
Prominin�1, a 115�120�kD membrane glycoprotein

with five transmembrane loops, was first identified in

mouse neuroepithelium [1] and human hematopoietic

stem and progenitor cells [2, 3]. Prominin�1 was named

after its prominent presence in membrane protrusion of

the mouse cells. In human hematopoietic stem cells, it is

known as CD133 (AC133), which shares about 60% iden�

tity with mouse prominin�1 [4]. Prominin is phylogenet�

ically conserved across the animal kingdom such as in

Caenorhabditis elegans, drosophila, zebra fish, and

rodent. However, it is absent in the monoplast organism

including Saccharomyces cerevisiae [5]. The scientific

nomenclature has been proposed for this emergent pro�

tein family that comprises prominin�related sequences

and their splice variants. This novel protein family is fur�

ther divided into two classes, prominin�1 and prominin�2

[6].

Porminin�1 is characterized by its distinctive penta�

span membrane topology, with an N�terminal domain

exposed to extracellular space, followed by two small

cytoplasmic and two large extracellular loops, and a cyto�

plasmic C�terminal domain (Fig. 1). Seven potential N�

glycosylation sites were identified, distributed on two

extracellular loops, and are believed to serve as the recog�

nition sites [7�9]. Irrespective of the cell type, prominin�

1 displays a peculiar localization confined to microvilli

and other protrusions or evaginations of plasma mem�

brane [10, 11]. Prominin�1 resides in lipid raft, where it

preferentially interacts with cholesterol [12]. Detailed

information about the biological function of prominin�1

remains scarce; however, it is implicated in participation

in construction and maintenance of plasma membrane

protrusions [8]. The deletion of a single nucleotide in the

human prominin�1 gene can cause inheritable retinal

degeneration and impaired morphogenesis of photore�

ceptor disk [11]. Stem cells defined by their expression

marker AC133 have been utilized to relieve symptoms of

muscular dystrophy [13].

Prominin�1 was identified in our laboratory as a

component of glucose homeostasis in a rat model [14, 15]
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Abstract—This study constitutes the first report revealing the participation of prominin�1 in glucose metabolism and

cytoskeleton alteration. Upon stimulation with high glucose, the expression of prominin�1 was up�regulated with concomi�

tant down�regulation of its phosphorylation. Prominin�1 mutated at its phosphorylation site inflicted a global change in the

expression of several genes associated with glucose metabolism in L6 myotube cells. Further, the over�expression of pro�

minin�1 promoted glucose uptake in these cells. Prominin�1 undergoes sustained repression of its expression during con�

fluence and differentiation of L6 myotube cells. The expression of prominin�1 in the MDCK cell modulated cell morphol�

ogy and promoted cellular migration. These data imply that prominin�1 is involved in glucose metabolism and may regulate

cellular glucose through its effect on cytoskeleton.
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that differed from the works of Weigmann [1] and Yin [2].

Several ESTs (expressed sequence tags) were cloned by

differential display of rat skeletal muscle exposed to high

versus normal concentrations of glucose. The full�length

prominin�1 sequence was constructed following the cor�

rection of a reading frame error in the second extracellu�

lar loop [8]. Our previous research demonstrated that

high blood glucose could induce the expression of pro�

minin�1 in skeletal muscle of living rats, which in turn

up�regulates GAPDH enzyme (3�phosphate glyceralde�

hyde dehydrogenase). Therefore, prominin�1 was classi�

fied as a glucose�responsive gene.

To investigate the molecular mechanism by which

prominin�1 affects glucose metabolism, we used L6

myotubes, the insulin�responsive cells, as a model. In the

present study, we have consolidated the involvement of

prominin�1 in glucose regulation: (i) cellular mRNA

expression and phosphorylation level of prominin�1 were

changed considerably upon glucose exposure, (ii) the

expression of prominin�1 in L6 myotubes induced uptake

of glucose by these cells, and (iii) the expression of a pro�

minin�1 mutant lacking its phosphorylation site modulat�

ed the transcription of many genes involved in glucose

metabolism. In addition, a new feature of prominin�1 has

been revealed by these results: prominin�1 expression in

MDCK cells alters their morphology and migration

potential.

MATERIALS AND METHODS

Plasmid construction. Rat prominin�1 cDNA was

cloned as described in reference [15] (GenBank No.:

NM021751). The bacterial expression plasmids pGEX�

4T�1 containing the rat prominin�1 cDNA fragments

from nucleotide 12 to 288, 525 to 1260, and 1488 to 2334,

each fused in�frame to glutathione S�transferase (GST),

were constructed by PCR amplification. The eukaryotic

expression plasmid pcDNA3.1(+)�prominin�1 was used

to produce a mutant (Thr459 to Ile459) lacking the phos�

phorylation site of protein kinase C (∆PKC) by PCR

mutagenesis using Pyrobest DNA polymerase (Takara,

Japan).

Wild�type prominin�1 cDNA was introduced at

HindIII and KpnI restriction sites into pEGFP�N1 vector

by means of high fidelity PCR. All amplified DNA frag�

ments were sequenced to confirm the presence of muta�

tion and the absence of any potential PCR error.

Polyclonal antibodies against recombinant prominin�
1. GST�fusion protein containing the E2 fragment of

prominin�1 (Arg175�Glu420) (Fig. 1) was expressed in

BL21 Escherichia coli and purified using glutathione�

Sepharose 4B beads as described by the manufacturer

(Amersham Biosciences, USA). The fusion protein was

purified in 10% polyacrylamide gel, homogenized, mixed

(1 : 1) with complete Freund’s adjuvant (Gibco, USA),

and then injected subcutaneously into two New Zealand

white rabbits. Immunization was repeated four to five

times with 10�day intervals using Freund’s incomplete

adjuvant. The antibody (pAb E2) was purified from serum

using ammonium sulfate precipitation. The affinity and

specificity of this antibody was verified by enzyme�linked

immunosorbent assay and Western blotting, respectively.

Cell culture and transfection. MDCK (Madin–

Darby canine kidney) (Institute of Basic Medical

Sciences, Chinese Academy of Medical Sciences) and L6

cells (American Tissue Culture Collection) were cultured

in DMEM (Gibco) supplemented with 10% fetal bovine

serum, penicillin (100 U/ml), and streptomycin (100 µg/

ml) at 37°C. Differentiation of L6 myoblasts to myotubes

was induced in DMEM containing 2% fetal bovine

serum, penicillin (100 U/ml), streptomycin (100 µg/ml),

and amphotericin (2.5 µg/ml) in a humidified incubator

(37°C, 5% CO2). The L6 myotubes were visualized and

examined by staining with Giemsa. Cells were transfected

with LipofectAMINE 2000 (Invitrogen, USA) following

instructions from the manufacturer. The transformants

were selected with G418 (500 µg/ml) for 3�4 weeks to

establish G418�resistant cells. The results of L6 cells

induction and transfection were observed under the fluo�

rescent microscope and confirmed by Western blotting,

respectively.

Cell migration assay. The migratory potential of

MDCK cells stably expressing prominin�1 versus control

was analyzed by migration assay, as described elsewhere

Fig. 1. Predicted membrane topology of prominin�1 (program

TMHMM 2.0; CBS, Technical University of Denmark). Rat pro�

minin�1 consists of an extracellular N�terminus (E1), five trans�

membrane segments (M1�M5) separating two small cytoplasmic

loops (I1 and I2) and two large extracellular loops (E2 and E3),

and a cytoplasmic C�terminus (I3). E2 and E3 contain all eight

potential N�glycosylation sites. The numbers of amino acids

residues in each domain are given in parentheses. The arrow indi�

cates the putative phosphorylation site of protein kinase C.

Domain I1 was used as bait protein to screen for binding partner

proteins, and E2�GST fusion protein was used as the antigen to

generate rabbit polyclonal antibodies.
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[17]. Briefly, the confluent cell monolayers were harvest�

ed using trypsin/EDTA and centrifuged at 800g for 5 min.

The cell suspension was added to the upper chamber

(2·105 cells/well) of a pre�hydrated polycarbonate mem�

brane filter (Costar Transwell, 6.5�mm diameter and

5�µm pore; Corning, USA). The lower and upper cham�

bers contained the same medium. Cells were incubated in

a humidified incubator with 5% CO2 at 37°C for 24 h.

The stationary cells on upside of the filter were scraped

and washed. The cells that had migrated to the reverse

side were stained with Giemsa and counted under the

microscope. The experiments were repeated in triplicate.

Real�time PCR for assessment of mRNA levels. Total

cellular RNA was isolated from cultured cells at the indi�

cated times using the TRIZOL method (Invitrogen). The

cDNA was synthesized from total RNA (2 µg) by reverse

transcription using SuperScript First�Strand Synthesis

System (Invitrogen). It was purified by means of

QIAquick Nucleotide Removal Kit (Qiagen, USA). The

mRNAs and the PCR products were assessed by real�time

PCR with melting point analysis (ABI PRISM 7000;

Perkin�Elmer Biosystems, USA). Real�time PCR sam�

ples were mixed with SYBR Green PCR Master Mix

(Applied Biosystems, USA) and gene�specific primers.

Thermal cycling conditions were as follows: 95°C for

10 min, and 40 cycles of 95°C for 15 sec and 60°C for

1 min. Fluorescence intensity was recorded during each

annealing step. Following primers were used to detect

respective mRNAs: β�actin, 5′�TTCAACACCCCAGC�

CATGT�3′ (sense) and 5′�TGGTACGACCAGAG�

GCATACAG�3′ (anti�sense); and rat prominin�1, 5′�
GGTTCGGCATAGGGAAAGC�3′ (sense) and 5′�
GGCCAACTTGATAGCGATGATT�3′ (anti�sense).

Immunoprecipitation, Western blotting, and in vitro
kinase assays. MDCK cells were lysed in 1% Nonidet P�

40 buffer supplemented with protease inhibitors. The

lysate were centrifuged at 12,000g for 10 min to remove

insoluble materials, and protein concentrations were

determined using BCA (Pierce, USA). For immunopre�

cipitation, aliquots of lysate were incubated for 2 h at 4°C

with 1 : 300 dilution of pAb E2 or 1 : 100 dilution of mono�

clonal antibody HA (Sigma, USA) or p�Thr (Santa Cruz

Biotechnology, USA). The resulting immunocomplexes

were collected on protein G�Sepharose beads (Amersham

Biosciences, USA), washed five times with 1% Nonidet

P�40 lysis buffer, and subjected to 8% SDS�PAGE. The

resolved proteins were transferred to a nitrocellulose

membrane and incubated in blocking buffer for 2 h at

room temperature. Rabbit polyclonal antibody E2 and p�

Thr monoclonal antibody were prepared in blocking

buffer at 1 : 3000 and 1 : 1000 dilutions, respectively.

After overnight incubation with the primary antibody

at 4°C, the membrane was exposed to horseradish perox�

idase�conjugated secondary antibody with gentle agita�

tion for 2 h at room temperature. The bands were visual�

ized by chemiluminescence using luminol reagent (Santa

Cruz, USA). For PKC assays, pAb E2 was used to

immunoprecipitate prominin�1 from MDCK cells. In

vitro kinase reactions were carried out in 60 µl of PKC

buffer for 5 min at 30°C (Promega, USA). The PKC was

purified from rat brain and the PKC buffer consisted of

20 mM HEPES, 1 mM dithiothreitol (DTT), 1 mg/ml

type III�S histone, 10 mM MgCl2, 1.7 mM CaCl2, and

0.2 mM [γ�32P]ATP in the presence and absence of

600 µl/ml phosphatidylserine. Reactions were terminated

by SDS sample buffer, and proteins were subjected to

electrophoresis.

Measurement of glucose uptake. The L6 myotubes

transfected with pcDNA3.1�prominin�1 or pcDNA3.1

(control) were washed twice with PBS and incubated for

3 h in 1% BSA/PBS under humidified atmosphere (37°C,

5% CO2). Starved cells were exposed to 0.5 or 100 mM

(unspecific absorption control) 2�deoxy�D�[2,6�3H]glu�

cose (1 µCi/ml; Amersham Biosciences) for 15 min. The

samples were washed 4× with ice�cold PBS. Cells lysates

were prepared in 1% Triton X�100 and mixed with 5 ml

scintillation cocktail (0.1 mg/ml POPOP, 5 mg/ml PPO,

66% methylbenzene, and 34% Triton X�100) for radioac�

tivity measurement.

Confocal microscopy. Cells were incubated sequen�

tially with the primary antibody and TRITC�conjugated

secondary antibody in a humidified chamber (30 min,

37°C). For F�actin staining, cells were treated with phal�

loidin�TRITC (50 µg/ml; Sigma, USA) for 40 min at

room temperature. All incubation and washes were per�

formed directly on the cover slips. 1,4�Diazabi�

cyclo[2,2,2]octane was used to alleviate fluorescence

quenching before sealing the cover slips with glycerol.

Cells were examined by confocal laser�scanning micro�

scope (Olympus FV500). The images were compiled

using the Adobe Photoshop v. 6.0 software.

RESULTS

Up�regulation of prominin�1 mRNA is more robust in
response to high glucose than insulin. The mRNA expres�

sion of prominin�1 in L6 myotubes was evaluated to fur�

ther corroborate our previous experiments [15]. Based on

the assumption that prominin�1 might be involved in

insulin�regulated glucose metabolism, we tested the com�

parative effects of insulin and high glucose on L6 cells.

The preincubation of L6 myotubes in 1% BSA/PBS for

2 h minimized the undesired influence of fetal bovine

serum and existing glucose in the medium. The results of

real�time PCR were normalized to β�actin transcript and

depicted in Fig. 2. The transcription of prominin�1

mRNA was greater and significantly increased in response

to high glucose than insulin stimulation, particularly at

60 min. During this period, glucose�induced prominin�1

transcript increased 5� or 40�fold, in relation to insulin or

PBS, respectively. To identify the mechanism, L6 cells
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were pretreated with a transcriptional inhibitor, actino�

mycin D, for 30 min prior to glucose. Surprisingly, actino�

mycin D completely abolished the glucose�triggered

increment in prominin�1 mRNA (data not shown) indi�

cating its transcriptional regulation by glucose. The up�

regulation of prominin�1 by high glucose is consistent

with our previous data on differential display in SD rats.

The fact that prominin�1 was also induced by insulin pro�

vides a basis for further investigation on the function of

prominin�1 in regulation of glucose metabolism.

Differential phosphorylation profiles of prominin�1 in
response to high glucose and insulin and multiple phospho�
rylations by PKC. The phosphorylation of signaling mol�

ecules by protein kinase C (PKC) and their dephosphory�

lation are some of the most universal phenomena in sig�

nal transduction. Therefore, prominin�1 sequence was

analyzed for PKC phosphorylation sites. PROSITE data�

base (website http://www.expasy.ch/prosite/) was

employed to analyze prominin�1 and one potential

residue (Thr459) was identified on the cytoplasmic I2

segment. In vitro PKC phosphorylation was conducted to

validate the software analysis. Prominin�1 mutant

(∆PKC, Thr459Iso) devoid of phosphorylation site was

constructed by site�directed mutagenesis, and expressed

in MDCK cells. Equal amounts of wild�type prominin�1

and ∆PKC as estimated by Coomassie blue�stained SDS�

PAGE were immunoprecipitated by pAb E2 (data not

shown). The titer of pAb E2 was 1 : 20,000 as determined

by ELISA. Type III�S histone served as a positive control.

Prominin�1 was evidently phosphorylated by PKC

(120�kD band, Fig. 3a). Surprisingly, a weak autoradio�

graphy signal was observed for ∆PKC that implicated the

presence of other phosphorylation sites on prominin�1.

Prominin�1 was identified in the skeletal muscle of

high glucose�treated SD rats using the mRNA differential

display method [15]. Hence, we were prompted to deter�

mine if the phosphorylation status of prominin�1 was also

affected by excessive glucose. We utilized the L6 myotube

that represent an excellent model for the intact muscle

and its glucose metabolism. Serum�starved and glucose�

free L6 myotubes cultures were incubated with high glu�

cose for the indicated times (Fig. 3b). Immunoprecipi�

tated prominin�1 was detected and quantified for its

phosphorylation using the antibody against p�Thr. As

depicted in Fig. 3, phosphorylation of threonine first

increased slightly and then declined sharply during glu�

cose stimulation. Skeletal muscle is one of the three

major target tissues of insulin action on glucose metabo�

lism, which raises the possibility of prominin�1 phospho�

rylation in L6 myotubes in response to insulin. However,

we failed to detect the phosphorylation of threonine in

insulin�treated L6 cells.

∆∆PKC modulates expression of genes associated with
glucose metabolism. The phosphorylation pattern of pro�

minin�1 is affected by high glucose; hence, we anticipat�

ed the regulatory effect of phosphorylation mutant of

prominin�1 (∆PKC) on the cellular metabolism of glu�

cose.

Real�time PCR was employed to investigate whether

∆PKC would alter the expression of qualified genes in L6

myotubes. Wild�type prominin�1 and β�actin were used as

standard and normalization controls, respectively. In

total, 39 genes involved in insulin action, glucose and lipid

metabolism, lipid raft, and cytoskeleton motility were

evaluated for the influence of ∆PKC. The expression level

of 7 out of 39 genes was changed readily (table). Most of

these gene products are key participants in glucose metab�

olism. These results further consolidated the relationship

between prominin�1 and glucose metabolism.

Fig. 2. Expression of prominin�1 mRNA upon stimulation with

high glucose or insulin. Differentiated L6 myotubes were incubat�

ed in 1% BSA/PBS for 2 h and then treated with glucose

(80 mM), insulin (10 nM), or PBS for the indicated duration.

Reverse transcription and real�time PCR were performed using β�

actin as a control. The results are depicted as the means ± SD of

three independent experiments.
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Expression of prominin�1 in L6 myotubes induces glu�
cose uptake. Expression of prominin�1 as well as its phos�

phorylation profile were altered by incubation with high

concentration of glucose, which indicates the interrela�

tionship between both of these phenomena. Based on the

assumption that a positive feedback mechanism assists an

organism to import and store abundant blood glucose, its

uptake was measured in L6 myotubes. The L6 myoblasts

were transfected either with pcDNA3.1�prominin�1 or

vector, cultured for four weeks in presence of G418 to

select for the stable clones, and subsequently induced to

L6 myotubes. 2�Deoxy�D�[2,6�3H]glucose (1 µCi/ml)

was used to determine the glucose uptake by differentiat�

ed myotubes. The L6 myotubes expressing prominin�1

demonstrated 1.8�fold elevated protein expression, as

determined by the Western blot analysis. As anticipated,

these cells also exhibited (1.6 ± 0.13)�fold higher import

of glucose than control (p < 0.05) (Fig. 4). These data

reveal that higher expression and reduced phosphoryla�

tion of prominin�1 in presence of glucose is indicative of

certain tissue response to excessive sugar in its microenvi�

ronment.

Down�regulation of prominin�1 during differentiation
of L6 cells. AC133, a human homolog of rat prominin�1,

is reported to be down�regulated during the differentia�

tion of human epithelial cell line Caco�2 [10]. To deter�

mine if the rat prominin�1 would also reveal a similar pat�

tern during differentiation of rat L6 cells, the mRNA

transcription and protein expression of prominin�1 were

monitored using real�time PCR and Western blot, respec�

tively. The L6 myoblasts upon their culture in 2% fetal

bovine serum for 6�8 days differentiate into myotubes

according to the morphological marker of multi�nuclei

cells and transcriptional marker of myogenin [16] that

would subsequently undergo senescence. The expression

of prominin�1 was also examined prior to confluence to

Fig. 3. Phosphorylation of prominin�1. The polyclonal antibody E2 (pAb E2) was used to precipitate prominin�1 from cell lysate for subse�

quent phosphorylation. a) In vitro phosphorylation analysis. The wild�type prominin�1 (MDCK�prominin) and its mutant (Thr459Ile) lack�

ing the putative phosphorylation site of protein kinase C (MDCK�∆PKC) were precipitated from recombinant MDCK cells stably expressing

these proteins, and then subjected to in vitro phosphorylation as described under “Materials and Methods”. Proteins recovered from the phos�

phorylation reactions were separated on an 8% SDS�polyacrylamide gel and visualized by autoradiography. b) Phosphorylation profile of pro�

minin�1 in L6 myotubes upon stimulation with glucose, insulin, and glucose along with insulin. Differentiated L6 myotubes were incubated in

1% BSA/PBS for 2 h prior to time�dependent treatment with glucose (80 mM) or insulin (10 nM). Equal amounts of prominin�1 obtained by

pAb E2 were stained with p�Thr monoclonal antibody. The graph illustrates the quantification of three independent glucose stimulation assays.

The results are shown as means ± SD. Arrow, prominin�1; arrowhead, type III�S histone.
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determine the effect of cell�to�cell contact. β�Actin

served as loading control. As shown in Fig. 5d, protein

expression of prominin�1 was highest just prior to conflu�

ence and decreased gradually until the 6th day.

Interestingly, prominin�1 level gained after day 6 of

induction; however it remained below day 0. The deter�

mination of prominin�1 expression after day 12 could not

be performed due to death of most L6 myotubes. The pAb

E2 made in our laboratory was used in all above�men�

tioned experiments; therefore, the efficacy of the anti�

body on a Western blot has also been included in Fig. 5a.

Prominin�1 expression in MDCK cells alters their
morphology and migration. Being a eukaryotic cell devoid

of endogenous prominin�1, the MDCK cell culture offers

an excellent model to study the biological function of

prominin�1 [7]. To monitor the modulatory effect of pro�

minin�1 on the cytoskeleton, we generated a MDCK cell

line stably expressing prominin�1 (MDCK�prominin�1).

Significant changes in the morphology of MDCK�pro�

minin�1 were observed compared to control MDCK cells

harboring the empty vector (Figs. 6a and 6b).

Before confluence, MDCK cells aggregated in piles

with an elliptical outline. In contrast, MDCK�prominin�

1 cells were dispersed in cultures with a large and slim

border, especially with one or more long protrusions. The

edges of confluent MDCK cells, however, were more

indistinct than MDCK�prominin�1 exhibiting a sharp

outline. To further investigate if these changes in cell

shape were due to prominin�1�induced actin remodeling,

TRITC�conjugated phalloidin was used to visualize F�

actin (Figs. 6c and 6d). Identical observations were made

in stained and unstained cells under the light microscopy

with no noticeable cytoskeleton alterations.

Prominin�1 exhibits a few properties of the cell

adhesion molecules (CAMs): e.g. the selective localiza�

tion on protrusions of plasma membrane [1], participa�

tion in polarization and migration of CD34+ hematopoi�

etic cells [18], and its down�regulation during cell conflu�

Fig. 5. Temporal modulation of prominin�1 expression during the differentiation of L6 cells. a) Prominin�1 in MDCK cells was detected

by Western blot using pAb E2. Left lane, MDCK cells; right lane, MDCK cells expressing prominin�1. b) Real�time PCR of prominin�1

mRNA during L6 differentiation. c) Equal amounts of BCA�estimated total proteins from L6 cells were subjected to SDS�PAGE and

Western blot analysis using pAb E2. Myogenin and β�actin served as L6 cell differentiation marker and loading control, respectively. The

picture represents three independent experiments. d) Semi�quantitative estimation of prominin�1 from panel (c) using BIO�RAD Quantity

One software. The results are depicted as means ± SD. Asterisk, L6 cells prior to confluence; 0d, the day prior to induction (i.e. 80% con�

fluence).
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ence. To elucidate the role of prominin�1 in cell motility,

we performed the cell migration assay on a polycarbonate

membrane filter (5�µm pore) fitted in a Transwell.

MDCK and MDCK�prominin�1 cells were counted

under a microscope after overnight incubation (Fig. 7).

In accordance with our presumption, the expression of

prominin�1 facilitated the cell migration capacity of

MDCK�prominin�1 that was about 4�fold higher than

MDCK control cells.

DISCUSSION

In the present study, we have demonstrated that pro�

minin�1 exhibits two distinct physiological features: (i) it

is a glucose�responsive gene, and (ii) it participates in

cytoskeleton alteration. The former aspect is revealed by

the fact that the expression and phosphorylation pattern

of prominin�1 were affected in the presence of high glu�

cose, and the over�expression of prominin�1 promoted

glucose import. The second characteristic is supported by

Fig. 6. Morphological changes in MDCK due to heterologous expression of prominin�1. a, c) MDCK cells; b, d) MDCK cells expressing

prominin�1. Cells were cultured in 96�well plate until subconfluence and photographed. a, b) Phase�contrast microscopy; c, d) fluores�

cence microscopy after phalloidin�TRITC staining. The panels are adjusted to the same magnification. Bar, 10 µm.

a b

c d

Fig. 7. Effect of prominin�1 expression on migratory capacity of

MDCK cells. The migration potential of MDCK cells was meas�

ured by Giemsa staining. Cells expressing prominin�1 (MDCK�

prominin�1) exhibited 4�fold higher movement compared to con�

trol (MDCK). The results are means ± SD of three separate exper�

iments; * p < 0.01.
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the data that the expression of prominin�1 altered the

shape and migration capacity of cells.

Knowledge about the function and physiological rel�

evance of prominin�1 is limited, but has been growing rap�

idly in recent years. In the early stage, this protein drew

considerable attention of scientists because of its unique

sequence, membrane topology, subcellular localization,

and its association with lipid raft. This five�membrane�

span glycoprotein demonstrates almost constitutive and

ubiquitous expression, and is believed have important

physiological functions. Unfortunately, the current

knowledge of prominin�1 is limited to its localization and

expression profiles in various tissues. Prominin�1 is strict�

ly confined to the apical surface of various types of cells

including epithelial, hematocyte, photoreceptor, and epi�

didymal duct [9, 19]. Although, prominin�1 is highly con�

served in the animal kingdom, it has numerous alternative

splice variants and distinct glycosylation patterns in differ�

ent tissues along with development�specific expression [5,

20]. CD133/AC133, the human homolog of prominin�1,

can be used as a marker to identify hematopoietic stem

and progenitor cells. Recently, CD133+ cells were also

detected in differentiated solid tissues and kidney cancer

indicating the potential of CD133 epitope as a diagnostic

marker to investigate solid cancers [21�23]. Intriguingly,

Marzesco and colleagues have reported that CD133 can

be released into the extracellular fluids along with mem�

brane particles [24]. All these findings do not, however,

assign a conclusive function to prominin�1 protein.

Using the differential display method, we identified

prominin�1 in skeletal muscle of a rat model designed to

study blood glucose homeostasis. Prominin�1 was origi�

nally named Fudenine after a mistaken adenine deletion

in the cDNA screened from a library. This deletion gen�

erated a premature stop codon resulting in a truncated

protein with only 591 residues compared to rat prominin

(857 amino acids) [15]. Corbeil et al. discovered this pro�

tein not to be a splice variant of prominin�1, but a cloning

mistake instead [8].

The expression of prominin�1 in skeletal muscles

increased upon a 30 min transfusion of a living rat with

concentrated glucose solution. Here, the L6 myotube,

which is an excellent cell model to investigate glucose

metabolism and insulin action, was employed to study

prominin�1 [25]. The same treatments were repeated in

L6 myotubes to validate the up�regulation of prominin�1

upon glucose stimulation (Fig. 2). The minor impact of

insulin indicates that it has a rather weak effect on pro�

minin�1 expression. A high osmotic pressure environ�

ment stimulated by sorbitol was used as a control in an

independent experiment to eliminate the prospect of mis�

leading results that may have been caused by glucose�

related hyper�osmotic condition (data not shown). Thus,

glucose itself, not the sugar�induced hyperosmotic phe�

nomenon, triggers the up�regulation of prominin�1 in

animal as well as in the cell models.

To further investigate the biological function of pro�

minin�1 in glucose metabolism, experiments were

designed to detect bidirectional glucose transport. The L6

myotubes with over�expressed prominin�1 exhibited

(1.6 ± 0.13)�fold higher glucose uptake than cells trans�

fected with vector. In addition, the transcripts of many

genes related to glucose metabolism (GSK3, hexokinase,

aldolase B, aldose reductase 1, PKCζ, and Akt/PKB)

were substantially affected upon the expression of pro�

minin�1 mutated at its phosphorylation site. These results

provide strong evidence that prominin�1 is involved in

cellular glucose metabolism. The phosphorylation level of

prominin�1 was increased slightly within 2 min of glucose

stimulation, and subsequently declined suggesting that

phosphorylation of prominin�1 may regulate glucose

uptake. The fact that phosphorylation was first increased

modestly and it could be reversed by insulin demands

more investigation to elucidate this phenomenon.

PPARγ (peroxisome proliferator activated receptor�

γ) has been reported to regulate the storage of excess

energy substrate for future usage [26]. Unexpectedly,

PPARγ showed no correlation with prominin�1 in our

luciferase reporter assay (data not shown). However, the

down�regulation of GSK3 (glycogen synthase kinase�3)

upon the expression of phosphorylation site�deficient

prominin�1 would still support the assumption that pro�

minin�1 participates in glucose uptake and energy

deposit. The repression of GSK3 may serve as a mecha�

nism that compensates for the absence of phosphoryla�

tion on prominin�1, and produces more glycogen to

deposit excess energy. Therefore, prominin�1 can be

assumed as a glucose�responsive gene for its regulatory

effect on glucose transport.

Previous studies have demonstrated that expression

of prominin�1/CD133 was decreased concomitant with

the confluence or differentiation of cells [5, 10, 22]. In

this study, a similar phenomenon was observed during the

confluence and induction from L6 myoblasts to

myotubes. No significant changes occurred in mRNA

level of prominin�1 implicating its translational or post�

translational down�regulation.

Besides the potential effect on membrane protru�

sion, prominin�1 may also influence cell polarity, migra�

tion, and interaction with the neighboring cells and/or

extracellular matrix [5, 18]. So far, prominin�1 has been

identified only in multi�cellular organisms, with no

detectable expression in monoplast organisms including

yeast. Our data indicate that expression of prominin�1 in

MDCK leads to obvious changes in cell morphology and

their higher migration capacity. Prominin�1, therefore,

exhibits the characteristics of cell adhesion molecules,

e.g. cell transformation, chemotaxis, migration, and

recognition. Recent evidences suggest that cytoskeleton

movement and actin remodeling play an important role in

glucose metabolism and insulin action [27�29].

Collectively, it can be proposed that prominin�1 would
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promote glucose uptake through its modulatory effect on

cytoskeleton. This hypothesis awaits additional experi�

mentation, however.

In conclusion, this study provides the first evidence

of the potential biological function of prominin�1. This

protein participates in glucose metabolism and cytoskele�

ton alteration, presumably through a mechanism that

regulates glucose in a microenvironment with excessive

sugar. Together, these data endorse prominin�1 as a

potential target for regulation of blood glucose.
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