphokine. Additionally, increases in macropha- 

ge GTP cyclohydrolase activity and in intracellular neopterin levels were as- 

cribed to the action of IFN-y (15). The mitogen induced increase in cellular 

pteridines may possibly operate via IFN- y which is produced by the acti- 

vated T cells (cf. 12). At present, a more immediate action of lectins can 

neither be substantiated nor be excluded. Feedback inhibition by tetrahydro- 
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biopterin is reported for GTP cyclohydrolase from rat tissues (16). Therefore, 

IFN- Y induced release of this pteridine should eliminate its effect. 

This may contribute to the increase in total (intracellular + released) 

amounts of pteridines and may cooperate with a more immediate activation of 

pteridine synthesis by lectins. 

In contrast to biopterin and neopterin, the release of 6-hydroxymethyl- 

pterin and its aldehyde is not controlled by IFN-Y . Their distinct character- 

istics and possible, synthetic pathway is discussed in (7) and is currently 

under study. Using Ll210 mouse leukemia cells it was shown that transport of 

6-hydroxymethylpterin is energy-dependent (17). Additional experiments have 

to decide whether the efflux of the carbinol and its aldehyde is only depen- 

dent on concentration gradients or whether it is controlled by other than 

IFN-Y lymphokines. 
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