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Abstract 

 

Alkaline phosphatase (ALP) is known to be expressed in the several somatic stem cells and cancer 

cells. To investigate whether ALP may be a promising marker for cancer stem cells (CSCs), we 

examined the expression of ALP in human squamous cell carcinoma HeLa cells using a cytochemical 

 



Advances in Stem Cells 2 

 

 

staining kit. We found that approximately 40% of HeLa cells were positive for ALP activity. A single 

cell-derived colony assay revealed that the newly formed colonies could be classified into uniformly 

(U, 23%), mosaically (M, 17%), and non-stained (N, 60%) colonies. Each colony was picked and 

cultured for 2 additional weeks for cell propagation; the cells were either M- (45%) or N-type 

(55%), suggesting that the U-type colonies may have spontaneously changed to M-type colonies 

during cultivation. These resulting M- or N-type cells were stable with respect to ALP activity. DNA 

microarray analysis revealed that the gene expression pattern of N-type cells is almost identical to 

that of their parental HeLa cells (comprising M-type cells), but several genes including ALP gene 

were upregulated in the HeLa cells. Cultivation of single HeLa cell-derived colonies in the presence 

of the small molecule 6-bromoindirubin-3'-oxime (BIO), a potent inhibitor of glycogen synthase 

kinase 3 (GSK3), caused a reduction in the ratio of M-type colonies, suggesting that the transition 

from U- to M-type colonies is regulated by the Wnt/β-catenin signaling pathway. Although there is 

no evidence, at present, that the ALP-positive cells are CSCs, future investigation may reveal that 

HeLa cells may be a good model for CSC study.  

 

Keywords: Cancer stem cell; alkaline phosphatase; mosaic expression; HeLa cells. 

__________________________________________________________________________________________________________________ 

 

Introduction 

 

Recent data have demonstrated that tumors 

contain a small subpopulation of cells, 

namely, cancer stem cells (CSCs), which 

exhibit a capacity for self-renewal and which 

are responsible for tumor maintenance and 

metastasis (Lapidot et al., 1994; Bonnet and 

Dick, 1997; Singh et al., 2004; Al-Hajj and 

Clarke, 2004; Jordan et al., 2006). Although 

many exceptions have been reported, cell-

surface molecules such as CD133 (prominin-

1), CD44 (hyaluronan receptor), and CD138 

(syndecan-1) are generally considered 

markers for CSCs (Visvader and Lindeman, 

2008). However, these molecules are 

expressed in the later stages of embryonic 

cells, such as blastocysts (a stage just prior to 

implantation), post-implanted early fetuses, 

and hematopoietic progenitor populations. 

For example, CD133/prominin-1 is 

expressed in trophoblasts, but not in cells of 

the inner cell mass (ICM) at the blastocyst 

stage (Kania et al., 2005). CD44 molecules are 

present in abundance in the liver of post-

implantation fetuses at E (embryonic day) 

10.5. Furthermore, as early as E 9.5, CD44-

positive cells can be detected in circulating 

blood (Wheatley et al., 1993). In the 

developing mouse, CD138/syndecan-1 is first 

detected throughout the embryo at the 4-cell 

stage (Sutherland et al., 1991). 

 

Alkaline phosphatase (ALP) is an enzyme 

that hydrolyzes a broad range of 

monophosphate esters at alkaline pH optima. 

In humans, there are at least 4 distinct forms 

of APL: placental, intestinal, germ cell, and 

liver/bone/kidney (L/B/K) ALP (Mornet et 

al., 2001). The latter, L/B/K ALP, is expressed 

in numerous adult tissues, and therefore, is 

also called tissue non-specific ALP (TNAP). 

Aside from its expression in adult tissues, 

ALP is abundantly expressed in 

undifferentiated cells, such as ES cells, 

preimplantation embryos [2-cell embryos to 

blastocysts (ICM)] and embryonic ectoderm 

at the egg-cylinder stage, PGCs, and 

immature spermatogenic cells (Lepire and 

Ziomek, 1989; Hahnel et al., 1990; Ginsburg 

et al., 1990). It is also a marker of neuronal 

progenitor cells (Langer et al., 2007), human 

myogenic progenitor cells (also called 

‘pericytes’) (Dellavalle et al., 2007), human 

dental pulp cells (Tomlinson et al., 2011), and 

mesenchymal stem cells (MSCs) in bone 

marrow (Battula et al., 2009; Sobiesiak et al., 

2009). Given the cell/tissue localization 

pattern of ALP, it is likely that ALP can serve 

as a CSC marker, if tumor cells express ALP. 

 

In a preliminary test, we examined 

expression of ALP in several established 

tumor cell lines using a cytochemical staining 

kit for ALP activity and found that some cell  
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lines, including HeLa cells, exhibited mosaic 

expression of ALP (Fig. 1). Among them, 

HeLa cells were classified into ALP-positive 

[hereafter referred to as ALP (+)] and -

negative [hereafter referred to as ALP (-)] 

cells, with a ratio of roughly 2:3 (Fig. 1). 

Interestingly, these ALP (+) cells formed 

clusters in a single cell layer, suggesting 

clonal expansion of these cells (Fig. 1A). The 

mode of expansion of these ALP (+) cells in 

the HeLa cell line provoked us to suppose 

that the ALP (+) cells may be CSCs, from 

which ALP (-) cells have been derived.

 

 
In this study, we employed a traditional cell 

cloning method, namely, seeding of cells at a 

clonal density, to assess the interrelationship 

between ALP (+) and (-) cells in the HeLa cell 

line. In addition, we picked these colonies to 

test whether they are stable with respect to 

ALP activity during cultivation. Finally, these 

isolated clones were subjected to DNA 

microarray analysis to examine whether 

these two types of cells differ in their gene 

expression profiles.  
 

Materials and Methods 
 

Cell Lines and Culture  
 

HeLa (CRL-1469™), mouse pheomyeloma cell 

line PC12 (CRL-1721™), mouse melanoma 

cell line B16 (CRL-6475™), and HEK-293 

(CRL-1573™) cells were purchased from the 

American Type Culture Collection (ATCC) 

(Manassas, VA). The human pancreatic cell 

line KP-2 (RCB1973) was obtained from the 

RIKEN BioResource Center Cell Bank 

(Tsukuba, Ibaraki, Japan). SUIT-2 is a cell line 

isolated from human pancreatic carcinoma 

(Iwamura et al., 1987). The nullipotent 

embryonal carcinoma cell line F9 (Bernstine 

et al., 1973) was used as a control for 

demonstrating that expression of ALP is 

decreased when these cells differentiate into 

endodermal cells. All these cells were grown 

in high glucose-DMEM (#11995; Invitrogen 

Co., Carlsbad, CA) with 10% fetal bovine 

serum (FBS) and 100U/mL 

penicillin/streptomycin at 37°C in a 

humidified atmosphere of 5% CO2 in air.  
 

Cell Cloning Assay  
 

HeLa cells after trypsinization were plated at 

a density of 3-10 cells/well (24-well plate; 

Iwaki Glass Ltd., Tokyo, Japan) and cultured 
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for 7 days, by which time colonies 

comprising 20-40 cells appear. Some of these 

colonies were fixed with 4% 

paraformaldehyde (PFA) in phosphate-

buffered saline without Ca2+ and Mg2+ at pH 

7.4 [PBS(-)] for 5 min at room temperature 

before being subjected to cytochemical 

staining for ALP activity, as described below. 

The other colonies were picked using a 

tryspin/EDTA-dipped small paper disc (3 

MM Whatman paper, 3 mm in width, and 3 

mm in length) to isolate pure cell 

populations, as described previously 

(Nakayama et al., 2007). These papers 

containing cells were then dipped into 

medium in wells of a 48-well plate (Iwaki 

Glass Ltd.) for propagation of each cell clone.  

Cytochemistry 
 

The ALP assay was performed using the 

Leukocyte Alkaline Phosphatase kit (Sigma-

Aldrich Co., St. Louis, MO) following the 

manufacturer’s instructions. Colonies stained 

uniformly and distinctly were designated as 

U-type colonies, as shown in Fig. 2E. These 

colonies consist only of ALP (+) cells. 

Similarly, colonies stained mosaically, which 

contain ALP (+) cells and one or more ALP (-) 

cells [very weakly (pale) or non-stained] 

were designated as M-type colonies, as 

shown in Fig. 2C, D. Colonies non-stained for 

ALP activity were designated as N-type 

colonies, as shown in Fig. 2F. 
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Cell Counting 
 

Colonies (7 days after seeding) derived from 

a single HeLa cell were fixed and then 

subjected to cytochemical staining for ALP 

activity. The number of cells in a colony was 

recorded by counting the cells under a light 

microscopy manually. More than 14 colonies 

of each type (U, M, and N) were recorded. 

Colonies with fewer than 10 cells were 

ignored, because they may have been 

composed of inadequate clones that are 

unable to proliferate properly. 
 

Treatment with 6-Bromoindirubin-3'-

Oxime (BIO), a Potent Inhibitor of Glycogen 

Synthase Kinase 3    (GSK3)  
 

HeLa cells were plated in the wells of a 24-

well plate, as described in the Cell cloning 

assay section. Seven days after seeding, the 

medium was replaced by medium containing 

1 or 3 µM of BIO (GSK-3 Inhibitor IX; 

Calbiochem Inc., San Diego, CA) and cultured 

for 3 days. These cells were fixed with 4% 

PFA for 5 min at room temperature for 

cytochemical staining for ALP activity. 
 

RT-PCR  
 

Total RNA was isolated using an ISOGEN kit 

(Wako Pure Chemicals Inc., Tokyo, 

Japan).Four micrograms of total RNA from  

 

the cell lines was reverse transcribed into 

cDNA using SuperScript® II Reverse 

Transcriptase (Invitrogen Co.) and 

Oligo(dT)20 primer (#FSK-201; Toyobo Co. 

Ltd., Osaka, Japan) in a total of volume of 20 

µL. The cDNAs were amplified from 

undiluted cDNA samples (1 µL) by 40 cycles 

of 45 s denaturation at 94°C, 45 s annealing 

at 58°C, and 60 s extension at 72°C, in a 

PC708 thermal cycler (Astec, Fukuoka, 

Japan). A negative, no-template control 

(designated as -RT) was included for each 

reaction. Information concerning the PCR 

primers used is listed in Table 1. The 

resulting RT-PCR products were subjected to 

electrophoresis in 2% agarose gels and 

visualized after staining with ethidium 

bromide.  

Hoechst Dye-Exclusion Assay 

 

HeLa cells were plated in the wells of a 24-

well plate, as described in Section 2.2. Seven 

days after seeding, colonies were incubated 

with 5 µg/ml Hoechst 33342 dye 

(Calbiochem Inc.) dissolved in high glucose-

DMEM + 10% FBS for 15 min at 37°C, rinsed 

in PBS(-), and then fixed with 4% PFA for 5 

min at room temperature. The fixed cells 

were next subjected to cytochemical staining 

for ALP activity, as described above. 

Fluorescent cells were visualized using an 

Olympus BX10 microscope with 

epifluorescent filters for Hoechst, and 

microphotographed using a digital camera 

(FUJIX HC-300/OL; Fuji Film, Tokyo, Japan) 

attached to the fluorescence microscope and 

printed using a Mitsubishi digital color 

printer (CP700DSA; Mitsubishi, Tokyo, 

Japan). 

 

DNA Microarray Analysis  

 

Total RNA was extracted using an SV Total 

RNA Isolation System (Promega) according 

to the manufacturer's instructions. RNA 

samples were quantified using an ND-1000 

spectrophotometer (NanoDrop Technologies, 

Wilmington, DE) and the quality was 

confirmed with a Experion System (Bio-Rad 

Laboratories, Hercules, CA). The cRNA was 

amplified, labeled using a GeneChip® WT 

Terminal Labeling and Control Kit, and 

hybridized to an Affymetrix Human Genome 

U133 Plus 2.0 array, according to the 

manufacturer’s instructions. All hybridized 

microarrays were scanned by an Affymetrix 

scanner. Relative hybridization intensities 

and background hybridization values were 

calculated using Affymetrix Expression 

Console™. Raw signal intensities for each 

probe were calculated from hybridization 

intensities. The raw signal intensities of two 

samples were log2-transformed and 

normalized by RMA and a quantile algorithm 

(Bolstad et al., 2003) with Affymetrix® 

Expression Console™ 1.1 software. To 

identify up- or downregulated genes, we 

calculated Z-scores (Quackenbush, 2002) and 

ratios (non-log scaled fold-change) from the 
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normalized signal intensities of each probe 

for comparison between control and 

experiment sample. Then we established 

criteria for regulated genes: (upregulated 

genes) Z-score ≥ 2.0 and ratio ≥ 1.5-fold, 

(downregulated genes) Z-score ≤ -2.0 and 

ratio ≤ 0.66. The experimental data have 

been submitted to GEO 

(http://www.ncbi.nlm.nih.gov/geo/) under 

series accession number GSE42222. 

 

Results 

 

Cell Cloning Assay 

 

As mentioned previously, HeLa cells are 

comprised of two cell types, namely ALP (-) 

and (+) cells (Fig. 1A). To characterize these 

two types of cells, we first performed a cell 

cloning assay, as schematically shown in Fig. 

2A. Seven days after seeding of single HeLa 

cells at a density of 3–7 cells/well in a 24-

well plate, the emerging colonies were 

cytochemically examined for ALP activity. 

These colonies were uniformly (U) stained, 

mosaically (M) stained, or non-stained (N) 

(Fig. 2B). Detailed analyses of these stained 

colonies demonstrated that of the 48 colonies 

examined, 11 (23%), 8 (17%), and 29 (60%) 

were classified as U, M, and N types of 

colonies, respectively. In U-type colonies, all 

composite cells were ALP (+) (Fig. 2E), 

whereas in M-type colonies there was a 

mixture of ALP (+) and (-) cells, in which the 

ALP activity was greatly reduced (arrows in 

Fig. 2C, D). Interestingly, these ALP (-) cells 

tended to localize at a position surrounding 

the ALP (+) cells (arrows vs. arrowheads in 

Fig. 2C, D), suggesting that ALP (-) cells are 

derivatives of ALP (+) cells. The N-type 

colonies were completely negative for ALP 

activity (Fig. 2F). 

 

The proliferation rates of U-, M-, and N-type 

colonies were assessed by counting cells in a 

colony generated 7 days after plating single 

HeLa cells onto a 24-well plate. There was no 

noticeable difference between the colony 

types in cell number per colony (Fig. 2G).  

 

Next, using another plate into which single 

HeLa cells had been plated, the clonally 

expanded colonies were randomly picked 

using trypsin/EDTA-dipped small papers. 

The papers containing the cells were 

transferred to the wells of a 48-well plate. 

Seven days later, the growing cells in the 

wells were fixed and subjected to 

cytochemical staining for ALP activity (Fig. 

3A). Of the 16 wells examined, 6 wells 

contained only ALP (-) cells (Fig. 3C), and the 

other 10 wells contained a mixture of ALP (+) 

and (-) cells (Fig. 3B). Concomitantly, cells in 

the remaining wells were trypsinized, 

replated to wells of a new 48-well plate and 

cultured up to confluency (about 3 weeks 

after colony isolation) (Fig. 3A). When the 

confluent cells were fixed and then subjected 

to cytochemical staining for ALP activity, 6 of 

the 12 wells examined contained a mixture of 

ALP (+) and (-) cells (Fig. 3D), and the other 6 

wells contained ALP (-) cells alone (Fig. 3E). 

Of these ALP (-) cells, one clone, called ‘H-1,’ 

was propagated and used for several assays 

as a control for HeLa cells [a mixture of ALP 

(+) and (-) cells]. These results suggest that 

ALP (+) cells in U-type colonies may have 

converted to ALP (-) cells during the 

relatively long periods of culture, and once 

converted to ALP (-) cells, could not revert to 

ALP (+) cells, so long as they are maintained 

under normal conditions. 

 

Based on these findings, we summarized the 

behavior of ALP (+) and (-) HeLa cells (Fig. 

3F). Namely, ALP (+) cells exhibit self-

renewal, and also generate ALP (-) cells. ALP 

(-) cells can proliferate as do the ALP (+) 

cells, but cannot revert to ALP (+) cells under 

normal culture conditions. 
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Hoechst Dye-Exclusion Assay 
 

CSCs are presently thought to be capable of 

self-renewing and simultaneously giving rise 

to non-CSC offspring cells with relatively 

differentiated properties (Al-Hajj and 

Clarke, 2004). In this context, our present 

finding that ALP (+) cells exhibit self-renewal 

and also generate ALP (-) cells is coincident 

with the above concept. However, in this 

case, it may be a prerequisite to know that 

the ALP (+) cells have the property of 

stemness. The ATP-binding cassette 

transporter G2 (ABCG2) is an 

efficient Hoechst 33342 efflux pump and is 

preferentially expressed by CSCs and somatic 

stem cells (Goodel et al., 1997; Jackson et al., 

1999). In other words, cells with high ABCG2 

activity exhibit relatively weak staining with 

Hoechst 33342 dye (Goodel et al., 1997; 

Jackson et al., 1999). To examine the 

possibility that ALP (+) HeLa cells would 

express a high degree of ABCG2 activity, we 

stained colonies (7 days after plating of a 

single HeLa cell) with 5 mg/ml of Hoechst 

33342 for 15 min at 37°C; colonies were then 

fixed and subjected to cytochemical staining 

for ALP activity. All of the composite cells in 

U-type colonies exhibited uniform Hoechst 

33342-derived fluorescence (Fig. 4A, B). 

Notably, the cells (arrows in Fig. 4A, B) 

exhibiting strong ALP activity also fluoresced 

strongly. In addition, cells comprising N-type 

colonies exhibited uniform Hoechst 33342-

derived fluorescence (Fig. 4C, D). These 

results suggest that ALP (+) HeLa cells do not 

express higher levels of ABCG2.  
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Microarray Analysis  
 

Next, we performed microarray analysis to 

examine whether gene expression profiles 

differ between parental HeLa cells and their 

ALP (-) derivative H-1 cells. Total RNA was 

isolated from these cells, and subjected to 

DNA microarray analysis using an Affymetrix 

kit. As shown in Fig. 5A, scatter plot analysis 

demonstrated a high degree of similarity in 

gene expression profiles between these two 

types of cells, but some genes exhibited 

different expression profiles. Of those, the 10 

most strongly upregulated or downregulated 

genes are listed in Table 2. Interestingly, the 

expression of sex hormone-responsive genes, 

namely glycoprotein hormone α chain (CGA) 

and ras-related and estrogen-regulated 

growth inhibitor (RERG), was upregulated 

18.2– and 9.6–fold, respectively, in the HeLa 

cells. Expression of ALP mRNA was also 9.2–

fold upregulated in these cells (see details 

submitted to GEO [accession number 

GSE42222]). Furthermore, expression of 

genes [Frizzled-10 (FZD10)] involved in the 

Wnt/β-catenin signaling pathway was 

upregulated 10.5–fold in the parental HeLa 

cells (Table 2), suggesting the possible 

involvement of Wnt/β-catenin signaling in 

the transition of ALP (+) to (-) cells. 

 



9 Advances in Stem Cells  

 

 

 
 

RT-PCR Analysis 

 

To confirm the altered expression levels, two 

selected genes (CGA and ALP, which are both 

upregulated in HeLa cells) were tested by 

semi-quantitative RT-PCR. We examined the 

expression levels of these two genes in the 

HeLa cells and the H-1 cells. The results are 

shown in Fig. 5B. The expression levels of 

CGA and ALP in the HeLa cells were higher 

than those in the H-1 cells, as expected. 

Expression of ABCG2 mRNA was detectable 

in both cell types, but its strength appeared 

not to differ between these two cells. These 

results support the fidelity of the microarray 

analysis performed in this study. 

 

BIO Treatment 

 

The above results obtained from the 

microarray analysis suggest the possible 

involvement of the Wnt/β-catenin pathway 

in the transition from ALP (+) to (-) cells. In 

other words, when ALP (+) cells, in which the  

Wnt/β-catenin pathway is probably 

activated, are converted to ALP (-) cells, this  

 

 

pathway becomes inactive, probably due to 

the absence of the Wnt ligands capable of 

binding to the cell surface receptor FZD10. 

BIO, a potent synthetic inhibitor of G3SK, can 

activate the Wnt/β-catenin pathway in 

mammals (Sato et al., 2004). Thus, it is 

expected that BIO treatment of ALP (+) cells 

would inhibit the transition from ALP (+) to 

(-) cells. To test this possibility, single HeLa 

cells were plated at a clonal density in wells 

of a 24-well plate. Seven days after seeding, 

the medium was changed to medium 

containing 1 or 3 μM BIO and culture was 

continued for up to 3 days. Cells were then 

fixed for cytochemical staining for ALP 

activity. Based on the staining pattern, as 

described in the Materials and Methods, 

colonies were classified as U, M, or N, and the 

number of each type was counted. The 

results are shown in Fig. 6. In the treatment 

with 1 μM BIO, the ratio of M-type colonies 

decreased, while that of U-type colonies 

increased. Similar results were also obtained 

when cells were treated with 3 μM BIO. 

However, the ratio of N-type colonies was not 

altered by the absence or presence of BIO. 
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Discussion 
 

HeLa cells are one of the most commonly 

used cell lines in biological research. Their 

immortality and capacity to grow well in 

vitro facilitate examination of various 

characteristics, including the cell cycle, 

perturbation, signaling pathways, and cancer 

metastasis. Their expression of ALP was 

reported by Hugon et al. (1967).  

 

To date, most studies have focused on 

cellular localization of ALP (Bosmann et 

al., 1968; Lin et al., 1976), and regulation of 

ALP expression using drugs (Borgers, 1973). 

However, no reports have so far addressed 

the mosaic expression of ALP among HeLa 

cells, or the differences in gene expression 

profiles between HeLa cells [a mixture of ALP 

(+) and (-) cells] and their ALP (-) derivative 

H-1 cells. 

 

As mentioned previously, ALP hydrolyzes a 

broad range of monophosphate esters at 

alkaline pH optima. KO mice lacking ALP 

function exhibited a complete defect in bone 

mineralization and died approximately 4 

weeks after birth (Waymire et al., 1995; 

Narisawa et al., 1997). This abnormality 

resembles the human genetic defect 

hypophosphatasia (Narisawa et al., 1997). 

Deficiency of ALP expression does not affect 

differentiation of osteoblasts, but causes a 

defect in mineralization of osteoblasts 

(Wennberg et al., 2000). Thus, ALP is needed 

to maintain and support life. However, 

overexpression of ALP appears not to affect 

individual health and survival. In fact, viable 

and healthy transgenic mice expressing ALP 

have been produced, and are now recognized 

as a novel type of reporter mice, similar to 

LacZ or EGFP-expressing transgenic mice 

(DePrimo et al., 1996). Interestingly, ALP 

expression is prominent in immature, 

undifferentiated cells (O’Connor et al., 2008) 

such as ES/iPS cells, somatic stem cells, and 

germ cells. The reason why these cells exhibit 

such high levels of ALP activity remains 

unknown. Given that ALP expression is 

usually associated with stem cells, it would 

be reasonable to consider that ALP (+) HeLa 

cells may have the property of stemness. One 

of the prominent properties of stem cells is 

their strong ability to exclude Hoechst 33342 

dye, which is mediated by ABCG2 protein 

(Zhou et al., 2001). In fact, it has been 

reported that ALP (+) cells isolated from the 

human heart have high ABCG2 activity (de 

Aguiar et al., 2011). Unfortunately, the 

present Hoechst 33342 exclusion assay 

revealed that the ALP (+) HeLa cells were 

brightly stained, as were the ALP (-) H-1 cells 

(see Fig. 4). We observed ABCG2 mRNA 

expression in both types of cells (see Fig. 5B). 

Taken together, expression levels of ABCG2 

appear to be still low in those cells. Since 

other molecules, such as CD133 and CD44 

high/CD24 low (heat stable antigen) are 

known to be markers for CSCs (Al-Hajj et al., 

2003: Morel et al., 2008), it would be of 

interest to test whether the ALP (+) HeLa 

cells can express these known CSC markers.  
 

The present DNA microarray analysis 

revealed that expression levels of CGA and 

RERG in HeLa cells, both of which encode sex 

hormone-responsive proteins, were higher 

than in their ALP (-) derivative H-1 cells (see 

Table 2). These results appear to be 

reasonable if HeLa cells are derived from 

squamous cell carcinoma of the 

uterine cervix. In other words, the H-1 cells 

may have lost one of the properties 

associated with their parental HeLa cells. 

This analysis also demonstrated that 

expression of some genes (including FZD10) 

relating to Wnt/β-catenin signaling were 

upregulated in ALP (+) HeLa cells. Although 

the present study did not show the presence 

of other components such as E-cadherin and 

β-catenin, all of which are key factors in 

Wnt/β-catenin signaling, there have been 

several reports that HeLa cells express E-

cadherin and β-catenin 

(www.valasciences.com; 

http://www.abcam.co.jp/E-Cadherin-

antibody-ab77287.html). Treatment of HeLa 

cells with BIO resulted in inhibition of 

transition from ALP (+) to (-) cells (see Fig. 

6). Furthermore, it has been demonstrated 

that exposure to BIO increased the 

expression of β-catenin in HeLa cells 
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(www.valasciences.com). Taken together, 

these data suggest that in ALP (+) cells the 

Wnt/β-catenin signaling pathway has 

spontaneously been activated. Notably, it has 

been pointed out that canonical Wnt/β-

catenin signaling inhibits the osteogenic 

differentiation of MSCs (Boland et al., 2004; 

de Boer et al., 2004; Cho et al., 2006) and the 

odontoblast-like differentiation of dental 

pulp stem cells (Scheller et al., 2008). 

Furthermore, this signaling plays a critical 

role in stem cell self-renewal and cancer 

(Reya and Clevers, 2005). Thus, it is possible 

that canonical Wnt/β-catenin signaling may 

help to maintain ALP (+) HeLa cells in an 

undifferentiated state. Further analysis 

would be required to clarify the possible 

involvement of Wnt/β-catenin signaling in 

maintenance of ALP (+) cells. 

 

 
 

In this study, we observed that HeLa cells 

consist of two types of cells, namely ALP (+) 

and (-) cells, when they are examined for 

cytochemical staining for ALP activity. 

However, it will be claimed that this 

phenomenon is due to contamination with 

other cells or to changes in cellular 

properties during long-term cultivation. 

Therefore, we tested ALP activity using HeLa 

cells obtained from a different laboratory. We 

obtained the same staining pattern (see Fig. 

1B).  

 

For more detailed analysis of the properties 

of ALP (+) HeLa cells, acquisition of pure 

populations of ALP (+) cells is a prerequisite. 

However, as mentioned previously, ALP (+) 

cells tend to convert to ALP (-) cells 

spontaneously. Treatment with BIO 

suppressed this process successfully, but its 

effect was only partial (see Fig. 6). Thus, it 

will be necessary to explore conditions that 

effectively block the transition from ALP (+) 

to ALP (-) HeLa cells. Furthermore, how to 

induce reversion of ALP (-) to ALP (+) cells 

remains unknown. If this problem can be 

solved, understanding of the molecular 

mechanism underlying transition from ALP 

(+) to ALP (-) HeLa cells will be accelerated.  
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At present, we do not have any evidence that 

ALP (+) HeLa cells are CSCs. This may be in 

part due to the inability to isolate ALP (+) 

HeLa cells as a pure cell line, as mentioned 

above. A promising approach to overcome 

this problem would be the use of a construct 

harboring a drug resistant gene (such a 

neomycin resistance gene, neo) whose 

transcription is controlled by ALP gene 

promoter. If HeLa cells are transfected with 

this construct and subsequently subjected to 

selection in the presence of G418, a neomycin 

analog, the surviving cells would be ALP (+) 

cells. Untransfected cells and ALP (-) cells 

would have been eliminated by this 

treatment. To realize this hypothesis, we are 

now constructing such vector using a tissue-

non-specific ALP promoter (Yusa et al., 2000). 

If these ALP (+) cells are proven to exhibit 

some properties characteristic of CSCs, HeLa 

cells would make a suitable model for CSC 

study.  
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