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Abstract

Folic acid, conjugated to poly(ethylene glycol)-distearoylphosphatidylethanolamine (folate-PEG-DSPE), was used to target emul-
sions of all-trans retinoic acid (ATRA) to folate receptor-overexpressing tumor cells. Two kinds of ATRA-incorporated folate-tethered
emulsions (ATRA-FTE2000/3400) were prepared using soybean oil, egg phosphatidylcholine and folate-PEG-DSPE with different PEG
length. As a control, ATRA-incorporated non-tethered emulsion (ATRA-NTE) was prepared by using PEG2000-DSPE without folate
instead of using folate-PEG-DSPE. The mean particle diameters of ATRA-FTE2000/3400 were about 100–130 nm. The cellular uptake in
KB cells of fluorescence-labeled ATRA-FTE3400 was determined with HPLC (for ATRA) and confocal microscopy (for lipid emulsion).
The growth inhibitory activity of ATRA was evaluated by MTT assay. The folate ligands in emulsion increased the cellular uptake of
ATRA about 3-fold and 1.6-fold in ATRA-FTE3400 and ATRA-FTE2000, respectively. Growth inhibitory activity of ATRA-FTE3400 in
KB cells was higher than that of ATRA-NTE at the same dose. Whereas the growth inhibitory effect in MCF-7 cells of ATRA was sim-
ilar between ATRA-NTE and ATRA-FTE3400. The addition of free folate significantly reduced the uptake of ATRA regardless of the
length of PEG attached to folate. Folate-tethered lipid emulsion showed effective and selective delivery to the folate receptor-abundant
carcinomas, suggesting a potential for targeted delivery of anticancer agents.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The effective cancer therapy is used to selectively destroy
cancer cells while sparing normal tissues [1]. In this regard,
a ligand-mediated drug delivery system plays a crucial role
in achieving target delivery [2]. Of various ligands, the vita-
min folate ligand targets the folate receptor which has been
known to be frequently overexpressed in a wide range of
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tumor types, such as malignant ovarian, endometrial and
brain tissue [3,4] and thus, presents an attractive target
for tumor-selective drug delivery. The efficient delivery of
folate conjugate to tumor cell surface is attributed to smal-
ler size of folate [5], the high affinity of folate for its recep-
tor on cancer cells [6] and stability against lysozyme [7].
Then, liposome targeting the folate receptor is the useful
means to alter liposome biodistribution with potential
pharmacodynamic implications that may favorably tilt
the therapeutic index [8]. Moreover, folate is a natural sub-
stance and thus can be repeatedly administered without
eliciting immunogenicity which is engendered by various
proteins and ligands [9].
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In recent years, it has been demonstrated that receptor-
mediated uptake of vitamin folate could also be exploited
to facilitate entry of attached molecules such as liposomes,
emulsions, and so on [10,11]. It has been reported that the
covalent conjugation of folate to liposomes through a PEG
spacer permitted avid uptake of liposomes by folate recep-
tor-abundant carcinomas [6]. The binding of these folate-
grafted liposomes to carcinomas could be competitively
inhibited by free folate or by an anti-serum against the
folate receptor, demonstrating that the interaction is med-
iated by the cell surface folate receptor [12,13]. Moreover, a
variety of anticancer drugs and macromolecular therapeu-
tics were efficiently delivered by folate receptor targeting
[14–16].

To investigate the folate receptor target delivery of drug,
all-trans retinoic acid (ATRA) was employed as a model
compound. ATRA, an active metabolite of retinol, has
high potential as an anticancer drug for acute promyelo-
cytic leukemia and other tumors [17–19]. Our previous
reports show that emulsion has been described as carrier
of water-insoluble drugs for parenteral delivery and emul-
sion did not impair the pharmacokinetics [20,21]. As a drug
carrier, emulsions prepared with ethyl oleate and Tween 20
could have a limited use because of uncertainty of long-
term stability of emulsion and toxicity of Tween 20 [22].
Therefore, there is a need to develop a stable and non-toxic
emulsion formulation without using surfactant such as
Tween 20.

Here, we prepared the lipid-based emulsion formula-
tions of ATRA by using the folate-conjugated lipid with
low toxicity and evaluated the physicochemical properties.
This study included the cellular uptake and anticancer
activity of ATRA in human cancer cell lines.

2. Materials and methods

2.1. Materials

Folic acid was purchased from Fluka (Switzerland).
Poly(ethylene glycol) (PEG) 2000, PEG 3400, all-trans ret-
inoic acid (ATRA) and 3-(4,5-dimethylthialzol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) were purchased from
Sigma–Aldrich (St. Louis, MO, USA). Soybean oil was
obtained from Green Cross Co. (Yongin, Korea). Distea-
roylphosphatidylethanolamine (DSPE), PEG2000-DSPE
and egg phosphatidylcholine (PC) were purchased from
Avanti Polar lipids (Alabaster, AL, USA). RPMI 1640,
folate-free RPMI 1640, fetal bovine serum (FBS) and tryp-
sin-EDTA were purchased from Life Technologies (Gai-
thersburg, MD, USA). All other reagents were used
without further purification.

2.2. Synthesis of folate-PEG-DSPE

Two types of conjugates, folate-PEG2000-DSPE and
folate-PEG3400-DSPE, were synthesized as described pre-
viously [5] with slight modification. To convert one termi-
nal hydroxyl group of PEG (HO–X–OH) 2000 and
3400 Da to amino group, PEGs were tosylated by p-tosyl-
chloride and aminated via phthalimide derivatives into
a-amino-x-hydroxy PEG [23].

In the last step, the polymer product was obtained a
mixture of polyethylene glycol derivatives containing 0–2
amino groups at the terminal groups. These products were
separated by silica gel column chromatography. After
loading on the silica gel column, the product was loaded
in a very sticky state by using CH2Cl2–methanol (8:1) mix-
ture. Then the column was eluted with 1% triethylamine
solution of CH2Cl2–methanol (8:1). In turn, PEG (HO–
X–OH), monoamino-PEG (HO–X–NH2) can be identified
with TLC. To separate the monoamino-PEG product, the
mixture was purified in such a manner. At first, it was evap-
orated and redissolved in CH2Cl2 then filtered to remove
the remaining silica and very few PEGs with the monoami-
no-PEGs. Product in CH2Cl2 was dried with anhydrous
Na2SO4 and properly evaporated then poured with ethyl
ether. Then the solution was filtered again, and continu-
ously freeze dried.

The amino group of the products was protected by
Boc2O so that DSPE attached to the other hydroxyl group
[24]. The final product, folate-PEG-DSPE, was synthesized
from the conjugation process of amino-PEG-DSPE and
folic acid by dicyclohexyl carbodiimide-mediated coupling
reaction and intensive dialyzed purification using cellulose
ester membrane followed [5]. The conjugates, folate-
PEG2000/3400-DSPE, were characterized by 1H NMR,
HPLC and MALDI–TOF.

2.3. Preparation of ATRA-incorporated emulsion bearing

folate

Using the synthesized lipids, three types of ATRA-
incorporated emulsion systems were prepared such as
ATRA-incorporated non-tethered emulsion with PEG2000-
DSPE (ATRA-NTE), ATRA-incorporated emulsion with
folate-PEG2000-DSPE (ATRA-FTE2000) and ATRA-
incorporated emulsion with folate-PEG3400-DSPE
(ATRA-FTE3400). Egg PC (48 mg) and ATRA (7 mg) were
mixed with PEG2000-DSPE, folate-PEG2000-DSPE or
folate-PEG3400-DSPE (12 mg) followed by soybean oil
(300 mg). Adding 4 ml of t-butylalcohol, the mixture was
stirred for a few minutes at 45 �C and the solution was frozen
at�20 �C. In 40 min, the solution was placed on liquid nitro-
gen and dried under reduced pressure for 24 h. Distilled
water (1.63 ml) was added and the solutions were sonicated
at 50 �C for 3 h using bath type sonicator until crude and
milky emulsions were obtained. These crude emulsions
were homogenized for 8 cycles at 150 MPa and 50 �C
using a high pressure homogenizer (Emulsiflex� EF-B3,
Avestin Inc., Canada) wired with heating tape (Thermo-
lyne�) to reduce the droplet size to the submicron range
[21]. After homogenization, the precipitated drug was
removed from emulsions by filtration through a 0.45 lm
membrane filter.
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2.4. Measurement of particle diameter and zeta potential

Mean particle diameter and zeta potential of the emul-
sions were determined using electrophoretic light scattering
spectrophotometer (ELS-8000, OTSUKA Electronics Co.
Ltd., Japan) at room temperature. Prior to measurements,
the emulsions were diluted with filtered distilled water to an
intensity of 300 Hz.

2.5. Cell culture

KB (human mouth epithelial carcinoma) and MCF-7
(human breast carcinoma) cells were purchased from Korea
Cell Line Bank (Seoul, Korea). The cells were cultured in
RPMI 1640 supplemented with 10% heat inactivated FBS,
100 U/ml penicillin and 100 lg/ml streptomycin. In cellular
uptake study, we used folate-free RPMI 1640 supplemented
with 5% heat inactivated FBS to minimize the effect of folic
acid in RPMI 1640. All cell lines were maintained at 37 �C
in a water-saturated atmosphere containing 5% CO2.

2.6. Cellular uptake

To evaluate a cellular uptake of ATRA, the cells were
seeded at 5 · 105 cells/well and cultured in 6-well plates
for 2 days. All the wells were treated with 10 lM of ATRA
for each formulation and the cells were harvested at desig-
nated time intervals. On other prepared plates, each well
was inoculated by ATRA-NTE and ATRA-FTE3400 dose-
dependently from 1 to 20 lM then harvested. No significant
changes in ATRA were found during the washing process.
Then, the cell pellets were stored at �20 �C until analysis.
After cellular uptake, ATRA in cells was extracted by
liquid/liquid extraction method as reported previously
[25]. The concentration of ATRA was determined by high
performance liquid chromatography (HPLC) method [26].

2.7. Confocal microscopy

In an attempt to confirm the internalizations into cells,
confocal microscopy was performed to visually monitor
the cell association of fluorescence-labeled emulsions. At
first, the fluorescence-labeled emulsions were prepared with
same formulations except adding the fluorescence-labeled
DOPE. A fluorescence-labeled DOPE was added at the
0.1% ratios of total constituent lipid, and the emulsions
were prepared as per a previously described procedure
[27]. KB cells were grown on sterilized coverslips for confo-
cal microscopy. After inoculation for 24 h, the cells were
washed four times with PBS (pH 7.4). A confocal micro-
scope (Leica TCS NT, Leica Microsystems, Germany)
was used to obtain images of these samples [28,29].

2.8. Anticancer activity

The cytotoxicity of ATRA was determined by MTT
assay, indicating the viability and proliferation of cells
against ATRA-incorporated emulsions. The cells were
seeded in 96-well plate at a density of 2 · 103 cells/well
and were incubated with different concentrations of each
formulation for 80 min to enable all the folate receptors
expressed on the cell surface to be saturated. Then, the
excess drug-containing medium was removed. After the
cells were rinsed and incubated for 3 days at 37 �C with
fresh medium without drug, we examined the effect of each
formulation on cytotoxicity. Twenty microliters of 0.5%
(w/w) MTT in PBS solution was added to each well and
then incubated for 3 h to allow producing formazan crys-
tals. The formazan crystals were dissolved by adding
180 ll of dimethylsulfoxide (DMSO) and further by adding
20 ll of PBS. The plates were shaken for 20 min and the
quantity of formazan products was measured at 570 nm
in a microplate reader (MCC340, Multiskan, Belgium).
The 100% value was obtained from the OD value measured
in non-treated wells.
3. Results and discussion

ATRA is a promising anticancer agent, which has been
investigated in the chemoprevention and treatment of can-
cer [30]. Cancer targeting is usually achieved by adding a
ligand moiety to the delivery system, specifically directed
to certain types of binding sites on cancer cells [31].
Among the several ligands, folate would be a preferable
one for targeting carcinomas with high densities of folate
receptor [6,7,13,29,32]. Moreover, many groups also
reported both uptake enhancement and in vivo cytotoxic-
ity enhancement in folate-linked emulsions. Stevens and
Lee reported that the folate-linked emulsion loading pac-
litaxel showed a significant difference in the IC50 values
between the targeted emulsions and those that were non-
targeted [16]. Shiokawa et al. also reported that the
folate-linked microemulsion loading aclacinomycin A
showed the higher accumulation in solid tumor and
greater tumor growth inhibition [33]. In this study, to give
an ability of targeting carcinomas with ATRA formula-
tion, folate-lipid emulsions were prepared using the syn-
thesized folate-PEG-DSPE conjugates.
3.1. Characterization of folate-conjugated lipids

From an HPLC analysis, both folic acid and folate-
PEG-DSPE were eluted as a single peak at retention time
2.1 min. 1H NMR analysis was performed at 400 MHz,
scanned from 0 to 10 ppm. The analysis conditions under
a linear mode and data for 2-ns pulses of the 337 nm nitro-
gen laser were averaged for each spectrum. Their purities
were also confirmed with the MALDI–TOFMS data. The
data exhibited a bell-shaped distribution of MALDI–
TOF spectra as that centered at 3280 Da (theoretical mass
of 3200 Da) for folate-PEG2000-DSPE and 4480 Da (theo-
retical mass of 4540 Da) for folate-PEG3400-DSPE,
respectively (data not shown).



Table 1
Zeta potential and loading capacity of emulsions (n = 3)

Formulations Particle diameter (nm) Zeta potential (mV) Loading capacity (mg/ml)

At preparation After 4 weeks

ATRA-NTE 117.2 ± 5.2 84.5 ± 8.6 �26.0 ± 2.2 0.924
ATRA-FTE2000 129.3 ± 8.6 109.3 ± 8.6 �22.8 ± 1.9 0.988
ATRA-FTE3400 105.2 ± 5.2 167.2 ± 9.7 �20.7 ± 1.7 0.931
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Fig. 1. Time-dependence (a) and dose-dependence (b) of ATRA cell
uptake.
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3.2. Particle diameter and zeta potential

The particle diameter of emulsion was 100–130 nm
immediately after preparation (Table 1) and slightly chan-
ged in the range of 80–160 nm for 4 weeks. Therefore, the
compositions of these emulsions such as soybean oil, egg
PC, folate-PEG-DSPE and ATRA are favorable for consti-
tuting very stable systems. The change in particle diameter
is one of the important parameters by varying surfactant
components to get a stable emulsion formulation applica-
ble for parenteral administration [21]. Particle diameters
of emulsions were within the value range reported for par-
enteral emulsion (under 200–400 nm of mean particle
diameter) [34] and emulsions were also stabilized by the
presence of PEG-DSPE [22,35].

The zeta potential and loading capacity of the formula-
tions are presented in Table 1. The zeta potential is an elec-
trostatic value measured by surface electrostatic double
layer and is used to predict storage stability of colloidal par-
ticles. Our emulsion formulations have similar zeta poten-
tial values and, a slight increase was observed in particle
diameter of ATRA-FTE3400 during the storage for 4 weeks
compared to both ATRA-NTE and ATRA-FTE3400.

The concentrations of ATRA in the emulsion formula-
tions were 0.924, 0.988 and 0.931 mg/ml, respectively.
The loading capacity of these emulsions was lower than
that of folate-free PEG-DSPE emulsion [21].

3.3. Cellular uptake of ATRA-FTE

KB cells bearing high densities of folate receptor were
incubated with 10 lM ATRA in the three emulsion formu-
lations. Folate ligands on emulsion increased the cellular
uptake of ATRA (Fig. 1). Intracellular concentration of
ATRA was increased with time-dependence (Fig. 1a).
When the cells were treated with ATRA-FTE3400, the cellu-
lar uptake of ATRA was more rapid and higher than any
other formulations. In the time-dependent cellular uptake
study, the concentration of ATRA in the cells was linearly
increased up to about 40 min and gradually declined to the
almost extinction of ATRA in cells. To compare the dose-
dependent cellular uptake of NTE and FTE formulations,
ATRA-NTE and ATRA-FTE3400 were selected among the
formulations. ATRA-FTE3400 shows a more highly
increased uptake as varying concentrations of ATRA
(Fig. 1b). The data showed more than 1.7-fold higher intra-
cellular concentration of ATRA in the ATRA-FTE3400 at
each concentration. These emulsions were found to rapidly
associate with folate receptor-positive KB cells, and satura-
tion was typically reached within 1 h incubation [36]. The
maximum uptake by folate binding was achieved at
30 min and from that moment the uptake was decreased
[37]. In addition, Matarese and Lodish reported that the
peak cellular uptake by retinol-binding protein was
obtained at 2 h, thus the incubation for 2 h was followed
by each experiment [38]. Of course, it is possible that folate
receptor would be saturated by the folate-lipid emulsions
and half-life of ATRA within the cell would be controlled
by cell environments [37].

Furthermore, the PEG length affected the cellular
uptake of ATRA. It is thought that longer spacer length
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can induce the sterical hindrances made by clusters of
folate receptors on carcinoma surface. Our results disagree
with a previous report that PEG length over 1000 in molec-
ular weight showed no significant difference. However, it
was also reported that folate-conjugated lipid formulations
have a higher tendency to target carcinoma compared to
non-targeted formulations [36]. Moreover, folate ligands
of the folate-tethered emulsions can interact with the folate
receptors at the same time in the possible docking areas;
therefore PEG spacer length would be important. Actually,
the circulation of the conjugates was prolonged with
increased molecular weight of the polymer used, since poly-
mer inhibited serum protein binding and substantially
increased aqueous solubility [39]. As a result, intravenous
Fig. 2. Confocal microscopy. KB cells were preincubated for 24 h to encourag
ATRA-NTE and ATRA-FTE3400 were incubated with the cells for 30 min and
imaged by confocal laser scanning microscope. (a) Control (b) 30 min ATRA-N
administration to mice of polymer-coated complexes
extended systemic circulation [39]. The biodistribution
study of poly(ethylene glycol) derivatives for preparation
of ribosome-inactivating protein conjugates also showed
lower organ uptake after PEGylation, in particular by
the liver and spleen [40].

3.4. Internalization of fluorescence-labeled ATRA-FTE in

KB cells

When ATRA was incorporated with folate-tethered
emulsions, significant amount of ATRA-FTE3400 was asso-
ciated with the KB cells (Fig. 3). Large and numerous green
fluorescent spots were found in all observed cells (Fig. 2d
e strong coverslip adherence. Ten micromolars of fluorescence-containing
1 h at 37 �C. Following extensive rinsing, cell-associated fluorescence was

TE (c) 1 h ATRA-NTE (d) 30 min ATRA-FTE3400 (e) 1 h ATRA-FTE3400.
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and e). Moreover, a reduction in cell association was
observed for the ATRA-NTE that lacked the folate ligand
(Fig. 2b and c). These data support our conclusion that
folate emulsions can efficiently target the incorporated ret-
inoids to folate receptor-positive cells.

In the process of endocytosis, ATRA-FTE was immedi-
ately accumulated on the surface of the cancer cells as
shown in Fig. 2. We observed the appearance of the
time-dependent cellular uptake from 35 to 80 min. How-
ever, the difference of fluorescent spots at between the cell
surface and intracellular region was not found over the
time interval, suggesting that the folate receptors on the cell
surface were very rapidly saturated by folate ligand on the
ATRA-FTE and they maintained similar patterns of endo-
cytic process for a few hours. In this respect, our results
show that short time is necessary for saturation by folate-
tethered emulsion below about 1 h. Moreover, these results
mean that ATRA-FTE3400 is an effective formulation for
cellular uptake than any other formulations and this study
undoubtedly demonstrates folate receptor-mediated intra-
cellular distribution of folate-tethered emulsion [28,29].
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3.5. Competitive binding of ATRA-FTE and free folate

The binding competition of ATRA-FTE2000 and ATRA-
FTE3400 was studied to evaluate the folate ligand affinity for
the folate receptor in KB cells. The ATRA-FTE binding
competition profiles show that the formulation competes
with free folate for the cell receptor (Fig. 3). As a result,
the cellular uptakes of ATRA were reduced by increasing
the concentration of folate as a competitor. As concerning
about in vivo mechanisms of competition with free endoge-
nous folate, folate-tethered emulsions may be superior due
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Fig. 3. Inhibition of ATRA-FTEs uptake by free folate. The cellular
uptake was compared between folate-added cells and folate-free cells
treated with same formulation. KB cells was incubated for 1 h with 1 lM
of ARA-FTE2000 and ATRA-FTE3400, varying concentrations of free folic
acid from 0.01 to 100 mM [6]. After thorough washing by PBS, the cells
were harvested using trypsin (1·) and then the cellular ATRA concentra-
tion was determined with HPLC.
to their higher affinities for the target cell resulting from
multivalent bindings to targeted carcinomas relatively. Fur-
thermore, if the formulations have proper size for attaching
to the cell surface, the in vivo efficiency will be increased to
the maximum. Also the longer spacer length of PEGs prob-
ably enables a better interaction with the folate receptor in
order to overcome the sterical hindrance which prevents
interactions [41].
3.6. Growth inhibitory effect of FTE-ATRA

ATRA has anticancer activity in KB cells and MCF-7
cells depending on dose (Fig. 4). On the KB cells with high
densities of folate receptors, ATRA-FTE3400 showed the
lowest cell viability which means the maximum growth inhi-
bition effect compared to the other formulations (growth
inhibitory activity on KB cells: ATRA-FTE3400 > ATRA-
FTE2000 > ATRA-NTE) (Fig. 4a). On the contrary, on
the MCF-7 cells with low level of folate receptors, all for-
mulations showed similar cell growth inhibition which
was dose-dependent (Fig. 4b). KB cells are known to
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Fig. 4. Growth inhibitory effect on KB cells (a) with high densities of
folate receptor and on MCF-7 cells (b) with low level of folate receptor (no
additional free folate).
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express 4 million folate receptors/cell in normal condition
and express 90,000 folate receptors/cell when grown under
low conditions of folate in the medium [6,36,41]. Mean-
while, MCF-7, human breast carcinoma cells, express unde-
tectable levels of folate receptor [43,44]. Therefore, the cell
viability of KB cells was �2 times lower than MCF-7 cells.
Although treated with different emulsion formulations such
as FTE and NTE, MCF-7 cells did not show the significant
changes in cytotoxicity at the same dose of ATRA because
of low expression level of folate receptors in the cell sur-
faces. This is clear evidence that these folate-tethered emul-
sions have a potential for folate receptor-mediated uptake.
However, our results showed only moderate increase in
cytotoxicity in KB cells because ATRA could be trans-
ported to the cell via non-specific mechanisms under these
incubation conditions. There are several reports which
show that folate-targeted drugs in liposomes exhibit cyto-
toxicity which is 50–100 times (about 2-logs) higher than
non-folate-targeted drug administration [6,45]. In each
instance, the cells were conditioned for several weeks in
low folate medium (folate-free medium containing serum
which provides nM concentrations of folate to the cells)
to allow for maximal expression of folate receptors on the
cell surface.

Moreover, since most tissue culture media contain
micromolar concentrations of folate, it is essential to use
medium with no folate but contain 10% heat-inactivated
bovine serum, so that the folate concentration is about
9 nM in the culture medium which is close to the circulat-
ing concentration of folate in human serum. This would
also mean that cytotoxicity experiments should be con-
ducted with cells adapted to grow in low folate medium
before incubation with folate-tethered liposomes. Perhaps
by doing this way the difference in magnitude of cytotoxic-
ity between folate-receptor expressing cells and non-
expressing cells would be very high.

3.7. Inhibition of anticancer activity by free folate

Continuously, the addition of 1 mM free folate into the
ATRA-FTE3400 reduced the anticancer activity of ATRA
to the level of ATRA-NTE (Fig. 5). Folate-tethered emul-
sions had little anticancer effect on the growth inhibition
under conditions by competition with free folate. It means
that free folate influences both the cellular uptake and
growth inhibition of ATRA by preventing folate-tethered
emulsion from binding the carcinomas bearing folate
receptors. Figs. 1b and 5 show a good correlation between
cellular uptake and cytotoxicity of ATRA-FTE with dose-
dependence. Compared with the numerical differences with
IC50 and cellular uptake efficiency, almost similar patterns
showed with ATRA-NTE and ATRA-FTE3400. It was a
different results with the folate-liposomal formulations
using doxorubicin in vitro test already published report
[42], which the 86-fold increase in cytotoxicity due to
folate-targeting seems to exceed the 45-fold increase in cel-
lular uptake.
4. Conclusions

In this study, we developed folate-tethered emulsions of
ATRA for targeting folate receptor-abundant cancer cells
and improved the cellular uptake and growth inhibition
by altering the polymer length. Therefore, folate-tethered
emulsion has a potential for target delivery of poorly
water-soluble retinoids to cancer cells. However, to confirm
this suggestion, the further study needs to be carried out in
maintained cells in folate-free medium or low folate med-
ium to overexpress folate receptors.
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