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Abstract We report on the characteristics of raft domains

in the apical membrane from human placental syncytio-

trophoblast (hSTB), an epithelium responsible for

maternal–fetal exchange. Previously, we described two

isolated fractions of the hSTB apical membrane: a classical

microvillous membrane (MVM) and a light microvillous

membrane (LMVM). Detergent-resistant microdomains

(DRMs) from MVM and LMVM were prepared with Tri-

ton X-100 followed by flotation in a sucrose gradient and

tested by Western and dot blot with raft markers (placental

alkaline phosphatase, lipid ganglioside, annexin 2) and

transferrin receptor as a nonraft marker. DRMs from both

fractions showed a consistent peak for these markers,

except that the DRMs from MVM had no annexin 2 mark.

Cholesterol depletion modified the segregation in both

groups of DRMs. Our results show two distinguishable

lipid raft subsets from MVM and LMVM. Additionally, we

found significant differences between MVM and LMVM in

cholesterol content and in expression of cytoskeletal pro-

teins. MVM is enriched in ezrin and b-actin; in contrast,

cholesterol and cytokeratin-7 are more abundant in

LMVM. These differences may explain the distinct prop-

erties of the lipid raft subtypes.

Keywords Lipid raft � Placenta � Apical membrane �
Epithelium � Cytoskeleton �
Detergent-resistant microdomain

Abbreviations

hSTB Syncytiotrophoblast

PLAP Alkaline phosphatase

Anx-2 Annexin A2

MVM Classical microvillous membrane

LMVM Light microvillous membrane

CK-7 Cytokeratin-7

htf-R Human transferrin receptor

DRMs Detergent-resistant membranes

mb-CD Methyl b-cyclodextrin

Introduction

In polarized epithelial cells, the apical and basolateral

plasma membranes strongly differ in lipid and protein

composition. Human placental syncytiotrophoblast (hSTB),

epithelial cells lacking a paracellular route to separate

maternal and fetal blood, constitute the main barrier for

maternal–fetal exchange. To guarantee their function and to

control material flow in one defined direction, hSTB main-

tain a polarized organization with two distinct (apical and

basal) plasma membrane domains. Apical protein sorting

and trafficking require specific signals; some of these

depend on the integrity of sphingolipid/cholesterol-enriched

membrane microdomains termed ‘‘lipid rafts,’’ while others

use separate transport platforms (Delacour and Jacob 2006;

Ikonen 2001; Rajendran and Simons 2005; Schuck and

Simons 2004). The raft hypothesis for apical protein trans-

port was postulated over 10 years ago but is still a matter of

updates and debate. At present, there are several lines of
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evidence indicating that microdomains exist within the fluid

bilayer of the plasma membrane and that protein association

with lipid rafts may occur (Danielsen and Hansen 2003;

Nguyen et al. 2006; Simons and Ikonen 1997). In placental

epithelium, this is an emerging thesis that needs to be further

explored (Paradela et al. 2005; Xu et al. 2006).

A definition of membrane rafts was clarified at the

Keystone Symposium on Lipid Rafts and Cell Function:

‘‘Lipid rafts are small and highly dynamic membrane

microdomains (10–20 nm) that are enriched in cholesterol

and sphingolipids that compartmentalize cellular processes.

Small rafts can sometimes be stabilized to form larger

platforms through protein–protein and protein–lipid inter-

actions’’ (Pike 2006). This arrangement makes them

membrane regions with distinct properties and structural

composition. They appear to act as platforms to colocalize

proteins implicated in processes as diverse as signal

transduction, endocytosis and cholesterol trafficking. New

evidence suggests that this variety of functions is accom-

panied by diversity in the composition of lipid rafts. The

rafts in cells appear to be heterogeneous in terms of both

protein and lipid content and can be localized in separate

regions of the cell (Janich and Corbeil 2007).

Different methods have been used to isolate and char-

acterize the rafts; some of these require cellular destruction,

and others are performed with live, intact cells (Lagerholm

et al. 2005; Macdonald and Pike 2005). The first method to

biochemically define rafts was based on their resistance to

solubilization by non-ionic detergents such as Triton X-100

at 4�C (Brown and Rose 1992). The detergent-resistant

membrane (DRM) fractions that result from this technique

are aggregates of raft domains and thus do not represent the

native state of lipid rafts in cell membranes (Lichtenberg

et al. 2005). However, DRMs have proved to be a useful

starting point for the analysis of microdomains (Babiychuk

and Draeger 2006; Hanada et al. 1995; Schroeder et al.

1998). A large number of cell surface proteins are found in

lipid rafts (Babiychuk et al. 2002; Chatterjee et al. 2001;

Rajendran et al. 2003; Simons and Toomre 2000), and

increasing evidence suggests that partitioning of a protein in

and out of rafts could play a role in diverse pathologies

(Fantini et al. 2002; Simons and Ehehalt 2002).

The apical membrane of epithelial cells, including hSTB,

is a specialized structure particularly rich in membrane

lipids characteristic of lipid rafts, which seem to be essential

for the maintenance and stability of microvilli (Meder et al.

2006). These lipids include several raft markers, such as

placental alkaline phosphatase (PLAP) and annexin 2 (Anx-

2), which have been found in microvillous rafts (Hanada

et al. 1995; Harder et al. 1998; Harder and Gerke 1994).

Additionally, in the apical domain, a heterogeneous popu-

lation of rafts in the microvillous membrane has been

demonstrated (Braccia et al. 2003; Roper et al. 2000); these

are probably involved in specific functions and may be

linked to cytoskeletal proteins (Arvanitis et al. 2005; Crane

and Tamm 2004; Schuck and Simons 2004). Given that the

microdomains in human placental epithelium are still

poorly understood, we set out to find and characterize rafts

from purified apical membrane fractions of hSTB.

Previously, using differential sucrose density migration,

we isolated two fractions from the apical (maternal-fac-

ing) membrane: the classical microvillous membrane

(MVM), used by us and other authors to study transport

mechanisms, and the light microvillous membrane

(LMVM) (Jimenez et al. 2004). We described a Maxi

chloride channel (Bernucci et al. 2003; Riquelme et al.

1995, 2004; Riquelme and Parra 1999; Vallejos and

Riquelme 2007), a nonspecific cation channel in MVM

(Llanos et al. 2002) and, more recently, K? channels in

LMVM (Berrios et al. 2008; Vallejos et al. 2008), sug-

gesting that the two fractions could contain different

transport proteins. Although we reported based on mass

spectrometry that MVM from hSTB is probably highly

enriched in lipid raft microdomains (Paradela et al. 2005),

this does not constitute direct evidence. On the other hand,

LMVM has not been fully studied and we suppose that

raft composition could be one factor that distinguishes it

from the MVM fraction.

The aim of this work was to study the differential

expression of microdomain lipid rafts in both purified

apical membrane fractions of hSTB and to explore possible

connections with the cytoskeleton. These studies could

improve our understanding of the physiological role of

these domains and their constituents.

Materials and Methods

Placenta Collection

Placentae obtained from normal pregnancies were col-

lected immediately after delivery from the San José

Hospital Maternity Unit and transported to the laboratory

on ice.

Preparation of Placental Apical Membranes

Human placental apical membrane or MVM and LMVM

vesicles were prepared from fresh placenta by a method we

have described that enables simultaneous isolation of api-

cal and basal membranes from the same placenta (Jimenez

et al. 2004). The purification method included precipitation

of non-MVM with magnesium ions, differential centrifu-

gation and a sucrose step gradient; this assured that isolated

fractions were enriched and free of contamination. All

solutions were buffered with 20 mM Tris-maleate (pH 7.4).



A portion (2–3 ml) of the microvillous-enriched prepara-

tion containing about 10–15 mg of protein was overlaid on

the sucrose gradient. Bands were obtained at 10/37% and

37/45% sucrose interfaces, corresponding to an LMVM

apical fraction and to the classical MVM apical fraction,

respectively. These fractions were collected and diluted 10-

fold with 20 mM Tris-maleate (pH 7.4) before centrifu-

gation at 110,000 9 g for 30 min. The final pellet was

resuspended in 300 mM sucrose, 20 mM Tris-maleate (pH

7.4) buffer and stored in liquid nitrogen. Protein concen-

tration was determined using a bicinchoninic acid (BCA)

protein assay kit (Pierce Biotechnology, Rockford, IL,

USA) for the colorimetric detection and quantification of

total protein (Smith et al. 1985; Wiechelman et al. 1988).

The purity and enrichment of the fractions were determined

routinely by assaying for alkaline phosphatase activity, an

apical membrane marker; adenylate cyclase, a basal

membrane marker; and cytochrome-c oxidase and succi-

nate dehydrogenase, mitochondrial membrane markers.

Enrichment of alkaline phosphatase activity was over 20-

fold for MVM and LMVM; both preparations were

essentially free of basal membranes and mitochondrial

membranes. The purity and cross-contamination of the

membranes were similar to those previously observed

(Jimenez et al. 2004).

Preparation of Apical Lipid Microdomains

Apical plasma membrane microdomains were isolated

from MVM and LMVM enriched membrane fractions

separately as a DRM through extraction with Triton X-100

using a modified protocol based on that described by

Brown and Rose (1992). Briefly, aliquots of 0.6 mg of both

isolated membrane fractions were homogenized 30 times in

a manual glass homogenizer with 1% Triton X-100 in

MBS-buffered saline (25 mm morpholinoethanesulfonic

acid [MES], 150 mm NaCl, pH 6.5). After 90 min incu-

bation on ice, 1 ml of vesicles from both apical fractions

(MVM and LMVM) was mixed with 1 ml of 80% sucrose

to obtain a final sucrose concentration of 40%. Then, a

discontinuous gradient was prepared by overlaying the

40% cushion with 2 ml of 35% sucrose and 1 ml of 5%

sucrose in an AH-650 Sorvall (Wilmington, DE, USA)

tube. All sucrose solutions were made in MBS (pH 6.5).

The tubes were centrifuged at 21,700 9 g for 20–22 h.

After centrifugation, the gradients were divided into 10

fractions (0.5 ml each) from the top of the gradient; the

pellet was resuspended in 0.5 ml MBS (fraction 11) for

subsequent analysis. Throughout this article, we use the

term ‘‘lipid microdomains’’ or ‘‘DRMs’’ as the membrane

material that floats on the sucrose gradient around the 5/

35% interface (fractions 1–5).

Characterization of Apical Membrane Flotation

Gradient Fractions

All flotation fractions from MVM and LMVM were char-

acterized by specific markers for protein or lipid content,

alkaline phosphatase as a positive marker for apical lipid

microdomain fractions and human transferrin receptor (htf-

R) as a nonraft marker. Additionally, we used another raft

marker protein, Anx-2, and a lipid marker, glycosphingo-

lipid (GM1) (Babiychuk and Draeger 2000; Danielsen and

Hansen 2003; Gaus et al. 2005; Harder and Gerke 1994;

van der Goot and Harder 2001).

Depletion of Membrane Cholesterol by Methyl-b-

Cyclodextrin Treatment

Cyclodextrin treatment was carried out as described pre-

viously (Danielsen and Hansen 2003). Placental apical

vesicles (0.6 mg of total protein) were incubated with 2%

w/v methyl-b-cyclodextrin (mb-CD) in MBS buffer at

37�C for 30 min and centrifuged at 21,000 9 g for 2 h at

4�C. The pellet was resuspended in 1 ml of 1% Triton X-

100 in MBS, and the microdomain preparation was carried

out as described above.

Electrophoresis, Western Blotting and Densitometric

Analysis

All flotation gradient fractions were tested by SDS-PAGE

and immunoblotting. Aliquots of 50 ll each were incu-

bated with 10% trichloroacetic acid (v/v) for 30 min on ice

and centrifuged at 21,000 x g for 30 min at 4�C. The pellet

was resuspended in sample buffer, boiled for 5 min and

sonicated for 30 min. For the cytoskeletal proteins ezrin,

cytokeratin-7 (CK-7) and b-actin, 20 lg of total protein of

LMVM and MVM was used; routinely all three proteins

had been probed in membrane fractions isolated from the

same placentae. These samples and the molecular weight

marker (Dual Colour; Bio-Rad, Richmond, CA, USA) were

loaded on a 10% SDS-polyacrylamide gel. Electrophoresis

was performed at 100 V, and the gel was transferred to a

nitrocellulose membrane (Bio-Rad 162-0115) for 2 h at

100 V. The nitrocellulose membrane was blocked for 2 h at

room temperature with 3% nonfat milk in Tween/saline

buffer (138 mM NaCl, 270 mM KCl, 0.05% Tween-20)

and washed in Tween/saline buffer. Membranes were

incubated with primary antibody for 2 h at room temper-

ature. All antibodies were diluted in distilled water: anti-

PLAP 1:5,000, anti-Anx-2 1:2,000, anti-htf-R 1:500, anti-

ezrin 1:2,000, anti-CK-7 1:500, anti-b-actin 1:5,000. After

washing with Tween/saline buffer, membranes were incu-

bated with specific horseradish peroxidase (HRP)–linked

secondary antibody: anti-rabbit 1:5,000 or anti-mouse



1:10,000, both diluted in Tween/saline buffer and incu-

bated for 1 h at room temperature. Bands were detected

with the enhanced chemiluminescence Western Blotting

Analysis System (ECL, RPN 2106; Amersham, Arlington

Heights, IL, USA). Protein content was quantified with

UN-SCAN-IT gel Automated Digitizing System, version

4.1 (Silk Scientific, Orem, UT).

Dot Blotting

To measure the expressions levels of GM1 in each fraction,

3 ll of flotation gradient fractions were dot-blotted on

nitrocellulose membrane, dried for 1 h and blocked for 2 h

with 3% BSA in PBS (128 mM NaCl, 2 mM KCl, 8 mM

Na2HPO4, 2 mM K2HPO4, pH 7.2) at room temperature.

Later, the membrane was incubated overnight with the

HRP-conjugated cholera toxin b-subunit (1:10,000) and

detected with the ECL system. Densitometric analysis of

dot-blot bands was performed in the UN-SCAN-IT gel 4.1

system.

Reagents and Antibodies

All chemicals were analytical grade. Buffers were made

with distilled water, and pH values were determined at

room temperature. The following antibodies were used:

mouse monoclonal antibody to human PLAP (Sigma, St.

Louis, MO), b-actin (MP Biomedicals, Santa Ana, CA),

ezrin (Zymed, San Francisco, Ca), CK-7 (Zymed), htf-R

(Zymed), rabbit polyclonal antibody to Anx-2 (Santa Cruz

Biotechnology, Santa Cruz, CA) and HRP-conjugated

secondary goat anti-mouse (Amersham) and rabbit (Santa

Cruz Biotechnology). For dot blotting to GM1, HRP-con-

jugated cholera toxin b-subunit (Sigma) was used.

Statistical Analysis

Results are expressed as the mean ± sem. Measures of

statistical significance were obtained using Student’s t-test.

P \ 0.05 was considered significant.

Results

hSTB Apical Domain Characterization

Purification of apical membrane fractions (MVM and

LMVM) from placental hSTB was achieved using the

protocol described in ‘‘Materials and Methods,’’ which

resulted in adequate enrichment of apical membrane

markers essentially free of basal membranes and mito-

chondrial membranes, as described fully in a previous

report (Jimenez et al. 2004).

Microvillous enrichment was assessed using the enzy-

matic activity of PLAP, an epithelial apical membrane

marker that is abundant in the syncytiotrophoblast micro-

villous membranes but scarce or absent in other cell

membranes in the human placenta. The enrichment factors

relative to the initial tissue homogenate can be seen in

Fig. 1a (PLAP enrichment activity). The alkaline phos-

phatase activity in pure LMVM and MVM is enriched

26.2 ± 3.9- and 21.9 ± 3.1-fold relative to the homoge-

nate, respectively (n = 8 independent placentae). Similar

results were obtained from Western blot analysis, demon-

strating the presence of alkaline phosphatase in both

LMVM and MVM fractions. An interesting result is that

the enriched value for LMVM is slightly greater than that

of MVM. The enrichment activity of the purified apical

membrane fractions was comparable to those of other

preparations reported for apical membrane purification

(Jimenez et al. 2004).

Since cholesterol is known to be enriched in rafts and is

critical to their formation, our first approach was to mea-

sure cholesterol content in the two apical fractions. Total

cholesterol was estimated in the apical fractions using an

enzymatic assay described in ‘‘Materials and Methods.’’ As

shown in Fig. 1b, the cholesterol/protein ratio of LMVM

(0.25 ± 0.03) was considerably higher (1.7-fold) than the

MVM ratio (0.15 ± 0.01, n = 6 placentae).

Presence of Lipid Microdomains in the Apical

Fractions of hSTB

We implemented a protocol to obtain DRMs from LMVM

and MVM. Placental apical membranes were incubated

with 1% Triton X-100, layered in a discontinuous sucrose

gradient (5–35–40%), centrifuged for 20–22 hr until sep-

aration occurred and collected in 10 fractions of 0.5 ml, of

which fractions 1–5 were considered DRMs; the pellet was

resuspended as fraction 11.

First, all fractions were probed for PLAP, a recognized

apical and raft marker. Figure 2a shows the distribution of

this marker in the flotation gradient fractions. PLAP is

enriched in DRMs from LMVM, specifically in fraction 3

(27.6 ± 3.6), which corresponds to the 5–35% interface. A

previous report found this level of the gradient to be where

the main rafts float (Brown and Rose 1992). Fraction 3 also

had significantly more PLAP than the rest of the fractions

(n = 6 placentae). For MVM, two important peaks were

observed for PLAP: the first corresponding to the DRM

fractions (14.2 ± 4.7), the second (23.7 ± 2.5) corre-

sponding to the pellet (n = 6 placentae), which has greater

enrichment of this marker. Although both apical mem-

branes showed a PLAP peak in the DRM fractions,

suggesting the presence of rafts in both membranes, there

were differences between them. PLAP was higher in



LMVM DRMs than in the corresponding fractions from

MVM, while in the pellets PLAP was higher in MVM than

in LMVM.

In addition, to ensure that the DRM fractions were free of

nonraft fractions, which could correspond to poorly solu-

bilized complexes from the weak detergent treatment, we

probed these fractions for htf-R, a protein known to reside in

nonraft areas. As Fig. 2a shows, this protein is not found in

DRM fractions from LMVM or MVM (n = 4 placentae).

Characterization of DRMs from LMVM and MVM

DRM fractions were further assayed for two membrane

compounds known to be enriched in the Triton X-100-

insoluble rafts: GM1, a glycosphingolipid marker, and

Anx-2, a protein associated with cholesterol and cyto-

skeleton and linked to the cytoplasmic side of the

membrane. Figure 3a shows the distribution of Anx-2 in

the LMVM and MVM flotation gradient fractions. This

marker appeared in a small peak in the DRM fractions of

LMVM, and the main mark (*90%) appeared in the sol-

uble fractions, including the pellet fraction. By contrast, in

the MVM flotation fractions, Anx-2 was totally absent in

the DRMs and all of the marks (100%) appeared in the

nonraft fractions. On the other hand, GM1 (Fig. 3b)

showed a similar distribution pattern to PLAP for both

LMVM and MVM. In LMVM, GM1 showed a unique peak

of enrichment (26.4 ± 2.0) in the DRM fractions. In MVM

flotation gradient fractions, GM1 was present in two peaks:

the first of these corresponding to DRM fractions

(10.8 ± 4.7), significantly less than that in LMVM, and the

second corresponding to the pellet (37.8 ± 3.5), higher

than that in LMVM.

Cholesterol-Depletion Effects on the Distribution

of Raft Markers

Cholesterol depletion has been shown to directly affect

protein association with rafts and inhibit raft-dependent

signaling. Therefore, to establish a relationship between

cholesterol content and raft marker association, we

removed cholesterol from LMVM and MVM membranes

by treating them with mb-CD, a specific cholesterol

removal agent. Apical membranes were incubated with 2%

mb-CD as described in ‘‘Materials and Methods.’’ This

resulted in 95% depletion of membrane cholesterol as

judged by comparing cholesterol/protein ratios before and

after treatment (data not shown). As has been reported in

the literature, cholesterol depletion affects the association

of various raft markers with the DRM fractions in different

ways. As shown in Fig. 4, PLAP association with DRM

fractions from LMVM and MVM was not affected by

removal of cholesterol. GM1 association, however, was

significantly decreased by 2% mb-CD treatment. The GM1

signal fell from 64.2 ± 5.5 to 42.8 ± 5.5 in the LMVM

DRMs and from 24.6 ± 5.3 to 4.2 ± 2.2 in MVM (n = 6

control placentae, n = 4 mb-CD preincubated placentae).

Anx-2, present only in the DRM fractions of LMVM, was

completely absent after cholesterol extraction, suggesting

that this association depends directly on the presence of

cholesterol in LMVM.

Possible Cytoskeletal Participation in Differential

Composition of Rafts

Based on the results described above, the next step was to

test the specialized cytoskeleton. The cytoskeleton stabi-

lizes the microvilli of the syncytium and may be linked to

Fig. 1 Characteristics of apical hSTB domains. (a) Enrichment of

PLAP activity in LMVM and MVM. Enrichment values (26.2 ± 3.9

and 21.9 ± 3.1, respectively) indicate that both fractions came from

the apical domain of hSTB (n = 8 placentae). (b) Graph shows

cholesterol content in each apical fraction normalized as cholesterol/

protein ratio. LMVM has significantly higher cholesterol content

(0.25 ± 0.03) compared to the MVM fraction (0.15 ± 0.01) (n = 6

placentae, mean ± sem, *P \ 0.05)



the differential distribution of raft markers between the two

apical membrane fractions of hSTB. LMVM and MVM

were analyzed for three cytoskeletal proteins, ezrin, b-actin

and CK-7, which are localized in different parts of the

cytoskeletal apical domain (Berryman et al. 1995; Morales

et al. 2004; Tyska et al. 2005; Wald et al. 2005). As Fig. 5

shows, ezrin and b-actin proteins, associated with the

microvillous finger-like projection region, were

significantly more associated with MVM than LMVM

(65.0 ± 3.4 vs. 34.9 ± 3.7 for ezrin, 62.6 ± 3.3 vs.

37.4 ± 3.5 for b-actin). CK-7, which is a component of the

intermediate filaments in whole trophoblast epithelia, was

more abundant in LMVM than in MVM (66.2 ± 6.1 vs.

33.8 ± 6.0). These results suggest that LMVM could cor-

respond to the apical subdomain constituting the base of

finger-like projections, which interact with the intermediate

Fig. 2 Distribution of raft and

nonraft markers in the flotation

gradient fractions of LMVM

and MVM. Equal volumes of

each sucrose gradient fraction of

LMVM and MVM were

separated by SDS-PAGE,

transferred to a nitrocellulose

membrane and probed for

PLAP, a typical raft marker, and

for htf-R, a nonraft marker. The

amount shown is expressed as a

percentage of the sum of all

fractions. (a) Representative

image and quantification of

Western blot analysis of PLAP

shows a peak between fractions

1 and 5 corresponding to DRMs

of both LMVM and MVM

(n = 6 placentae, mean ± sem,

*P \ 0.05 and **P \ 0.01). (b)

Representative image and

quantification of Western blot

analysis of htf-R show that it is

absent from DRM fractions in

both LMVM and MVM

membranes (n = 4 placentae,

mean ± sem)



filaments of the trophoblast cytoskeleton. The MVM could

correspond to the microvillous finger-like region of the

apical subdomain of hSTB. Thus, differences in the DRMs

from the apical membranes might be explained by LMVM

and MVM deriving from two distinct apical domains.

Discussion

Here, we report the differential expression of microdo-

mains (lipid rafts) in both MVM and LMVM, purified

microvillous membranes from placental hSTBs previously

Fig. 3 Differential distribution

of raft markers in the flotation

gradient fractions of LMVM

and MVM. (a) Representative

image and quantification of

Western blot analysis of Anx–2

show the flotation gradient

fractions. No mark was detected

in the DRM fractions of MVM,

and only a weak mark was

present in the DRM fractions of

LMVM. The amount shown is

expressed as a percentage of the

sum of all fractions (n = 6

placentae, mean ± sem). (b)

The lipid GM1 shows a unique

peak in the DRM fractions of

LMVM and two peaks in the

flotation fractions of MVM

(n = 6 placentae, mean ± sem,

*P \ 0.05 and **P \ 0.01). A

representative image of the dot

blots for GM1 is in the bottom

panel



described by us (Jimenez et al. 2004). We show that the

two apical membrane fractions have different cholesterol

content and cytoskeletal protein composition including

CK-7, ezrin and b-actin. These results confirm the heter-

ogeneity of hSTB apical membrane domains, specifically

their protein and lipid composition, and suggest the exis-

tence of two subdomains within the apical domains.

In both purified apical membranes we observed features

of sphingolipid/cholesterol-enriched membrane microdo-

mains characterized by their resistance to detergent

Fig. 4 Cholesterol depletion

affects the association of raft

markers with Triton X–100-

resistant complexes. (a)

Representative Western blot

images of raft markers

distributed among the flotation

gradient fractions obtained from

cholesterol-depleted LMVM

and MVM. (b) Graph

summarizing the cholesterol-

depletion effect; the percentage

shown corresponds to the sum

of relative density in fractions

1–5 of each apical membrane,

control and preincubated with

mb-CD. In both apical

membranes GM1 was partially

removed from DRMs and Anx-2

was completely removed from

DRMs of LMVM. Otherwise,

PLAP showed the same

expression (n = 6 control

placentae, n = 4 mb-CD

preincubated placentae,

mean ± sem, *P \ 0.05)

Fig. 5 Comparison of

cytoskeletal proteins detected in

LMVM and MVM apical

membranes. Graphs (a–c) show

the differential expression of b-

actin, ezrin and CK-7,

respectively. All three proteins

had been probed in membrane

fractions isolated from the same

placentae (n = 8 independent

placentae). The values

presented as percentage

correspond to relative density of

the mark present in each apical

fraction, which was normalized

by the sum of densities in both

fractions (mean ± sem,

*P \ 0.05, ***P \ 0.01). (d)

Representative images of

Western blots for cytoskeletal

proteins in membrane fractions

isolated from the same placenta



extraction and the ability to float in density gradient cen-

trifugation. However, we obtained two different DRM

fractions by Triton X-100 treatment and from samples of

the 5% and 35% bands of the sucrose gradient. The anal-

ysis of sucrose density gradient fractions with three raft

markers (PLAP, Anx-2 and GM1) and for htf-R, a nonraft

marker (Harder et al. 1998), allowed us to distinguish

between the two types of DRMs. We assayed PLAP first,

obtaining an unequal distribution in MVM and LMVM,

and inferred that the distinct pattern of PLAP distribution

could reflect a different type of raft in each apical mem-

brane fraction. The flotation gradient fractions were further

analyzed for two membrane compounds known to be

enriched in the Triton X-100-insoluble rafts: GM1 and

Anx-2. In LMVM, a consistent peak of all markers was

present in fractions 1-5, as expected for DRMs; however,

in MVM, a heterogeneous distribution pattern of the DRM

markers was observed: PLAP and GM1 were detected as

expected, but Anx-2 was absent from these DRMs. htf-R, a

protein known to reside in nonraft regions, was absent from

LMVM and MVM DRMs, indicating that the presence of

PLAP, GM1 and Anx-2 in DRMs was not due to con-

tamination from nonraft zones. In addition, cholesterol

depletion considerably altered GM1 and Anx-2 levels but

had no effect on PLAP.

In conclusion, our results describe two distinguishable

DRM subsets from MVM and LMVM purified apical

membranes, representing the first evidence of the presence

of microdomains in isolated apical syncytiotrophoblast

membranes. These results agree with those of Xu et al.

(2006), who described lipid rafts from a homogenate of

placental tissue. In our case, the results determine the

specific tissue localization (apical membrane fractions) of

the lipid rafts and their differing composition, suggesting

that the purified apical fractions obtained, MVM and

LMVM, constitute two structurally distinct regions or

subdomains in the microvillous membrane of the apical

domain of hSTB.

The existence of microdomains within the fluid bilayer

of the apical plasma membrane of hSTB is in agreement

with several reports that describe rafts in both excitable and

nonexcitable cells including epithelial cells, which localize

a number of membrane proteins together with multiple

signal-transduction molecules, while excluding others

associated with multiple functions (Danielsen and Hansen

2003; Mazzone et al. 2006; Nguyen et al. 2006; Simons

and Ikonen 1997; Taieb et al. 2004). The heterogeneity that

we observed is also compatible with the literature, where

marker protein assays and ultrastructural data indicate the

existence of different types of rafts (Danielsen and Hansen

2003; Volonte et al. 1999). A growing body of work sug-

gests that the variety of functions associated with lipid rafts

is accompanied by diversity in their composition (Arvanitis

et al. 2005; Danielsen and Hansen 2003; Janich and Corbeil

2007).

Together with two distinct raft types, a systematic sec-

ond peak of raft markers in the pellet flotation fraction was

found only in MVM. The next step was to explore whether

the specialized cytoskeleton that stabilizes the microvilli of

the syncytium could be involved in the differential distri-

bution of raft markers between LMVM and MVM. Three

cytoskeletal proteins were probed by Western blotting in

MVM and LMVM fractions. Ezrin b-actin and CK-7 are

localized in different parts of the cytoskeletal microvilli

(Berryman et al. 1995; Ikeda et al. 2006; Morales et al.

2004; Paku et al. 2005; Tyska et al. 2005; Wald et al.

2005). The first two are preferentially localized in the core

of the finger-like projections, and their presence is signif-

icantly higher in MVM than in LMVM. By contrast, CK-7

is in the largest subfamily of intermediate filaments asso-

ciated with syncytiotrophoblast cytoplasm (Paku et al.

2005), and its expression is enhanced in LMVM over

MVM. These results could explain the presence of a second

peak of PLAP and GM1 in the MVM flotation fractions, if

the MVM microdomains are tightly associated with the

specialized cytoskeleton of the finger-like projections

region of the microvilli.

These findings support the possibility that MVM,

LMVM and their respective rafts derive from two regions

in the microvilli corresponding to subdomains of the apical

hSTB membrane. As further support, previous functional

studies of MVM and LMVM showed clear differences in

the levels of diverse proteins, locating them in one of these

two fractions (Bernucci et al, 2003; Berrios et al. 2008;

Montalbetti et al. 2007; Riquelme et al. 1995, 2004; Ri-

quelme and Parra 1999; Vallejos et al. 2008; Vallejos and

Riquelme 2007). Our results are in agreement with a

number of works that suggest similar heterogeneity for the

apical domains (Danielsen and Hansen 2003). Hanono

et al. (2006) proposed that microvilli contain subdomains

distinguished by the localization of ezrin and EPI64.

In summary, our data support the presence of distinct

lipid rafts in the two fractions of apical plasma membrane

domains, both of which are insoluble in Triton X-100 and

sensitive to cholesterol depletion. It seems plausible that

MMV and LMVM apical fractions, with differences in

cholesterol content and specific cytoskeletal proteins, cor-

respond to specific regions of the microvillus and may

explain the two types of raft we described. Figure 6 shows

a possible model of MVM and LMVM localization in the

microvilli of hSTB. In the apical domain of hSTB, the

microvillous core composed of actin filaments is stabilized

by actin cross-linked proteins such as ezrin. This specific

region of finger-like projections might correspond to

MVM, whose microdomains are strongly associated with

its specialized cytoskeleton. LMVM, on the other hand,



could correspond to the bottom part of the microvilli,

which is linked to distinct cytoskeletal proteins such as

intermediate filament components (CK-7). Our data sug-

gest that cytoskeletal factors are involved in the

organization of apical rafts and that specific subdomain

localization in the microvillus is the key to the differences

between LMVM and MVM lipid raft composition. Finally,

since many functions of the apical membrane are based on

membrane dynamics and structure–function relationships,

characterizing lipid rafts and the purified subdomains of the

microvilli may be of great importance for understanding

the molecular mechanisms of processes that occur in the

placental hSTB. This model should be generally applicable

to other types of epithelial cells. The next step in our work

is to unravel the functional roles of these membrane

microdomains in placental transport.
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