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Abstract-In the present study we investigated in oiho the effect of human serum albumin (HSA) on 
receptor-stimulated CAMP production in isolated human peripheral blood mononuclear cells (PBMC). 
The CAMP production is strongly correlated with the pH of the medium during long incubations with 
albumin. Adenylate cyclase is stimulated by receptor agonists like histamine, forskolin, prostaglandin 
Er and the j&adrenergic agonist isoprenaline, in the presence or absence of HSA. This protein, at 
concentrations above O.l%, dose-dependently inhibits both basal and agonist-stimulated CAMP levels 
in PBMC. In the presence of 0.5% HSA a significant reduction of 30-60% (cell batch dependent) is 
induced, a reduction which is not incubation time dependent. Washing the cells after a period of 
incubation with 2% HSA does not reverse the HSA-induced CAMP inhibition. Oleic acid-evoked 
conformationat changes in HSA were not capable of influencing the inhibition processes of HSA on 
the isoprenaline-stimulated CAMP production. Structure-controlled interactions between HSA and 
membrane or adenylate cyclase are therefore unlikely. Bovine serum albumin and chicken albumin had 
different effects upon the agonist-stimulated CAMP production as compared with HSA. At this moment 
no explanation for this behavior can be provided. The findings indicate that albumin may inhibit non- 
specifically CAMP production in PBMC and possibly influences membrane-~ntrolIed processes. 

The mechanism of the signal transduction pathway 
in mammalian cells is quite complex. Part of the 
early route in this process is protein controlled. The 
adenylate cyclase complex consists of several proteins 
responsible for signal transport and amplification. 
Among the different types of stimulatory receptors, 
the Badrenergic receptor proteins are linked to 
guanine nucleotide binding proteins (G-protein@), 
which in turn are coupled to adenylate cyclase [l]. 
The active site of the transmembrane protein 
adenylate cyclase is located in the ~topl~matic 
region of the membrane. The adenylate cyclase 
complex induces variation in cAMP levels and these 
fluctuations are pivotal for the regulation of cell 
function. The ability of albumin to deregulate 
different cellular processes has been established [2- 
8]. Involvement of the regulatory pathway stimulated 
by CAMP has been suggested [8]. In vitro mechanistic 
research on receptors is mostly performed with 
straightforward model studies, omitting every 
possible interfering substance and consequently not 
studying the involvement of extracellular medium 
conditions. When, however, cell viability or function 
changes, nut~tion~ additives often include serum. 
For some reason the possible effects of serum 
addition or omittance are frequently not investigated 
Moreover, the complex composition of serum 

* Corresponding author. 
$ Abbreviations: HSA, human serum albumin; BSA, 

bovine serum albumin; PGE*, prostaglandin Es; PBMC, 
peripheral blood mononuclear cells; G-protein, guanine 
nucleotide binding protein; IBMX, 3-isobutyl-l-methyl- 
xanthine. 

prohibits detailed mechanistic studies. However, the 
absence or presence of serum products in nutrient 
buffer solutions may cause strong differences in the 
potencies of certain drugs [3,4]. Although many 
reports show substantial evidence for interference 
of the major serum protein albumin with cellular 
events like proliferation, differentiation and trans- 
formation [2,5,9, lo], the role of albumin in cellular 
signal transduction is largely unknown. 

Serum albumin has high affinity sites for fatty 
acids and therefore traps efficiently fatty acids 
released from cell stores. Arachidonic acid metab- 
olism is linked with bovine serum albumin (BSA) in 
macrophages (2% BSA) and in human lung 
flbroblasts (0.2% BSA) [2,3]; hormone production 
in Leydig cells is affected by extracellular fatty acid 
binding to human serum albumin (HSA) [lo]. 
Affinity of prostaglandin receptors in rat epididymal 
adipocyte membranes is modulated by BSA [ 1 l] and 
the prostaglandin synthesis itself is additionally 
related to the trapping of fatty acid in fibroblasts 
[3]. Mammalian cell membranes are primary stores 
of lipids and therefore interactions with high affinity 
fatty acid binding proteins like albumin may induce 
m~i~cations of the internal characteristics of the 
membranes. The high concentration of albumin in 
the plasma surrounding the cells makes interactions 
even more likely. 

In this study we investigated the influence of HSA 
on the membrane-bound adenylate cyclase of human 
peripheral blood mononuclear cells (PBMC), and 
tried to link it with previously reported fatty acid- 
induced conformational changes in the overall 
structure of HSA. Oleic acid was used to examine 
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Fig. 1. The effect of stimulation time on isoprenaline (10e6 M)-stimulated CAMP production in PBMC 
in the presence of 0.5% HSA ( ---) or in the absence of HSA (---). Data are corrected for basal 

CAMP values in the presence or absence of HSA. 

the effect of conformational transitions in HSA on 
CAMP production in PBMC. The receptor-mediated 
stimulation of the CAMP production process was 
studied by means of histamine, prostaglandin Es 
(PGEz) and the /I-adrenergic agonist isoprenaline. 
Forskolin, a direct adenylate cyclase activator, was 
used to bypass the receptor. Consequences of the 
observed behavior of HSA and the cell membrane 
are discussed. 

MATERIALS AND METHODS 

HSA was isolated from pooled human plasma 
according to the method described by Kremer [12]. 
BSA, chicken albumin and all other chemicals were 
of the highest analytical grade (Pharmacia, Uppsala, 
Sweden; Janssen Chimica, Beerse, Belgium; Sigma 
Chemical Co., St Louis, U.S.A.). Chemicals and 
albumins were dissolved in the incubation medium 
(RPMI-1640). Solutions prepared for incubation 
experiments were pH adjusted and sterilized through 
a 0.22 pm filter. 

PBMC were isolated from buffy coats (Bloodbank, 
Utrecht, The Netherlands). Cells were harvested 
from the interface layer of a Ficoll-Hypaque gradient 
centrifigation (20min, 1OOOg). After three wash 
sequences (10 min, 5OOg) with RPMI-1640 (pH 7.60) 
supplemented with Hepes (25 mM), sodium bicar- 
bonate (10 mM) and gentamycine (0.005% w/v), 
PBMC were resuspended at 5 Xl@cells/mL. Pre- 
incubations with or without albumin or oleic acid 
were performed in a COz-incubator (5% CO2/95% 
air) for a maximum of 20 hr. After the pre-incubation 
period the cells were concentrated at 2 X lO’cells/ 
mL with or without washing and the first supernatant 
was used for pH control. Adenylate cyclase 
stimulation by histamine, isoprenaline, PGEz, 
forskolin and aluminium fluoride (AIF, in buffered 
salt solution without calcium and magnesium) was 

established by incubating at 37” for 6 min in a shaking 
water bath, in the presence of 0.5 mM 3-isobutyl-l- 
methyl-xanthine (IBMX), in a final volume of 
200 pL. Basal control experiments on both albumin 
pre-incubated and non-albumin pre-incubated cells 
were performed without stimulant. Metabolic 
processes were stopped and cells were lysed by 
heating at loo” for 6 min. Precipitated protein was 
pelleted by centrifugation (15 min; 1500 g) and the 
supernatant was used to measure accumulated CAMP 
by means of a competitive protein binding assay 
(Amersham, U.K.). Presence of HSA at maximal 
experimental concentration did not disturb CAMP 
levels in the assay. 

At all times, viability was accounted for using 
trypan blue exclusion (>95%). Binding of agonists 
to albumin was measured with equilibrium dialysis 
as described by Bos et al. [13]. Binding of CAMP to 
albumin was verified by means of adding controlled 
amounts of CAMP to albumin. Results are presented 
as means +: standard deviation (SD) of triplicate 
determinations. 

RESULTS 

The time course of CAMP production after 
stimulation of PBMC with agonists in the presence 
of IBMX very rapidly reaches a plateau (Fig. 1). 
The presence of HSA only induces a constant 
decrease in CAMP accumulation with time. There- 
fore, a stimulation period of 6min was considered 
to be sufficient. The high number of cells, necessary 
due to the limitations of the CAMP assay and the 
resuspension in the incubation medium prepared 
according to manufacturing prescription, induced a 
decrease in pH from 7.4 at time zero to 7.2 after 
20 hr (Fig. 2A). Figure 2B shows basal and 
isoprenaline-stimulated CAMP production after 0 
and 20 hr incubation in a comparable experimental 
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Fig. 2. Panel A: effect of incubation time of PBMC on pH in RPMI-1640 supplemented with 20 mM 
Hepes and 10 mM sodium bicarbonate. The initial pH was 7.40. Cell concentration was 5 X lob cells/ 
mL. Panel B: under similar conditions as in panel A, the graph shows the effect of variation in starting 
pH on isoprenaline-stimulated CAMP production in PBMC after a 0-hr (open symbols) and 20-hr 
(closed symbols) incubation period. Cells were concentrated at 2 X 107cells/mL, incubated with 
isoprenaline (low6 M) and consequently assayed for CAMP (circles). Basal values are control stimulations 

without isoprenaline (triangles). 

setup at different starting pH values. Below pH 7.35, 
isoprenaline-stimulated CAMP output is drastically 
lowered compared with basal levels. Above the 
physiological pH of 7.4 production stabilizes. 
Therefore additional buffer was added to the medium 
and the pH was raised to 7.60. The pH after a 20- 
hr pre-incubation with the buffer never dropped 
below 7.35. The new conditions also prevented 
disturbance of pH by concentrated HSA solutions. 

Increasing concentrations of HSA inhibited 
dose dependently isoprenaline-stimulated CAMP 
formation (Fig. 3). At 0.5% HSA the inhibition 
amounted to 40%. Fluctuation between cell batches 
was observed (blood donor differences); however, 
inhibition was never less than 20% at these HSA 
levels as compared with controls. Below 0.05% HSA 
no significant reduction in CAMP production was 
observed. Data were corrected for basal CAMP 
levels. Variation in incubation time (3 and 20 hr) 
did not influence the inhibition. 

Direct stimulation with zero time preincubation 
also shows this repression (Fig. 4). Basal CAMP 
values were reduced by the same percentage. Above 
an albumin concentration of 1% denaturation of 
protein during cell lysis prohibited execution of the 
CAMP assay. Therefore, cells were washed with 
fresh medium after a 2% albumin preincubation of 
20 hr. Similar reductions in CAMP levels were 
observed when PBMC were stimulated thereafter 
with isoprenaline and PGEr. However, washing the 
cells reduced metabolic processes and viability 
resulting in lower CAMP values. As inhibition was 
not affected, washing was omitted in further 
experiments. Only negligible binding of CAMP to 
0.5% albumin was found after the denaturation step 
(data not shown). 

Variation in the fatty acid to albumin ratio in the 
presence of a constant 0.5% albumin concentration 
had no effect on CAMP levels (Fig. 5). Results of 
agonist stimulation of different receptors linked to 
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Fig. 3. Effect of various concentrations of HSA at 3 hr (open bars) or 20 hr (hatched bars) on CAMP 
formation after isoprenaline (10h6M) stimulation of PBMC, corrected for basai CAMP. The values 
represent the means + SD of triplicate determinations. The percentage inhibition at higher HSA 

concentrations varied between 20 and 60% as compared with controls. 

Comparison of albumin from different species 
(HSA, BSA and chicken albumin) at the same 
concentration (0.5%) showed ape-dependent inhi- 
bition of CAMP (Table 1). BSA was more effective 
than HSA, whereas chicken albumin induced 
almost no reduction in CAMP. After a 20-hr 
incubation period the inhibitory differences almost 
disappeared. 

the adenylate cyclase complex after exposure of 
PBMC to albumin are shown in Fig. 6. Direct 
stimulation in the absence and presence of 0.5% 
HSA by histamine, PGEr and isoprenaline reduced 
CAMP accumulation by 20 to 50%. Stimulation by 
forskolin, a direct adenylase cyclase activator, gave 
similar results. The CAMP production in all cases 
showed a dose-dependent relationship. It can thus 
be seen that HSA induced comparable and non- 
selective percentual inhibitory effects with all the 
agonists used. Although the reduction varied 
between cell batches, it amounted to 20-60%. The 
agonist AlF; (10-3-10-2 M NaF/lO PM AlC13), a 
stimulator of G-proteins, has no influence on CAMP 
production, either with or without albumin. 
~uilib~um dialysis with relevant concentrations of 
albumin and agonists revealed no significant binding, 
except for isoprenaline. Dialysis experiments in the 
presence of isoprenaline were impossible due to 
instability of the drug. 

DISCUSSION 

Our present findings demonstrate that HSA at a 
concentration of one tenth of the plasma con- 
centration inhibits in vitro basal and stimulated 
CAMP production in PBMC. Increasing the albumin 
concentration does not increase the inhibitory effect. 

Although comparable with CAMP me~urements 
by Van Oosterhout and Nijkamp 1141, in the present 
study the use of high cell concentrations in 
combination with a large dose of HSA caused pH 
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Fig. 4. Influence of HSA and incubation time on basal and isoprenaline-stimulated (10e6M) CAMP 
production in isolated PBMC. Cells were incubated with (hatched bars) and without (open bars) 0.5% 
HSA for 0 and 20 hr at 37”. Basal values represent control stimulations without isopenaline. Delta 
symbolizes CAMP data corrected for basal values. Data are expressed as means * SD of triplicate 

determinations. 
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Fig. 5. Effect of variation in the fatty acid to albumin molar ratio in the presence of 0.5% HSA on 
isoprenaline-stimulated CAMP production. PBMC were incubated for 20 hr. concentrated by 
centrifugation, remaining supernatant was diluted five times with fresh medium to reduce oleic acid 
concentration, cells were resuspended to 2 X lO’cells/mL and thereafter stimulated with (hatched bars) 
or without (closed bars) isoprenaline (lo-” M). Data are expressed as means 2 SD of triplicate 

determinations. 
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Fig. 6. The influence of HSA (0.5%; hatched bars) on histamine-. PGE,-, isoprenaline- and forskolin- 
stimulated CAMP production, corrected for basal; CAMP, in freshly isolated PBMC. Basal CAMP 
values were 1.73 * 0.28 and 0.35 -C 0.17 pmol cAMP/million cells in the absence or presence of HSA. 
respectively. Control stimulations are performed without HSA (open bars). Results are expressed as 

means t SD of triplicate determinations. 
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Table 1. Effect of long and short preincubation of various albumins on stimulated CAMP production in 
PBMC 

Albumin 
(OS%) 

Isoprenaline 

Ohr 20 hr 

Histamine PGE, 

Ohr 20 hr Ohr 20 hr 

Control loo c 6.7 100 I 10.5 100 rt 18.6 100 rt 13.2 100 + 2.8 100 c 9.5 
HSA 41.1 f 0.9 42.1 of: 4.4 54.8 r 3.3 96.4 + 3.6 52.0 + 2.6 58.9 t 0.6 
BSA 21.4 f 0.6 26.1 rf: 0.7 21.0 r 0.5 52.1 * 1.2 25.2 f 0.3 32.0 f 2.6 
Chicken 69.6 rt 3.2 26.7 ? 2.2 129 t 7.8 42.5 ?z 1.2 85.5 f 0.8 28.3 2 2.0 

Results are expressed as percentages of CAMP production by PBMC not incubated with HSA and are 
means C SD of triplicate determinations, corrected for basal vaiues. 

stabilization problems. The results show that pH is 
an important regulator of cell processes and should 
always be monitored. The modified medium provided 
the required experimental control of CAMP 
production. 

Abnormal cell function in the presence of albumin 
has already been observed [2-P]. It has been 
suggested that BSA in rat tracheal epithelial cells 
stimulated or inhibited cell proliferation dependent 
on its~ncentration [S]. These effects were attributed 
to inhibition of regulatory pathways stimulated by 
CAMP. Moreover, impurities present in albumin 
were presumed to be responsible for these activities. 
In contrast, our results on HSA-induced CAMP 
reduction with different receptor agonists seem to 
indicate that HSA influences the early part of the 
signal tr~sduction pathway, somewhere between 
receptor and adenylate cyclase. Albumin can bind 
large amounts of diverse substances and in that way 
can act as a transporter or trapper molecule [15]. It 
was suggested that impurities bound to albumin and 
resembling interleukin-l- and interleukin-3-like 
activities in lymphocytes (granulocytes and macro- 
phages, respectively [6,7]) were related to cellular 
responses. If such substances affect the cell system, 
then dissociation of these impurities from albumin 
and subsequent specific binding to a receptor will 
regulate subsequent signal transduction into the cell. 
However, if an impurity present on albumin is 
responsible for the observed inhibition of CAMP 
production, this substance should most likely interact 
solely with one receptor and larger differences should 
have been seen in the percentage reduction in the 
presence of albumin among the various receptor 
agonists used, compared with basal inhibition. 
However, the effects of isoprenaline, histamine and 
PGEz are inhibited similarly in the presence of HSA. 
This means that the inhibitory process for the studied 
adenylate cyclase receptors seems to evolve along a 
comparable non-selective mechanism. Nevertheless, 
albumin impurities interacting with other receptors 
linked to adenylate cyclase cannot be ruled out as 
having an indirect effect. 

The inhibition process could equally well be 
explained if agonist concentration was reduced 
through binding to HSA. However, equiIib~um 
dialysis demonstrated that binding of agonist to HSA 
never exceeded 5% in PBMC incubations (data not 
shown). Estimation of CAMP levels, based on agonist 
free fraction resulting from equilibrium dialysis, 
revealed no significant decrease in CAMP due to the 

presence of albumin. Therefore, mere binding of a 
drug to albumin probably cannot explain the 
experimental data. Binding studies of PGE2 to rat 
epididymal adipocyte membranes performed in 
the presence of BSA showed concentrations of 
unbounded PGE2 similar to our results [ll]. 
However, PGl$ binding to these membranes was 
enhanced and this could have quite opposite results 
for cAMP production. 

Interestingly, the exposure time after addition of 
HSA to the cells has no relation with the inhibitor 
events (Fig. 4). The process takes place immediately 
after albumin is added to the cells. Disturbed cell 
function or viability are therefore unlikely causes of 
the inhibition of CAMP production. Perhaps the fast 
reaction induces a direct interaction of HSA with 
the cell membrane, possibly influencing all kinds of 
membrane-embedded receptors [5]. 

Aluminium fluoride, a well-known activator of G- 
proteins [l&17], did not increase CAMP in PBMC 
(data not shown), either with or without albumin. 
The G-protein stimulator is normally used in 
experiments with membranous preparations or leaky 
cells [lS]. The result demonstrates that HSA does 
not function as a transporter molecule of aluminium 
fluoride. Furthermore, in the presence of albumin, 
there is no indication of perturbation of the cell 
membrane causing aluminium fluoride to exert its 
well-known action on the a-subunit of the GTP- 
binding protein. The role of the G-proteins in the 
inhibitory process of HSA on adenylate cyclase 
activity remains unclear. 

The agonists histamine, isoprenaline and PGEZ, 
the receptors of which are directly coupled to G- 
proteins trigger the same route of signal transduction. 
However, forskolin is able to activate directly the c- 
subunit of the effector enzyme adenylate cyclase 
f19,20]. Although the mechanism is not fully 
understood, it is clear from binding studies with 
[3H]forskolin that the complex of the activated a$- 
subunit of the G,-protein and the catalytic subunit 
of adenylate cyclase has a high affinity binding site 
for forskolin [21]. The exact location of this binding 
site is unknown. Most likely a conformational change 
is induced in the adenylate cyciase complex which 
controls simulated activity. Changes in membrane- 
bound protein environment, through the action of 
highly specific binding, are believed to influence 
membrane fluidity and lipid composition [22,23]. 
Vice uersa, alterations in the composition or fluidity 
of the membrane will have a major effect on the 
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activity of the catalytic adenylate cyclase complex 
[24]. A comparable process is found with sup- 
plemented polyunsaturated fatty acids in cellular 
systems [23]. HSA is capable of reducing the 
forskolin-stimulated direct route of CAMP activation. 
Moreover, without stimulation CAMP production is 
also inhibited. Therefore, albumin, a protein with 
high affinity for fatty acids [15], must have some 
interaction with the lipid bilayer of the membrane. 
Inhibitory effects of HSA on forskolin-stimulated 
CAMP production may partly prevent binding of 
forskolin to adenylate cyclase. This possible decrease 
in binding is supported by the intact inhibitory effect 
on CAMP production after a long incubation period 
with 2% HSA, followed by a thorough wash 
procedure. It implies that the interaction of HSA 
with the membrane is to some extent irreversible. 
However, albumin receptors have never been found 
in uiuo. Therefore, the interaction will be more 
controlled by capacity than by affinity. 

From previous work [lo, 25,261, the con- 
formational changes in HSA are considered to 
be involved in activation processes across cell 
membranes. To determine whether the overall 
structure of HSA is important in the inhibition of 
CAMP production, we studied the interaction of 
different ratios of oleicacid to HSA with isoprenaline- 
stimulated PBMC (Fig. 5). Oleic acid has no direct 
effect on the /3-adrenergic receptor-adenylate cyclase 
coupling mechanism [23]. Driige et al. [27] found, 
with fatty acid to HSA ratios above two, 
conformational alterations in HSA due to the binding 
of fatty acid to hydrophobic cores inside the protein. 
The observed equivalence in CAMP production with 
increasing oleic acid concentration contrasts with the 
presumed conformational changes occurring in HSA 
due to higher fatty acid levels. Therefore, the 
interaction of HSA with the cell membrane and the 
resulting effects on signal transduction cannot be 
explained by small changes in the structure of HSA. 
Interaction of the whole structure with the membrane 
seems to be important. Recently, Laursen et al. [5] 
suggested the possibility that albumin binding to a 
human breast cancer cell line could induce structural 
changes in the membrane, thereby deregulating the 
binding of growth factors to their surface receptors. 
For these reasons the distortion of membrane lipids 
and the consequent perturbation of membrane 
fluidity could explain reasonably well the changes in 
the binding behavior of the embedded receptor 
proteins or the activity of adenylase cyclase in 
PBMC. Nevertheless, an allosteric process in 
adenylate cyclase itself cannot be excluded. If this 
is the case, HSA probably interacts with the outer 
membrane part of the enzyme, thereby indirectly 
controlling activity at a distance by means of 
conformational changes in adenylate cyclase. 

It seems unlikely that structural aspects of albumin 
play a part in the overall transduction process, but 
the species dependence (Table 1) suggests this. From 
the similarity in amino acid sequence among the 
different albumins used, it may be expected that 
inhibitory actions on CAMP production will be 
identical. However, BSA and chicken albumin at 
the same concentration show quite remarkable 
activity differences. The 3-D structures of HSA 

and chicken albumin are not known, therefore 
explanations are speculative and further research is 
necessary. To see if inhibition of CAMP production 
is an albumin-specific process we performed some 
preliminary experiments with the unrelated protein 
casein showing comparable effects. Results are 
however unreliable due to solubility problems with 
this protein exerting side-effects on the CAMP assay. 

The question arises as to whether the inhibitory 
effects of albumin on the adenylate system are part 
of a general phenomenon of different cell types. 
Van Oosterhout (unpublished results) found no 
effects of BSA on isoprenalin-stimulated CAMP 
production in tracheal and epithelial cells. Very 
recently, it was found that phosphoinositide turnover 
in human platelets was drastically stimulated in 
seconds by binding to cells of HSA and BSA [28]. 
This stimulation was not shared by ovalbumin and 
was abolished by albumin hydrolysis, thereby 
indicating the necessity for the intact polypeptide 
structure to exert its effects and eliminating the 
influence of albumin-bound fatty acids. 

Inclusion or omission of serum albumin in the 
study of cellular processes without consideration of 
the consequences could eventually lead to artefacts. 
The fact that in vivo albumin is present in plasma 
at a considerably high concentration (5%) compared 
with that used in cell culture systems and the 
generally accepted influence of albumin in very 
diverse biological systems underlines the necessity 
for more detailed mechanistic studies. 

REFERENCES 

1. Levitzki A, p-Adrenergic receptors and their mode of 
coupling to adenylate cyclase. Physiol Reu 66: 819- 
854, 1986. 

2. Dieter P, Krause H and Schulze-Specking A, 
Arachidonate metabolism in macrophages is affected 
by albumin. Eicosanoids j: 45-51, 1990. 

3. Heinsohn C, Polgar P, Fishman J and Taylor L, The 
effect of bovine serum albumin on the synthesis of 
prostaglandin and incorporation of [3H]acetate into 
platelet-activating factor. Arch B&hem Biophys 257: 
251-258, 1987. 

4. Kr611 F, Karlsson J-A, Lundberg JM and Persson 
CGA, Albumin protects against capsaicin- and 
adenosine-induced bronchoconstriction and reduces 
overflow of calcitonin gene-related peptide from 
guinea-pig lung. Acta Physiol Stand 139: 223-232, 
1990. 

5. Laursen I, Briand P and Lykkesfeldt AE, Serum 
albumin as a modulator on growth of the human breast 
cancer cell line, MCF-7. Anticancer Res IO: 343-352, 
1990. 

6. SatoT, Evidence ofinterleukin-l-like activity associated 
with bovine serum albumin. J Clin Lab Immunol24: 
39-43, 1987. 

7. Sugimoto K, Fujita J, Miyashita M, Aramaki K, 
Tamaki T and Mori KJ, Presence of an activitv 
indispensable for the granulocyte/macrophage colony- 
stimulating activity of interleukin 3 in bovine serum 
albumin. Leuk Res 14: 139-144, 1990. 

8. Thomassen DG, Variable responsiveness of rat tracheal 
epithelial cells to bovine serum albumin in serum-free 
culture. In Vitro Cell Deo Biol25: 10461050, 1989. 

9. Pullinger CR, North JD, Teng B, Rifici VA, Ronhild 
de Brito AE and Scott J, The apolipoprotein B gene 



358 M. J. E. FISCHER ef al. 

is constitutively expressed in HepG2 cells: regulation 18. Perkins JP, Adenyl cyclase. Adu Cyclic Nucleotide Res 
of secretion by oleic acid, albumin, and insulin, and 3: l-64, 1973. 
measurement of the mRNA half-life. J Lipid Res Jo: 19. Khan MM, ‘Dan AC and Keaney KM, Forskolin and 
1065-1077, 1989. 

10. Melsert R, Bos OJM, van der Linden R, Fischer MJE, 
Wilting J, Janssen LHM, Hoogerbrugge JW and 

prostaglandin E.r regulate the generation of human 
cytolytic T lymph~ytes. imm~nopha~cology 19: 
151-161. 1990. 

11, 

12. 

Rommerts FFG, The stimuiatory effect of albumin on 
luteinizing hormone-stimulated Leydig cell steroid 
production depends on its fatty acid content and 
correlates with conformational changes. Mol Cell 
Endocrinol82: 23-32, 1991. 
Cohen-Luria R and Rimon G, Albumin and GTP 
modulate the affinity of prostagla~din Ez receptors 
in rat epididymal adipocyte membranes. Second 
Messengers Phosphoproteins 12: 225-234, 1989. 
Kremer JMH, A simple method for isolating large scale 
quantities of human serum albumin. VOX Sang 42: 223- 
**, ,AO_ 
“4, Ix+‘. 

13. Bos OJM, Fischer MJE, Wilting J and Janssen LHM, 
Drug binding and other physico-chemi~l properties of 
a large tryptic and a large peptic fragment of human 
serum albumin. Biochim Biophys Acta 953: 37-47, 
1988. 

14. Van Oosterhout AJM and Nijkamp FP, Effect of 
lymphokines on /%adrenoceptor function of human 
peripheral blood mononuclear cells. Br J Clin 
PharmacoI30: 150!+152S, 1990. 

15. Peters T Jr, Serum albumin. Ado Protein C&em 37: 
161-245, 1985. 

16. Stadel JM and Crooke ST, Differential effects of 
fluoride on adenylate cyclase activity and guanine 
nucleotide regulation of agonist high-affinity receptor 
binding. Biochem .i 254: 15-20, 1988. 

17. Wessel K, Resch K and Kaever V, Aluminium fluoride 
enhances phospholipase AZ activity and eicosanoid 
synthesis in macrophages. Eicosanoids 2: 223-227, 
1989. 

20. Chung MK, Gulick TS, Rotondo RE, Schreiner GF 
and Lange LG, Mechanism of cytokine inhibition of 
/?-adrenerpic agonist stimulation of cyclic AMP in rat 
cardiac myocytes. Circ Res 67: 753-763, 1990. 

21. Nelson CA and Seamon KB, Binding of (3H]-forskolin 
to solubilized preparations of adenylate cyclase, Life 
Sci 42: 1375-1383, 1988. 

22. Loh HH and Law PY, The role of membrane lipids in 
receptor mechanisms. Annu Rev Pharmacol Toxic01 
20: 201-234, 1980. 

23. Stubbs CD and Smith AD, The modification of 
mammalian membrane polyunsaturated fatty acid 
composition in relation to membrane fluidity and 
function. Biockim giophys Acta 77% 89-137, 1984. 

24. Houslay MD, Regulation of adenylate cyclase activity 
by its lipid environment. Proc Nut Sot 44: 157-165, 
1985. 

25. Bos OJM, Labro JFA, Fischer MJE, Wilting J and 
Janssen LHM, The molecular mechanism of the 
neutral-to-base transition of human serum albumin. J 
Biol Chem 264: 953-959, 1989. 

26. Bos OJM, Fischer MJE, Wilting J and Janssen LHM, 
Mechanism by which Warfarin binds to human serum 
albumin. B&hem Pharmacol38: 197Q-1984, 1989. 

27. Droge JHM, Janssen LHM and Wilting J, The fatty- 
acid-induced conformational states of human serum 
albumin investigated by means of multiple co-binding 
of protons and oleic acid. Biochem J 250: 443-446, 
1988. 

28. Amin RM, Hays JH and Mohamed Shakir KM, 
Phosphoinositide turnover in human platetets is 
stimulated by albumin. Life Sci 49: 1707-1719, 1991. 


