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inactivation of a tumor suppressor gene (or genes) on chromosome 11
may contribute to the development of multiple malignancies.

Previous studies in our laboratory demonstrated that chromosome
11 carries a genetic element capable of suppressing tumorigenicity in
the cutaneous 5CC cell line A388.6TG.c2 (2). In these studies, intro
duction of chromosome 11, and not chromosome 13, into the parental
5CC cell line resulted in suppression of tumor formation in the
athymic mouse skin graft assay. This tumor suppression was specific
to the skin graft site; when inoculated s.c. into athymic mice, the
microcell hybrids formed tumors, albeit with a longer latency. These
data suggested that the tumor suppressor gene on the introduced
chromosome 11 responds to in vivo differentiation or growth regula
tory signals available only in the physiologically relevant skin graft
site.

The study of cutaneous SCCs has traditionally relied on the in vivo
skin graft assay for the final proof of tumor suppression. However,
this assay suffers from several drawbacks: difficulty of the grafting
procedure, requirement for large numbers of cells, length of the assay
(2â€”4months), and expense of the animals. An in vitro system which
closely matches the in vivo assay would prove an economical and
time-saving asset in studies of cancer. Unfortunately, few well-estab
lished in vitro models exist for human cancer development. The soft
agar test, the most suitable in vitro assay for rodent cell transforma
tion, correlates poorly with tumongenicity in human cells (2 1â€”23).
Likewise, the ability of transformed cells to sustain growth under low
serum conditions in vitro does not predict tumongenic potential in
vivo (24â€”26).In fact, Stanbridge and Wilkinson (27, 28) determined
that the transformed phenotype and the tumorigenic phenotype are
under separate genetic control.

Monolayer (submersion) culture techniques are often used to study
homogenous populations of cells under defined conditions in vitro.
However, in vitro monolayer culture conditions differ from in vivo
conditions; in vivo cell growth and differentiation are regulated under
a rigid architectural organizationâ€”a feature absent in in vitro sub
mersion cultures. To provide a more natural environment for cell
growth and differentiation, an organotypic culture model has been
developed for epithelial cells. In this system, epithelial cells are
seeded on a dermal equivalent consisting of normal diploid human
fibroblasts embedded in a porous collagen gel. Once confluent, the
epithelial cells are raised to the air-media interface. Under these
conditions, the epithelial cells obtain moisture and nutrients by diffu
sion through the collagen/fibroblast matrix. When normal epithelial
keratinocytes are used, a mature squamous epithelium develops. The

epithelia in these organotypic cultures consist of distinguishable basal,
spinous, granular, and cornified strata, closely resembling normal
epidermal architecture in vivo (29, 30).

Boukamp et a!. (21) tested and compared in vitro organotypic raft
cultures to in vivo growth of human 5CC cell lines. Their studies on
six human 5CC cell lines demonstrated that the individual features of
growth and differentiation of carcinoma cell populations are main
tamed when passaged on organotypic raft cultures. Thus, the in vitro
cell growth on the raft cultures direcfly correlated with in vivo cell
growth. In this report, we have used organotypic raft cultures as a
novel system to study the A388.6TG.c2 chromosome 11 tumor sup
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ABSTRACT

The development and progressIon of human cancer often involves the
inactivation of tumor suppressor gene function. Alterations in human

chromosome 11 durIng the development of human cutaneous squamous
cell carcinoma suggest the presence of a tumor suppressor gene on this
chromosome. Moreover, previous studies In our laboratory demonstrated
the presence of a functional tumor suppressor gene on chromosome 11 for
the human cutaneous squamous cell carcinoma cell line A388.6TG.C2. In
this investigation, we have used organotyplc CUltUring ofepithelial cells as
a novel in vitro assay for tumor suppression. A388.6TG.C2and control
cells form an abnormal Stratified epithelium of 8â€”12layers when culti
vated on organotypic rafts. In contrast, the chromosome 11 microcell
hybrIds, HMC lOOp4B and HMC lOOpSA, form an epithelium ofonly two
to three cell layers. This in vitrogrowth suppressIonofthe chromosome 11
microcell hybrIds in the organotypic rafts correlates weH with our previ
oils in vivo skin graft experiments. Comparison of the proliferation and
apoptotic Indices ofcell lines grown on the organotypic rafts suggests that
the tumor suppressor gene on chromosome 11 has restricted the ability of
the microcell hybrids to stratify but has not significantly altered theIr
ability to undergo cell division or programmed cell death. Furthermore,
flow cytometric analysis of cells grown on organotyplc raft cultures sag
gusts that the chromosome 11 mlcrocell hybrids are actively progressing
througjs the cell cycle rather than arrested In a particular stage. We have
used this novel application of organotyplc raft cultures to further localize
the chromosome 11 tumor suppressor gene. Introduction of a single
der(11)t(X;11) chromosome lacking most of the long arm of chromosome

11 into A388.6TG.C2does not affect growth on organotyplc raft cultures.
These data suggest the tumor suppressor gene maps to the long arm of
chromosome 11 in the region of 11q13-qter.

INTRODUCTION

Studies have shown that the loss of tumor suppressor genes may
contribute to cancer development and progression (1). MMCT3 stud
ies suggest that loss of genes on chromosome 11 leads to the devel
opment of various cancers (2â€”7).Transfer of chromosome 11 into the
cervical carcinoma cell line, HeLa, first implicated a tumor suppressor
gene on chromosome 11 (6). Furthermore, transfer of chromosome 11
into Wilms' tumor, rhabdomyosarcoma, fibrosarcoma, 5CC, and
breast carcinoma cell lines also resulted in suppression of growth or
tumorigenicity (2, 3, 7â€”9).RFLP and cytogenetic analyses support
these findings. LOH of llq occurs in a variety of cancers, including
carcinomas of the breast, head and neck, cervix, ovary, lung, bladder,
and colon, malignant melanoma, nasopharyngeal carcinoma, and he
matological malignancies (10â€”20). Therefore, it appears that the
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pressor gene. The data from organotypic rafts correlate well with our
previous skin graft experiments, suggesting that the organotypic raft
cultures are a viable alternative to the skin graft assay. We have used
an organotypic raft culture system to gain insight into the biological
mechanism of chromosome 11-induced tumor suppression of
A388.6TG.c2. Moreover, we have used organotypic raft cultures to
further localize the region of chromosome 11 that carries the tumor
suppressor gene for A388.6TG.c2.

MATERIALS AND METHODS

Cell Culture. The parentA388.6TG.c2 cell line is a hypoxanthinephos
phoribosyltransferase-deficient variant generated by exposing a 5CC taken
from an 86-year-old male to N-methyl-N'-nitro-N-nitrosoguanidine followed
by selection in medium containing 10 @xg/ml6-thioguanine. A388.6TG.c2 is
pseudodiploid with a modal chromosome number of 46. The cell line MCH
701.8 is a mouse A9 cell line which carries a der(1 1)(1 ipter > 11q13::
Xq2l > Xqter) chromosome (31). NHEKs are a secondary cell culture of
neonatal human epithelial keratinocytes commercially available from Clonet
ics (San Diego, CA). With the exception of NHEK cells, all cell lines were

maintained in RPM! 1640 supplemented with 10%fetal bovine serum and 100
units/mi penicillin (Life Technologies, Inc., Gaithersburg, MD) in a humidified
5% CO2in air atmosphere at 37Â°C.HMC lOOp4B,HMC lOOp5A,HMC 28pl,
and A388.6TG.c2.neocl were maintained in medium supplemented with 600
,.Lg/ml 0418 (Sigma. St. Louis, MO). NHEK cells were grown in Clonetics
KBM media. All cell lines were negative when screened for Mycoplasma
contamination.

Organotypic Cultures Organotypic raft cultures were prepared as de
scribed in Asselineau and Prunieras (29) and Kopan et aL (32) with modifi
cations (Fig. 1).Three ml of4 mg/rn] rat tail type I collagen (Becton Dickinson
catalogue no. 40236), 1 X DMEM, 0.22% NaHCO3, 5 mM NaOH, and 20 mM

HEPES, and 1 X iO@normal human fibroblasts were poured into a Falcon
3.0-mm pore 25-mm tissue culture insert (catalogue no. 3092). The tissue
culture insert was placed in a Falcon 6-well plate, and the organotypic raft
culture was allowed to polymerize for 2 h at 37Â°C.The rafts were then covered
with RPM! 1640 + 10% FCS and allowed to equilibrate overnight. The next
day 1 X 106epithelial cells were seeded onto the raft, covered with media, and
incubated overnight. Once the epithelial cells formed a monolayer, the rafts
were raised to the air-media interface by feeding with 1.0 ml of RPMI
1640 + 10% FCS media from below. The rafts were fed every day for up to
28days.BrdUrd(0.5mg/mI)wasaddedto the media16h beforefixation.For
histological processing, cultures were fixed in 10% buffered formalin, paraffin

embedded, and processed.
Immunohistochemistry. Paraffin sections cut at 5 @mwere deparaffmized

in xylene and rehydrated in a graded series of ethanol and water. H&E staining

was done as described (33). Immunohistochemistry for BrdUrd was performed
as follows. Sections were pretreated in 0.0125% trypsin for 5 mm at 37Â°C,
denatured in 2 N HCI at 37Â°C, and washed in 0.1 M sodium borate. Following

blocking for 10 mm at room temperature with 10% nonimmune goat serum,
sections were incubated overnight at 4Â°C with primary antibody (mouse

monoclonal anti-BrdUrd IgG; Zymed, San Francisco, CA). Sections were then
incubated with biotinylated goat anti-mouse antibody (Zymed) for 30 mm at
room temperature. Immune complexes were detected using streptavidin-per
oxidase conjugate and 3,3'-diaminobenzidine tetrahydrochloride.

In situ hybridization for free DNA ends was done using the fluorescein in

situ cell death kit (Boebringer Mannheim, Indianapolis, IN). Sections were
pretreated in 10 mg/mI proteinase K for 30 mm at 37Â°C,washed in PBS, and
incubated with TUNEL reaction mixture containing terminal deoxynucleotidyl
transfera.se and fluorescein dUTP for 1 h at 37Â°C.Following PBS washes,
sections were viewed on a Nikon Microphot FXA microscope equipped with
a B-2A filter for visualization of fluorescein.

Flow Cytometry. Cells were harvested directly from the rafts by collagen

ase and dispase treatment, washed with PBS, and fixed in 70% ethanol. Cells
were collected by centrifugation and resuspended in 0.08% pepsin and 0.1 N
HC1and incubated with agitation for 30 mm at 37Â°C.Nuclei were collected by
centrifugation, resuspended in 2 N HC1, and incubated for 20 mm at 37Â°C.Two
volumes of 0.1 Msodium borate were added with vortexing. The nuclei were
collected by centrifugation, washed with buffer containing 10 nmt HEPES, 150
mM NaCl, 4% FCS, 0.1% sodium azide, and treated with 5 pg/mi RNase and
50 ;.tg/ml P1. Samples were analyzed on a Becton Dickinson FACScan.

MMCT. Generation of the A388.6TG.c2-derived microcell hybrids HMC
lOOp4B, HMC lOOp5A, HMC 28pl, and A388.6TG.c2.neocl is described in
Conway et aL (2). To transfer the der(l 1)(1lpter > 11q13::Xq2l > Xqter)
chromosome into the A388.6TG.c2 cell line, the MMCT technique of Fournier

and Ruddle (34) as modified by Saxon et al. (35) was used. Clones were
selected with 100 mMhypoxanthine, 0.4 misiaminopterin, and 1.6 mMthymi
dine. Approximately 3 weeks after fusion, individual colonies were isolated
and expanded for further characterization.

FISH. We used FISH to confirm successful transfer of the
der(1 1)(l ipter > 1lql3::Xq21 > Xqter) chromosome. Chromosome-specific
probe was amplified from the MCH 701.8 cell line by alu PCR. The following
alu PCR primers used were: Al, A1u278, Li, TC65, pDJ34, and pDJ67 (36).
PCR reactions were done in 5O-pJ volumes containing 400 ng of genomic
DNA, 200 @Mof each deoxyribonucleotide triphosphate, 500 nMprimer, 10
mM Tris-HCI (pH 9.0), 50 mM KC1, 0.1% Triton X-100, 1.5 mM MgCl2, and
1.5 units of Taq polymerase. Samples were processed through 25 cycles of 1
mn at 94Â°C,2 mm at 55Â°C,and 3 mm at 72Â°Cfollowed by one cycle of 10
mm at 72Â°C. The alu PCR product was then biotinylated using a nick
translation kit following the manufacturer's instructions (Life Technologies,
Inc.). FISH was performed as described by Trask and Hamlin (37) with
modifications (36). Human Cot 1 DNA (Life Technologies, Inc.) and salmon
testes DNA were used to reduce nonspecific hybridization. Metaphase spreads
from microcell hybrids were incubated with fluorescein-labeled avidin and the
signal was amplified using biotinylated anti-avidin antibody followed by
another layer of fluorescein-labeled avidin. Metaphases were counterstained
with P1. Slides were viewed on a Nikon Microphot FXA microscope equipped
with B-2A and G-1B filters for visualization of fluorescein and P1, respec
tively.

RESULTS

Organotypic Raft Cultures as a Measure of Tumorigenicity.
Organotypic raft cultures were established in our laboratory using
NHEKs. As previously reported, NHEK cells stratified and differen
tiated when cultivated on organotypic raft cultures (Fig. 2A; Refs. 29
and 30). The epithelium that developed included, in succession, an
organized layer of polygonal basal keratinocytes, several layers of
spinous cells, granular cells, and a thin layer of cornified cells. These
features are similar to those of native skin; however, native skin
typically has fewer layers of spinous cells and a thicker comeum.
These results are consistent with previous reports using human epi
thelial and human mesenchymal cells in organotypic raft cultures (38).

The parent 5CC cell line A388.6TG.c2 formed an abnormal strat
ified epithelium of approximately 10 layers when cultivated on orga
notypic rafts (Fig. 2B). In this system, the cells have an atypical
cytology characterized by an increased nuclear:cytoplasmic ratio and
basophilic staining. Some differentiation toward a squamous morphol
ogy can be seen in the most suprabasal cells. Furthermore, the atypical
epithelium has invaded the underlying dermal equivalent. These find
ings are consistent with those seen with other well-differentiated SCC
cell lines.

The introduction of chromosome 11 dramatically reduces the

Collagen
Matth@

Fig. 1. Schematic of organotypic raft cultures. Epithelial cells are seeded onto the type
I collagen/fibroblast dermal equivalent, covered with media, and grown until confluent.
Once confluent, the rafts are fed with media from below, every day up to 28 days. Cultures
are fixed in 10% buffered formalin, paraffin embedded, and processed for histology.
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Fig. 2. Morphology of cell lines grown on organotypic raft cultures. Cells were grown on organotypic raft cultures at the air-media interface for 14 days, formalin fixed, paraffin
embedded, and H&E stained. A, NHEK; B, A388.6TG.c2; C, HMC lOOp4B;D, HMC lOOpSA;E, HMC 28pl; and F, A388.6TG.c2.neol. X400.
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growth of A388.6TG.c2 on organotypic raft cultures. When the chro
mosome 11 microcell hybrid cell lines, HMC lOOp4B and HMC
lOOp5A, are grown on organotypic raft cultures, they form approxi
mately two cell layers (Fig. 2, C and D). However, the atypical
cytology is still retained.

The growth of control cell lines on organotypic raft cultures was
assessed to determine whether the reduced growth potential of HMC
lOOp4B and HMC lOOp5A was a nonspecific effect of the neomycin
phosphotransferase (NEO) gene or chromosome transfer.
A388.6TG.c2.neocl is a NEO gene transfectant of A388.6TG.c2, and
HMC 28pl is a chromosome 13 microcell hybrid of A388.6TG.c2.
When grown on organotypic raft cultures, these cell lines displayed
characteristics similar to those of the parent A388.6TG.c2 (Fig. 2, E
and F); the cells formed an abnormal stratified epithelium of approx
imately 10 layers with atypical cytology and some differentiation
toward a squamous morphology in the most suprabasal cells. Similar
results were obtained when a second NEO gene transfectant and
chromosome 13 microcell hybrid were used (data not shown). These
data suggest that the reduced growth of HMC lOOp4B and HMC

lOOp5A is specific to information on chromosome 11 rather than an
artifact of chromosome transfer or introduction of the NEO gene.

Cell Line Growth on Organotypic Raft Cultures as a Function
of Time. A time-course study was undertaken to further characterize
the chromosome 11-mediated growth suppression of A388.6TG.c2.
The growth of NHEK, parent A388.6TG.c2 cells, chromosome 11
microcell hybrids HMC lOOp4Band HMC lOOp5A,and control cell
lines A388.6TG.c2.neocl and HMC 28pl was examined at days 0, 1,
3, 5, 7, 14, 21, and 28. Data from days 0, 5, 14, and 21 for

A388.6TG.c2 and HMC lOOp4B are shown in Fig. 3. All cell lines
were a confluent monolayer on day 0, the day the epithelial cells were
raised to the air-media interface (Fig. 3, A and E). By day 28, the
health of the cell lines tested had begun to decline presumably due to
the loss of viability of the fibroblasts (data not shown). The parent
A388.6TG.c2 cell line showed stratification as early as day 1 (data not
shown). By day 5, a multilayered structure with atypical organization
was apparent and A388.6TG.c2 continued to stratify throughout the
time course (Fig. 3, Bâ€”D).Similar results were obtained with the
control cell lines A388.6TG.c2.neocl and HMC 28pl (data not
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Fig. 3. Time course of A388.6TG.c2 and HMC lOOp4B grown on organotypic raft cultures. Cells were grown on organotypic raft cultures at the air-media interface for various times,
formalin fixed, paraffin embedded, and H&E stained. Aâ€”D,A388.6TG.c2 at days 0, 5, 14, and 21, respectively. Eâ€”H,HMC lOOp4Bat days 0, 5, 14, and 21, respectively. X400.
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shown). In contrast, the chromosome 11 microcell hybrid HMC
lOOp4B showed minimal stratification during the time course (Fig. 3,
Eâ€”H).Similar results were obtained with the chromosome 11 hybrid
HMC lOOp5A (data not shown). Thus, the reduced growth of the
chromosome 11 microcell hybrids in the organotypic raft cultures was
maintained throughout the 28 days examined.

Characterization of Growth Suppression in Organotypic Raft
Cultures. To determine whether the reduced growth was due to a
decrease in cell proliferation, we determined the proliferation index as
a measure of BrdUrd incorporation (Fig. 4). A388.6TG.c2 showed
BrdUrd staining in both the basal and suprabasal layers. These find
ings are consistent with those found in other SCCs. We predicted that
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growth of the chromosome 11 microcell hybrids. Examination of
H&E-stained sections for apoptotic bodies suggested similar if not
greater amounts of cell death in A388.6TG.c2 and controls as com
pared with HMC lOOp4B or HMC lOOp5A (Fig. 2). This was con
firmed using the TUNEL assay to label free DNA ends, a signature of
apoptotic (and necrotic) cell death (Fig. 5). Although the percentage
of apoptosis was higher in HMC lOOp4B than in A388.6TG.c2 at days
5 and 7, nearly equivalent indices of apoptosis were observed at the
other time points examined. These data suggest that increased cell

B

â€”â€˜,-â€”-- U@L

C PercentifBrdUPositiveNuclei

.@
U A388.6TG.c2

C Percent ofApoptotic Cell Death

14 21

a
Fig. 4. Assessment of proliferation indices in A388.6TG.c2 and HMC lOOp4B.

A388.6TG.c2 (A) and HMC lOOp4B (B) following 14 days of growth at the air-media
interface. BrdUrd was added to a concentration of 0.5 mg/ml 16h before formalin fixation
and paraffin embedding. BrdUrd incorporation was immunohistochemically localized and
visualized using the chromogen 3,3'-diaminobenzidine tetrahydrochloride. Nuclei posi
tive for BrdUrd incorporation stain brown. X400. C, the proliferation index of
A388.6TG.c2 and HMC lOOp4B as a function of time expressed as a percentage of total
cells positive for BrdUrd staining. A total of 2000 nuclei was scored.

fewer BrdUrd-positive cells would appear in the chromosome 11
microcell hybrids, indicative of a reduced proliferation index. FIMC
lOOp4B showed a slight decrease in BrdUrd incorporation when
compared with A388.6TG.c2 at the earliest time points, days 1 and 3.
Surprisingly, the observed proliferation indices were nearly equivalent
during the remainder of the time course.

Because there was no significant difference in proliferation indices,
we tested whether increased apoptosis was responsible for the reduced

. A38&6TG.C2

Ii

Fig. 5. Assessment of cell death in A388.6TG.c2 and HMC lOOp4B.A388.6TG.c2 (A)
and HMC lOOp4B (B) following 14 days of growth at the air-media interface. Sections
were stained for free DNA ends using the fluorescein in situ cell death kit (Boehringer
Mannheim). Free DNA ends were end labeled using a deoxynucleotidyl transferase and
fluorescein dUTP. Apoptotic bodies fluoresce white. X400. C, the apoptotic index of
A388.6TG.c2 and HMC lOOp4B as a function of time expressed as a percentage of total
cells positive for apoptotic staining. A total of 2000 nuclei was scored.

1161

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/6/1157/2465783/cr0570061157.pdf by guest on 19 M

ay 2023



â€”@@â€”Â°â€˜ ,,
@1@ IT0100

200 300400 600 600 700 0009001*00G0/G1

-49.42%S
-20.64%G2/M

â€”13.92%,L

@ ..,@@@@ @,- F- F

LOCALIZING A CHROMOSOME I I TUMOR SUPPRESSOR GENE

C
900@

900

700

600

800

400
300

200

100

D'Â°Â°Â°
900.

900

700.

600

800

400

300

200

100....

A1Â°Â°Â°
900

900

700

800

500

400

300

200

100

0

Biooo
900

800
700

600

500

400

300

200

100

0

GO/Gi - 44.26%
S â€”19.53%
G2/M â€”22.81%

GO/Gi â€”49.61%
S â€”21.62%
G2/M â€”15.18

0 100 200 300 400 800 600 700 800 900 1000

GO/Gi - 46.84%
S â€”19.34%
G2/M â€”15.24%

L@A

0 100 200 400 800 800 700 800 900 1000 0 100 200@ 400 800 800 700 900 900 1000

Fig. 6. Flow cytometric profiles of A388.6TG.c2 and HMC lOOp4B. Cells were either grown in submersion cultures (and harvested in log phase) or on organotypic raft cultures
for 14 days at the air-media interface. Cells were harvested from organotypic raft cultures by treatment with collagenase and dispase. Cells were stained with P1for total DNA content
and processed as described in â€œMaterialsand Methods.â€•A, A388.6TG.c2, submersion cultures; B, A388.6TG.c2, raft cultures; C, HMC lOOp4B,submersion cultures; and D, HMC
lOOp4B, raft cultures. The percentage of cells in each stage of the cell cycle, calculated from the flow cytometric profiles, are presented.

death did not account for the decreased cell growth on the organotypic
raft cultures.

The BrdUrd incorporation and apoptosis data suggest that the
chromosome 11-induced growth suppression of A388.6TG.c2 is not
mediated by an arrest in cell cycle progression. This was confirmed by
removing the epithelial cells from the organotypic raft cultures and
analyzing DNA content by flow cytometry (Fig. 6). Similar profiles
were found for A388.6TG.c2 and HMC lOOp4B cells when grown in
submersion cultures or on organotypic raft cultures. The profiles show
typical asynchronous cell populations with defined G0-G1, S-phase,
and G2-M. This suggests that the parental and microcell hybrid cells
have equivalent cell cycle distributions and grow as an asynchronous
cell population on organotypic raft cultures. Collectively, these data
suggest that no gross changes in cell proliferation, apoptosis, or cell
cycle distribution account for the observed differences among the cell
lines. Rather, subtle changes in these processes may contribute to the
reduced growth potential of the chromosome 11 hybrids on organo
typic raft cultures.

Growth of the der(11)t(X;11) Microcell Hybrids on Organo
typic Raft Cultures. Suppression of tumorigenicity in A388.6TG.c2
by chromosome 11 has been previously demonstrated in our labora
tory (2). To further localize the chromosome 11 tumor suppressor
gene, a single der(l l)(l lpter > 1lql3::Xq2l > Xqter) chromosome
was transferred into A388.6TG.c2 by MMCT. Colonies were isolated
in media containing hypoxanthine-aminopterin-thymidine. Successful
transfer of the der(l l)t(X;l I) chromosome was confirmed using
FISH. Three microcell hybrid clones (HMC 1l9plB, HMC 1l9p4A,
and HMC 1l9p5A) contained the introduced der(l 1)t(X;l 1) chromo
some (Fig. 7). The presence of the tumor suppressor gene on the
der(l l)t(X;l 1) chromosome was assessed by organotypic raft cul
tures, a functional assay of in vitro growth suppression (Fig. 8). As
with the parental A388.6TG.c2 and control cell lines, HMC I l9plB,
HMC 1l9p4A, and HMC 119p5A formed an abnormal stratified
epithelium with atypical cytology. These data suggest that the chro
mosome 11 tumor suppressor gene for the cutaneous 5CC

A388.6TG.c2 is not located on the der(11)t(X;ll) chromosome.
Rather, the tumor suppressor gene is located on the region of chro
mosome I I absent from the der(1 1)t(X;l 1) chromosome, 11q13-qter.

DISCUSSION

We have used organotypic culturing of cells as a novel in vitro
tumor suppression assay for epithelial cells. A388.6TG.c2 and control
cell lines form an abnormal stratified epithelium of 8â€”12layers when
cultivated on organotypic rafts. The chromosome 11 microcell hybrid
cells, HMC lOOp4B and HMC lOOp5A, also display the abnormal
cytology when grown on organotypic raft cultures. However, these
microcell hybrids form an epithelium of only two to three cell layers.
These data correlate well with our previous studies that used the
athymic mouse skin graft assay to assess tumor suppression (2). In
these studies, A388.6TG.c2 and control cell lines formed tumors when
grafted onto the backs of athymic mice. When chromosome 11 mi
crocell hybrids were grafted, no tumors developed, indicating a tumor
suppressor gene on chromosome 11 for A388.6TG.c2. Thus, the in
vitro growth suppression of the chromosome 11 microcell hybrids in
the organotypic raft cultures parallels the in vivo tumor suppression in
the athymic mouse skin graft assay. Although the two assays correlate
well, it is possible that the gene (or genes) controlling growth sup
pression in the organotypic raft cultures differs from the gene con
trolling tumor suppression in the athymic mouse skin graft assay.
However, this possibility will likely remain unresolved until the
pertinent gene is identified.

In vitro growth suppression was observed in microcell hybrids
containing a complete chromosome 11, but not in microcell hybrids
containing the der(l l)t(X;ll) chromosome. This suggests that the
tumor suppressor information maps to 1lql3-qter. These functional
studies support previous reports which implicate the existence of a
tumor suppressor gene on the long arm of chromosome 11. LOH
analysis of head and neck SCCs indicated the existence of a tumor
suppressor gene for 5CC on chromosome llq (13). LOH of llq has
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also been found in a variety of other cancers including carcinomas of
the breast, cervix, ovary, lung, bladder, and colon, malignant mela
noma, nasopharyngeal carcinoma, and hematological malignancies
(10â€”12, 14â€”20).Previous functional studies have also implicated a
gene on chromosome 11 in the development of cervical cancer.

Saxon et aL (6) introduced a t(X;l 1) chromosome into the cervical
carcinoma cell line HeLa and a HeLa X NHF tumorigenic segregant.
The resulting microcell hybrids were suppressed for in vivo tumori
genicity, indicating that chromosome 11 carries a tumor suppressor
gene which is absent in HeLa cells. Long-term passage in culture of
the t(X;ll) microcell hybrids led to the development of tumorigenic
segregants (39); when reinoculated into athymic mice, these tumon
genic segregants formed carcinomas. The molecular analysis of these
tumorigenic segregants with RFLP markers on chromosome 11 en
abled the localization of the HeLa tumor suppressor gene to 11q13-
q23 (40â€”42). The tumor suppressor element for A388.6TG.c2 may
also be contained in 11q13-q23. This localization assumes that the
same tumor suppressor gene is acting to suppress the tumorigenic
phenotype of HeLa and A388.6TG.c2. Such a hypothesis is consistent
with the data which suggest that the inactivation of a tumor suppressor
gene on chromosome 11 is involved in the development of multiple
malignancies.

We used organotypic raft cultures to investigate the biological
function of the chromosome 11 tumor suppressor gene. We predicted
that the tumor suppressor gene exerted its effect by arresting the
progression of the microcell hybrid cells through the cell cycle.
However, we could not detect a dramatic alteration in cell prolifera
tion, apoptosis, or cell cycle distribution which could account for the

observed differences in growth potential of the cell lines on organo
typic raft cultures. Therefore, we suspect that subtle changes in cell
proliferation or cell death may account for the differences in growth.
If this is correct, the genetic element on chromosome 11 may alter cell
growth in organotypic raft cultures not by directly acting on the cell
cycle machinery or programmed cell death, but through some other
mechanism such as partial restoration of the differentiation pathway.

Previous studies by Stanbridge and colleagues (43, 44) have shown

that whole-cell hybrids between HeLa X NFIEKs formed keratinizing
tissue and HeLa X NHFs formed connective tissue when inoculated
s.c. in athymic mice. This implies that the mechanism of tumor
suppression in these somatic cell hybrids involved the reintroduction
of terminal differentiation. Furthermore, tumorigenic segregants from
these two different hybrid sets form undifferentiated carcinomas (43,
44). These observations, combined with studies localizing the HeLa
tumor suppressor gene to 11q13-q23, helped establish a relationship
between tumor suppression, differentiation, and chromosome 11.
Thus, the tumor suppressor element on chromosome 11 may be
important for terminal differentiation.

In our system, the parent A388.6TG.c2 cells appear to have lost the
ability to terminally differentiate. This is suggested by the atypic
morphology and suprabasal proliferation of A388.6TG.c2 cells in
organotypic raft cultures. However, the chromosome 11 microcell
hybrids do not stratify, indicating that they have not regained the
differentiation potential of normal keratinocytes. Furthermore, the
microcells retain the aberrant cytology of the parent cells and continue

to undergo cell division. It is possible that the introduction of chro
mosome 11 has restored some but not all elements of the terminal
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Fig. 7. FISH of A388.6TG.c2 and HMC 119 microcell hybrid cells. Metaphase spreads were probed with biotin-labeled chromosome I 1-specific DNA. A, A388.6TG.c2 carries two
chromosomes I 1; B, HMC I l9plB; C, HMC 1l9p4A; and D, HMC I 19p5A. Arrow, der(l l)t(X;l 1) chromosome. X 1000.
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Fig. 8. Morphology ofder(ll)t(X;ll) microcell hybrid celllines grown on organotypic
raft cultures. Cells were grown on organotypic raft cultures at the air-media interface for
14 days, formalin fixed, paraffin embedded, and stained with H&E. A, HMC 1l9plB; B,
HMC I l9p4A; and C, HMC I 19p5A. X400.

differentiation pathway. The inability of the chromosome 11 microcell
hybrids to stratify could be mediated through restoration of cellular
processes involved in the differentiation process such as epithelial
epitheial interactions which may modify the cells ability to stratify or
epitheial-mesenchymal interactions which may involve a growth
modulating factor. This is currently being explored by iminunohisto
chemical staining for differentiation markers.

Organotypic culturing of epithelial cells provides a model system
for which there are a multitude of potential uses, including mapping
the tumor suppressor element on chromosome 11 involved in the
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development of 5CC; elucidating the mechanism of the tumor sup
pressor element on chromosome 11, identifying the molecular events

S underlying the chemical transformation of human cells, studying

novel (pharmacological and genetic) cancer therapies, and studying
the response of epithelial cells to DNA damage. Future studies which
delineate these processes in differentiated epithelial cells promise to
increase our understanding of cancer cell biology.
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