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Abstract Retinoids, a class of polyisoprenoids includin
retinol and retinoic acid, regulate and control diver

hysiological functions via their cell-differentiating an o . L . .
phy g g e retinoids, a class of polyisoprenoids including retinol

morphogenic potential. In the present study we show I | ; ) .
that the extracellular concentration of retinoid-bindingnd retinoic acid, regulate and control diverse physiological
nctions via their cell-differentiating and morphogenic

proteins such as albumin limits the amount of retinoi i . .
entering the human promyelocytic leukemia cell line HLpo'tenuaI. Rgcent reports havg shown t_he Interest of reti-
ids as anticancer agents, with remission induction being

60. These cells accumulate 5—10 times more retinoid whe ) X - . .
g]served in patients with acute promyelocytic leukemia and

delivered free in solution than when bound to eith{l?. . ) . .
albumin or low-density lipoprotein (LDL). Moreover, the igh response rates bemg reported fqr patients with cervical
cancer and metastatic squamous skin cancer [7].

effect of protein binding is concentration-dependent, with ; N ; S .
Synthetic retinoid analogues are mainly acidic deriva-

higher concentration of binding protein corresponding to a h di B h d
lower level of cellular uptake. Furthermore, the uptake &/€S OF the corresponding esters. Because these compounds

the ester derivative is higher than that of the acidic retinoi@'® Practically water-insoluble, plasma proteins act as

These observations suggest that (a) the cellular uptakeCgfiers in the bloodstream. The plasma proteins involved
re mainly albumin for the acidic derivatives and lipopro-

both retinoids occurs via the free form of the ligand i for th | derivati gl | : f
solution, with the free concentration of ligand decreasing KNS for the neutral or ester derivatives [8]. In a series o

the carrier-protein concentration increases, and (b) accofgunoids we have distinguished two retinoid derivatives

ing to a passive mechanism, the ester derivative, unionizg' t differ in their distribution on plasma proteins: Ro

; e ; -3780, or 13-cis-retinoic acid, and Ro 13-6298, or ethyl
and lipophilic, enters the cells more easily than does t y ' '
acidicpdgrivative y p(—e[(E)—2-(5,6,7,8—tetrahydro—5,5,8,8,-tetramethyl—2—naph-
' thyl)-1-propenyllbenzoat (Fig. 1). The association constants
P P to albumin were 122,10M-1 for 13-cis-retinoic acid versus
Key words Retinoids- Protein binding- HL-60 cells - ! L
Up)t/ake g 5,280M-1for Ro 13-6298, and the association constants to
low-density lipoproteins (LDL) were 6.14 106 M-1 for
13-cis-retinoic acid versus 147 106 M-1 for Ro 13-6298

[9]. Accordingly, 13-cis-retinoic acid was mainly albumin-

troduction
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Fig. 2 Time course of 13-cis-retinoic acidlack circleg and Ro 13- g 3 yptake of 13-cis-retinoic acid by HL-60 cells as a function of
6298 plack squarepuptake by HL-60 cells. Results are expressed igjhymin concentration. Results are expressed in pmotdlls as mean
nmol/10 cells as mean values: SD for 6 experiments. Cells were y51yes+ SD for 6 experiments. Cells were incubated for 2 h atG7
incubated at 37C in the absenceb(ack circleg or presencev(hite i, the presence of increasing concentrations of albumin. The initial
circles) of 300 uM albumin for 13-cis-retinoic acid or in the absencgqncentration of 13-cis-retinoic acid was 1.6 for each albumin
(black squarelor presencevhite squaresof 33 uM LDL for Ro 13- oncentration
6298. The initial concentration of retinoid wag# for 13-cis-retinoic
acid and 2.8uM for Ro 13-6298

bound in plasma, i.e., to 80% (total plasma binding 99%)ptake assay
whereas Ro 13-6298 was essentially Iipoprotein-bounél, o
. . . 0 ultured cells were washed by three cycles at §0fdor 5 min in
with the ﬂ,’aCFlon bour;d to LDL a_lmountlng to 70% (tota erum-free RPMI medium and resuspended &tcHlis/ml. The cells
Plasm_a binding 99.6%). Thus, in the .present _StUdy Wgre incubated for 3 h at I with labeled ligand in the presence or
investigated the effect of the main carrier protein, of 13bsence of different concentrations of albumin or LDL. The ligand
cis-retinoic acid. albumin., and that of LDL, the carrier ogoncentration ratio was the same for all of the protein concentrations,
T ! i and the 13-cis-retinoic acid and Ro 13-6298 concentrations were
Ro 13-6298, on their uptake by HL-60 cells. 1.25 pM. After incubation, cells were centrifuged at 5@0min and
washed twice with ice-cold buffer and ligand uptake was assessed by
the amount of cell-associated radioactivity. Each experiment was

repeated five to six times and results were expressed as mean values
+ SD.

Materials and methods

Materials

All chemicals were of analytical grade. Labeledd]-Ro 13-6298
(54.97 Ci/mol, 99.1% pure) and4C]-13-cis-retinoic acid (28.38 Ci/ Results

mol, 98.8% pure) were supplied by Roche (Basel, Switzerland).

Albumin (A1887) was purchased from Sigma (France). The LDLs: o

were isolated by sequential ultracentrifugal flotation of serum tlme course of retinoid uptake by HL-60 cells

increasing density [3]. The isolated lipoprotein fraction was dialyzed

overnight against buffer (ph 7.4; 120MnNaCl, 5 mM KCI, 2.5 mM  The levels of cellular uptake of 13-cis-retinoic acid and Ro

S??ba }mm 'V:ngOt, ,d20 mv TtR|t$) to _;ﬁrEO\flre e#ﬁess S|a|t Elmd then 3-6280 are depicted in Fig. 2. The uptake was studied with
liuted to the aesired concentration wi utrer. € molecular weig H H P Ho. H
of the LDL was assumed to bex3106 Da (1M = 3 mg/ml). B without the relevant binding protein: 3@d1 albumin for

13-cis-retinoic acid (4.JuM) or 0.33uM LDL for Ro 13-

6280 (2.8uM). For both retinoids the extracellular binding

to either albumin or LDL dramatically decreased the
Cell culture cellular uptake. The uptake of 13-cis-retinoic acid, free or
albumin-bound, and of LDL-bound Ro 13-6298 appeared to

Promyelocytic leukemia cell (HL-60) was purchased from the Ame i
ican Tissue Culture Collection (ATCC 240, Rockville, Md., USA). Thi:sftifa:,Ch aé)latfgl.égggr approximately 2 h, \_/vhereas H‘le Uptakke
cell line was maintained in RPMI-1640 containing no glucose (Gib09 ree Ko - was more progressive, reaching pea

BRL, France) but supplemented with 10% heat-inactivated fetal c#vels at 3 h. A comparison of the uptake of free retinoids
serum, 100 U penicillin, and 50g streptomycin. Cells were grown at (delivered without protein) revealed that the cellular uptake
5 x 10 cells/ml in 150-cr flasks (Costar, France) and were maingf the ester Ro 13-6298 was higher than that of the acidic

tained and incubated at 3T in a humidified incubator containing 5% : L - . ;
CQz in the exponential phase of growth by subculturing every 4 da: 3-cis-retinoic acid, although the concentration gradient

Cells were counted with a hemocytometer, and viability was asses km.tiall Con_Cemration of retinoid) was greater for 13-cis-
by trypan blue exclusion. retinoic acid.
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250 | resorption to the sites of action. Because of their lipophi-
licity, retinoid esters are mainly lipoprotein-bound, whereas
acidic derivatives are mainly albumin-bound [8, 9]. In the
present study we showed that the extracellular concentra-
tion of retinoid-binding proteins such as albumin limits the
150 + amount of retinoid entering the human promyelocytic
leukemia cell line HL-60. We thought that this cell line
100 | would be particularly well suited for this study because it is
the prototype cell line for retinoic acid-induced differentia-
tion of myeloid leukemia cells [4].
The results of this study demonstrate the following
points. First, HL-60 cells accumulate 5—-10 times more
, [ retinoid when delivered free in solution than when bound to
10 100 either albumin or LDL as shown by the kinetics experi-
LDL, nM ments. Second, the effect of protein binding is concentra-
Fig. 4 Uptake of Ro 13-6298 by HL-60 cells as a function of LDLtlon'c!ependem’ Wl.th a higher concentration of binding
concentration. Results are expressed in pmél¢Ells as mean values Protein corresponding to a lower level of cellular uptake.
+ SD for 6 experiments. Cells were incubated for 2 h at@4n the Third, the uptake of the ester derivative is higher than that
presence of increasing concentrations of LDL. The initial concentraf the acidic retinoid. These observations suggest that (a)
tion of 13-cis-retinoic acid was 1.25M for each LDL concentration the celjylar uptake of both retinoids occurs via the free form
(white circlesMevinolin-treated cells with increased numbers of LDL . . . . .
membrane receptors) of the ligand in solution, with the free concentration of
ligand decreasing as the carrier-protein concentration in-
creases, and (b) according to a passive mechanism, the ester
) ] o _derivative, unionized and lipophilic, enters the cells more
Effect of albumin on HL-60 uptake of 13-cis-retinoic acitygsily than does the acidic derivative. A similar conclusion
) ] ) was reached in in vitro studies on the effect of the retinol-
Albumin concentrations varied from 0.1 to 30, result-  pinging protein on the delivery of retinol to keratinocytes [2].
ing in 13-cis-retinoic acid binding of 2%, 11%, 55%, 71%, As previously reported, the incubation of HL-60 cells in
83%, 91%, 95%, and 98.5%. As shown in Fig. 3, increasifge presence of a potent competitive inhibitor of 3-hydroxy-
amounts of albumin continuously decreased the cellulgimethylglutaryl-CoA reductase for 48 h leads to an in-
uptake of 13-cis-retinoic acid, indicating that this uptakgreased number of LDL receptors on the cells and, hence, to
was decreased because of 13-cis-retinoic acid albumif enhanced uptake (2-fold increase) of LDL [10]. Because
binding. the uptake of LDL-bound ligands is thought to occur via the
LDL-receptor pathway [5], an increase in the number of
LDL membrane receptors should result in an increase in the
Effect of LDL on HL-60 uptake of Ro 13-6298 delivery of LDL-bound ligand. In the present study we
observed only a slight increase in the cellular uptake of Ro
We tested the effect of increasing amounts of LDL on thE3-6298, indicating that the ligand delivery via the LDL-
uptake of Ro 13-6298 by two HL-60 populations, HL-6@eceptor pathway is low as compared with the passive
cells grown as described above or HL-60 cells preincubatéiffusion of the free ligand. Similarly, it was observed
48 h before the experiment with mevinolin (), a potent that the uptake of etretinate by cultured human fibroblasts
competitive inhibitor of 3-hydroxy-3-methylglutaryl- via LDL delivery was essentially due to a passive exchange
coenzyme A (CoA) reductase, to increase the number With the plasma membrane [1]. In that experiment and the
LDL receptors. LDL concentrations varied from 1.66 t®resent study the interaction between the lipoprotein and
200 M, resulting in Ro 13-6298 binding of 20%, 50%the ligand was spontaneous and fully reversible. In contrast,
83%, 91%, and 97%. As shown in Fig. 4, there was &xperiments dealing with incorporation of ligands in the
continuous decrease in Ro 13-6298 uptake when the Liipoprotein structure using retinyl ester [10] dEtrifluor-
concentration was increased, indicating that LDL bindingacetyladriamycin-14-valerate [5] or ellipticine ester deri-
of Ro 13-6298 decreased its availability. The uptake seenvigtives [6] have shown that the cellular uptake of lipopro-
HL-60 mevinolin-treated cells was slightly higher than thdgin-ligand complex occurs via the LDL-receptor pathway.
observed in the cells grown under standard conditions. This
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Discussion

After their absorption from the gastrointestinal tract, reti-
noids are transported by plasma proteins from their site of
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