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Materno-Foetale, Maternitele I'Hotel-Dieu [D.L., D.G., B.J.], and Laboratoire de Virologie Mieale,

Centre Hospitalo-Universitaire [F.C.], 63000 Clermont-Ferrand, France

ABSTRACT

Vitamin A (retinol) and its active derivatives (retinoic acids)}tures showed that fibroblasts efficiently produced retinyl esters,
are essential for growth and development of the mammalidut trophoblasts did not. In both types of experiments, no retinyl
fetus. Maternally derived retinol must pass the placenta to reaebters were detected in the culture medium, suggesting that
the developing fetus. Despite its apparent importance, little istinyl esters were produced for storage purpose. These results
known concerning placental transfer and metabolism of retin@yuggest that villous mesenchymal fibroblasts are primary sites of
and particularly of placental production and storage of retinyktinol esterification and storage in the place(Radiatr Re48:
esters. To elucidate this metabolic pathway, we incubated, in t865-572, 2000)
presence of retinoll) human full-term placental explants agg
primary cultures of major cells types contributing to placental
function: trophoblasts and villous mesenchymal fibroblasts. We Abbreviations
used HPLC to determine the types and concentrations of retifiA, retinoic acid
esters produced by these explants and cells. About 14% of taRBP, retinol binding protein
cellular retinol in placental explants was esterified. The mobiBSS, Hanks’ balanced salt solution
abundant esters were myristate and palmitate. Primary cell cDIMEM, Dulbecco’s modified Eagle medium

In addition to their essential roles in vision, growth, anttansport during pregnancy (9, 10). Abnormalities of placental
maintenance of differentiated epithelia, vitamin A (retinol) anttansfer could have serious consequences on fetal development
its active derivatives, the RAs, are required for normal marand integrity.
malian reproduction and fetal development (1, 2). Maternal Despite its apparent importance, little is known about pla-
vitamin A deficiency can result in fetal death or in a spectrugental transfer and metabolism of retinoids. This question has
of malformations, the fetal vitamin A deficiency syndrom&een approached in animal models (sheep, mouse, monkey),
(3—6). Excessive vitamin A intake can also produce a spectrit the placental metabolism of retinoids is difficult to deduce
of congenital defects, in a dose- and developmental stagéam studies in the intact animal, and extrapolation of these
dependent manner (7, 8). Because there igdlamovofetal results to humans is uncertain (11-13). Measurements of hu-
synthesis of retinol, the developing mammalian embryo {gan placental, maternal, and cord retinoid concentrations have
dependent on the maternal circulation for its vitamin A intak@€€n reported, but they shed little light on the metabolic
The presence of measurable hepatic vitamin A stored at birttP&hway (14, 15). Experiments using human perfused placenta

indicative of the functionality and importance of placentdt"d full-term human placental tissues vitro have yielded
controversial results concerning retinoid metabolism, espe-

cially the ability of the placenta to produce and store retinyl
esters from retinol (16, 17).

To better characterize retinoid metabolism, we have inves-
Received September 10, 1999; accepted May 22, 2000. tigated placental capacity to esterify retinol into retinyl esters

Correspondence and reprint requests: Vincent Sapin, M.D., INSERM U. 384, Labor

toire de Biochimie Mdicale, Facultede Malecine et de Pharmacie, 28, Place HenriOaf full-term placemal eXplantS' Prlmary cultures of the major

Dunant, BP 38, 63000 Clermont-Ferrand, France. types of cells contributing to the placenta (trophoblasts and
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mesenchymal fibroblasts) were tested to determine their inddded free and diluted in ethanol, the maximal ethanol con-

vidual capacity for esterification. centration to which the explants were exposed wasl%. As
a negative control, explants were incubated only with vehicle
METHODS (ethanol). Incubations were performed at 37°C in a humidified

Chemicals All- transretinol, trypsin, DNase, collagenase Hlncubator with 5% CGI95% air at 37°C. Incubations were

and human purified RBP were purchased from Sigma Che}ﬁ_rminated_ by washing the placental explants twice with cold
cal Co.-Aldrich (L'isle d’Abeau, Chesnes, France). HBSé?,BS' All tlssueo samples were bIotteq dry and stored under
DMEM, RPMI 1640, glutamine, penicillin/streptomycin, and"'tr09€n at—70°C until further processing. . .
FCS were purchased from Life Technologies (Cergy, France ._Prlma.ry placental fibroblast purification and mcubatlon'.
For all experiments, retinol was prepared as 2008tock |I_Ious flbroblas_t_s from placental mesenchyme Were_obtalned
solution in ethanol. The maximal ethanol concentration #5iN9 the modified method of Schwa al. (20). Briefly,
which the cells and tissues were exposed was 0.1%. Retirfgporionic villi were washed with sterile cold HBSS. The tissue
RBP complex was prepared and purified as previously d&@s coar_sely mince_d and digested in_2 mL of 0.25% trypsin in
scribed (18). HBSS without calcium and magnesium for 45 min at 37°C.
Placentas.Nine placentas from normal pregnancies werghe first digest product was transferred and incubated for 1 h
collected in the Department of Obstetrics and Gynecology & 37°C in a second medium (0.1% trypsin and 0.1% collage-
the Maternity of Hoel-Dieu Hospital (Clermont-Ferrand,nase Hin HBSS without calcium and magnesium). This digest
France). All the mothers gave their written informed conseMas centrifuged at 4000 rpm, and the supernatant was dis-
before participation in accordance with the ethical principlegrded. The pellet was resuspended in 6 mL of RPMI 1640
expressed in the Declaration of Helsinki regarding huma®ntaining 20 mM glutamine, 10 U/mL penicillin, 1Q&/mL
experimentation. The local Institutional Review Board hasfreptomycin, and 10% FCS. Purity of isolated fibroblasts was
approved all the human studies. Term placentas of clinicafxamined by morphologic and immunologic (cytoplasmic vi-
normal pregnancies were obtained after delivery by cesargagntin-positive immunoreactivity) characteristics (21, 22). Fi-
section (placentas from vaginal deliveries were excluded hgoblasts at 50 to 60% confluence were incubated withve
reduce risks of potential infections and tissue degradatiomgtinol (free or bound to RBP). When retinol was added free
They were immediately collected and used within 15 to 3@nd diluted in ethanol, the maximal ethanol concentration to
min. Characteristics of the pregnant women and their babiekich the fibroblasts were exposed wa6.1%. As a negative
are presented in Table 1. All the babies were healthy, and theintrol, fibroblasts were incubated with vehicle (ethanol). Pri-
morphometry scores were in the standard range for Frendlary purified cutaneous (skin) and MRC5 (pulmonary embry-
babies (19). Growth, development, and postpartum changesc fibroblast cell line) fibroblasts were also cultured and
were normal for all mothers and babies based on a medigatubated in RPMI 1640 as above. All the cultures and incu-
examination that occurred ineh7 d after delivery. bations were performed in a humidified incubator with 5%
Explant tissue incubation.Placental tissue (chorionic vil- CO,/95% air at 37°C.
lus) was minced (1 to 2 miand washed three times in sterile Purification, differentiation, and incubation of primary
cold HBSS before incubation. Explants were immersed #ytotrophoblastsCytotrophoblasts were obtained by using the
Falcon flasks containing 50 mL of DMEM supplemented withhodified method of Klimaret al. (23). Villous tissue was
20 mM glutamine, 10 U/mL penicillin, 10Q.g/mL streptomy- dissected free of membranes and vessels. They were minced in
cin, and 10% FCS (16). Retinol (free or bound to RBP) waspld sterile HBSS and subjected to repeated trypsin-DNase
added at a final concentration of 2M. When retinol was digestions as described (23). The resulting cell suspension was
carefully layered over a discontinuous Percoll gradient (5 to
Table 1. Characteristics of pregnant women and babies ~ /0%) and centrifuged (20 min, 1500 rpm). The homogeneous
population of mononuclear cells, contained in the middle layer

Women € = 9) _ Newborn ¢ = 9) (density 1.048-1.062 g/L) consisted ®95% cytotrophoblast
ﬁgfm% of 3;%7% 2'5 \i/ee)i(grﬁt'gt (;‘r?:]egma'e) 3?1/;& L1, cells. For primary culture, the cells were plated in 90-mm Petri
amenorrhea) culture dishes (5< 10° cells per dish) with DMEM supple
Number of Weight of placenta (g) 545 77 mented with 20 mM glutamine, 10 U/mL penicillin, 100
pregnancy ug/mL streptomycin, and 10% FCS. Cultures and retinol in-
First 3 Percentile of babies weigh51.3= 17.2 ¢ hations were always performed in humidified 5% £55%
Second and more 6 Le%gt)h (cm) spoz7  @ir incubator at 37°C (as described for fibroblasts). Purity of
Anthropometry primary cytotrophoblasts was verified by morphologic and

Head circumference (cm) 34717  immunologic characteristics [cytokeratin- and human placental
Thoracic circumference 33.2= 15  |actogen—positive immunoreactivity (23-25)]. Differentiation
(cm) of cytotrophoblasts into syncytiotrophoblasts was monitored
Age of mothers, term of gestation, anthropometric data of the babies (weiw measuring chorionic gonadotrophic hormone in the culture

at birth, percentile of weight, length, head circumference, thoracic circumfer= .. . . . .
ence), and weight of placenta are indicated by mear®D. All the data were edium by immunochemiluminescent assay (ACS 180, Ciba

collected during the last required antenatal medical examination for moth&@rning). Retinol and ethanol incubations were performed as
(8th month) and immediately after birth for the babies. described above.
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Chromatographic analysis.Tissues and cells were har-A esters in full-term placental explants was investigated. To
vested in cold PBS. The cells were collected by scrapingxplore retinyl ester production, retinol was added directly to
resuspended in PBS, and sonicated on icetraltsretinol and the medium or bound to its blood carrier protein, RBP. During
retinyl esters were assayed from 1g of placental tissue18°  all the tissue or cell incubations, we checked the stability of the
cells, or 0.5 mL of culture medium, as previously described vitro-generated RBP-retinol complex and the absence of
with some minor modifications (26, 27). An equal volume afionspecific release of retinol from this complex (data not
ethanol containing an internal standard (retinyl laurate fehown). Table 2 shows the concentrations of retinol and retinyl
vitamin A) was added to each sample. They were then efgtty acyl esters in placental extracts obtained 6 and 24 h after
tracted twice with 2 volumes of hexane. After evaporation tacubation with retinol (free or bound to RBP). We found that
dryness, the extract was dissolved in 200 of a mixture of maximal esterification of free retinol was already achieved
dichloromethane—methanol (35:65; vol/vol). The compoundsdter 6 h of incubation (14.3% of the total cellular retinol
were analyzed by reverse-phase HPLC on a Waters apparasterified). In contrast, a quantitative increase of cellular retinyl
equipped with a 600 pump, a 710 automatic injector, a 986ters was observed between 6 (10.2%) and 24 h (14.9%) of
diode array detector and controlled by Millenium software 2.incubation with retinol bound to RBP. However, at the end of
For retinol and retinyl ester determinations, the samples wéngubation (24 h), no statistical difference could be observed
eluted on a C18 column (Nucleosil, 2504.6 mm) with pure between the percentage of retinyl esters produced by retinol
methanol as the mobile phase (2 mL/min); the detection whse of and bound to RBP. The values obtained in these
performed at 325 nm and 292 nm. Identification was based experiments are comparable to those obtained in previous
co-elution with authentic standards and UV spectrum compatudies (30).
isons. Quantification involved internal standardization and HPLC was able to distinguish between retinyl myristate,
dose-response curves established with authentic standardspalmitate, and stearate concentrations (26, 27). Only retinyl

DNA and protein concentration determinationsn all the myristate was present at significant levels before retinol
studies, retinoid concentration assays were normalized to DN#cubation (Table 2). After retinol incubation bound or
or protein concentrations. DNA concentration was measuradbound to RBP, the most abundant esters, in decreasing
by a spectrofluorometric method described previously by Larder of abundance, were myristate, palmitate, and stearate.
barca and Paigen (28). Protein concentrations of the celluRetinyl esters were not detected in the culture medium,
homogenates were determined using the Biuret method on #iggesting an absence of release of retinyl esters foimed
Hitachi 911 from Boehringer Mannheim Diagnostics (29kitu. To elucidate which cells are involved in placental
Similar results were obtained when retinoid concentratioesterification of retinol, we studied this biochemical reaction
were normalized to DNA content or protein concentration; wi@ primary cultures of the different cell types constitutive of
chose to express our results normalized to DNA content for gle human placenta.
the cell culture experiments. Esterification of retinol by primary placental fibroblasts in

Statistical analysisAll experiments were repeated on ningulture. Figure 1 shows the intracellular concentrations of
placental explants or primary cell cultures. Mean values angkinol and retinyl fatty acyl esters in primary fibroblast cul-
SD were calculated for all retinoid variables. Statistical comures collected from 3 to 24 h after incubation with retinol (free
parisons were performed using ANOVA and Fisher’s exaet bound to RBP), or with ethanol as a control. As presented in
test. Statistical procedures were performed with the StatVievigure 1A, free retinol added to the culture medium is rapidly
program (Abacus Concepts, Inc., Berkeley, CA, U.S.A.). Fasken up by fibroblasts, and little change in cellular retinol
all the studies, statistical significance was considereg €t content is observed after 3 h. The uptake of retinol bound to
0.05. RBP occurs more slowly (but linearly) than when retinol was
added directly to the culture medium of mesenchymal fibro-

RESULTS blasts. The time course of retinol esterification is presented in

Retinyl ester production in placental explant&s vitamin Figure B. As previously described for human skin fibroblasts

A is usually esterified within tissues, the production of vitami(81, 32), primary human placental fibroblasts are able to

Table 2. Esterification of retinol by tissue explants from human placenta at term

Retinoid concentrationgufnol/g of placental explants)

Retinyl Retinyl Retinyl
Explant culture times Retinol Myristate palmitate stearate
0 h free retinol incubation 171 58° 19+ 5° 2+05 6=+ 2
6 h free retinol incubation 4988 750° 520+ 1058 251+ 67 64+ 15"
6 h RBP-retinol incubation 239F 51C° 160+ 55° 103+ 38 21+ 3"
6 h ethanol incubation 159 37° 16 + 4° 1+0.5 10+ 2
24 h free retinol incubation 4995 720P 511+ 98 243+ 61 78+ 19"
24 h RBP-retinol incubation 4014 387 403+ 57" 251+ 35 62+ 12°
24 h ethanol incubation 14% 3P 15+ 5¢° 1+0.3 5+ 2

Placentas were obtained after cesarean delivery. Retinol (free or bound to RBP) was added to aNlnadritentration; ethanol was used as a negative
control. Incubations were blocked after 6 or 24 h. Experiments were repeated on nine different placental explants. For each retinoid, meaersre$tts nin
are presented with their SD. For each specific retinoid, different superscripts denote significant difference (tested by Fisher's pxad.5syt;
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Figure 1. Intracellular concentrations of retinol (R@) and retinyl estersH) in placental fibroblasts after retinol incubation. Primary placental fibroblasts were
treated with 2umol/L retinol (added directly to the culture medium or bound to RBP) during different times of incubation (3 to 24 h). The intracellular retinol
concentrationsA) and retinyl ester concentrationB)(correspond to the means and SD values obtained from nine different culture experiments. Error bars
represent the SD of the nine experiments. Where error bars are not visible, they were smaller than the diameter of the symbol. For each incalpcdistetiske,
denotes statistical differences between intracellular retinol, retinyl palmitate, or retinyl myristate values obtained from free retinoichbduet to RBP
incubation (tested by Fisher’s exact tgst< 0.05).

esterify retinol. Conversion of free retinol into retinyl esters isentage of retinol converted into retinyl esters (10,8%) was the
rapid: at the earliest sampling time (3 h), significant productisame whether the retinol was added directly to the medium or
of retinyl palmitate was observed. The accumulated amountlmfund to RBP. In conclusion, although amounts of retinol

retinyl esters increased steadily to reach a maximum of abdaken up and converted into retinyl esters by fibroblasts are
10.8% of total cellular retinol at 24 h of incubation time withdifferent depending on whether it is delivered free or bound to
free retinol. Retinyl palmitate was always the major est&BP, we could not find any differences in the relative percent-
produced for all times of incubation with free retinol (Fid®8)L age and profile of retinyl esters formed. Experiments using
No significant ester production was detected with ethanptimary cutaneous and MRC5 (pulmonary embryonic fibro-

incubation (Fig. B). Retinol deliveredvia RBP was also blast cell line) fibroblasts gave similar results for the rate of
converted to retinyl esters; but more slowly than after incub&ee retinol esterification (Table 3). This suggests that the
tion with free retinol: no significant increase of retinyl esterability of placental fibroblasts to esterify retinol is not tissue-

(2.1%) was detectedt 8 h in contrast ® 3 h of free retinol specific but rather reflects an intrinsic and ubiquitous property
incubation (3.7%). At the end of incubation (24 h), the pewrf human fibroblasts.
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Table 3. Cellular content of retinol and retinyl esters in three different types of human fibroblasts, after 24 h of free retinol incubation
Retinoid concentrationsufnol/ug of DNA)

Retinyl Retinyl Retinyl
Cell type Retinol myristate palmitate stearate

Placental fibroblasts

0 h free retinol incubation & 22 3+29 om [0

24 h free retinol incubation 442 37° 20+ 5" 327" 2+ 1
Cutaneous fibroblasts

0 h free retinol incubation 14 2° 3+1 0° o

24 h free retinol incubation 169 94 g+ 2 9+ 2P o
MRCS5 (embryonic pulmonary) fibroblasts

0 h free retinol incubation 2 1° 1+ 1k 09 (0

24 h free retinol incubation 258 19 g+3 16+ 5" 3+ 1V

Primary cultures of placental and cutaneous fibroblasts and of an embryonic pulmonary fibroblast cell line (MRC5) were incubateM wetin®l added
directly to the culture for 24 h. The intracellular retinol and retinyl ester concentrations correspond to the means and SD values obtainedffesenficaltire
experiments. For each specific retinoid, different superscripts denote significant differences (tested by Fisher's gxactO@s).

Absence of esterification by primary cytotrophoblasts anédbout human placental retinol transfer and metabolism.
syncytiotrophoblasts in culturelt is well established that Creech-Kraftet al. (34) demonstrated that even 96 h after
cytotrophoblasts and syncytiotrophoblasts are the cells @mdministration of 13%is RA, all-trans RA and 4-oxo metabo-
volved in the transfer of a large number of nutrients from thes are still found in the early human placenta. More recently,
mother to the fetus and their metabolism. Therefore, we studiestoxidation of alltrans retinyl acetate by lipoxygenase has
the ability of these cells to esterify retinol free and bound teeen demonstrated in the human placenta (35). All these results
RBP. In all the experiments, the initial cellular material waghdicate that the human placenta has the ability to isomerize
found to contain retinyl myristate. As presented in Figufe 2 and oxidize retinoids.
the uptake of retinol bound to RBP occurs more slowly than Our study demonstrates that human placental tissues at term
when retinol was added directly to the culture medium efnd, more precisely, the villous mesenchymal fibroblasts, are able
trophoblastic cells. Note that decrease of intracellular reting esterify retinol. Human primary cutaneous fibroblasts are
levels between 6 and 24 h was found in both types of retinghown to have this ability and to express the intracellular proteins
incubation. Figure B shows that retinol incubation did not(cellular RBP-1) and the necessary metabolic enzymes (32, 36)
lead to a significant retinyl myristate production, but waghat allow this function. A recent study demonstrated the presence
associated with a weak (but significant) esterification of retingt cellular RBP-1 in villous mesenchymal cells of the human
into retinyl palmitate by trophoblasts. Stearate was never dfiacenta (37). Added to our results, this implies that maternal
tected at any step of the incubation. We could not find am¥tinol could be trapped by the mesenchymal fibroblasts and
differences in the relative percentage and profile of retingkterifiedin situ. Note that our preliminary results suggest the
esters formed between incubation with retinol free or bound fResence of one or both retinol esterifying enzymes, the lecithin
RBP (Fig. B). Cytotrophoblasts are known to differentiate intgetino| acyl transferase in these placental cells.
syncytiotrophoblasts during normal culture (19). We per- However, cytotrophoblasts or syncytiotrophoblasts express
formed 24-h retinol incubation after various times of trophgye putative placental RBP receptor (37) and are unable to
blastic cell culture (24, 48, and 72 h), which correspongsierify retinol in a significant manner. This study suggests that
respectively to the cytotrophoblast, intermediary, and synGjese trophoblastic cells are more involved in the transfer of
tiotrophoblast stages. Similar retinoid profiles were obtained @kinol between mother and fetus, rather than in its metabolism.
all these steps (data not shown). o _ The retinyl esters that we detected after cytotrophoblast puri-
_ The total re_t|nyl esters found after 24 _h of ret|_nol incubatiofation are probably related to the capture of maternal chylo-
in placental fibroblasts an_d trophoblastic cells is 51.8 and §,{i~rons charged with newly digested retinyl esters (38). It has
pmol/ug of DNA, respectively. A 14.6-fold and 1.4-fold (notpeen estaplished that trophoblastic cells express the receptors
§|gn|f|c§1nt) increase in _tota_\l retinyl esters during 24 h of retln%r LDL and VLDL lipoproteins (39, 40) and are able to take
incubation was found in fibroblasts and trophoblasts, respegs o4 yse lipoproteins (41). Furthermore, considering the life
tlvely_, _|mp_ly|ng tha_\t the placental cells responsible for retlnoépan (96 h) and the perpetual regeneration of the trophoblasts,
esterification are fibroblasts. stocks of retinyl esters have to be located in villous mesenchy-

mal cells (fibroblasts) to be protected from a rapid and non-
DISCUSSION specific hydrolysis and liberation.

Vitamin A and its active derivatives, the retinoids, are We report here that the rate of esterification of retinol by
fundamental for development of the mammalian fetus (2, Blesenchymal fibroblasts and the types of retinyl esters synthe-
10). The placenta plays a crucial role in regulation of transpaized are the same whether retinol is delivered free or bound to
and metabolism of maternal nutrients transferred to the fetd®BP. This agrees with other previous results observed for rat
Abnormalities in these placental functions can have deleteridiier parenchymal cells (42) or human foreskin keratinocytes
consequences on fetal development (8, 33). Little is know#3), suggesting an absence of cell surface RBP receptors on
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Figure 2. Intracellular concentrations of retinol (Rdk) and retinyl estersH) in trophoblastic cells after retinol incubation. Primary trophoblastic cells were
treated with a final 2umol/L retinol (diluted in ethanol or bound to RBP), during different times of incubation (3 to 24 h). Means of intracellular retinol
concentrationsA) and retinyl ester concentrationB)(obtained from nine different culture experiments were presented with their SD. Error bars represent the
SD of the nine experiments. Where error bars are not visible, they were smaller than the diameter of the symbol. For each incubation time, ancasterisk de
statistical differences between intracellular retinol, retinyl palmitate, or retinyl myristate values obtained from free retinol and retthéd IRBP incubation
(tested by Fisher's exact tegt;< 0.05).

mesenchymal fibroblasts. Recently, an immunohistologand fibroblasts in term placental villi, we propose that maternal
study showed that staining for the RBP receptor protein weatinol complexed with RBP could be captured by trophoblasts,
only observed in the apical part of the villous syncytiotrophdhen freely transferred to fibroblasts.

blast and in the placental macrophages (Hofbauer cells) (37)A discrepancy is observed between the esterification profiles
Because of the closed cellular contact between trophoblasitained on tissue and cell culture experiments. In explants,
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retinyl myristate is the major ester formed, whereas in fibreranuscript, and all the midwives for their availability, profes-
blast cultures, an equilibrium between retinyl myristate arglonal competence and kindness, which have made this study
palmitate occurs. It has already been well demonstrated tpatsible. We also thank the technicians of the Laboratory of
vitamin A metabolism (especially retinyl ester productiorBiochemistry and Immunology of Center Hospitalier Univer-
storage, and hydrolysis) may be affected by the characteristitmire (Clermont-Ferrand) for their kind help.

of the surrounding extracellular matrix, by soluble cytokine

mediators (44), and by growth factors (epidermal growth fac-
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