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© 2012 The Japan Society of Histochemistry andAquaporin 2 (AQP2) is a membrane water channel protein that traffics between the intracellular

membrane compartment and the plasma membrane in a vasopressin-dependent manner in

the renal collecting duct cell to control the amount of water reabsorption. We examined the

relation between AQP2 internalization from the plasma membrane and caveolin-1, which is

a major protein in membrane microdomain caveolae, in Mardin-Darby canine kidney cells

expressing human AQP2 (MDCK-hAQP2 cells). Double-immunofluorescence microscopy

showed that AQP2 is colocalized with caveolin-1 in the apical plasma membrane by stimulating

the intracellular signaling cascade of vasopressin with forskolin. After washing forskolin, both

AQP2 and caveolin-1 were internalized to early endosomes and then separately went back

to their individual compartments, which are subapical compartments and the apical membrane,

respectively.

Double-immunogold electron microscopy in ultrathin cryosections confirmed the colocalization

of AQP2 with caveolin-1 at caveolar structures on the apical plasma membrane of forskolin-

treated cells and the colocalization within the same intracellular vesicles after washing

forskolin. A co-immunoprecipitation experiment showed the close interaction between AQP2

and caveolin-1 in forskolin-treated cells and in cells after washing forskolin. These results

suggest that a caveolin-1-dependent and possibly caveolar-dependent pathway is a candidate

for AQP2 internalization in MDCK cells.
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I. Introduction

Water transfer through the plasma membrane lipid

bilayer is markedly increased by membrane water channel

proteins, aquaporins. So far, 13 aquaporin isoforms have

been identified in mammals and their tissue distributions

are becoming clear [10, 11]. In the kidney, at least 7 isoforms,

aquaporin-1 (AQP1), AQP2, AQP3, AQP4, AQP6, AQP7,

and AQP11, are expressed in specific cell membrane

domains (for review, see [26, 27]). AQP2 is an important

water channel in the collecting duct principal cells, where

it is largely distributed in the apical region. It is well known

that AQP2 traffics between intracellular vesicles and the

plasma membrane by exocytotic membrane insertion and

endocytotic internalization (for review, see [4, 27, 28]).

When the plasma vasopressin level is high, exocytotic

membrane insertion of AQP2 is accelerated and AQP2 is

much accumulated on the apical membrane, which mediates

rapid and efficient transfer of water from the lumen into the

cell. AQP3 and AQP4 are localized on the basolateral mem-

brane of these cells, leading water to the interstitium.

These aquaporins in concert mediate water reabsorption

and urinary concentration. When the plasma vasopressin
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level falls, AQP2 on the apical membrane is internalized to

intracellular vesicles by endocytosis. AQP2 is internalized

to the early endosome compartment and some is recycled

back to the subapical recycling compartment in Madin-

Darby canine kidney cells, which stably express human

AQP2 (MDCK-hAQP2 cells; [24, 25]). Recently, we became

interested in the relationship between AQP2 internalization

and plasma membrane microdomains, which are specific

domains where specific types of lipids, such as cholesterol

and sphingolipids, are concentrated. Caveolae are caveolin-

1-enriched flask-shaped 60–80 nm invaginations of the

plasma membrane that form a subdomain of microdomains

(for review, see [9, 15, 17]). Caveolin-1 forms high molec-

ular mass oligomers, which likely facilitate, but are not

sufficient for, the formation of the caveolar structure (for

review, see [9]). The functions of caveolae are diverse

and include endocytosis, transcytosis, potocytosis, calcium

signaling, and the regulation of various signaling events (for

review, see [15]). It is well known that caveolae offer an

endocytotic pathway to viruses such as influenza [13] and

Simian virus 40 (SV40; [16]), as well as membrane proteins

such as sugar transporter GLUT4 [18], occludin [19], and

claudin-5 [19]. Whether caveolae are involved in the

trafficking of AQP2 has not been documented. In the present

study we examined the interaction between AQP2 and a

major caveolar protein, caveolin-1, in the course of AQP2

trafficking in MDCK-hAQP2 cells.

II. Materials and Methods

Cell culture

Madin-Darby canine kidney (MDCK) cells, which

stably express human AQP2 (MDCK-hAQP2), were used

[3, 6, 24, 25]. Cells were maintained in Dulbecco’s modi-

fied Eagle’s medium (DMEM) supplemented with 10%

fetal bovine serum (FBS), 100 U/ml penicillin, 100 µg/ml

streptomycin, and 250 µg/ml G418, at 37°C with 5% CO2.

For analyses, cells were seeded onto permeable supports

(Transwell; Costar, Cambridge, MA), glass coverslips, or

directly onto plastic dishes and grown as confluent mono-

layers. To induce AQP2 trafficking to the plasma membrane,

cells were treated with 50 µM forskolin (Sigma, St. Louis,

MO) in DMEM-10% FBS for 30 min. Internalization of

AQP2 was induced by incubation of cells in DMEM-10%

FBS without forskolin for 30, 60, 90, or 120 min at 37°C

with 5% CO2 after complete washout with 30 ml DMEM-

10% FBS without forskolin.

Co-transfection

Plasmid containing cDNA for flotillin-2 fused in the

N-terminus of EGFP (flotillin-2-EGFP) was kindly provided

by Dr. R Tikkanen [12]. Flotillin-2-EGFP was transiently

expressed in MDCK-hAQP2 cells by transfection using

Lipofectamine 2000 (Invitrogen, Carlsbad, CA).

Antibodies

Primary antibodies were as follows: rabbit anti-AQP2

[23, 24], guinea pig anti-AQP2 [23, 24], goat anti-AQP2

(sc-9882; Santa Cruz Biotechnology, Santa Cruz, CA), rabbit

anti-Rab11a (Zymed, San Francisco, CA), mouse anti-EEA1

(clone 14; BD Biosciences, San Jose, CA), goat anti-EEA1

(sc-6414, Santa Cruz Biotechnology), mouse anti-caveolin-

1 (clone 2234, BD Biosciences), rabbit anti-caveolin-1 (sc-

894, Santa Cruz Biotechnology), mouse anti-phosphorylated

caveolin-1 (clone 56, BD Biosciences), rabbit anti-cathepsin

D [8], and mouse anti-gp135 [14]. Secondary antibodies

were as follows: Alexa Fluor 488-conjugated donkey anti-

rabbit, anti-mouse, or anti-goat IgG antibodies (Molecular

Probes, Eugene, OR), Rhodamine Red X-conjugated donkey

anti-mouse, anti-rabbit, or anti-goat IgG antibodies (Jackson

ImmunoResearch, West Grove, PA).

Immunocytochemistry

Cells were seeded onto either permeable supports

(Transwell, Costar) or glass coverslips and grown as

confluent monolayers. After various treatments, cells were

fixed with 2% paraformaldehyde in 0.1 M phosphate buffer

(pH 7.4) for 30 min at room temperature, methanol for 10

min on ice, or acetone for 10 min on ice. Cells on permeable

supports were then sectioned perpendicular to the filters

with a cryostat and mounted on MAS-coated glass slides

(Matsunami, Osaka, Japan). Cells on glass coverslips fixed

with paraformaldehyde solution were treated with 0.1%

Triton X-100 in phosphate-buffered saline (PBS) for 20

min and then processed for immunostaining. To prevent

non-specific binding of antibodies, cells were treated with

either 3% bovine serum albumin (BSA) in PBS or 2%

gelatin in PBS and then sequentially incubated with the

primary and secondary antibodies. Nuclei were stained

with either 4',6-diamidino-2-phenylindole (DAPI) or TO-

PRO-3 (Invitrogen). Specimens were mounted with mount-

ing medium including 1,4-diazabicyclo(2,2,2)octane and

observed with an Axioplan 2 microscope equipped with a

MRC-1024ES laser confocal system (Carl Zeiss, Jena,

Germany), or an IX81 microscope equipped with a FV1000

laser confocal system (Olympus, Tokyo, Japan). Digital

images were processed with Photoshop CS5 software

(Adobe, San Jose, CA).

Immunoelectron microscopy

Cells were fixed with 3% paraformaldehyde in 0.1 M

sodium phosphate buffer (pH 7.4) for 30 min, scraped and

embedded in 10% agarose. Cells were then infiltrated with

a mixture of sucrose–polyvinyl pyrrolidone and frozen

rapidly in liquid nitrogen [29]. Ultrathin cryosections were

cut using a Leica Ultracut S equipped with an FCS cryo-

sectioning system (Leica Microsystems, Vienna, Austria)

using a cryodiamond knife. Indirect immunogold staining

of ultrathin cryosections was performed essentially as

described previously [7]. Sections were picked up with a

mixture of 2.3 M sucrose and 2% methylcellulose (0.025

Pa·s), and were transferred to Formvar (Oken-shoji, Tokyo,

Japan) and carbon-coated copper grids. Immunostaining

was performed by floating the grids on drops of diluted
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antibodies. Non-specific binding was blocked by pretreat-

ment with 3% BSA in PBS for 10 min. In the double-staining

procedure, sections were first incubated with a mixture of

primary antibodies raised in different animal species and

then with a mixture of species-specific secondary antibodies

conjugated with 6- or 12-nm colloidal gold (Jackson

ImmunoResearch). Specimens were washed with 0.1% BSA

in PBS and then with PBS without BSA. These sections

were fixed with glutaraldehyde and ultrathin-embedded in

a mixture of 0.2% uranyl acetate and 2% methylcellulose

at 4°C. Specimens were dried and observed with a JEM-

100CX electron microscope (JEOL, Tokyo, Japan).

Preparation of Triton X-100-soluble and -insoluble fractions

Cells were grown in the culture dishes. After various

treatments, cells were incubated with ice-cold 25 mM 2-

(N-morpholino) ethanesulfonic acid (MES) buffer, pH 6.5,

containing 1% Triton X-100, 150 mM NaCl, 1 mM (p-

amidinophenyl) methanesulfonyl fluoride (APMSF) for 30

min on ice. Cells were then scraped, passed through a 26-

gauge syringe and centrifuged at 15,000 rpm for 10 min at

4°C. The supernatant and pellet were collected as Triton X-

100-soluble and -insoluble fractions, respectively. Triton X-

100-soluble proteins were precipitated with 10% trichloro-

acetic acid or acetone. They were then subjected to sodium

dodecyl sulfate-acrylamide gel electrophoresis (SDS-PAGE)

and immunoblot analysis.

Co-immunoprecipitaion procedure

Cells were grown in the culture dishes. After various

treatments, cells were incubated with ice-cold Tris-HCl

buffer, pH 7.5, containing 1% Triton X-100, 150 mM EDTA,

60 mM n-octyl-beta-D-glucoside, 1 mM APMSF, 2 mg/ml

leupeptin, and 2 mg/ml pepstatin A for 30 min on ice. Cells

were then scraped, passed through a 26-gauge syringe and

centrifuged at 15,000 rpm for 10 min at 4°C to remove cell

debris. The supernatant was sequentially incubated with

primary antibodies against AQP2 or caveolin-1 and second-

ary antibodies and then precipitated with agarose beads

prebound to protein A or protein G (Santa Cruz Biotech-

nology). Co-immunoprecipitation samples were then sub-

jected to SDS-PAGE and immunoblot analysis.

SDS-PAGE and immunoblot analysis

Samples were denatured in the buffer (15 mM Tris-

HCl, pH 8.0, containing 20% sucrose, 2.5% SDS, and 5%

2-mercapto-ethanol) by boiling for 5 min, separated on 15%

SDS-PAGE, and then electrotransferred to nitrocellulose

membranes (Hybond; GE Healthcare/Amersham, Bucking-

hamshire, UK). The blots were sequentially incubated with

primary antibodies and horseradish peroxidase-conjugated

secondary antibodies. Signals were visualized on Hyperfilm

ECL (GE Healthcare/Amersham) using chemiluminescence

(Supersignal West Dura Extended Duration Substrate;

Pierce, Rockford, IL).

III. Results

Immunofluorescence microscopy of AQP2 and caveolin-1 in 

MDCK cells

Since MDCK-hAQP2 cells do not express vasopressin

receptor, forskolin was used to increase cAMP, which is a

second messenger of the intracellular cascade. Figure 1

shows the changes of AQP2 distribution upon forskolin

treatment and subsequent wash out of forskolin in polarized

MDCK-hAQP2 cells. Compared to the immunofluorescence

of an apical membrane marker, Gp135, AQP2 was localized

largely in the subapical cytoplasm and slightly on the apical

membrane. Upon treatment with forskolin for 30 min, AQP2

appeared largely on the apical membrane by exocytosis.

After washing and incubation without forskolin for 30 min,

AQP2 was internalized in the cytoplasm by endocytosis.

These results are in accord with our previous studies [24].

Then we examined the changes of the distribution of

AQP2 and caveolin-1 during exocytosis and endocytosis by

double-immunofluorescence microscopy (Fig. 2). In the

control state, AQP2 was largely found in the subapical

cytoplasm, as shown in Figure 1, and caveolin-1 was seen

largely in the apical membrane and slightly in the cytoplasm.

Upon treatment with forskolin, AQP2 and caveolin-1 were

colocalized on the apical membrane (Fig. 2d–f). After

washing and incubation without forskolin for 30 min,

both AQP2 and caveolin-1 were internalized and partially

colocalized in the cytoplasm, forming vesicle-like structures

(Fig. 2g–i). Colocalization of AQP2 and caveolin-1 in the

cytoplasm was seen up to 90 min after washing (data not

shown).

Co-immunoprecipitation of AQP2 and caveolin-1

It is well known that caveolin-1 is a Triton X-100-

insoluble protein [2]. To examine whether AQP2 is

recovered in the Triton X-100-insoluble fraction, we

performed immunoblotting of Triton X-100-soluble and

-insoluble fractions from MDCK-hAQP2 cell lysates. Both

caveolin-1 and AQP2 were almost entirely restricted to the

Triton X-100-insoluble fraction (Fig. 3). To reveal the

interaction of AQP2 and caveolin-1, we performed co-

immunoprecipitation using anti-AQP2 antibody and anti-

caveolin-1 antibody. Figure 4a shows that anti-AQP2 anti-

body was able to co-immunoprecipitate caveolin-1 to a

higher degree from forskolin-treated cell lysate, but very

faintly from control cell lysate. A positive band for caveolin-

1 around 22–24 kDa was confirmed by the results of

immunoprecipitation using anti-caveolin-1 antibody. Two

additional bands around 20 and 40 kDa seemed to be rabbit

anti-AQP2 antibody detected by HRP-labeled goat anti-

rabbit IgG antibody, since these bands were also detected

in the lane in which normal rabbit IgG was electrophoresed.

Figure 4b shows that cavevolin-1 was still co-immuno-

precipitated with AQP2 after washing out forskolin. We

previously showed that internalized caveolin-1 was phos-

phorylated using phosphorylated caveolin-1-specific anti-

body [1]. To test whether caveolin-1 is phosphorylated
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Fig. 1. Trafficking of AQP2 in MDCK-hAQP2 cells. Confluent MDCK-hAQP2 cells grown on permeable supports without any treatment as a

control (a–c), treated with forskolin for 30 min (d–f), or treated with forskolin for 30 min, washed, and then incubated without forskolin for 30

min (g–i) were fixed. Cells were sectioned perpendicular to the permeable support with a cryostat and double-immunofluorescently labeled for

AQP2 (red) and the apical membrane marker Gp135 (green). Nuclei were stained with DAPI (blue). Merged confocal images are shown on the

left. AQP2 is largely seen in the subapical cytoplasm in the control. Upon forskolin treatment, AQP2 is accumulated on the apical membrane.

AQP2 is internalized and seen in the cytoplasm after washing out forskolin. Bar=10 µm.

Fig. 2. Colocalization of AQP2 and caveolin-1. Confluent MDCK-hAQP2 cells grown on permeable supports without any treatment as a control

(a–c), treated with forskolin for 30 min (d–f), or treated with forskolin for 30 min, washed, and then incubated without forskolin for 30 min

(g–i) were fixed. Cells were sectioned perpendicular to the supports with a cryostat and double-immunofluorescently labeled for AQP2 (red)

and caveolin-1 (green). Nuclei were stained with DAPI (blue). Merged confocal images are shown on the left. In the control, AQP2 is seen in

the subapical cytoplasm and seems not to colocalize with caveolin-1, which is present on the apical membrane. AQP2 is largely colocalized

with caveolin-1 on the apical membrane upon forskolin treatment. Some AQP2 internalized after washout is colocalized with caveolin-1.

Bar=10 µm.
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when it is internalized after forskolin stimulation, we im-

munoblotted the cell lysate with phosphorylated caveolin-

1-specific antibody. It was found that phosphorylated

caveolin-1 was markedly increased after washing out

forskolin (Fig. 5).

AQP2 recycling and caveolin-1

We followed the change of AQP2 and caveolin-1

distribution by double-immunofluorescence microscopy

after forskolin treatment and the subsequent washing step.

Figure 6a–c shows that AQP2 was internalized initially to

the EEA1-positive early endosome and then to the subapical

compartment 2 hours after washing out forskolin, confirming

our previous study [24]. In comparison, Fig. 6d–f shows that

caveolin-1, which was colocalized with AQP2 on the apical

membrane upon treatment with forskolin, was internalized

with AQP2 as far as the EEA1-positive endosome and then

returned to the apical membrane 2 hours after washing.

Immunoelectron microscopy of AQP2 and caveolin-1

To examine the ultrastructural co-localization of AQP2

and caveolin-1, we performed double-immunogold labeling

in ultrathin cryosections. Some AQP2 labeling was colocal-

ized with caveolin-1 at caveolar structures on the apical

plasma membrane, although some AQP2 was found solely

on the microvillous membrane upon treatment with forskolin

(Fig. 7a). Co-localization of AQP2 and caveolin-1 labeling

within the same intracellular vesicles, sometimes in large

vesicles such as multivesicular bodies, was clearly seen 30

min after washing forskolin (Fig. 7b).

AQP2 and flotillin-2

Flotillin-2 is also a membrane microdomain protein

that resides in noncaveolar plasma membrane microdomains

[20, 21]. To test the relation between AQP2 internalization

and flotillin-2, MDCK-hAQP2 cells were transiently trans-

fected with EGFP-tagged flotillin-2 and subjected to for-

skolin treatment and forskolin washing. AQP2 appeared

to colocalize with EGFP-tagged flotillin-2 on the apical

membrane 30 min after forskolin treatment (Fig. 6g) and

Fig. 3. AQP2 is recovered in Triton X-100-insoluble fraction. Sam-

ples of Triton X-100-soluble (S) and -insoluble (I) fractions from

MDCK-hAQP2 cell lysates with (+) or without (–) forskolin treat-

ment for 30 min were subjected to SDS-PAGE and immunoblotting

using anti-AQP2 and anti-caveolin-1 (Cav1) antibodies.

Fig. 4. AQP2 co-immunoprecipitates with caveolin-1. a: In immunoprecipitates with anti-AQP2, caveolin-1 is detected as a dense band in

forskolin-treated cells (F) and a faint band in control cells (C) at 22–24 kDa (arrow) with anti-caveolin-1 (Cav1). Dense bands both around 20

kDa (arrowhead) and 40 kDa (double-arrowhead) seem to be non-specific because these bands are also detected in the lane in which rabbit

IgG was electrophoresed (RbIgG). b: Immunoprecipitates with anti-AQP2 from each cell lysate described as follows were subjected to

immunoblotting with anti-caveolin-1 (Cav1). –: control cells, +: cells treated with forskolin for 30 min, ±: cells treated with forskolin for 30

min, washed, and then incubated without forskolin for 30 min.
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then both appeared to be internalized to the same compart-

ment 30 min after washing (Fig. 6h).

IV. Discussion

AQP2 endocytosis in cultured cell system

The intracellular distribution of AQP2 is controlled

by exocytosis and endocytosis. The exocytotic pathway of

AQP2 vesicles and its mechanism has been well studied

compared to its endocytotic pathway. We focused on the

endocytotic and recycling pathways of AQP2 in the present

work. We have previously shown that AQP2 on the

apical membrane is internalized to EEA1-positive early

endosomes, and then recycled back to the subapical

storage compartment via the phosphatidylinositol 3-kinase-

dependent pathway in MDCK-hAQP2 cells [24]. This in

vitro study appears to represent the basic nature of AQP2

in vivo [23]. There remain some questions regarding the

internalization of AQP2 from the apical membrane as

performed this study. Sun et al. [22] have shown that

AQP2 is concentrated in clathrin-coated pits on the sur-

face membrane of AQP2-transfected LLC-PK1 cells. In

addition, they demonstrated that AQP2 cycles between the

plasma membrane and intracellular vesicles via a dynamin-

dependent endocytotic pathway [22]. We show here the

possible caveolin-1-dependent AQP2 endocytotic pathway

in MDCK-hAQP2 cells. To our knowledge this is the first

paper to report the interaction of AQP2 and caveolin-1 along

their endocytotic pathway. In addition, as shown in Fig. 7a,

caveolar structures were positive for both caveolin-1 and

AQP2. Taken together, our results suggest that the caveolin-

1-dependent pathway, which could also be caveolar de-

Fig. 5. Internalized caveolin-1 is phosphorylated. Samples of

Triton X-100-insoluble fractions from MDCK-hAQP2 cell lysates

were subjected to SDS-PAGE and immunoblotting using anti-

phosphorylated caveolin-1 antibody. A strong band is detected in

cells treated with forskolin and subsequently washed and incubated

without forskolin for 30 min (±). Faint bands are detected in cells

both treated (+) and untreated (–) with forskolin.

Fig. 6. AQP2 is internalized to the same compartment with

caveolin-1 and flotillin-2. (a–f) MDCK-hAQP2 cells were seeded

on coverslips and subjected to forskolin treatment for 30 min (a, d)

and subsequent washing and incubation without forskolin for 30

min (b, e) or for 2 hr (c, f). Double-immunofluorescence labeling

for AQP2 and EEA1 (a–c) or for AQP2 and caveolin-1 (d–f) was

carried out and their localization was observed with a laser confocal

microscope. Projection images of 4 consecutive confocal images

(0.4 µm intervals) are shown. AQP2 is shown in red. EEA1 and

caveolin-1 are shown in green. An enlarged view of the rectangle

area is shown in the inset (f). Both AQP2 and caveolin-1 are inter-

nalized in the EEA1-positive compartment 30 min after washing

and then differentially localized at 2 hr. g, h: MDCK-hAQP2 cells

transiently transfected with EGFP-flotillin-2 were treated with

forskolin for 30 min (g) and then washed and incubated without

forskolin for 30 min (h). Localization of AQP2 and flotillin-2 was

observed with a laser confocal microscope. Projection images of 4

consecutive confocal images (0.4 µm intervals) are shown. AQP2 is

shown in red. EGFP fluorescence is shown in green. Both AQP2

and EGFP-flotillin-2 are internalized in the same compartment.

Bars=10 µm (5 µm in inset).
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pendent, is a candidate for AQP2 internalization, at least in

MDCK cells. Co-immunoprecipitation analysis showed the

close interaction between AQP2 and caveolin-1 in an early

step of the endocytotic pathway. Caveolin-1 might have

direct or indirect roles in inducing AQP2 to endosomes in

MDCK-hAQP2 cells. Since AQP2 was internalized with

flotillin-2 as well as caveolin-1, AQP2 internalization

appears to be related with at least some membrane micro-

domains. We examined whether AQP2 is internalized by

the clathrin-dependent pathway as well in MDCK-hAQP2

cells. Apparent co-localization of AQP2 and clathrin heavy

chain was not seen when double-immunofluorescence

labeling was performed after washing forskolin (data not

shown). Of course our results do not exclude the possibility

of clathrin-dependent internalization of AQP2. As in the

case of influenza virus, which may be internalized via

caveolae in addition to entry by clathrin-mediated endo-

cytosis [13], AQP2 might be internalized via both micro-

domain-dependent and clathrin-dependent pathways.

Comparison with in vivo studies

We showed here that AQP2 is internalized with

caveolin-1 in MDCK cells. In comparison, it is thought that

AQP2 is probably internalized via the clathrin-mediated

pathway in the renal collecting duct cells because AQP2

was found to be localized in clathrin-coated pits in these

cells [22]; therefore, we have to carefully discuss the

possibility of caveolin-1- and caveolar-dependent AQP2

internalization in the renal collecting duct cells.

In accordance with our results in MDCK cells, reports

regarding the relation between AQP2 and membrane

microdomain have recently been seen in renal collecting

duct cells. Feng et al. [5] revealed that AQP2 is nearly

evenly distributed in caveolin-1-positive lipid raft fractions

and non-raft fractions in isolated kidney inner medullary

collecting duct cells. Interestingly, Yu et al. [30] demon-

strated that serine 256-phosphorylated AQP2 is greater in

the detergent-resistant membrane fraction than in the non-

detergent-resistant membrane fraction. Together with our in

vitro study, it may be safe to say that AQP2 internalization

can occur in some instances via membrane microdomain-

related pathways in addition to the clathrin-mediated

pathway. Further studies would help to clarify these points.
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