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Abstract

We detected CD133 and interleukin-6 receptor (IL-6R) in the
human hepatoblastoma cell-line (HuH-6 Clone-5). There was
heterogeneity in the expression of CD133 and IL-6R at different
stages. In the early stages of cultivation, CD133 and IL-6R were
localized in the complex structure comprising filopodia and
lamellipodia. In the late stages of cultivation, subcellular localization
patterns of CD133 and IL-6R were different. CD133 was mainly
localized to plasma membrane. After treatment with CD133
antibody, cell-cell contact was decreased, and apoptosis was
increased. CD133-mediated regulation may be required for cell
survival. IL-6R was mainly localized to dividing cells. Co-localization
of CD133 and IL-6R were seen in some dividing cells. Present
study suggests that co-localization of CD133 and IL-6R may play an
important role of cell division.
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Introduction

CD133 (also known as Prominin-1 or AC133) has been identified
as an important cell surface marker to enrich the stem-like
population in various solid tumors, including colon [1,2], brain [3,4],
skin [5], pancreatic [6], liver [7-10], prostate [11], and bone [12,13],
tumors. CD133 was first isolated and cloned as an antigen present on
the surface of mouse neuroepithelial progenitors [14], and human
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hematopoietic stem/progenitor cells [15,16]. CD133 expression is
not restricted to the neuroepithelial and hematopoietic stem/pro-
genitor cells, but extends to several epithelial and non-epithelial cell
types [17]. However, the biological function of CD133 remains largely
unknown. Hayashi et al. [10] separated CSCs by the side population
(SP) fraction method from hepatoblastoma cells. They inoculated
the SP fraction cells into NOD/SCID immunodeficient mice, and
observed CD133 positive cells in the tumors formed in the mice.
Tirino et al. [12] have shown that CD133* cells from human bone
sarcomas display high proliferation rate and that they are capable
of forming cluster spheres (sarcospheres). Sarcospheres consisting

CD133* cells exhibited self-renewal, differentiation ability,
tumorigenicity, and stemness gene expression [13].
Recently, we reported that CDI133 was preferentially

concentrated in a complex structure comprising filopodia and
the leading edge of lamellipodia [18]. We also reported the
co-localization of CD133 with F-actin. Furthermore, an antibody
against CD133 decreased cell migration, strongly suggesting that
CD133 is involved in tumor cell migration [18]. Co-localization of
CD133 and IL-6Rwas reported in the lung cancer stem cells (CSCs)
[19]. There is evidence that IL-6/6R signaling acts as a critical
factor for the growth and malignancy of cancer cells [20,21]. The
aberrant production and increased secretion of IL-6 in cancer
patients is profoundly linked to tumor progression and poor
prognosis in many cancer types [22-24]. However, the role of IL-6R
in cancer stem cells (CSCs) is not well defined.IL-6R expression is up
regulated in CSCs [25-27]. Yi et al. [19] reported that the expression
of IL-6R in the lung CSCs was markedly up regulated at both the gene
and protein levels. The prominent distribution of IL-6R was confirmed
on the cell surface of CSCs, but not on non-CSCs. They also reported
the co-localization of CD133 and IL-6R. However, they did not reveal
the subcellular localization of CD133 and IL-6R.

In the present study, we detected CD133 and IL-6R in the human
hepatoblastoma cell-line (HuH-6 Clone-5). We demonstrated that
CD133 and IL-6R were preferentially concentrated in the complex
structure comprising filopodia and lamellipodia.

In the late stages of cultivation, CD133 was mainly localized to the
plasma membrane. IL-6R was mainly localized at the dividing cells.
Some dividing cells expressed co-localization of CD133 and IL-6R.
Co-localization of CD133 and IL-6R may play an important role of
cell division for stemness.

Materials and Methods

Cell culture

Human hepatoblastoma cells (HuH-6 clone 5, well-differentiated
type, JCRB0401) were purchased from the Health Science Research
Resources Bank (Osaka, Japan). According to a method previously
reported by Hayashi et al. [10], the cells were cultured on plastic
culture dishes (35 mm) or Aclar’ plastic film (Nisshin EM, Tokyo,
Japan) in Dulbeccos modified Eagles medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and 50 pg/mL
gentamicin. The cells were seeded at a density of 1 x 10° cells/ml in
35 mm culture dishes. Cultures were maintained at 37°C for 10 days
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in a humidified atmosphere of 5% CO,-95% air, and the medium was
replaced every 2 days.

The Aclar’ plastic films for electron microscopy were sterilized
by immersion in 70% ethanol for 20 min. The films were then rinsed
twice in PBS and placed on the bottom of plastic culture dishes
(35 mm).

Immunohistochemistry for light microscopy

The cultured cells were fixed in 4% paraformaldehyde/PBS and
streptavidin/peroxidase immunohistochemistry for CD133 and
IL-6R was performed. The specimens were treated with 0.3% H,O, in
methanol to block endogenous peroxidase activity and subsequently
incubated with primary antibodies CD133 (polyclonal antibody;
Abnova, Taipei, Taiwan) and IL-6R (mouse monoclonal antibody;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA). A biotinylated,
anti-rabbit immunoglobulin was added as a secondary antibody. A
horseradish peroxidase-labelled streptomycin-avidin complex was
then used to detect the secondary antibody. Antibody binding was
detected by staining with the chromogens 3, 3’-diaminobenzidine
(DAB).

Alexa Fluor 488-Fluoronanogold -anti-rabbit Fab’(Nanoprobes,
Inc., Yaphank, NY), Alexa Fluor 488-conjugated anti-rabbitFab’
andAlexa Fluor 555-conjugated goat anti-mouse IgG (Molecular
Probes, Inc., Eugene, OR) were also used for secondary antibodies.
Diamidino-2-phenylindole (DAPI) staining was used to determine
the number of nuclei.

Transmission Electron Microscopy (TEM)

The cultured cells were fixed in 0.1 M phosphate buffer (pH 7.2)
containing 2.5% glutaraldehyde for 1 h, followed by fixation in 1%
0s0,/0.1 M phosphate buffer (pH 7.2) for 1 hour. The specimens
were dehydrated in a graded ethanol series, embedded in epoxy resin,
cut into ultrathin sections, and stained with uranyl acetate and lead
citrate. The stained ultrathin sections were observed under a
transmission electron microscope (JEM-1400; Tokyo, Japan).

Scanning Electron Microscopy (SEM)

For SEM, the cultured cells were fixed in 2.5% glutaraldehyde/0.1
M phosphate buffer (pH 7.2) for 1 h and subsequently fixed in 1%
0s0,/0.1 M phosphate buffer (pH 7.2) for 1 h, dehydrated in a graded
ethanol series, and critical-point air-dried after treatment with
isoamyl acetate. The samples were sputter coated with OsO, and
observed under a scanning electron microscope (Hitachi, S-4800;
Tokyo, Japan).

Effect of CD133 antibody

According to a method previously reported by Akita et al. [18],
cells were cultured to near confluence at 37°C in 35 mm culture dishes
containing DMEM supplemented with 10% FBS. The cultures were
treated with 2 concentrations of CD133 antibody (1 and 10 pg/mL
treatment groups, 4 dishes per concentration) in fresh culture
medium at 37°C in 5% CO, for 48 h. One group is the control group
and receives no treatment. After treatment with CD133 antibody, cells
were treated for TEM, as described before. Ultrathin sections were
observed under the transmission electron microscope (JEM-1400;
Tokyo, Japan).

Statistical analysis

After treatment with CD133 antibody, number of cell divisions
in the metaphase (the chromosomes align in the equator of the cell)
and anaphase (the paired chromosomes separate and begin moving
to opposite ends of the cell) was calculated. At least 10 photo images
stained with DAPI were obtained from each dish. Each photo image
approximately consists of 400 cells. Division index was expressed as
a percentage of number of cell divisions/total cell number. Statistical
differences were evaluated using the Students t-test. P<0.01 was
considered statistically significant. Data were expressed as mean +SD
values. Data represent the mean of triplicate experiments.

Results
Localization of CD133 and IL-6R by light microscopy

Both CD133 positive and negative cells were observed. At the
peripheral region of the cell, CD133 were strongly positive (Figure 1).
Staining pattern of IL-6R was similar with those of the CD133. IL-6R
was also strongly positive at the peripheral region of the cell
(Figure 2). Electron microscopy revealed that CD133 and IL-6R
were preferentially concentrated in a complex structure comprising
filopodia and lamellipodia (Figures 3 and 4).

Figure1: Localization of CD133 by light microscopy.

Peripheralmembrane ruffles were strongly positive (arrows). DAB, brown
precipitate and hematoxylin counterstain. Scale bar=20 ym

Time-dependent localization of CD133 and IL-6R
Culture of early stages (<2-day-old)

Co-localization of CDI133 andIL6-R was partially observed.
However, the expression of CD133 and IL-6R was heterogeneous
(Figure 5).

Culture of late stages (7-day-old<)
CD133 was mainly localized to the plasma membrane. IL-6R was

mainly localized at the dividing cells (Figure 6). Unequal distribution
of CD133 was observed in some cells (Figure 7).

Effect of CD133 antibody

After treatment with CD133 antibody, number of cell divisions in
the metaphase and anaphase was calculated. Treatment with CD133
antibody (10 pg/mL) markedly decreased the number of cell divisions.
(Figure 8) showed the division index.
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Figure 2: Localization of IL-6R by light microscopy.

IL-6R was also positive at peripheral regions of the cell (arrows). DAB, brown
precipitate and hematoxylin counter stain. Scale bar=20 pm

Figure 3: CD133 positive site indicated by the arrow (inset) was observed
by SEM.

Enlarged SEM image of filopodia and lamellipodia. Complex structure of
filopodia and lamellipodia was coincident with the positive site.

Inset; Light microscopy; CD133 was strongly positive at the peripheral region
of cell (arrow). Alexa Fluor 488-and Fluoronanogold (1.4 nm). Antibody binding
site was enhanced using Gold Enhance at room temperature for 20.

After treatment with CD133 antibody (10 ug/mL), DAPI positive
small nuclear particles were increased. At the ultra structural level,
apoptotic cells were observed. CD133 antibody treatment decreased
cell-cell contact, and desmosomal structure was not observed
(Figure 9).

Discussion

CD133 is concentrated in microspikes, filopodia and the leading
edge of lamellipodia in the fibroblasts expressing transfected
CD133 [28]. Previously, we revealed that CD133 was preferentially
concentrated in a complex structure comprising filopodia and
lamellipodia [18]. In the present study, IL-6R was also concentrated
at the similar site. It is assumed that CD133 and IL-6R relate to cell
migration.
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Figure 4: Enlarged SEM image of CD133 positive site indicated by the arrow
(inset).

CD133 positive site was observed as a complex structure of filopodia and
lamellipodia.

Inset; Phase contrast microscopy; IL-6R was strongly positive at the peripheral
region of cell (arrow). Antibody binding site was detected by the staining with
DAB.

Figure 5: Culture of the early stage (2-day-old).

Localization of CD133 and IL-6R. Co-localization of CD133 andIL6-R was
partially observed. However, the expression of CD133 and IL-6R was
heterogeneous. CD133 positive sites were labeled in green (arrowheads),
IL-6R in red (arrows). CD133 and IL-6R positive sites were labeled in orange.

In the present study, we also demonstrated that the expression of
CD133 and IL-6R was heterogeneous in different stages. In the late
stages of cultivation, CD133 and IL-6R exhibited different patterns of
subcellular localization. CD133 was mainly localized to the plasma
membrane. Koyama-Nasu et al. [29] have shown that CD133
interacts with plakoglobin (also known as c-catenin), a desmosomal
linker protein. They further demonstrate that knockdown of CD133
by RNA interference (RNAi) results in the down regulation of
desmoglein-2, a desmosomal cadherin, and abrogate cell-cell
adhesion and tumorigenicity of clear cell carcinoma of the ovary stem
cells. In the present study, we confirmed the diminishing cell adhesion
by decreasing desmosomal structure, after treatment with CD133
antibody. Present result obtained from CD133 antibody treatment

Volume 1 ¢ Issue 1+ 100001
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Figure 8: Effect of CD133 antibody treatment.

After treatment with CD133 antibody (1 and 10 pg/mL), number of cell
divisions in the metaphase and anaphase was calculated.

Bar graphs showing the division index (number of cell divisions/total cell

number).
Figure 6: Culture of the late stage (10-day-old). )
L There was significant difference (*P<0.01) between CD133 antibody treatment
Localization of CD133 and IL-6R. (10 pg/mL) and control. However, the division index was not significantly

CD133 was mainly localized to the plasma membrane. CD133 positive sites affected at the lower antibody concentration (1 pg/mL).

were observed as a mesh-like structure (asterisks). IL-6R was mainly localized
to some dividing cells (arrows).

Figure 7: Co-localization of CD133 and IL-6R.

Unequal distribution of CD133 was observed in some cells (arrow). IL-6R
positive cell was indicated by arrowhead.

also suggests that CD133-mediated regulation may be required for cell
survival.

Co-localization of CD133 and IL-6R was demonstrated in the
dividing cells. Some cells indicated an unequal distribution of CD133.
Normal tissue homeostasis is maintained through asymmetric cell
divisions that produce daughter cells with differing self-renewal and
differentiation potentials [30]. Certain tumor cell subfractions can
self-renew and repopulate the heterogeneous tumor bulk, suggestive
of asymmetric cell division, but an equally plausible explanation is
that daughter cells of a symmetric division subsequently adopt
differing cell fates [30]. Asymmetric cell division is a proposed A: Control; Nuclei and nucleoli were clearly observed. Cell-cell adhesion
mechanism to maintain CSCs. Lathia et al. [31] utilized glioma stem | (@Tows) was well defined. Scale bar=10 ym
cells (GSCs) for two cell division modes. Through a symmetric cell B: Control; Arrowheads indicate desmosomal structure. Scale bar=5 um
division, two GSCs were generated. The other mode is to generate C: CD133 antibody (10 pg/mL); Apoptotic cells (black asterisks) and apoptotic
one GSC and one non-GSC through an asymmetric cell division. This body (white asterisk) were observed. Cell-cell adhesion was diminished, and
division mode would contribute to increased cellular heterogeneity of desmosomal structure was not ebserved. Scale bar=10 um

Figure 9: Morphological influence of CD133 anti body treatment.
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the tumor, while still maintaining a GSC pool [31]. Co-localization
of CD133 and IL-6R may play an important role of cell division.
Further studies are required to understand the relationship between
symmetric cell division and CSCs.

IL-6R has been targeted for cancer treatments, resulting in cell
growth inhibition or reduced angiogenesis [32-34]. Wang et al. [27]
showed that knockdown of IL-6R diminished stemness and survival
of glioma stem cells. Present study suggests that CD133 and IL-6R are
targeted for cancer treatments, resulting in inhibition of cell
proliferation and increasing apoptosis.
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