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Introduction
Trophoblast cell culture is a valuable tool in the research of
placental physiology. Trophoblast cells, isolated from first
trimester as well as term placentas, are utilized in different
in vitro tests to study proliferation, invasion and differentiation.
Quantitative assessment of these aspects relies on visual counting of entities of cells cultured in different conditions. The low
reproducibility of this approach confers considerable limitations. Alternative approaches include spectrophotometric,
fluorimetric and radiometric techniques to quantify appropriately labelled cells. These approaches have been used in the
field of trophoblast research with variable success.
Alamar Blue (AB) is a water-soluble dye that has been
previously used for quantifying in vitro viability of various
cells (Fields and Lancaster, 1993; Ahmed et al., 1994). Due
to the fact that it is extremely stable and more importantly nontoxic to the cells, continuous monitoring of cultures over time
is possible (Ahmed et al., 1994). Mainly for this reason, this
test has been considered superior to classical tests for cell
viability such as the MTT test (Fields and Lancaster, 1993).
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The MTT test is based on the ability of viable cells to
produce formazan from the cleavage of the tetrazolium salt
by functional mitochondria (Mosmann, 1983). However, the
MTT test necessitates killing the cells, making it impossible
to follow-up cell cultures.
When added to cell cultures, the oxidized form of the AB
enters the cytosol and is converted to the reduced form by
mitochondrial enzyme activity by accepting electrons from
NADPH, FADH, FMNH, NADH as well as from the cytochromes. This redox reaction is accompanied by a shift in
colour of the culture medium from indigo blue to fluorescent
pink, which can be easily measured by colourimetric or
fluorometric reading.
Choriocarcinoma cell lines have been useful as models for
studying various functions of trophoblast cells including invasion and differentiation (King et al., 2000). We investigated
whether AB can be used for quantifying not only cell number
and viability, but also migration and invasion of JEG-3 and
BeWo choriocarcinoma cells. The HT-1080 fibrosarcoma cell
line was used as a control due to their high invasive capacity.
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BACKGROUND: The current techniques for quantifying trophoblast viability, migration and invasion are mainly
limited by the need to sacrifice the cells during the test procedure. In this study, the vital dye AB (AB) was used to
quantify cell number and viability of BeWo and JEG-3 choriocarcinoma cells, as well as their migration and invasion
through fibronectin-coated filters. METHODS: AB was directly added to culture medium of incubated test and
control cells. At various time intervals, the redox reaction, in which AB is reduced by the cells, was measured by
absorbance readings at 540 and 630 nm. For cell migration and invasion, cells were cultured onto uncoated or fibronectin-coated inserts, respectively. AB reduction of migrated cells was normalized to that of control cells to calculate
percentages of migration. This model was also tested in the presence of a reported inhibitor, transforming growth
factor (TGF) b. RESULTS: The curve of %AB reduction versus cell number was linear, with intra- and interassay Coefficient of Variations of 1.88%and 2.94%, respectively. AB reduction increased with both seeding concentrations and incubation time with AB. TGFb treatment caused a modest decrease in AB reduction in both JEG-3
and BeWo cells. TGFb treatment also decreased migration in BeWo, but not in JEG-3, cells. CONCLUSIONS: AB
assay is a simple and reliable method for quantifying trophoblast viability, migration and invasion.

Viability, migration and invasion using Alamar Blue

Here we describe the characteristics of this novel method
in order to define the optimal culture conditions and to test
the effects of transforming growth factor (TGF)b, a known
inhibitor of migration.

of the percentage of AB reduction (%AB reduction) is as follows
according to the manufacturer’s protocol:

Materials and methods

In the formula, 1l1 and 1l2 are constants representing the molar
extinction coefficient of AB at 540 and 630 nm, respectively, in the
oxidized (1ox) and reduced (1red) forms. Al1 and Al2 represent
absorbance of test wells at 540 and 630 nm, respectively. A’l1 and
A’l2 represent absorbance of negative control wells at 540 and
630 nm, respectively. The values of %AB reduction were corrected
for background values of negative controls containing medium
without cells.
In order to eliminate differences due to medium colour, the experiment was repeated using culture media filtered with sterile activated
charcoal to remove phenol red from culture media. Briefly, after
adding heat inactivated FCS to the medium, 16.5 mg activated charcoal was added per 1 ml medium, the bottle was thoroughly shaken
for 30 min, centrifuged at 3000 RPM for 10 min and the supernatant
was filtered to yield a colourless medium.

Cell culture
Cells were maintained in 75 cm2 Falcon culture flasks under standard
culture conditions of 5%CO2 in air at 378C with medium renewal
every 2 –3 days. The culture media used were Ham F12 for BeWo,
DMEM for HT-1080 and EMEM for JEG-3 cells, all containing
200 mM glutamine, 1/100 penicillin – streptomycin solution and
1/1000 gentamicin solution supplemented with 10%FCS. When confluent, cells were split 1 : 3. Cells passaged for 20, 11 and 15 times,
for JEG-3, BeWo and HT-1080, respectively, were used for the
experiments.
AB assay for cell quantification
Cells were trypsinized from subconfluent cultures by adding 3 ml of
trypsin solution (100 mg EDTA, 100 mg DNase I, 5 ml penicillin –
streptomycin, 500 ml gentamicin in 500 ml trypsin) to 50 ml Falcon
flasks with confluent cells followed by 10 min incubation at 378C
with regular gentle shaking. The trypsin reaction was stopped by
adding 10 ml of appropriate culture medium containing 10%FCS.
The cell suspension was then centrifuged at 750g for 10 min at
208C. The cell pellet was suspended in 2 ml of medium with
1%FCS and thoroughly mixed by repeated pipetting. Cells were
then counted with a Fuchs–Rosenthal hemacytometer and brought
first to a concentration of 1  106 cells/ml and subsequently to
serial 1 : 2 dilutions. The resulting different cell suspensions were
seeded into duplicate wells of a 96-well plate (200 ml well21) and
incubated at 378C. After an initial 4 h period to allow cell attachment,
20 ml AB solution was directly added to the medium resulting in a
final concentration of 10%. As negative control AB was added to
the medium without cells. The plate was further incubated for 24 h
at 378C. The absorbance of test and control wells was read at 540
and 630 nm with a standard spectrophotometer.
The number of viable cells correlates with the magnitude of dye
reduction and is expressed as percentage of AB reduction (Ahmed
et al., 1994; Goegan et al., 1995; Nociari et al., 1998). The calculation

ð1ox l2 ÞðAl1 Þ  ð1ox l1 ÞðAl2 Þ
 100
ð1red l1 ÞðA0 l2 Þ  ð1red l2 ÞðA0 l1 Þ

AB assay for cell viability/proliferation
Initial experiments were carried out to follow %AB reduction over
time. The aim was to determine the optimal seeding density and
culture period. JEG-3, HT-1080 and BeWo cells were trypsinized
from subconfluent cultures as described earlier, were suspended
in culture medium containing 1%FCS, and then seeded into duplicate
wells of a 96-well plate (200 ml well21) at concentrations of
1.5  104 –1  106 cells/ml at standard culture conditions of
5%CO2 in air at 378C. After an initial 4 h period to allow for cell
attachment, AB was added directly into culture media at a final concentration of 10% and the plate was returned to the incubator.
Optical density of the plate was measured at 540 and 630 nm with a
standard spectrophotometer at 1, 2.5, 4, 24, 48, 72 and 168 h after
adding AB. Because the culture medium was not changed during
this period, the calculated %AB reduction is a cumulative value. As
a negative control, AB was added to medium without cells.
Next, the viability of JEG-3, HT-1080 and BeWo cells was tested
in the presence of a reported inhibitor, TGFb. Cells were seeded
into 96-well plates at a concentration of 1  105 cells/ml for 24 h
in a standard incubator. After 24 h, cells received fresh medium
with or without 5 ng TGFb. After another 24 h of culture, AB
was added directly into culture media at a final concentration of
10% and optical densities were measured after yet another 24 h
period.

AB assay for cell migration/invasion
A 24-well Falcon plate was used as a ‘feeder tray’ in which 600 ml of
culture medium was placed in each well. For the migration assay, we
used 12 mm Millicel filters, with a 12 micro-pore polycarbonate membrane. For the invasion assay, the same filters were pre-coated with
fibronectin. Briefly, 200 ml of 20 mg ml21 fibronectin solution was
added on top of the filters and incubated for 30 min at 378C, followed
by removal of the excess fibronectin solution. In both migration and
invasion tests, 400 ml of cell suspension (at 1  105 cells/ml) was
seeded on top of the filters which were then immersed into the
feeder trays (Figure 1A) and incubated at 378C in standard conditions.
After 4 h of initial cell attachment, the medium in the feeder tray was
changed into either control medium or medium containing 5 ng of
TGFb. An incubation period of 24 h was allowed for cells to invade
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Materials
BeWo and JEG-3 choriocarcinoma cells were purchased from the
European Collection of Cell Cultures (ECACC, Salisbury, UK) and
HT-1080 cells were a gift from the Centre of Human Genetics (UZ
Gasthuisberg, Leuven, Belgium). AB was purchased from Biosource
(Biosource Euroupe, Nivelle Belgium), TGFb from Sigma-Aldrich
(Bornem, Belgium) and human fibronectin from DakoCytomation
(Heverlee, Belgium). Materials for cell culture included 75 cm2
Falcon flasks (BD Biosciences, Erembodegem, Belgium), 12 mm
Millicel filters (Millipore, Amsterdam, The Netherlands) and
24-well Falcon plates (VWR International, Leuven, Belgium) which
were used in the migration/invasion assays. Other products used in
these experiments were Ham F12, Eagle’s minimum essential
medium (EMEM), glutamine, heat inactivated fetal calf serum
(FCS) (Sigma-Aldrich, Bornem, Belgium), Dulbeco’s modified
Eagle’s medium (DMEM) (Gibco, Life Technologies, Belgium),
penicillin –streptomycin solution, gentamicin solution, trypsin
solution (Invitrogen life technologies, Merelbeke, Belgium), EDTA
(Merck VWR International, Leuven, Belgium) and DNase I (Roche
Diagnostics GmbH, Vilvoorde, Belgium).

%AB reduction ¼

Viability, migration and invasion using Alamar Blue

following experiments were all carried out with charcoalfiltered media.

AB assay for cell migration and invasion
Cell migration and invasion was examined after culturing cells
on top of uncoated and fibronectin-coated filters, respectively.
Migration of cells through filters was confirmed by visualizing
the migrated cells with an inverted microscope on the bottom
of the filter after incubation with AB and after crystal violet
staining. The intra-assay variability for %MIG and %INV
was 18% (mean 31%, SD 5.6, n ¼ 3) and 6.7% (mean 54%,
SD 3.6, n ¼ 3), respectively.
In a different set of experiments, we examined the %MIG of
three different concentrations of JEG-3 cells. %MIG increased

Figure 3. Temporal changes in %AB reduction. Various concentrations of JEG-3 cells were followed-up at different times after
adding AB. A cumulative increase in AB reduction was found, starting
from 24 h, reflecting ongoing cell proliferation. Data are presented as
means þ/ 2 SD.

Figure 4. Effect of TGFb on the migration of BeWo and JEG-3 cells.
Cells were seeded on top of uncoated 12 m-pore filters immersed in
feeder trays. After 4 h, the medium in the feeder tray was changed
into either control medium or medium containing 5 ng of TGFb.
AB was added to the medium of the feeder tray after 24 h, and the
%AB reduction was measured after another 24 h. The percentage of
migrated cells (%MIG) was then deduced from the equation given
in the Materials and methods.

with increasing cell concentration, 29%, 47%and 59%for
0.5  105, 1  105 and 2  105 cells/ml, respectively, but
these differences were statistically not significant. The same
trend with increasing cell concentrations was observed with
%INV (data not shown).
After allowing cells to invade into the fibronectin coating
and to migrate through filters for 24 h, cells were incubated
with AB for another 24 h period, during which further
migration through the filters occurs. To test whether this
extended invasion can affect the %AB reduction, we carried
out an experiment by which we removed adherent cells by
wiping the top of the filters with a sterile cotton swab just
before adding AB. The ‘wiped’ filters showed lower %INV
than the non-wiped filters (6.0 versus 23.9). We concluded
that significant invasion still occurs during the period in
which the cells are incubated with AB.
Addition of TGFb to cultures decreased %MIG of BeWo
cells from 33.75 (SD 16.18, n ¼ 3) to 14.83 (SD 4.02, n ¼ 3)
(P , 0.05) (Figure 4). JEG-3 also showed some inhibitory
response to TGFb on %MIG, from 19.27 (SD 3.45, n ¼ 3) to
15.33 (SD 4.19, n ¼ 3), although this was not statistically
significant (Figure 4). TGFb had no effect on invasion
(%INV) in any of the cell lines tested (data not shown).
Discussion
Although several tests are available for determining cell
number and viability as well as assessing migration and invasion of trophoblasts, their applicability is limited by the need
to sacrifice the cells during the test procedure. To tackle this
problem, vital dyes which are non-toxic to cells have been
introduced. They offer the advantages of keeping the cells in
culture to observe changes over time and of allowing other analyses to be carried out on the same sample including histology
and flow cytometry. One of those vital dyes is the recently
introduced AB, which is reduced to a fluorescent pink dye by
1307
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AB assay for cell viability: effect of incubation time,
cell density and TGFb treatment
To determine the optimal working cell density and incubation
time, the %AB reduction was followed in different cell
concentrations up to 168 h in culture. Cell viability at each
time point was confirmed by direct microscopy and by performing an MTT test (results not shown). The %AB reduction
increased over culture time, from a starting cell density of
50  103 cells/ml and higher, and starting from 4 h after
addition of AB (Figure 3). Because culture medium was not
changed during the incubation period and because cell
proliferation continues during this period, the measurements at
each time point represent the cumulative %AB reduction. On
the basis of these results and the findings of other
groups (Nociari et al., 1998; O’Brien et al., 2000), we decided
for the following experiments to use a cell concentration of
1  105 cells/ml and an incubation time with AB of 24 h.
The viability of JEG-3 and BeWo cells was tested in the presence of a reported inhibitor, TGFb. Addition of 5 ng TGFb
decreased %AB reduction in cultures of both JEG-3 (67.87
versus 71.71) (P , 0.05, n ¼ 5) and BeWo cells (55.88
versus 71.43) (P , 0.01, n ¼ 3) after 24 h of culture. TGFb
had no effect on %AB reduction in HT-1080 cells.

S.Al-Nasiry et al.

Standard curve of AB reduction
AB reduction showed high reproducibility with very low
intra-assay and inter-assay CV, comparable with the MTT
test. There was also a good linear correlation between %AB
reduction and cell concentrations, over a range of 16.6  103
to 500  103 cells/ml, with r 2 values of 0.73, 0.81 and 0.81
for HT-1080, JEG-3 and BeWo cells, respectively. Similar
findings have been obtained by other groups working with
AB (Ahmed et al., 1994; Goegan et al., 1995; Nociari et al.,
1998; O’Brien et al., 2000).
The initial experiments were carried out with coloured
cultured media. Interference from medium colour was
excluded by removing the indicator Phenol Red by charcoal
treatment. Thereafter, the standard curves of %AB reduction
versus cell number showed a shift in intercept. Additionally,
differences in %AB reduction were found between the same
concentrations of BeWo, JEG-3 and HT cells. This can be
attributed to different rates of metabolic activity, proliferation
and differentiation (Sullivan, 2004; Al-Nasiry et al., 2006).
Furthermore, it has been shown that proteins in culture media
can cause spectral shifts and may affect the kinetics of the
assay e.g. the rate of uptake of substrate by the cells (Goegan
et al., 1995). Therefore, caution is needed when comparing
%AB reduction of different cell types, and errors may arise
when extrapolating the curves obtained by one cell type to
another.
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Characteristics of viability/proliferation model
Addition of AB to cultured cells does not alter their viability,
unlike that which occurs during monitoring by Trypan Blue
exclusion (Ahmed et al., 1994; Nociari et al., 1998). We
confirmed the viability of the cells subjected to AB by direct
microscopy and by performing an MTT test on cells after
treatment with AB. A cumulative increase in AB reduction
could be found when various concentrations of cells were
followed-up over 7 days in culture, reflecting ongoing cell
proliferation. This raises the need to standardize seeding
density and incubation time with AB when comparing different
culture conditions.
TGFb has been reported to decrease proliferation of a first
trimester trophoblast cell line HTR-8. No such effects were
seen in either JEG-3 and JAR choriocarcinoma lines
(Graham et al., 1994) or cultured first trimester trophoblasts
(Graham and Lala, 1991) using the [3H] Thymidine incorporation test. We found in TGFb-treated JEG-3 cells, a decreased
%AB reduction compared with control cells suggesting a
certain degree of inhibitory response in these cells. This contradictory finding could be partly explained by the higher sensitivity of the AB assay than [3H] Thymidine incorporation test
in detecting modest differences in cell number.
Characteristics of the migration/invasion model
Preliminary trials with a commercially available invasion kit
(QCM 555, Chemicon) were hampered by the high intra-assay
variability and the need for labelling cells with fluorescent
markers (S. Al-Nasiry, unpublished observations). In our
model, cell migration was achieved by culturing the cells on
top of 12 mm Millicel filters with a 12 micro-pores polycarbonate membrane, through which cells are allowed to migrate for
24 h. For the cell invasion experiments, we used an identical
setting with the additional step of coating the filters with
human fibronectin solution. We confirmed the presence of
cells on the bottom side of the filter by direct visualization
after crystal violet staining in both settings.
To calculate the %MIG or %INV, we related the %AB
reduction to that of control wells without inserts containing
the same concentration of cells under the same conditions.
Hundred percentage AB reduction of these control wells
represents the value expected if all cells within the inserts
would have migrated through the filters and have reduced
AB in the feeder tray. This ‘normalized value’ takes into
account the continuous proliferation of the cells. Relating the
%AB reduction to that of cells before migration or invasion
would lead to overestimation of %MIG or %INV due to the
possible interference of proliferation.
The intra-assay variability for %MIG and %INV was 18%
and 6.7%, respectively, which is satisfactory, considering the
inherent variability of the technique itself and the biological
variability of cells used. With increasing cell density, there
was a trend for a higher %MIG as well as higher %INV,
although the latter was statistically not significant. This observation excludes a saturation effect with higher cell densities.
On the basis of these findings and those of other groups
(Nociari et al., 1998), we used a concentration of 1  105
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the metabolic activity of living cells, ranging from bacteria
to mammalian cells. AB is considered superior to other cell
viability assays, such as the MTT test, because it is not toxic
to cells and does not necessitate killing them during the
assay procedure (Ahmed et al., 1994). Moreover, AB can
also be reduced by cytochromes, whereas tetrazolium salts
such as MTT are not. This might explain the higher sensitivity
and reproducibility of AB in detecting low cell concentrations
(Nociari et al., 1998).
AB has been utilized in various tests, e.g. for measuring
the proliferation of human lymphocytes (Ahmed et al., 1994;
de Fries and Mitsuhashi, 1995), primary rat hepatocytes
(O’Brien et al., 2000) and various human cell lines (Fields
and Lancaster, 1993), as well as for measuring cell-mediated
cytotoxicity of human T lymphocytes (Nociari et al., 1998)
and murine macrophages (Ashany et al., 1995).
So far, there has been no report on the use of AB in ectodermal cell lines. In this study, we report on the applicability of
AB assay for quantifying cell numbers and viability of BeWo
and JEG-3 choriocarcinoma cells. In addition, we applied
this method to quantify migration and invasion into fibronectincoated filters. As a positive control, we used the fibrosarcoma
cell line HT-1080, a mesothelial cell model with well-known
invasive properties. Due to the homogeneity of choriocarcinoma cell lines and the relatively simple propagation
procedures, they were preferred in this study to primary trophoblast cultures (King et al., 2000). Moreover, trophoblast cultures from term placentas show relatively low proliferative
and invasive capacities compared with their malignant counterparts making them less attractive models for the study of cell
migration and invasion.

Viability, migration and invasion using Alamar Blue

Acknowledgement
This work was supported by grant G.0225.03 of FWO-Vlaanderen.

Al-Nasiry S, Pijnenborg P, Spitz B, Hanssens M and Van Assche FA (2003)
The effects of EGF supplimentation and fibronectin coating on
TNF-induced toxicity in forskolin treated BeWo and JEG-3
choriocarcinoma cells. J Soc Gynecol Investig 10,391A.
Al-Nasiry S, Spitz B, Hanssens M, Luyten C and Pijnenborg R (2006)
Differential effects of inducers of syncytialization and apoptosis on BeWo
and JEG-3 choriocarcinoma cells. Hum Reprod 21,193–201.
Armant DR (2005) Blastocysts don’t go it alone. Extrinsic signals fine-tune
the intrinsic developmental program of trophoblast cells. Dev Biol
15,260–280.
Ashany D, Song X, Lacy E, Nikolic-Zugic J, Friedman SM and Elkon KB
(1995) Th1 CD4þ lymphocytes delete activated macrophages through the
Fas/APO-1 antigen pathway. Proc Natl Acad Sci USA 92,11225.
de Fries R and Mitsuhashi M (1995) Quantification of mitogen induced human
lymphocyte proliferation: comparison of alamarBlue assay to 3H-thymidine
incorporation assay. J Clin Lab Anal 9,89–95.
Fields RD and Lancaster MV (1993) Dual-attribute continuous monitoring of
cell proliferation/cytotoxicity. Am Biotechnol Lab 11,48– 50.
Goegan P, Johnson G and Vincent R (1995) Effects of serum protein and
colloid on AB assay in cell cultures. Toxic In Vitro 9,257– 266.
Graham CH, Connelly I, MacDougall JR, Kerbel RS, Stetler-Stevenson WG
and Lala PK (1994) Resistance of malignant trophoblast cells to both the
anti-proliferative and anti-invasive effects of transforming growth
factor-beta. Exp Cell Res 214,93–99.
Graham CH and Lala PK (1991) Mechanism of control of trophoblast invasion
in situ. J Cell Physiol 148,228–234.
Irving JA and Lala PK (1995) Functional role of cell surface integrins on
human trophoblast cell migration: regulation by TGF-beta, IGF-II, and
IGFBP-1. Exp Cell Res 217,419–427.
King A, Thomas L and Bischof P (2000) Cell culture models of trophoblast II:
trophoblast cell lines–a workshop report. Placenta 21,S113–S119.
Mosmann T (1983) Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays. J Immunol
Meth 65,55– 63.
Nociari MM, Shalev A, Benias P and Russo C (1998) A novel one-step, highly
sensitive fluorometric assay to evaluate cell-mediated cytotoxicity.
J Immunol Meth 213,157– 167.
O’Brien J, Wilson I, Orton T and Pognan F (2000) Investigation of the AB
(resazurin) fluorescent dye for the assessment of mammalian cell
cytotoxicity. Eur J Biochem 267,5421– 5426.
Pijnenborg R, Luyten C, Vercruysse L, Keith JC and Van Assche FA (2000)
Cytotoxic effects of tumour necrosis factor (TNF)-alpha and
interferon-gamma on cultured human trophoblast are modulated by
fibronectin. Mol Hum Reprod 6,635–641.
Sullivan MHF (2004) Endocrine cell lines from the placenta. Mol Cell
Endocrinol 228,103–119.
Xu G, Chakraborty C and Lala PK (2002) Restoration of TGF-beta
regulation of plasminogen activator inhibitor-1 in Smad3-restituted
human choriocarcinoma cells. Biochem Biophys Res Commun 28,1079–
1086.

References
Ahmed SA, Gogal RM Jr and Walsh JE (1994) A new rapid and simple
non-radioactive assay to monitor and determine the proliferation
of lymphocytes: an alternative to [3H]thymidine incorporation assay.
J Immunol Metho 170,211–224.

Submitted on June 24, 2006; resubmitted on December 18, 2006; accepted on
December 27, 2006

1309

Downloaded from http://humrep.oxfordjournals.org/ by guest on January 9, 2012

cells/ml for further experiments. Wiping the top of the filters
with a sterile cotton swab just before adding AB did reduce
the %INV, suggesting that further migration may have initiated
from residual cells in the inserts after 24 h of culture. Wiping
filter tops before adding AB is a convenient means for standardizing the time period for the beginning migration or invasion.
Cells cultured on fibronectin-coated filters had consistently
higher %AB reduction when compared with cells cultured on
uncoated filters (data not shown). It is indeed well known
that fibronectin enhances attachment and viability of term trophoblasts (Pijnenborg et al., 2000), as well as choriocarcinoma
cells (Al-Nasiry et al., 2003). Stimulation of proliferation and/
or migration by interaction with fibronectin is another possible
explanation (Armant, 2005).
Although TGFb is reported to inhibit trophoblast migration
by different mechanisms including increasing the adhesiveness
to ECM (Irving and Lala, 1995) and up-regulating TIMP’s
(Graham and Lala, 1991), JEG-3 and JAR cell lines appear
to be resistant to these effects (Graham et al., 1994). This
resistance could be explained by the loss of smad3 transcription
factors (Xu et al., 2002). However, our results on migration
suggest that BeWo and, to a lesser degree, JEG-3 cells show
some inhibitory response to TGFb. This might be explained
by the different type of inserts and ECM used in our model
(fibronectin versus Matrigel), or again by the high sensitivity
of the AB assay in detecting subtle differences in the number
of migrated cells.
In conclusion, this study endorses the use of AB assay as
a reliable method of assessing the viability, migration and
invasion of choriocarcinoma cells which can be used as a
model of invasive trophoblasts. Such models may prove valuable in our continuing search for in vitro assays which mimick
the in vivo environment of the trophoblast.
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Overexpression of mIGF-1 in Keratinocytes Improves
Wound Healing and Accelerates Hair Follicle
Formation and Cycling in Mice
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Insulin-like growth factor 1 (IGF-1) is an important
regulator of growth, survival, and differentiation in
many tissues. It is produced in several isoforms that
differ in their N-terminal signal peptide and C-terminal extension peptide. The locally acting isoform of
IGF-1 (mIGF-1) was previously shown to enhance the
regeneration of both muscle and heart. In this study,
we tested the therapeutic potential of mIGF-1 in the
skin by generating a transgenic mouse model in
which mIGF-1 expression is driven by the keratin 14
promoter. IGF-1 levels were unchanged in the sera of
hemizygous K14/mIGF-1 transgenic animals whose
growth was unaffected. A skin analysis of young animals revealed normal architecture and thickness as
well as proper expression of differentiation and proliferation markers. No malignant tumors were formed.
Normal homeostasis of the putative stem cell compartment was also maintained. Healing of full-thickness excisional wounds was accelerated because of increased
proliferation and migration of keratinocytes, whereas
inflammation, granulation tissue formation, and scarring were not obviously affected. In addition, mIGF-1
promoted late hair follicle morphogenesis and cycling.
To our knowledge, this is the first work to characterize
the simultaneous, stimulatory effect of IGF-1 delivery to
keratinocytes on two types of regeneration processes
within a single mouse model. Our analysis supports the
use of mIGF-1 for skin and hair regeneration and de-

scribes a potential cell type-restricted action. (Am J
Pathol 2008, 173:1295–1310; DOI: 10.2353/ajpath.2008.071177)

Insulin-like growth factor 1 (IGF-1) is a peptide hormone
that promotes growth, survival, and differentiation of cells
in various organs and tissues, including skin.1,2 The importance of IGF-1 signaling in the skin is evident from the
original studies with IGF-1 receptor null (Igf-1r⫺/⫺) mice,
which exhibited hypotrophic skin with reduced number
and size of the hair follicles.3 Similarly, deficiency in
human growth hormone or its target IGF-1 are associated
with decreased epidermal thickness and sparse hair
growth.4,5 Although generally recognized as a proliferation and survival factor for the skin, IGF-1 was recently
also implicated in hair and skin morphogenesis.6,7 In the
skin, its levels must be strictly controlled because overexpression of IGF-1 in proliferating and in differentiating
keratinocytes resulted in hyperplasia and tumor
formation.8,9
In addition to its role in skin homeostasis, several studies suggest a role of IGF-1 in skin repair. Its expression is
modulated during wound healing, and retarded healing
has been correlated with reduced IGF-1 levels.10 –13 In
vitro, IGF-1 was shown to stimulate keratinocyte proliferation and migration, as well as collagen production by
fibroblasts.14 –17 Consequently, local administration of
IGF-1 to wound sites enhanced wound closure and stimulated granulation tissue formation.18,19 On the other
hand, increased IGF-1 receptor expression was reported
in chronic wounds and in hypertrophic scars, and IGF-1
stimulation was associated with increased invasive caSupported by a Marie Curie Incoming International Fellowship (to E.S.),
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pacity of keloid fibroblasts.20,21 In addition, systemic delivery of IGF-1 with the goal to improve wound healing
caused hyperglycemia, electrolyte imbalance, and
edema.22,23
IGF-1 is also implicated in the control of hair cycling, a
regenerative process that constantly occurs in the skin. In
vitro, IGF-1 maintained hair follicles in a growth phase
(anagen), and removal of IGF-1 led to a catagen-like
regression.24 Transgenic animals, in which an ultra-highsulfur keratin gene promoter was used to target IGF-1 to
the wool follicles of the sheep or hair follicles of the
mouse, showed increased fleece weight and vibrissae
length, respectively.25,26 Hair appeared earlier in transgenic mice overexpressing IGF-1 in the skin under control of the keratin 1 (K1) promoter.8 In contrast, hair follicles of transgenic mice expressing IGF-1 in the skin
under control of the involucrin promoter, showed a delay
in anagen entry.7 This difference could result from different promoter usage, but also from the use of different
IGF-1 isoforms.
IGF-1 is produced in multiple isoforms that differ in
their amino-terminal signal peptides and carboxy-terminal extension peptide.27 Previous studies28,29 and preliminary results from our laboratory suggest that the isoform determines localization and may define the mode of
IGF-1 action. In muscle and heart regeneration studies
using transgenic models, the outcome of regeneration
depended on the isoform used.30,31 This stresses the
importance of both IGF-1 isoform selection and the mode
of delivery in preclinical regeneration studies and in therapeutic application of this growth factor.
In the skin, IGF-1 is produced by cells of mesenchymal
origin, such as fibroblasts of the dermis and dermal papilla, whereas its receptor is produced by both mesenchymal and epithelial cells.32–35 Thus, keratinocytes respond to the paracrine signal originating from the
neighboring mesenchymal cells. We set out to test
whether providing a localized autocrine signal to epithelial cells, including basal keratinocytes of interfollicular
epidermis and outer root sheath (outer root sheath) keratinocytes of the hair follicle, can enhance wound repair
and hair regeneration without causing deleterious effects,
such as increased scarring, tumor formation, and systemic imbalance. To this end, we generated transgenic
mice expressing a locally acting form of IGF-1 (mIGF-136)
under the control of the keratin 14 promoter. These studies identify mIGF-1 as a potent stimulator of hair follicle
morphogenesis and cycling, and of re-epithelialization of
skin wounds. Importantly, these effects are not accompanied by spontaneous malignant tumor formation and
occur in the background of normal epidermal
homeostasis.

ward primer was 5⬘-CGGGATCCCTGTTTCCTGTCTACAGTGTC-3⬘ and the reverse primer was 5⬘-CGGGATCCCTCGGGAGGCTCCTCCTAC-3⬘. The polymerase chain
reaction (PCR) product was analyzed by sequencing and
cloned into the BamHI site located downstream of the
␤-globin intron in the pG3Z.K14 cassette (kindly provided
by Dr. Elaine Fuchs, Rockefeller University, New York,
NY).37 The pG3Z.K14 cassette includes a 2-kb AvaI fragment of the human K14 promoter followed by a 700-bp
␤-globin intron and 500 bp of the human K14 polyadenylation signal (poly A). The transgene fragment was
excised using KpnI upstream of the K14 promoter and
HindIII downstream of the K14 poly A. The fragment was
gel-purified and microinjected into male pronuclei of FVB
zygotes. Founders were crossed with wild-type FVB animals and positive progeny were maintained in a hemizygous state. Genotyping, using tail genomic DNA as a
template, was performed by PCR using standard conditions and two sets of PCR primers. The first set is located
within the human K14 poly A sequence: 5⬘-GTGTGGACACAGATCCCAC-3⬘ and 5⬘-GGAGACACCACATATGACC-3⬘. The second set is located within exons 3 and 4
of the rat IGF-1 sequence: 5⬘-TTCCTGTCTACAGTGTCTGTG-3⬘ and 5⬘-GAGCTGACTTTGTAGGCTTCA-3⬘. Animals were housed in a clean, temperature-controlled
mouse facility on a 12-hour light/dark cycle, and standard
diet was provided. All mouse procedures were approved
by the European Molecular Biology Laboratory Monterotondo Ethical Committee (Monterotondo, Italy) and were
in accordance with national and European regulations.
Eight- to ten-week-old sex-matched male and female
animals (unless otherwise specified) were used for the
study.

Northern Blotting and in Situ Analysis
Total RNA was extracted using TRIzol Reagent (Invitrogen, Carlsbad, CA). For Northern blot analysis, 15 g of
total RNA for each sample were blotted and hybridized
using standard conditions. In situ hybridization was performed as previously described.38 A probe corresponding to the complete rat mIGF-1 cDNA described
above was used for both Northern blotting and in situ
hybridization.

Immunoenzymometric Assay
To determine circulating IGF-1 levels, the OCTEIA rat/
mouse IGF-1 immunoenzymometric assay for the quantitative determination of IGF-1 in rat and mouse serum
was used according to the manufacturer’s instructions
(IDS Limited, Frankfurt, Germany).

Materials and Methods
Cloning of the Transgene Construct and
Generation of Transgenic Mice
The mIGF-1 rat cDNA was amplified from an MLC/mIgf-1
cassette36 with primers containing BamHI sites: the for-

Histological Analysis
For histological analysis, upper back skin was isolated,
fixed overnight in 4% paraformaldehyde in phosphatebuffered saline (PBS), and embedded in paraffin. Dewaxed sections (7 m) were stained using hematoxylin
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different, but strongly related regenerative processes
through a localized effect on keratinocyte proliferation
and migration.
Maintaining normal homeostasis of the bulge is essential for proper hair cycling and is implicated in efficient
wound healing and prevention of uncontrolled
growth.69 –71 Depletion of the skin stem cell compartment
results in impaired wound healing and hair loss,72
whereas its expansion can predispose skin to cancer.73,74 Our analysis of the bulge compartment using ␣6
and CD34 markers shows that mIGF-1, produced by the
stem cells and by the outer root sheath cells, does not
perturb homeostasis of the bulge in 7-week-old unwounded skin. Preliminary analysis of the label-retaining
cell compartment in wild-type and K14/mIGF-1 transgenic animals supports this conclusion (data not shown).
However, with additional signals, such as those that emanate from the wound site or from the dermal papilla at
the onset of anagen, mIGF-1 is likely to modify the behavior of stem cells and their progeny by possibly increasing their proliferation, migration, or reducing apoptosis and thus enhancing both wound healing and hair
regeneration. Analyzing the status of the skin stem cells
and transit amplifying cells at different stages of the hair
cycle, during wound healing and in aging, will shed light
on the mechanisms and contribute to the development of
stem cell-mediated IGF-1-based regenerative therapies.
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Factor I Receptor in Craniopharyngioma Cells:
A Novel Therapeutic Approach
Elfar Ulfarsson,1 Alexandra Karstr˛m,4 Shucheng Yin,5 Ada Girnita,5 Daiana Vasilcanu,5 Marja Thoren,2
Gunnar Kratz,6 Jan Hillman,7 Magnus Axelson,3 Olle Larsson,5 and Leonard Girnita5

Abstract

Craniopharyngioma is a rare benign intracranial epithelial tumor that, however, often recurs and
sometimes kills the affected patients, one-third of which are children. In many cases, the patients
acquire growth hormone deficiency and postoperatively need substitution. Generally, growth hormone promotes local release of insulin-like growth factor I (IGF-I), which in turn activates the IGF-I
receptor (IGF-IR) if present. Together, these circumstances raise the question whether IGF-IR
may be involved in craniopharyngioma growth.To address this issue, we analyzed phenotypically
well-characterized primary low-passage craniopharyngioma cell lines from nine different patients
for IGF-IR expression and IGF-I dependency.Two of the cell lines showed no/very low expression
of the receptor and was independent on IGF-I, whereas five cell lines exhibited a strong expression
and was clearly contingent on IGF-I.The two remaining cell lines had low receptor expression and
IGF-I dependency. Upon treatment with an IGF-IR inhibitor, cells with high IGF-IR expression
responded promptly with decreased Akt phosphorylation followed by growth arrest. These
responses were not seen in cells with no/very low receptor expression. Growth of cell lines
with low IGF-IR expression was only slightly affected by IGF-IR inhibition.Taken together, our data
suggest that IGF-IR may be involved in the growth of a subset of craniopharyngiomas and points
to the possibility of the involvement of IGF-IR inhibitors as a treatment modality to obtain complete
tumor-free conditions before growth hormone substitution.

Craniopharyngiomas are benign epithelial neoplasms most
often found in the intra/suprasellar region. They represent
one of the most difficult benign intracranial lesions to treat,
because of their close relation to the surrounding structures
and high tendency to recur. They are classified into two
histopathologic subtypes: adamantinomatous type and squamous papillary type (1). The adamantinomatous types are
considered to be derived from an enamel anlage in Rathke’s
pouch, and squamous papillary types are assumed to
originate in the metaplastic squamous cell nests of the
adenohypophysis (1).
The incidence of craniopharyngioma is about 1.3 per
million, with one-third occurring in children under age 15
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(2). Little is known about the natural course of the disease but
continuing tumor growth after partial tumor removal is
reported to be 63% to 90% (3 – 10), with only 20% to 42%
10-year survival rates (6, 7, 11, 12). The main treatment
options, microsurgery and radiation, render a majority of the
patients growth hormone – deficient (5, 13 – 15). The use of
growth hormone to promote growth in children with
craniopharyngioma has been in practice for more than two
decades and is now a part of the standard treatment for this
patient group (16, 17). The fact that growth hormone is
mitogenic (18 – 21) either directly or indirectly via the insulinlike growth factor I (IGF-I) has raised the question of a possible
role for growth hormone in inducing the recurrence of
craniopharyngiomas in children (8, 21, 22). The overall
opinion based on the few clinical studies addressing this
relationship is still that growth hormone treatment does not
increase the recurrence rates (8, 21 – 23). However, those
studies have some weaknesses, and thus far, no experimental
studies have been done to confirm this statement. In theory,
one can expect growth hormone to stimulate growth of
craniopharyngioma cells. The craniopharyngioma cells are
histologically similar to basal epidermal cells (24), and it is
well known that the main stimulatory effects of growth
hormone on the growth of normal epithelial cells are exerted
through the IGF-I system (25 – 28).
The specific aim of our study is to evaluate the expression
status and possible dependency of IGF-I receptor (IGF-IR) in
promoting the growth of craniopharyngioma cells.
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Growth dependence of IGF-I. All nine cell lines, at
indicated passages (passages 2-6), were investigated for
growth-stimulatory effects of IGF-I in comparison with T3,
and growth hormone as well as T3 and IGF-I in combination. Serum-depleted cells were treated with these compounds for 24 hours, whereupon [3H]thymidine uptake was
determined (Fig. 2). As can be seen, IGF-I was the most
effective stimulant and caused alone significant growth
response in four of the cell lines (C1, C3, C4, and C9)
and together with T3 in five cell lines (C1, C3, C4, C5,
and C9).
As assessed by Western blotting, strong IGF-IR expression was
found in five of the cell lines (C1, C3-5, and C9; Fig. 3). The
four other cell lines showed low (C6 and C7) or no/very low
(C2 and C8) IGF-IR signals. These data are well consistent with
the growth stimulatory effects of IGF-I (cf. Fig. 2). Four of the
cell lines with high IGF-IR expression were responsive to IGF-I.
Also, the data fit with the IGF-IR immunostaining data
obtained from the corresponding immunocytostainings as well
as the three available immunohistostainings (cf. Table 2).
Phosphorylation of IGF-IR and effects of inhibition. Two IGFIR-positive (C1 and C9) and two cell lines with no/very low
IGF-IR expression (C2 and C8) were selected for analysis of
IGF-I induced phosphorylation of IGF-IR and Akt (Ser473).
Figure 4A shows that IGF-I stimulates IGF-IR phosphorylation
in the C1 and C9 cells. In contrast, no such effects were seen
in C2 and C8. It is also shown that treatment with
picropodophyllin, administered at concentrations of 0.5 or
2.5 Amol/L, ablates the IGF-I-stimulated phosphorylation of
IGF-IR. Picropodophyllin is a cyclolignan compound that
inhibits tyrosine phosphorylation of IGF-IR selectively
(29, 38).
The phosphatidylinositol-3 kinase/Akt (protein kinase B)
branch constitutes a major pathway mediating IGF-IR-dependent intracellular signaling for cell proliferation and survival
(39). After IGF-I-induced phosphorylation of the receptor
phosphoinositide-3-kinase becomes activated and phosphor-

Fig. 3. Expression of IGF-IR in craniopharyngioma cells. C1-C9 lines were analyzed
for the expression of the h-subunit of IGF-IR using Western blotting (top). Actin
was used as loading control. The signals were quantified by densitometry and the
IGF-IR expression calculated for each cell line as (absorbance of IGF-IR) /
(absorbance of actin) 100. Bottom, means and SDs of IGF-IR expression of four
determinations.

ylates Akt at Ser473 (39). This is also shown to occur in
craniopharyngioma cell lines with high expression of IGF-IR
(C1 and C9; Fig. 4B). In the C2 cell line, being without IGF-IR
activity (see Fig. 4A), the ligand did not induce Akt
phosphorylation. Surprisingly, in serum-depleted C8 cells (also
IGF-IR negative), there was a high basal Akt phosphorylation,
which was neither increased by IGF-I nor inhibited by
picropodophyllin (Fig. 3B). This means that Akt is constitutively activated and serum growth factor – independent in this
cell line. The underlying mechanism for this is unknown and
not relevant to this study, but could be due to PTEN
(phosphatase and tensin homologue gene) mutation.

Fig. 2. The effect of different supplements
on growth of primary craniopharyngioma
cells. The nine cell lines C-C9 were cultured
in 96-well plates. The cells were allowed to
attach and grow for 24 hours. They were
then serum-starved for 12 hours, and then
stimulated with the following compounds in
the absence of serum for 24 hours: T3
(20 nmol/L), IGF-I (10 ng/mL), growth
hormone (10 ng/mL), IGF-I (10 ng/mL) + T3
(20 nmol/L) or no supplement (CTL). Cells
were labeled with [3H]thymidine. After
24 hours, cells were harvested and assayed
for incorporation of [3H]thymidine per well
inTCA insoluble material. Means and SD
of quadruplicates are shown. Any significant
stimulatory effects are indicated. The
experiment was repeated thrice with similar
results.
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Table 3. Relationship between IGF-IR expression and growth inhibition
Cell line
C1
C2
C3
C4
C5
C6
C7
C8
C9

IGF-R expression level*

Picropodophyllin IC25c

Picropodophyllin IC50c

88
10
113
106
96
30
23
11
96

<50
>2,500
<50
<500
<500
<2,500
<2,500
>2,500
<50

<500
>2,500
<500
500
500
>2,500
>2,500
>2,500
<500

Level of picropodophyllin responseb
high
no
high
high
high
low
low
no
high

*Relative values (obtained from Fig. 3).
cIC25 and IC50 (nmol/L picropodophyllin resulting in 25% and 50% inhibition of cell proliferation, respectively). Data obtained from Fig. 5A.
bPicropodophyllin responses defined as follows: no, IC25 2,500 nmol/L; low, IC25 2,500. But IC50 2,500 nmol/L; high, IC50 500 nmol/L. Data obtained from

>

<

>

<

Fig. 5A.

morbid obesity, memory disturbances, lack of libido, etc. Much
of this morbidity is caused by the treatment and the impact
differs between surgery and radiation. Although the morbidity
from surgery does arise directly after treatment, the effect of
radiation can unfold much later. Studies analyzing the late
effects of radiation in craniopharyngioma patients are few. One
such study reports radiation-related complications in 58% of the
children and 46% of the adults (42). Of the adult patients who
died without tumor growth, 41% of the deaths were related to
complications from radiation treatment.
Because the clinical course of a craniopharyngiomas is
known to vary greatly and there are historical reports on
subgroups of patients living for many decades with mild
symptoms and a slowly progressing disease (43, 44), we need
to find methods predicting the long-term outcome at the time
of diagnosis to enable individual treatment strategy. No such
methods are known today.
This is the first study to show how craniopharyngioma cells
can be cultured systematically to produce cell lines. Not only
can this method be used as an experimental tool for studying
the versatile biological behavior of craniopharyngiomas but it
can also be helpful for the patients from whom the cultures are
retrieved. One could establish an in vitro tumor profile for each
craniopharyngioma patient, which takes into account the
sensitivity of the tumor cells to different treatment modalities.
By such means, one can hopefully get one step closer in
estimating future prognosis of patients with a newly diagnosed
craniopharyngioma, and make an individualized treatment
strategy, based on tumor biology, possible.
In this study, we show for the first time that craniopharyngioma cells express IGF-R both in cell culture and in available
paraffin-embedded material and that expression varies between
patients. Craniopharyngioma cell cultures from five out of nine
patients showed high expression of the IGF-IR and that IGF-I
alone promoted growth in four of them. The fifth cell line (C5)
with high IGF-IR expression was not responsive to IGF-I alone,
but in combination with T3, this cell line was growthstimulated. T3 alone had no mitogenic effect. Inhibition of
phosphorylation of IGF-IR resulted in marked reduction in
proliferation of all five cell lines (also C5) with high expression.
This suggests that IGF-IR is also critical for C5 growth, even

www.aacrjournals.org

though this cell line requires permissive factors (e.g., T3) in
addition to IGF-I for proliferation.
According to our present results, one could expect that
patients harboring viable craniopharyngiomas with high
expression of IGF-IR may have higher incidence of tumor
recurrence during growth hormone therapy because most of
the growth stimulatory effect of growth hormone is mediated
via the IGF-I/IGF-IR pathway in vivo (18, 20). A reported study
showing that growth hormone therapy might increase the
likelihood of tumor recurrence support this notion (22, 45).
On the other hand, three other clinical studies addressing this
issue are not in concordance with this assumption (8, 21, 23).
However, all these three studies are associated with some
limitations. Most important, they do not report adequate
control groups for the treatments given before or during the
growth hormone therapy, nor do they note the growth pace of
the tumor before starting growth hormone therapy (8, 21, 23).
To exemplify the impact of these variables, patients having no
signs of tumor remnants and patents receiving radiotherapy
before or during the study should be excluded or analyzed
separately because the recurrence rates in those groups of
patients are much lower (40, 41, 46 – 50) compared with
patients harboring viable tumor after surgery (8). Also,
because the growth potential of craniopharyngiomas differs
between individuals, one has to note the growth pace of the
tumor in each patient both before and after start of growth
hormone treatment. It is difficult to evaluate the possible
effects of growth hormone therapy on craniopharyngiomas
that are growing rapidly because they are likely to continue to
grow irrespective of growth hormone treatment or not.
To summarize, our data show that craniopharyngioma cells
with high IGF-IR expression are IGF-I-dependent and that
attenuation of IGF-IR activity blocks their growth. These
observations suggest a functional impact of IGF-IR in a subset
of craniopharyngiomas. Further studies on larger collections
of cases are needed to evaluate the expression level and
distribution of IGF-IR and its correlation to clinical variables.
Our study also points to the possibility of using IGF-IR
inhibition as a treatment complement to radiotherapy in the
future and in this way reduce the long-term complications for
craniopharyngioma patients.
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In conclusion, the differences in the physiological functions of IGF-1R
and IR can be explained by a different tissue distribution or subcellular localization, by
structural differences in the ß-subunit, which may result in activation of specific
substrates and signal pathways.
Moreover, recent studies that examined the genes responding to insulin
and IGF-1 in 3T3 fibroblasts overexpressing the IR or IGF-1R showed that the genes
induced by IGF-1 generally were involved in mitogenesis or differentiation, while the
genes found to be induced by insulin did not conform to any particular category
(Dupont, Dunn et al. 2003). (Tabel 1)
FUNCTIONS OF IGF-1R. ROLE IN MALIGNANCY

Several lines of evidence implicate IGF-1 and IGF-1R in malignant
transformation (Baserga 1999; Werner and Le Roith 2000; Yu and Rohan 2000).
Increased expression of IGF-1, IGF-1R or both has been documented in many human
malignancies including carcinomas of the lung, breast, thyroid, gastrointestinal tract
and prostate, as well as glioblastoma, neuroblastoma, melanomas rhabdomyosarcoma,
and leukemias (Belfiore, Pandini et al. 1999; Hakam, Yeatman et al. 1999; Xie,
Skytting et al. 1999; Girnita, Girnita et al. 2000; All-Ericsson, Girnita et al. 2002).
Epidemiological prospective studies identified high plasma levels of IGF-1 as potential
risk factor for several malignancies (Mantzoros, Tzonou et al. 1997; Hankinson, Willett
et al. 1998). In addition, the IGFs are a potent mitogen for a wide range of tumor cell
types in vitro (Baserga 1994; Valentinis, Porcu et al. 1994; Werner and LeRoith 1996).
Furthermore, several oncogenes have now been shown to affect IGF-1 and IGF-1R
expression (Baserga 1994; Werner, Shalita-Chesner et al. 2000). Treatments interfering
with IGF-1R expression or function suppressed tumor cell growth (Baserga 1999).
IGF-1R is involved not only in the induction of cell transformation but also in the
maintenance of the transformed phenotype (LeRoith, Baserga et al. 1995). IGF-1R was
identified as a positive regulator of the invasive/metastatic phenotype and IGF-1 as a
paracrine growth-promoting factor for liver metastasis (All-Ericsson, Girnita et al.
2002). The transforming function of IGF-1R depends on its mitogenic and
antiapoptotic activities.
Mitogenic function of IGF-1R
The mitogenic function of IGF-1 was initially proposed based on the
results of experiments using specific anti-IGF-1 antibodies (Russell, Van Wyk et al.
1984). The involvement of the IGF system in the cell cycle progression was
demonstrated by the group of Renato Baserga (Baserga and Rubin 1993; Rubin and
Baserga 1995). These studies showed that the interaction between IGF-1 and IGF-1R is
sufficient for most cells to progress through the cell cycle. IGF-1R expression is the
critical determinant that causes cells to switch from a ‘non-mitogenic’ to a ‘mitogenic’
model. In accordance with this hypothesis, Balb/c-3T3 cells stably transfected with an
expression vector encoding the IGF-1R can grow in the sole presence of IGF-1. When
both the receptor and ligand are expressed, cells are able to grow in the absence of any
exogenous growth factor (Pietrzkowski, Lammers et al. 1992). For comparison, growth
18

TARGETING IGF-1R IN CANCER
The high expression of IGF-1R in neoplastic cells and tissues combined
with its crucial roles in cancer cell growth is making this tyrosine receptor an attractive
target for anticancer treatment.
So far, numerous attempts to directly inhibit IGF-1R functions caused massive
apoptosis of tumor cells in vitro and in vivo, inhibition of tumorigenesis (Arteaga 1992;
Trojan, Blossey et al. 1992; Kalebic, Tsokos et al. 1994; Resnicoff, Coppola et al.
1994; Resnicoff, Sell et al. 1994; Shapiro, Jones et al. 1994; Reiss, D'Ambrosio et al.
1998) and metastases (Long, Rubin et al. 1995; Dunn, Ehrlich et al. 1998). Overall,
strategies leading to downregulation of the receptor, and not only inhibition of its TK
activity, have been associated with the strongest antitumour efficacies (Baserga,
Peruzzi et al. 2003). This may be due to downregulation of IGF-1R being necessary to
produce a complete inhibition of its function (Larsson, Girnita et al. 2005).
Targeting of IGF-1R to block its signaling may be obtained by interference with
ligand/receptor interactions, receptor synthesis and expression, receptor TK activity, or
combinations of these strategies.
However, a constant issue in targeting IGF-1R being the structural homology with IR,
the finding of a highly specific IGF-1R inhibitor which does not cross-react with IR
and induces diabetogenic effects is of great importance.

Blocking of ligand-receptor interaction
Receptor neutralising antibodies
Strategies using receptor neutralising antibodies aim to block the ligand–
receptor interaction (Kalebic, Tsokos et al. 1994). An antibody against the IGF-1R, to
be effective, has to inhibit the binding of both IGF-1 and IGF-2, induce the
downregulation of the receptor, and have little or no effect on the IR signaling (Baserga
2005).
Most of the antibodies described were effective at downregulating the
IGF-1R in cell culture with no, or only modest effect on xenografts and o colony
formation in soft agar, such as the antibody described by Hailey et al. (Hailey,
Maxwell et al. 2002) the mouse MAb alpha-IR-3 against the alpha domain of IGF-1R
(Jacobs, Cook et al. 1986), the EM164 antibody (Maloney, McLaughlin et al. 2003)
and the humanized single chain anti-IGF-1R antibody, scFv-Fc antibody described by
Sachdev et al. (Li, Liang et al. 2000; Sachdev, Li et al. 2003). Furthermore, it has been
reported that alpha-IR-3 may exhibit agonistic abilities towards IGF-1R (De Leon,
Wilson et al. 1992; Kato, Faria et al. 1993). Because of their immunogenic properties,
murine antibodies are not ideal therapeutics for human patients. To overcome this
obstacle, humanized anti-IGF-1R antibodies have been engineered. The h7C10
antibody of Goetsch et al.(Goetsch, Gonzalez et al. 2005) was effective on human
cancer xenografts but gave the best results in combination with other forms of therapy,
as did the antibody described by Cohen et al. (Cohen, Baker et al. 2005). The most
complete published report was probably the one by Burtrum et al. (Burtrum, Zhu et al.
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The significance of Hedgehog (HH) signaling in the
development of basal cell carcinoma (BCC) has been
established. Although several target genes of HH signaling have been described previously, their precise
role in tumorigenesis and cell proliferation is not yet
known. To identify genes responsible for tumor formation in BCC, we screened a DNA microarray database of human BCC cases; the orphan G-protein-coupled receptor GPR49 was found to be up-regulated in
all cases. GPR49 is a novel gene reported to be a
marker of follicular and other tissue stem cells. Using
real-time quantitative RT-PCR analysis, significant expression of GPR49 mRNA was observed in 19 of 20
BCC cases (95%) compared with controls. Up-regulation of GPR49 was confirmed by in situ hybridization.
Moreover, knockdown of mouse Gpr49 showed suppression of cell proliferation in a mouse BCC cell line,
and overexpression of GPR49 in human immortalized
keratinocyte HaCaT cells induced proliferation. Furthermore, HaCaT cells overexpressing GPR49 showed
tumor formation when transplanted into immunodeficient mice. In addition, inhibition of the HH signaling pathway in a mouse BCC cell line down-regulated
endogenous Gpr49, whereas activation of HH signaling in mouse NIH3T3 cells up-regulated endogenous
GPR49. These results suggest that GPR49 is expressed
downstream of HH signaling and promotes cell proliferation and tumor formation in cases of BCC. (Am
J Pathol 2008, 173:835– 843; DOI: 10.2353/ajpath.2008.071091)

Basal cell carcinoma (BCC) is a common malignant tumor of the skin. Histopathologically, they usually arise

from the lowermost layers of the epidermis and comprise
various histological subtypes. Interestingly, BCC cells
have many features in common with follicular epithelium.1
Recent studies have shown that BCC frequently has
abnormalities of the Hedgehog (HH) signaling pathway.
HH signaling plays a key role in vertebrate development
as it is involved in multiple biological processes such as
cell differentiation, proliferation, and growth.2 Also, several genes overexpressed in BCC have been reported to
be related to HH signaling.3 However, the genes expressed as a target of HH signaling and their functions in
tumorigenesis are still not precisely understood. Further
understanding of the molecules expressed in BCC and
their relation between HH signaling is therefore required.
G-Protein-coupled receptor GPR49, also known as
LGR5/HG38/FEX, belongs to the leucine-rich repeat containing G-protein-coupled receptors (LGRs) structurally
similar to glycoprotein hormone receptors including thyroid-stimulating hormone receptor, follicle-stimulating
hormone receptor, and luteinizing hormone receptor.4
LGRs are grossly divided into three subgroups: glycoprotein hormone receptors; the subgroup of GPR48,
GPR49, and LGR6; and the receptors of relaxin family
ligands represented by LGR7 and LGR8.4,5 Unlike LGRs
in the other two subgroups, the ligands of GPR48,
GPR49, and LGR6 have not been identified. A recent
report showed that GPR49 null mice exhibited neonatal
lethality characterized by ankyloglossia and gastrointestinal distension.6 Interestingly, a recent report showed
that GPR49 is expressed on stem cells in the small intestine and colon, and has also been suggested that stem
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Table 2.
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case
Case

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Expression Level of GPR49, GLI1, GLI2 in BCC*
Pattern

Lesion

GPR49

GLI1

GLI2

Nodular
Nodular
Nodular
Nodular
Nodular
Superficial
Nodular
Nodular
Superficial
Superficial
Nodular
Superficial
Superficial
Superficial
Nodular
Nodular
Nodular
Nodular
Nodular
Superficial

Face
Face
Face
Face
Face
Trunk
Face
Face
Face
Trunk
Face
Trunk
Trunk
Trunk
Face
Face
Face
Face
Face
Trunk

85.3
78.8
105.8
234.7
799.9
10.6
718.5
815.6
132.7
1.2
86.5
53.3
316.8
231.6
90.2
530.17
281.9
217.9
3219.4
1126.4

574.7
664
229.99
726
753.3
63.54
927
641
514.9
5.6
161.97
410.3
2362.1
359.3
512
3983
2101.8
1364.4
7417.3
6880.3

72
9.5
6.9
70.8
19.5
2.3
17.8
12.4
9.3
0.1
3.2
15.6
96.7
184.7
26.6
141.6
30.7
25.9
168.6
147.27

*Each gene expression value represents the ratio of mRNA in tumor to that in normal skin mRNA.

times higher than the control (Figure 1, A and B) with a
mean increase of about 450-fold). As we could not obtain
a specific antibody against GPR49 suitable for immunohistochemical analysis, we performed in situ hybridization

to determine whether tumor cells express the gene. The
anti-sense signal level was higher compared to the sense
probe, and the signal expression site coincided with the
tumor nest in various histological subtypes (Figure 2). On
the other hand, expression by QRT-PCR was low in other
epidermal skin tumors (Figure 1, A and B). These results
suggest that the overexpression of GPR49 is a characteristic feature of BCC.

Function of GPR49 in Cell Proliferation

Figure 1. Expression of GPR49 in BCC. A: QRT-PCR of GPR49. The mRNA
levels of GPR49 in 20 BCC, 8 other skin tumors, 6 normal skin in the vicinity
of BCC, and 2 normal skin samples from non-cancerous patients (NL) are
estimated by QRT-PCR. (Closed column: mRNA level in tumors. Open column: mRNA level in normal skin). In other types of skin tumors such as
Bowen’s disease, squamous cell carcinoma (SCC), sweat gland adenocarcinoma (SGA), eccrine spiradenocarcinoma (ESA), and seborrheic keratosis
(SK), expression of GPR49 is negligible compared to BCC. B: The mean value
and SD of the mRNA levels of GPR49 in BCC, other skin tumors and normal
skin. About 450-fold higher levels of GPR49 are shown in BCC as compared
with normal skin.

To identify the function of GPR49, we first performed RNA
interference in BCC cell line. As no human BCC cell lines
are available, we extensively tried to establish human
BCC cell lines. However, we could neither obtain transplantable BCC nor establish BCC cell lines. So we used
a mouse BCC cell line, ASZ001.15 As expected, this cell
line expressed mouse Gpr49 and high HH signaling activity. We constructed two sequences of shGPR49RNAi
vectors (sh585 and sh662) and transfected into ASZ001
cells, and puromycin-resistant cells were collected.
Knockdown experiments using sh585 and sh662 decreased GPR49 mRNA levels by 40% and 50%, respectively, compared to controls (Figure 3A) and the knockdown effect of sh585 and sh662 persisted up to day 5
after cell selection was completed. Cell growth was markedly decreased by both shGPR49RNAi vectors in comparison with the control, and suppression of cell proliferation was dependent on the knock down effect (Figure
3A). Suppression of cell proliferation was also confirmed
in WST-1 and BrdU incorporation assays (data not
shown). To exclude any apoptotic effect and differentiation effect of knocking down mouse Gpr49 gene, we
performed an apoptosis detection assay and analyzed
the expression level of involucrin and loricrin, both of
which are markers of keratinization. No significant difference was seen between control cells and mouse Gpr49
knockdown cells (data not shown).
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cle.7 But it was unclear whether GPR49 has a functional
role or whether it is simply a stem cell marker. Our results
show that GPR49 does have a role in cell proliferation, at
least in some cell types. As discussed in the emerging
concept of “cancer stem cells,” some subpopulations of
tumor cells possessing somatic stem cell markers have a
high proliferative characteristics.23 But this concept is
somewhat controversial since this phenomenon goes
against the original concept that somatic stem cells are
defined as those with slow cell cycling. However, this
phenomenon is now reported in various types of cancers,
and the current idea is that the difference between somatic and cancer stem cells is explained by how strictly
self-renewal is regulated.23 Therefore, considering these
theories, we speculate that BCC cells possess the features somewhat similar to follicular stem cells, while dysregulated expression of the stem cell marker GPR49 led
to abnormal cell proliferation and tumor formation.
Some studies have also suggested that G-protein-coupled receptors are involved in carcinogenesis.24 In particular GPR48, which is also a member of the LGRs, plays
a significant role in invasion and metastasis of carcinoma
cell.25 GPR49 has potential SH2- and SH3-interacting
sequences in the C-terminal tail and it may be able to link
to additional signal transduction cascades. Therefore,
together with our observations about functional analysis,
GPR49 may be closely involved in the tumorigenesis of
BCC. These data also suggested that GPR49 will be a
novel target of therapy in BCC. Because a numbers of
drugs currently in use are agonists or antagonists of G
protein-coupled receptors, we speculate that antagonists
of GPR49 will also be a drug for treating BCC. So, future
studies to identify the ligand of GPR49 would be useful.
Our results indicated that gene expression of GPR49
and GLI1 showed significant correlation in BCC tumor
samples. Moreover, inhibition of the HH signaling pathway in a mouse BCC cell line down-regulated endogenous Gpr49, and activation of HH signaling in mouse
NIH3T3 cells up-regulated endogenous GPR49. These
findings indicate that GPR49 is regulated by HH signaling. Previous reports showed that GPR49 is regulated by
Wnt-␤ -catenin signaling,7,8 but our data suggested that
GPR49 is also regulated by HH signaling in BCC. However, we could not find the GLI binding site or related
sequences13 in the promoter region of GPR49. Also, luciferase assay using reporter constructs of the GPR49
promoter region did not show significant activity (data not
shown). However, the regulation of HH signaling target
genes in mammals seems complicated. For instance, GLI
binding sites of N-MYC, which is also thought to be a
target gene of HH signaling, may exist in the second
intron and about 50 kb upstream of the transcription start
site.26 There may also some intermediary step exist to
induce GPR49. One possibility is that GPR49 is expressed via the activation of Wnt-␤ catenin signaling,
since past studies suggested that activation of HH signaling induces activation of Wnt-␤ catenin signaling.27
However, we could not successfully prove this hypothesis in our BCC cases because immunohistochemistry of ␤
catenin in BCC cases did not show nuclear accumulation
(data not shown). And reporter activity of TOP flash/FOP

flash28 was negligible in ASZ001 in comparison with the
high activity seen in hepatocellular carcinoma cells in
which Wnt-␤ catenin signaling had been activated (data
not shown). So at present, we do not know whether
GPR49 is up-regulated by HH signaling directly or
whether there are any intermediate steps. Further analysis is necessary to reveal the precise regulation of the
gene expression.
In conclusion, stem cell marker GPR49 is expressed in
BCC and plays a significant role in the pathogenesis of
BCC. Because some cancer cells and tissue development share the HH signaling pathway, GPR49 might be a
key molecule with roles common to both the carcinogenesis and normal tissue development pathways.
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Abstract
In contrast to mouse epidermal cells, human skin keratinocytes are rather resistant to transformation in vitro.
Immortalization has been achieved by SV40 but has resulted in cell lines with altered differentiation. We have
established a spontaneously transformed human epithelial cell line from adult skin, which maintains full
epidermal differentiation capacity. This HaCaT cell line is obviously immortal (greater than 140 passages), has a
transformed phenotype in vitro (clonogenic on plastic and in agar) but remains nontumorigenic. Despite the
altered and unlimited growth potential, HaCaT cells, similar to normal keratinocytes, reform an orderly structured
and differentiated epidermal tissue when transplanted onto nude mice. Differentiation-specific keratins (Nos. 1
and 10) and other markers (involucrin and filaggrin) are expressed and regularly located. Thus, HaCaT is the
first permanent epithelial cell line from adult human skin that exhibits normal differentiation and provides a
promising tool for studying regulation of keratinization in human cells. On karyotyping this line is aneuploid
(initially hypodiploid) with unique stable marker chromosomes indicating monoclonal origin. The identity of the
HaCaT line with the tissue of origin was proven by DNA fingerprinting using hypervariable minisatellite probes.
This is the first demonstration that the DNA fingerprint pattern is unaffected by long-term cultivation,
transformation, and multiple chromosomal alterations, thereby offering a unique possibility for unequivocal
identification of human cell lines. The characteristics of the HaCaT cell line clearly document that spontaneous
transformation of human adult keratinocytes can occur in vitro and is associated with sequential chromosomal
alterations, though not obligatorily linked to major defects in differentiation.
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ABSTRACT In this study I have analyzed the most important parameters necessary for diagnostics of
histopathological of basal cell carcinomas with the purpose of establishment of correlations between histopathological
aspect, tumor localization, clinical data about patients and their ulterior evolution, for identifying new elements with
prognostic level for BCC, also in reducing the number of recidivisms. Materials and methods: The study evolves a
number of 703 cases of basal cell carcinomas diagnostics in the Pathological and Cytological Anatomy Lab of the
Clinical County Hospital of Emergency of Craiova, during a 5 year period (1 January 2003 – 1 January 2008), worked
by the standard paraffin inclusion and colorants with standard hematoxyline-eosin stain. Results and discussions:
The report F/M was of 1.06 in favor of women. The most affected group age was between 51-70 years old, with 351
patients (49.92%). Localization of the most frequent BCC was at a cephalic extremity level (89.90%). The
histopathological analysis of lesions of BCC has revealed a polymorphism extremely various. The histological type
most frequently met was of BCC solid. Majority of lesions, yet have presented in one or more different regions.
Majority of lesions have invaded hypodermic level – 20 cases (48.78%) and only 24 cases were recurrences
(3.41%).Conclusions: The study has underlined the importance of pathological tumor dermatological malign both by
a greater number of cases studied also through incidence of growth of basal cell carcinomas.

KEY WORDS basal cell carcinomas, tumor recurrences, histopathological diagnosis

Introduction
In present, basal cell carcinoma (BCC) is the
most common cutaneous malignant tumor. The
highest rates are in Australia, followed by USA,
where every year are estimated over 1 million new
cases diagnosed from the total of cancer diagnosed
cases of other types of combined cancer (6; 10;
17). The incidence rates of a number of countries
or European regions are substantially lower – 150
/ 100 000 per year in Europe (7).
Data from special literature state that lower
rates of metastases are of 0.028% in
dermatological institutions and 0.1 in surgery
departments (12; 14). BCC is aggressive firstly
due to local destruction determined by tumor’s
invasion on profound states. Knowing that this
tumor has a preferential localization for cephalic
extermination, many times, the surgical excision is
incomplete, for which the tumor has the
possibility to invade more into surrounding
tissues, destroying or canceling the patient’s vital
functions like hearing, seeing and smelling, for
instance (16).
From this reason, the establishment of some
correlations between the histopathology aspects,

stormily component, tumor’s localization, clinical
data about patients and their ulterior evolution
should lead to the identification of some new
elements with prognostic wearing for BCC and
implicitly of lowering the number of recidivisms
(5).

Material and Methods
The material used in the hereby work has
been obtained using observation notes from
Dermatology Section of Clinical County Hospital
of Emergency, Craiova and registries of
histopathology diagnostics from Departament of
Pathology, which are from the same hospital.
The study was of a retrospective type, the
material was selected in a period of 5 years: 1
January 2003 – 1 January 2008 and was
represented by pieces of surgical exegeses which
had the general clinic diagnostic of neoplasm
cutant and histopathology diagnostic finally of
basal cell carcinoma.
The number of histopathology results (703
cases) is greater than the patients (647 cases),
because of the fact that some patients had
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different forms also. The majority of lesions have
presented one or more regions of differences. The
histological aspect dominated of solid BCC
(44.95%), followed by adenoid BCC (20.91%),
the most rare met being sclerosing BCC (1.56%).
The study underlined the importance of tumor
pathology malign dermatological studied both
through the big number of cases also through
incidence of growth of basal cell carcinomas.
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ABSTRACT
Loss-of-function mutations in Patched (Ptch1) are implicated in constitutive activation of the Sonic hedgehog pathway in human basal cell
carcinomas (BCCs), and inherited Ptch1 mutations underlie basal cell
nevus syndrome in which a typical feature is multiple BCC occurring with
greater incidence in portals of radiotherapy. Mice in which one copy of
Ptch1 is inactivated show increased susceptibility to spontaneous tumor
development and hypersensitivity to radiation-induced tumorigenesis,
providing an ideal in vivo model to study the typical pathologies associated
with basal cell nevus syndrome. We therefore examined BCC development
in control and irradiated Ptch1neo67/ⴙ mice. We show that unirradiated
mice develop putative BCC precursor lesions, i.e., basaloid hyperproliferation areas arising from both follicular and interfollicular epithelium,
and that these lesions progress to nodular and infiltrative BCCs only in
irradiated mice. Data of BCC incidence, multiplicity, and latency support
the notion of epidermal hyperproliferations, nodular and infiltrative
BCC-like tumors representing different stages of tumor development.
This is additionally supported by the pattern of p53 protein expression
observed in BCC subtypes and by the finding of retention of the normal
remaining Ptch1 allele in all nodular, circumscribed BCCs analyzed compared with its constant loss in infiltrative BCCs. Our data suggest chronological tumor progression from basaloid hyperproliferations to nodular
and then infiltrative BCC occurring in a stepwise fashion through the
accumulation of sequential genetic alterations.

INTRODUCTION
Basal cell carcinoma (BCC) is the most common skin cancer,
accounting for ⬃70% of all skin malignancies. The actual risk of
metastasis for these tumors is exceedingly rare, but they are locally
aggressive, and 5–9% may have multiple recurrences (1). Although
the majority of BCCs arise sporadically, several cases are attributable
to the basal cell nevus syndrome (BCNS), an autosomal dominantly
inherited disorder characterized by the occurrence of multiple BCCs
and of extracutaneous tumors (2). Genetic studies on patients with
BCNS have led to the identification of inactivating mutations in the
human homologue of the Drosophila gene Ptch1 as the genetic defect
underlying this syndrome (3, 4). This tumor suppressor gene is also
inactivated in sporadic BCCs (5).
Ptch1 is a transmembrane protein that together with Smoothened
forms a receptor complex for Shh. The Ptch1 protein is expressed in
the cell membrane of target tissues, where it represses Smoothened
signaling. Binding of Shh to Ptch1 (physiological activation) or mutational inactivation of Ptch1 (pathological activation) suspends the
inhibition of Smoothened, which results in the activation of the
hedgehog pathway (6). Mutations in other genes of the pathway are
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also involved in the genesis of BCC. Smoothened-activating mutations
have been found in 21% of sporadic BCCs and transgenic mice
overexpressing mutant Smoothened develop skin abnormalities similar to BCCs (7–9). Moreover, Oro et al. (10) showed that transgenic
mice overexpressing Shh in the skin develop many features of BCNS,
demonstrating that Shh overexpression is sufficient to induce BCC in
mice.
Shh and its receptor complex have been shown to be expressed
during many processes of embryonic development. In particular,
during hair follicle morphogenesis, Shh expression correlates with
hair follicle formation. A similar role for Shh signaling has been
identified in the postnatal hair follicle, where its up-regulation has
been recognized as a biological switch that induces resting hair
follicles to enter anagen, the phase of active hair growth (11). Although its origin is still debated, BCC has been described classically
as a follicular tumor (12).
Mice in which one copy of Ptch1 is inactivated provide an ideal in
vivo model to study the typical pathologies associated with BCNS.
Two independent mouse lines heterozygous for Ptch1 have recently
been generated through targeted disruption of exons 6 and 7 (13) or
exons 1 and 2 (14). Analogously to BCNS patients, both mouse strains
show an increased susceptibility to spontaneous tumor development
(medulloblastomas and rhabdomyosarcomas) and hypersensitivity to
ionizing radiation-induced tumorigenesis. In a previous study, in fact,
we reported a strong enhancement of medulloblastoma development
after neonatal X-ray irradiation of Ptch1neo67/⫹ heterozygotes (15).
Regarding cutaneous tumorigenesis, Aszterbaum et al. (16) reported a
strong enhancement of BCC tumorigenesis after chronic UV exposure
of Ptch1⫹/⫺ (exon 1/2) mice and the appearance of microscopically
detectable trichoblastoma-like tumors after exposure to a single dose
of ionizing radiation. Enhancement of brain and skin tumors by
ionizing radiation in mice lacking one Ptch1 copy suggests that
additional genetic lesions are required for oncogenic transformation.
This study was carried out to additionally clarify the mechanisms of
ionizing radiation-induced BCC tumorigenesis in Ptch1 heterozygous
knockout mice generated through disruption of exons 6 –7
(Ptch1neo67/⫹). To this aim, we used animals that were irradiated with
various modalities and at different ages and followed for their entire
life span. Here, we report the induction of both microscopically
(nodular subtype) and macroscopically (infiltrative subtype) detectable BCCs after exposure of Ptch1neo67/⫹ mice to a single dose of
X-rays, providing evidence of a direct causal relationship between
exposure to ionizing radiation and BCC tumorigenesis. Our data
demonstrate that this mouse model recapitulates the etiology and the
histopathology of the human disease. Moreover, by examining
the pattern of p53 protein expression and loss of heterozygosity at the
Ptch1 locus in the histopathological variants of BCC, we provide new
insights into the molecular bases of BCC development.
MATERIALS AND METHODS
Animals. Mice lacking one Ptch1 allele, generated through targeted disruption of exons 6 and 7 in 129/SV ES cells and maintained on CD1 background, were used for this study. Ptch1neo67/⫹ mice were genotyped using PCR
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7. Kossard2006

In countries with a high incidence of basal cell
carcinomas it is not unusual to have individuals
with multiple basal cell carcinomas, and regular
review is required to deal with new skin tumours.
Incomplete removal of basal cell carcinoma may
result in delayed recurrences that may not be
recognized for years, particularly if the tumour Lyon 2006
recurrence is deep or masked by skin grafts.

