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(57) ABSTRACT 

A spontaneously immortalized human keratinocyte cell line 
is disclosed. In a preferred embodiment, this cell line is 
ATCC 12191. In another embodiment of the invention, a 
method of assaying the effect of a test tumor cell modulation 
agent is disclosed. The method comprises the steps of 
obtaining a human strati?ed squamous epithelial cell cul 
ture, Wherein the culture comprises human malignant squa 
mous epithelial cells and spontaneously immortalized 
human keratinocytes, Wherein the culture forms a reconsti 
tuted epidermis. One then treats the epidermis With a test 
tumor cell modulation agent and evaluates the groWth of the 
malignant cells Within the epidermis. 
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IMMORTALIZED HUMAN KERATINOCYTE CELL 
LINE 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0001] This invention Was made With United States gov 
ernment support awarded by the following agency: NIH 
Grant No. AR40284. The United States has certain rights in 
this invention. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

Human Keratinocytes 

[0003] Human keratinocytes isolated from strati?ed squa 
mous epithelia can be readily cultivated in vitro (revieWed in 
Leigh, et al., 1994). Cultivated keratinocytes replicate 
readily during early passage and can generate large numbers 
of cells Which exhibit certain features of squamous differ 
entiation in vivo. When cultured normal human kerati 
nocytes are transplanted onto mice, epidermal tissue archi 
tecture is regenerated over time in an orderly fashion 
(BreitkreutZ, et al., 1997). The ease of cultivation and 
transplantation of human keratinocytes coupled With the 
accessibility of skin for the grafting procedure and subse 
quent monitoring, make this somatic cell type attractive for 
therapeutic gene delivery. HoWever, due to the initiation of 
terminal differentiation, transgene expression in kerati 
nocytes is consistently lost regardless of the gene expression 
strategy used. Several reports have shoWn that genetically 
engineered human keratinocytes can recapitulate full thick 
ness epidermis, thus demonstrating that cells With stem 
cell-like properties Were present in the transplanted popu 
lation of cells (Choate and Khavari, 1997; Choate, et al., 
1996; Gerrard, et al., 1993; Garlick, et al., 1991; Green 
halgh, et al., 1994; Vogel, 1993, Fenjves, 1994). 

In Vitro Tissue Culture Assays UtiliZing Human 
Cells Derived from Strati?ed Squamous Epithelia 

[0004] In vitro assays using monolayer cultures of adher 
ent cells Which maintain the normal in vivo tissue context do 
not exist for human tissues. Animal models do have the 
capacity to mimic some of the processes involved in the 
response of human tissue therapies. HoWever, animal sys 
tems lend themselves only to qualitative and subjective 
scoring of tumor repopulation. Historically, simple in vitro 
groWth assays have used monolayer cultures of rodent or 
human cell lines on plastic tissue culture dishes. Colony siZe 
or cell number are assessed in order to estimate the extent of 
survival and repopulation of cancer cells folloWing radiation 
treatment. A manor draWback of this approach is that it does 
not account for any adhesive or paracrine groWth factor 
signals Within the tumor cell environment. For this reason, 
studies on the groWth of tumor cells in the absence of normal 
surrounding tissue may not accurately re?ect the in vivo 
groWth characteristics of tumor cells. 

[0005] For example, human head and neck (H&N) tumors 
are diagnosed in 43,000 patients in the United States every 
year and in over 750,000 patients WorldWide. Although 
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tumor recurrence near the site of the primary tumor is the 
predominant cause of treatment failure and death for these 
patients, little is knoW about the molecular events contrib 
uting to tumor regroWth folloWing treatment. Clinical and 
radiobiological evidence suggests that tumor proliferation 
rates may actually increase folloWing Wounding due to 
radiation exposure (Hall, E. J ., 1988; Petereit, D. G., et al., 
1995). It has been suggested that the Wound environment 
provides potent tumor groWth signals (HaddoW, A., 1972). 
For example, extracellular matrix (ECM) glycoproteins 
present in the Wound bed provide and/or sequester potent 
groWth stimuli required for normal tissue regeneration. It is 
clear from these observations that the tissue context in Which 
a tumor initially develops and/or regroWs folloWing failed 
cancer treatment may have signi?cant impact on tumor 
groWth. 
[0006] Needed in the art of cell biology is a spontaneously 
immortaliZed human keratinocyte cell line With near normal 
chromosomal complement and a method for using this 
immortaliZed cell line in an in vitro tissue assay. 

SUMMARY OF THE INVENTION 

[0007] In one embodiment, the present invention is an 
immortaliZed human keratinocyte cell line, Wherein the cell 
line comprises a normal chromosomal complement of 46 
With the exception of an extra isochromosome on the long 
arm of chromosome 8. In one particularly advantageous 
embodiment, the cell line is ATCC CRL 12191. 

[0008] In another embodiment, the present invention is a 
transgenic immortaliZed human keratinocyte cell line trans 
fected With a heterologous gene. This gene may be a marker 
gene, most preferably green ?uorescent protein (GFP). 

[0009] The present invention is also a method of assaying 
the effect of a test tumor cell therapeutic agent by obtaining 
a human strati?ed squamous epithelial cell culture compris 
ing malignant squamous epithelial cells, preferably human 
squamous carcinoma cells (SCC), and spontaneously 
immortaliZed human keratinocytes. This culture is then 
formed into a reconstructed epidermis. One may then treat 
the epidermis With a test tumor cell therapeutic agent and 
evaluate the groWth of the SCC Within the epidermis. 

[0010] It is an advantage of the present invention that an 
immortaliZed keratinocyte cell line is provided. 

[0011] Other objects, features and advantages of the 
present invention Will become apparent after revieW of the 
speci?cation, claims and draWings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0012] FIG. 1 is a chromosomal analysis of BC-1-Ep/SL 
cells. Karyotypic analysis Was performed on BC-1-Ep/SL 
cells at passage 31. The cells contained 47 chromosomes due 
to an extra isochromosome of the long arm of chromosome 
8. The extra chromosome, i(8q), is not seen in the parental 
keratinocytes (BC-1-Ep passage 3) Which exhibited a nor 
mal male karyotype. 

[0013] FIG. 2 demonstrates the requirement for epidermal 
groWth factor (EGF) for serial passage of EC-1-Ep/SL cells. 
BC-1-Ep/SL cells Were serially passaged in standard media 
+/—10 ng/ml EGF. The cells survived Without EGF but greW 
poorly. 
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[0014] FIG. 3 demonstrates that transforming growth fac 
tor-[3-1 (TGF-[31) inhibits growth of BC-1-Ep/SL kerati 
nocytes. The parent cells, BC-1-Ep (6°) and BC-1-Ep/SL 
(28°) Were plated in standard media Without EGF or a 3T3 
feeder layer. Cells Were treated +/—5 ng/ml TGF-[31 When 
the cells Were ~20% con?uent in standard media Without 
EGF. Cells Were counted 3-5 days later. The effect of 
TGF-[31 treatment is shoWn as a percentage of controls. 

[0015] FIG. 4 demonstrates groWth factor requirements of 
BC-1-Ep/SL cells. BC-1-Ep/SL cells at passage 31 Were 
groWn in 2.5% FCS+3F12z1DME+10 ng/ml EGF supple 
mented With no additional groWth factors (~GF), 0.4 pig/ml 
hydrocortisone (HC), 8.4 ng/ml cholera toxin (CT), 24 
pig/ml adenine (Ade), 5 pig/ml insulin (Ins), or all groWth 
factors (+GF). Cell groWth increased in the presence of each 
groWth factor alone, hoWever optimal groWth Was achieved 
in the presence of all groWth factors. 

[0016] FIG. 5 shoWs that increased cell con?uence 
reduces transient transfection ef?ciency in BC-1-Ep/SL 
cells. BC-1-Ep/SL cell Were transfected With the GFP con 
taining plasmid pGreenLantern (Gibco) and pcDNA3 neo 
(Invitrogen) using GeneFECTOR (VennNova Inc.). A range 
of 15-20 pg of lineariZed pGreenLantern and 5-6.7 pg of 
pcDNA3neo Was used. Cell numbers Were obtained by 
trypsiniZation and counting of keratinocytes using a hema 
cytometer. LoW density Was de?ned as 6-7.5><105 cells/100 
mm dish. High density Was de?ned as 3-4><106 cells/ 100 mm 
dish. Transfection ef?ciency Was obtained using ?uores 
cence activated cell sorting (FACS). Each bar of the graph 
represents a single experiment. 

[0017] FIG. 6 is a cross-sectional schematic of skin and 
organotypic SCC13yGFP+/BC-1-Ep/SL culture. FIG. 6A is a 
schematic of the multiple layers present in skin. FIG. 6B is 
a schematic of a tumor/normal tissue model consisting 
primarily of three components as shoWn. The base layer is 
a dermal-equivalent consisting of collagen and ?broblasts. 
Above this layer, is the reconstructed epidermis formed by 
differentiating BC1-Ep/SL epithelial cells (shaded). Within 
this epidermal equivalent is an SCC13 yGFP+ tumor foci (not 
shaded). 

BRIEF DESCRIPTION OF THE INVENTION 

[0018] A. ImmortaliZed Human Keratinocyte Cell Line 

[0019] Human keratinocytes With stem cell-like properties 
are the optimal target for stable transfection of exogenous 
genes. Stable transfectants are produced When exogenous 
DNA is introduced into a cell and integrates into the host 
chromosomes. Subsequent daughter cells express the gene 
product of the transgene and are stable if the expression is 
propagated inde?nitely throughout subsequent generations. 
For gene therapy applications, it is essential to use stem 
cell-like keratinocytes With the ability to regenerate full 
thickness epidermis for multiple cycles of tissue turnover 
While maintaining expression of the transduced gene of 
interest. 

[0020] In one embodiment, the present invention is a 
spontaneously immortaliZed human keratinocyte cell line, 
BC-1-Ep/SL, Which maintains cell type-speci?c groWth 
requirements, expresses differentiation markers, and can be 
stably transfected. BC-1-Ep/SL Was deposited on Sep. 20, 
1996 With the American Type Culture Collection at 10801, 
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University Boulevard, Manassas, Va. 20110-2209, USA, 
under Accession No. CRL-12191 under the terms and con 
ditions of the Budapest Treaty. 

[0021] BC-1-Ep/SL keratinocytes are not tumorigenic and 
undergo squamous differentiation in organotypic culture. 
Organotypic cultures are cultures in Which keratinocytes are 
groWn on a substrate that resembles the dermis and are 
exposed to the air-medium interface (Leigh ant Watt 1994). 

[0022] We envision that this human keratinocyte cell line 
Will serve as a source of long-lived epidermal progenitor 
cells capable of supporting high ef?ciency and long-term 
epidermal transgene expression. BC-1-Ep/SL keratinocytes 
represent an important neW cellular reagent for the study of 
groWth and differentiation in strati?ed squamous epithelia. 

[0023] In another embodiment, the present invention is a 
immortaliZed human keratinocyte cell line, preferably BC-1 
Ep/SL, preferably ATCC CRL-12191, comprises at least one 
transgene. The Examples beloW demonstrate a preferred 
method of creating a transgenic cell line. Many other meth 
ods Would be apparent to one of skill in the art of molecular 
biology. We have developed a method Whereby the trans 
fected BC-1-Ep/SL keratinocytes are identi?ed based on the 
expression of GFP and are selected based on morphology 
and degree of GFP expression, and as such preserve the 
highest degree of the cells pre-transfection, natural state/ 
qualities. This technique avoids the potential character 
altering pressures due to selection based on a dominant 
selectable marker With standard chemical agents such as 
F418, methotrexate, hygromycin-B, aminopterin, mycophe 
nolic acid, and Zeocyn. 

[0024] We envision that one Would Wish to use the immor 
taliZed human keratinocyte cell line in a variety of Ways such 
as formation of an organotypic culture, With monolayer cell 
culture, a human tissue-engineered product appropriate for 
short- and/or long-term grafting to humans or research 
animals, and as a bio?lm component, e.g., as part of a 
machine Which produces gene products to continually be 
administered to a patient intravenously. 

[0025] B. Use of BC-1-Ep/SL as a Model Organotypic 
System 
[0026] As described above, the cell line of the present 
invention has the substantial advantage of reproducing the 
tissue architecture of normal human strati?ed squamous 
epithelia. This model is suitable as an assay of human tumor 
repopulation. By entirely reconstructing malignant human 
epithelial cell groWth Within a tissue-like environment, 
tumor cell groWth characteristics can be monitored in a 
physiologically relevant context. 

[0027] In addition, quantitative endpoints can be moni 
tored because each individual tumor cell could be geneti 
cally engineered to express a marker protein, such as green 
?uorescent protein (GFP). (The Examples beloW demon 
strate a preferred method of transfecting BC-1-Ep/SL With a 
marker gene.) This model system represents a technological 
advancement for the screening of drugs or agents used in the 
treatment of cancers of strati?ed squamous epithelia. Illus 
trative cancers include cancers of the head and neck, skin, 
oral mucosa, cervix, and trachea. 

[0028] Therefore the present invention is a human strati 
?ed squamous epithelial model system designed to measure 
the rate of tumor cell groWth and repopulation (see FIG. 6 
in Examples for schematic). 



US 2004/0265787 A9 

[0029] In one embodiment, the model system consists of 
an organotypic co-culture of genetically marked human 
squamous cell carcinoma (SCC) cells and unmarked spon 
taneously immortaliZed human keratinocytes, BC-lEP/SL. 
The BC-l-EP/SL keratinocyte line is a critical component in 
the model system because the cells provide a reproducible 
environment context in Which to compare the groWth char 
acteristics of SCC cells. The BC-l-EP/SL immortaliZed cell 
line is highly advantageous because it maintains all the 
characteristics of a normal keratinocyte, i.e., terminal dif 
ferentiation, apoptosis, and non-tumorigenic characteristics 
remain. 

[0030] The Examples beloW disclose a preferred method 
of creating a reconstructed epidermis. In brief, BC-l-EP/SL 
and SCC cells are seeded onto a base of collagen containing 
normal human ?broblasts. The co-culture is seeded at vari 
ous dilutions of marked SCCs in a standard number of 
BC-l-EP/SL keratinocytes. 

[0031] The in vitro tumor/normal tissue model of the 
present invention Will also aid in experimentation of the 
molecular mechanisms responsible for tumor progression 
and repopulation. This same model may also be used to 
identify potential cytostatic agents Which can sloW tumor 
regroWth and chemopreventive agents With speci?c tumor 
selectivity. For example, the reconstituted organotypic cul 
tures can be treated With a variety of tumor cell modulation 
agents, such as physical (e.g., x-irradiation) or chemical/ 
biological agents (i.e., chemotherapeutic agents, cytostatic 
drugs), and the cultures monitored, preferably using the GFP 
labelling, to quantify the extent or lack of SCC cell 
(re)groWth. In this Way, the BC-l-EP/SL model system Will 
contribute to the identi?cation and development of antipro 
liferative agents for cancer patients receiving curative thera 
pies for cancers of the head and neck, skin, oral mucosa, 
cervix, trachea, and other epithelia or novel, neW anticancer 
strategies, in general. 

[0032] Tumor cell groWth may be most conveniently 
monitored in the folloWing manner: The total number of 
tumor cells and ratio to the number of BC-l-Ep/SL cells can 
be most conveniently monitored using ?oW cytometry tech 
niques based on GFP ?uorescence. Tumor cell volume and 
localiZation is most conveniently monitored by confocal 
microscopy. Cell-cell interactions are most conveniently 
monitored in histologic sections using immunostaining and 
in situ hybridiZation techniques. 

[0033] Introduction of GFP into mammalian cells is 
increasingly utiliZed for in vitro and animal model systems. 
To date, there are no reports describing altered mammalian 
cell groWth characteristics due to GFP expression. The fact 
that these models behave as expected suggests that GFP 
expression is innocuous and thus an ideal marker protein. 
Observations in this study have also con?rmed that intro 
duction of GFP into the human squamous cell carcinoma cell 
line, SCC13y, has no effect on relevant biologic endpoints. 
The results observed in these experiments support previous 
studies Which suggest GFP expression does not interfere 
With groWth and differentiation characteristics of the cell 
types studied. Stability of GFP expression is another vari 
able Which is critical to the success of models Which utiliZed 
GFP as a marker over time. Our experimental observations 
suggest that GFP expression is stable in at least one malig 
nant cell line, SCC13y. Other methods of genetic marking, 
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e.g., enZymatic activity and/or culture devices are being 
considered to alloW repeated assay of the same culture 
sample. 

[0034] The co-culture of abnormal and normal human 
keratinocytes has recently been reported by A. Javaherian 
and co-Workers (Javaherian, A., et al., 1998). In this study, 
keratinocyte cells (HaCat) Which have been immortaliZed 
using genetic engineering are groWn in organotypic culture. 
Though immortal, these cells are not tumorigenic, i.e., able 
to form malignant tumors in nude mice, and thus are not 
representative of malignant cells in general. Since the 
SCC13yGFP+ cell line is derived from an actual patient 
tumor and is tumorigenic, it may be more appropriate for 
studies aimed at eradication of malignant tumors. 

[0035] The organotypic co-culture model may be useful 
for at least three critical problems faced by the pharmaceu 
tical and biotechnology industries: (1) hoW to screen for 
novel cytostatic inhibitors of tumor repopulation, (2) hoW to 
determine patient-speci?c responses to chemotherapy or 
radiotherapy prior to treatment, and (3) hoW to develop 
novel, biologic therapeutic agents. Unlike traditional cyto 
toxic agents Which target the tumor cell directly, cytostatic 
inhibitors of tumor groWth may target the individual tumor 
or its microenvironment. This difference arises predomi 
nantly because the primary aim of a cytotoxic agent is to kill 
the tumor cell; Whereas, cytostatic agents aim to sloW or halt 
tumor proliferative expansion but do not necessarily kill it. 
In theory, this can be achieved by direct interference With 
cellular proliferation (e.g., cell cycle inhibitors) or by indi 
rect alterations in the surrounding normal tissue Which make 
it less supportive of tumor groWth (e.g., inhibition of Wound 
regenerative signals). 

[0036] Novel antitumor strategies may be identi?ed using 
organotypic tumor/normal tissue co-culture because in vitro 
function of tumor and normal tissue responses can be 
assayed directly in reconstructed human tissues. Current in 
vitro assays based on the groWth of monolayer cultures of 
human tumor cells fail in this regard because they do not 
require normal tissue function nor do they account for the 
in?uence of the microenvironment of the malignant cells. 
Understanding the tumor microenvironment may be of par 
ticular importance an identi?cation of chemopreventive 
agents Which focus on preventing the initiation of a tumor 
When it has yet to develop aggressive malignant character 
istics. It may also be important for prevention of regroWth of 
malignant cells Which survive conventional cytotoxic or 
surgical therapies. Additionally, cytostatic agents With orga 
notypic tumor/normal tissue co-culture, may also be useful 
for concurrent use for clinical radiotherapy. In this case, the 
capacity of cytostatic agents to sloW the tumor groWth 
during treatment may be critical in eliminating the tumor 
and may attenuate the complications produced by in?am 
mation Which accompanies conventional therapies. 

[0037] Monitoring tumor regroWth in an organotypic 
tumor/normal tissue co-culture model may also be useful for 
providing pretreatment patient-speci?c information regard 
ing therapy responsiveness and therapeutic ratio. Current 
assays have demonstrated only a Weak correlation betWeen 
in vitro groWth of human tumors in monolayer culture and 
actual patient tumor response. Stronger correlations could be 
achieved by including the normal tissue context Within in 
vitro models. 
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[0038] Other applications may provide additional prog 
nostic and/or biologic materials With potential to directly 
impact patient treatment. For instance, cells from tumor 
biopsies could be co-cultured With GFP-labelled BC-1-EP/ 
SL cells, de?ned herein as “inverse culture.” An inverse 
culture model Would provide a reproducible culturing envi 
ronment Which closely mimics the in situ tumor microen 
vironment and Would alloW assays of individual patient’s 
tumor cells. Speci?c treatments could then be tested With the 
biopsied tumor sample in culture before actual patient 
treatment commences. In this Way, treatments may be indi 
vidually tailored to each patient based on test responses. 

[0039] An important property of an organotypic tumor/ 
normal tissue “inverse” co-culture model is that it may 
closely mimic the tumor microenvironment speci?c to that 
patient. This may be highly advantageous for development 
of some novel forms of biologic treatment such as immune 
therapy. The goal of immune therapy is to prime the patients 
oWn immune effector cells, e.g., B cells, helper T cells, 
cytolytic T cells (CTLs), or natural killer cells (NK) in vitro, 
and then return these activated cells to the patient in order to 
target and eradicate the tumor. Current in vitro cultures may 
not be as ef?cient as organotypic cultures for the priming of 
immune effector cells. A potential reason for lack of acti 
vation of the immune effector cells is inef?cient and/or 
unsuccessful presentation of the appropriate tumor speci?c 
antigens (TSAs). An organotypic tumor/normal tissue 
“inverse” co-culture model may eliminate this problem. 
Because it accurately reconstructs the in situ tumor microen 
vironment, TSAs may be more likely to be expressed in 
organotypic culture; and, thus, may have a higher chance of 
being presented to the immune efector cells. 

[0040] B. Other Embodiments 

[0041] 1. Use as a universal donor epidermal cell type in 
living tissue products for the repair and/or support of appro 
priate epithelial tissues. An example of an application is 
venous leg ulcers, Which affect about 1 million people in the 
United States and 3 million WorldWide, and other ulcer 
conditions such as diabetic ulcers and pressure ulcers (bed 
sores), Which affect approximately 10 million people World 
Wide. The BC-1-Ep/SL keratinocyte cell line could also be 
used in a Wide range of clinical applications, for example, 
acute burn coverage, dermatological surgery Wounds, donor 
site Wounds (for coverage after skin is harvested to be used 
elseWhere). 
[0042] 2. Use includes the development and testing of 
agents used in the formulation of therapeutic, cosmeceutical, 
and cosmetic skin products applied in cream, lotion, liquid, 
and spray forms. The cells provide a consistent source of 
human keratinocytes to test toxicity, potency, and ef?cacy of 
such agents. Cells could be used in monolayer culture for 
these assays or in the organotypic cultures. Organotypic 
cultures could be used to develop and assay effects of agents 
on tissue architecture, differentiation, cell replication and 
groWth, barrier function, and tissue strength. 

[0043] 3. Use includes recipient cell for the cultivation of 
biological agents, such as human papilloma viruses, so that 
vaccines against viruses can be produced. The cell line could 
also be used to develop and test antiviral drugs and agents. 
Over 60 different types of human papilloma viruses produce 
Warts in humans, including genital Warts and viral lesions 
that are tightly associated With the development of cervical 
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cancer in Women and penile cancer in men. Human papil 
lomaviruses are small double-stranded DNA viruses Which 
are Widespread in the human population. They are strictly 
epitheliotropic and infect only cutaneous and mucosal skin 
from a range of anatomic sites. Human papillomaviruses 
replicate only in human epithelial cells Which are undergo 
ing differentiation. 

EXAMPLES 

1. Normal GroWth and Differentiation in a 
Spontaneously ImmortaliZed Near-Diploid Human 

Keratinocyte Cell Line, BC-1-Ep/SL 

A. Materials and Methods 

Cell Culture 

[0044] Normal keratinocytes (BC-1-Ep) Were isolated 
from neWborn human foreskin. Keratinocyte cultures Were 
established by plating aliquots of a single cell suspension in 
the presence of mitomycin C-treated SWiss mouse 3T3 
?broblasts as described by Allen-Hoffmann and RheinWald 
(1984). The standard keratinocyte culture medium Was com 
posed of a mixture of Ham’s F12:Dulbecco’s modi?ed 
Eagle’s medium (DME), (3:1, 0.66 mM calcium, supple 
mented With 2.5% fetal calf serum (FCS), 0.4 pig/ml hydro 
cortisone (HC), 8.4 ng/ml cholera toxin (CT), 5 pig/ml 
insulin (Ins), 24 pig/ml adenine (Ade), 10 ng/ml epidermal 
groWth factor (EGF), 100 units penicillin and 100 pig/ml 
streptomycin (P/S). The cells Were passaged at Weekly 
intervals at 3><105 cells on a 100 mm2 tissue culture dish With 
feeders. Transformed cells, BC-1-Ep/SL (spontaneous line), 
appeared at passage 16. BC-1-Ep/SL cells at passage 55 
tested negative for mycoplasma (Wisconsin State Labora 
tory of Hygiene, Madison, Wis.). Recombinant human EGF 
obtained from R+D Systems. Transforming groWth factor 
beta (TGF-(1) Was puri?ed from human platelets. 

Chromosomal Analysis 

[0045] Cells in log phase groWth Were arrested in 
metaphase With 50 ng/ml colcemid, then trypsiniZed and 
pipetted from the ?ask for centrifugation. After removal of 
the media and trypsin, the cells Were suspended in a hypo 
tonic 75 mM KCl solution for 20 minutes, ?xed With 3:1 
methanol/acetic acid three times and dropped onto glass 
slides. Slides Were aged tWo Weeks, lightly trypsiniZed and 
stained With Giemsa (Seabright, 1971). In each sample, the 
chromosomal identities and abberations Were determined in 
Well-spread G-banded metaphases by photographic analysis 
and the cutting of at least tWo karyotypes for band to band 
comparison of chromosomal homologs. 

DNA Fingerprinting 

[0046] DNA Was isolated from keratinocytes using Qiagen 
QIAamp Blood Kit (Qiagen, Inc., Santa Clarita, Calif.). 
DNA ?ngerprint analysis used the GenePrint( Fluorescent 
STR System according to protocols recommended by manu 
facturer. The tWelve primer pairs are divided into three 
quadriplexes (CTTv, FFFL, and GammaSTR). Each quad 
riplex Was ampli?ed in separate reactions using 25 ng of 
DNA as template. Ampli?cation Was preformed in a Perkin 
Elmer 9700 thermal cycler (Perkin-Elmer, Corp., NorWalk, 
Conn.). PCR products Were electrophoresed on 42 cm x33 
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cm><0.4 mm polyacrylamide gels in a BRL sequencing 
apparatus (Life Technologies, Inc., Gaithersburg, Md.). Gels 
Were then scanned on a Hitachi FMBIO(II Fluorescent 
Scanner. 

Growth of BC-1-Ep/SL Cells in Athymic Mice 

[0047] BC-1-Ep/SL cells Were injected into nude athymic 
mice to determine if they could form tumors. A suspension 
of 5><106 cells in 100 pl Ham’s F12 Was infected subcuta 
neously into the ?anks of siX nude mice. As a negative 
control, the parental BC-1-Ep 6( cells Were injected at 3><106 
cells/100 pl F12. As a positive control, SCC4 cells Were 
injected at 3><10°/100 pl F12. Mice Were Weighed and 
tumors measured 26 days later. 

Suspension in Semi-solid Media 

[0048] For suspension studies, precon?uent cultures Were 
removed from culture dishes With 0.5 mM EDTA, 0.1% 
trypsin and Washed in serum-containing medium to inacti 
vate any residual trypsin. After a short centrifugation (440><g 
for 3 minutes), cells Were resuspended at 1><10° cells/ml in 
3 parts Ham’s F-12 plus 1 part DME made semi-solid With 
1.68% methylcellulose (4,000 centipoises, Fisher Scienti?c, 
FairlaWn, N] as described in Sadek and Allen-Hoffmann, 
1994 (Sadek, C. M. and B. L. Allen-Hoffmann, 1994). Cells 
Were recovered from suspension by repeated dilution With 
serum-free medium and centrifugation (440><g for 10 min 
utes). Following one rinse With phosphate-buffered saline 
(0.137 M NaCl; 2.7 mM KCl; 8.1 mM Na2HPO4; 1.4 mM 
KH2PO4; pH 7.2) (PBS), cells Were either resuspended in 
PBS (pH 7.2) to assay for CE formation or lysed in SLS 
buffer (50 mM Tris; 10 mM EDTA, pH 8.0; 0.5% (W/v) 
sodium lauroyl sarcosine) to determine DNA fragmentation. 
Control controls consisted of adherent keratinocytes treated 
for similar times in 3 parts Ham’s F-12 plus 1 part DME. 

Northern Analysis 

[0049] Cells Were groWn in standard keratinocyte culture 
medium on a 3T3 feeder layer. The feeder layer Was 
removed 24 hours prior to RNA isolation With 0.02% EDTA 
in PBS. Poly A+RNA Was isolated from logarithmically 
groWing cells as previously described (Sadek and Allen 
Hoffmann, 1994). Poly A+RNA Was electrophoresed in a 
1.2% agarose gel containing formaldehyde and electroblot 
ted to a Zeta-probe membrane (Bio-Rad Laboratories, Rich 
mond, Calif.). The membrane Was prehybridiZed and then 
hybridiZed in the presence of a random primer [32p]-dCTP 
labeled cDNA probe as recommended by the supplier. The 
cDNA probes used for detection include rat glyceraldehyde 
3-phosphate dehydrogenase, pGPDN5 (Fort, et al., 1985), 
monkey TGF-[31 (Sharples, et al., 1987), EGF receptor (Xu, 
et a., 1984), mouse keratin 14 (gift from Dennis Roop), 
TGF-ot (KudloW, et al., 1988), and a 830-bp 5‘ fragment of 
human c-myc (Miyamoto, et al., 1989). 

Corni?ed Envelope (CE) Formation 

[0050] Keratinocytes Were removed from culture plates 
and recovered from suspension as described previously. 
Cells from each treatment Were counted and resuspended in 
triplicate at 10° cells/ml in PBS (pH 7.2) containing 1% SDS 
and 20 mM dithiothreitol. Samples Were boiled for 5 min 
utes in a Waterbath and cooled to room temperature. DNase 
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(0.5 pig/ml) Was added and CEs counted using a hemacy 
tometer. CE formation Was calculated as a percentage of 
input cells. 

Analysis of Nucleosomal DNA Fragmentation 

[0051] DNA Was isolated and labeled as previously 
described (Sachsenmeier and Allen-Hoffmann, 1996). 
Brie?y, 2.5><106 cells Were lysed in 500 pl of 50 mM Tris, 10 
mM EDTA pH 8.0 and 0.5% (W/v) sodium lauroyl sarcosine. 
The lysate Was eXtracted With phenolzchloroform:isoamyl 
alcohol (25:24:1, v:v:v) and ethanol precipitated. The DNA 
Was dissolved in 20 pl TE buffer, pH 8.0, and quantitated by 
absorption at 260 nm. Intact and fragmented DNA Was 3‘ 
end-labeled With [a32P]-ddATP using terminal dideoXy 
nucleotidyleXotransferase as described by Tilly and Hsueh 
(1993). One half of each labeled sample Was loaded onto a 
1.5% agarose gel and electrophoresed. Gels Were dried With 
heat using an SE 1200 Easy BreeZe (Hoefer Scienti?c, San 
Francisco, Calif.) and eXposed to Kodak BiomaX MR ?lm. 

Formation of Organotypic Cultures 

[0052] Organotypic cultures Were groWn as previously 
described (N. Parenteau, 1994). A collagen raft Was formed 
by miXing normal human neonatal ?broblasts, CI-1-F, With 
Type I collagen in 10% FCS+F12+penicillin/streptomycin. 
Rafts Were alloWed to contract for 5 days. The parent cells, 
BC-1-Ep (5°) and the BC-1-Ep/SL (38°) cells Were plated on 
the rafts at 3.5><105 cells in 50 pl 0.2% FCS+3F12:1DME+ 
HC+Ade+Ins+CT+P/S containing 1.88 mM calcium. Cells 
Were alloWed to attach 2 hours before adding an additional 
13 mls of media (Day 0). On Day 1 and 2 cells Were refed. 
On Day 4, cells Were lifted to the air interface With cotton 
Dads and sWitched to corni?cation medium (2% FCS+ 
3F12:1DME+HC+Ade+Ins+CT+P/S containing 1.88 mM 
calcium). Cells Were fed corni?cation medium every three 
days. On Day 15 rafts Were ?Xed With freshly made modi?ed 
Karnovsky’s ?Xative consisting of 3% glutaraldehyde and 
1% paraformaldehyde in 0.1 M cacodylate buffer, pH 7.4, at 
room temperature for 3 hours. Before removing the culture 
media, ?Xative Was gently added to the cells on top of the 
raft to prevent corni?ed layers from ?oating aWay. Subse 
quently, the culture media Was aspirated and the culture 
Wells ?lled With ?xative. The raft Was cut in half With one 
half processed for light microscopy and the other half for 
electron microscopy. 

Tissue Sectioning 

[0053] FiXed rafts Were embedded in paraffin, sectioned 
and stained With hematoXylin and eosin by Surgical Pathol 
ogy, University Hospital, Madison, Wis. Stained sections 
Were vieWed and photographed using an Olympus IX-70 
microscope equipped With a 35 mm camera. 

Electron Microscopy 

[0054] FiXed cultures Were Washed 3 times With 0.1M 
cacodylate buffer, pH 7.4. Under a dissecting microscope, a 
scalpel Was used to detach the polyester mesh supporting the 
raft culture from the plastic insert. The raft Was cut With a 
scalpel into approximately 2 mm><4 mm pieces Which Were 
stored overnight in buffer. FolloWing post?Xation With 1% 
osmium tetroXide at 4° C., the keratinocytes Were Washed 4 
times, 15 minutes each, With 0.1 M maleic acid, pH 6.5, 
before en bloc staining With 2% aqueous uranyl acetate for 
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1 hour. After Washing With distilled Water, keratinocytes 
Were dehydrated With increasing concentrations of ethanol, 
100% propylene oxide, and in?ltrated With 1:1 propylene 
oxide:eponate overnight. Rafts Were embedded in fresh 
Eponate in ?at embedding molds and oriented so they could 
be sectioned perpendicularly on a Reichert Ultracut E3 
ultramicrotome equipped With diamond knife. Thin sections 
Were stained With lead citrate and examined in a Hitachi 
H-7000 electron microscope (Hitachi, San Jose, Calif.) 
operated a: 75 kV. 

Transfection Cell Culture 

[0055] For transfection experiments, BC-1-Ep/SL cells 
Were plated at a density of 3><105 cells onto mitomycin 
C-treated SWiss mouse 3T3 ?broblasts in 100 mm dishes. 
Cells Were given 48 hours to adhere at Which time the 3T3 
layer Was removed With 0.5 mM EDTA. Cells Were rinsed 
tWice With DME and serum-containing media Was added. 
Cells Were transfected 24 hours later. 

Plasmid DNA 

[0056] Plasmid DNA Was prepared With the Endotoxin 
Free Maxiprep Kit (Qiagen). pGreenLantern Was lineariZed 
using XmnI. pcDNA3 neo and pTracer-SV40 (Invitrogen) 
Were linerariZed using BglII (Promega). Expression of green 
?uorescent protein (GFP) is driven by a constitutively active 
CMV promoter in both pGreenLantern and pTracer-SV40 
plasmids. 

Determination of Optimal Conditions for 
Transfection of BC-1-Ep/SL Cells 

[0057] BC-1-Ep/SL cells passage 30°-40° Were trans 
fected using the polycationic lipid GeneFECTOR 
(VennNova). The transfection mix is made by adding 20-33 
pg lineariZed plasmid DNA to 500 pl sterile milli-Q Water 
for each 100 mm dish. Different amounts of GeneFECTOR 
Were added depending on the ratio of total DNA to Gene 
FECTOR Which varied from 1:2 to 1:4. The transfection mix 
Was sWirled gently and incubated for 15 minutes at room 
temperature. Media Was removed from the BC-1-Ep/SL 
cells, plates Were rinsed tWice With DME and refed With 5 
mls of DME. The transfection mix Was added to each plate 
in a drop-Wise fashion and cells Were incubated for 5 hours 
at 37° C. under 5% CO2. The medium Was removed and 
cells Were rinsed tWice With DME and refed With serum 
containing media. The cells Were vieWed 24 hours post 
transfection With an IX-70 inverted ?uorescent microscope 
(Olympus) equipped With a GFP short band pass ?lter to 
check for successful transfection before analysis or ?oW 
activated cell sorting (FACS). 

Optimal Transient Transfection Ef?ciency 

[0058] BC-1-Ep/SL cells passage 30°-40° Were trans 
fected using the polycationic lipid GeneFECTOR 
(VennNova). The transfection mix Was made by adding 15 
pg lineariZed pGreenLantern and 5 pg pcDNA3neo (20 pg 
total DNA) to 500 pl sterile milliQ Water for each 100 mm 
plate of cells. Genefector is then added at a quantity of three 
times that of the total DNA (1:3 ratio of DNA to GeneFEC 
TOR). The transfection mix Was sWirled gently and incu 
bated for 15 minutes at room temperature. Media Was 
removed from the BC-1-Ep/SL cells, plates Were rinsed 
tWice With DME and refed With 5 mls of DME. The 
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transfection mix Was added to each plate in a dropWise 
fashion and cells Were incubated for 5 hours at 37° C. under 
5% CO2. The medium Was removed and cells Were rinsed 
tWice With DME and refed With keratinocyte media. The 
cells Were vieWed as described previously. 

FloW Cytometry 

[0059] TWenty-four hours post-transfection, BC-1-Ep/SL 
cells Were removed from culture With 0.5 mM EDTA and 
0.1% trypsin. After short centrifugation (440><g for 5 min 
utes), cells Were resuspended in serum-containing medium 
at 2><106 cells/ml. 500 pl of this cell suspension Was ?ltered 
through 42 pm mesh (Tetko, Inc.) and stained With 5 pig/ml 
propidium iodide (PI) immediately prior to analysis. Trans 
fected BC-1-Ep/SL cells Were analyZed on either a FACScan 
or FACSCalibur benchtop ?oW cytometer (both from Becton 
Dickinson) equipped With a laser tuned to 488 nm. Ten 
thousand events Were acquired and analyZed using 
CellQuest softWare (Becton Dickinson) and analysis Was 
restricted to live events only, based on PI staining. Cell 
viability and transient transfection ef?ciency data Were 
obtained. 

Cell Sorting 

[0060] We used the folloWing protocol to obtain stable 
GFP-expressing BC-1-Ep/SL cells. TWenty-four hours post 
transfection, cells Were removed using 0.5 mM EDTA and 
0.1% trypsin. After short centrifugation (440><g for 5 min 
utes), cells Were resuspended in serum-containing medium 
at a density of 5-7><106 cells/ml. This suspension Was then 
?ltered through 42 pm sterile mesh (Tetko, Inc.). Immedi 
ately prior to sorting cells Were stained With 5 pig/ml 
propidium iodide. Transfected BC-1-Ep/SL cells Were 
sorted on a FACStar Plus (Becton Dickinson) equipped With 
a coherent argon laser tuned to 488 nm. Transfection ef? 
ciency data Was obtained With CellQuest softWare (Becton 
Dickinson). Cells Were sorted at a rate of 2000/second and 
samples Were collected post-sort to check viability and GFP 
expression. 

Colony Forming Efficiency 
[0061] Colony forming efficiencies (CFE) Were obtained 
by plating 1000 events onto duplicate 60 mm plates in the 
presence of mitomycin C-treated SWiss mouse 3T3 ?bro 
blasts. After one Week, plates Were ?xed for 10 minutes in 
10% formalin, rinsed With tap Water, and stained overnight 
With methylene blue. Colonies Were counted and divided by 
the number of events plated to obtain the ?nal CFE. Based 
on the CFE calculated, the total number of colonies formed 
Was obtained by multiplying the number of events by the 
CFE. GFP-expressing colonies Were counted 10-12 days 
post-sorting using an IX-70 inverted ?uorescent microscope 
With a GFP short band pass ?lter. The number of GFP 
expressing colonies Was divided by the total number of 
colonies formed to obtain a stable GFP expressing colony 
forming ef?ciency. 

Isolation and Identi?cation of Stable pGreenLantern 
Transfected BC-1-Ep/SL cells 

[0062] BC-1-Ep/SL cells Were transfected With pGreen 
Lantern as described previously and sorted based on ?uo 
rescence. Immediately folloWing cell sorting, GFP-positive 
PC-1-Ep/SL cells Were reinitiated into culture. Cells Were 
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plated at loW density from 2-3><104 cells per 100 mm dish 
onto mitomycin C-treated SWis mouse 3T3 ?broblasts. Cells 
Were monitored every other day using an IX-70 inverted 
?uorescent microscope (Olympus) With a GFP short band 
pass ?lter. Non-GFP expressing colonies Were removed by 
scraping and stable GFP expressing colonies Were alloWed 
to expand. When GFP expressing colonies had groWn to an 
estimated density of 1000 cells or more, they Were isolated 
by ring cloning and replating onto 60 mm plates With ring 
mitomycin C treated 3T3’s and expanded. 

Isolation and Identi?cation of Stable pTracer-SV40 
Transfected BC-1-Ep/SL cells 

[0063] BC-1-Ep/SL cells Were transfected using 20 pg of 
pTracer-SV40 and a 1:4 ratio of DNA to GeneFECTOR 
(VennNova). TWenty-four hours post-transfection cells Were 
removed With 0.5 mM EDTA, 0.1% trypsin and resuspended 
at a density of 2><106 cells /ml in serum containing medium. 
Three ><106 cells Were replated onto tWo 100 mm plates With 
a mitomycin C-treated SWiss mouse 3T3 ?broblasts. Forty 
eight hours after passage, GFP-positive cells Were selected 
for 5 days With 250 pig/ml Zeocin (Invitrogen). Stable 
GFP-expressing BC-1-Ep/SL cells Were puri?edusing sterile 
cell sorting and expanded as described previously. 

Histological Analysis of Transfected Organotypic 
Cultures 

[0064] GFP-expressing BC-1-Ep/SL cells at 43( passage 
Were plated at a density of 3><105 cells/collagen raft and 
groWn in organotypic culture for 16 days. Raft cultures Were 
?xed for at least one hour in 4% paraformaldehyde before 
embedding in paraf?n. Five pm sections Were cut and 
alternate sections Were stained With hemotoxylin and eosin 
(H&E) by Surgical Pathology, UW-Madison. Non-H&E 
sections Were rehydrated, stained With 5 pig/ml Hoechst dye 
(33258) for 15 minutes, dehydrated and mounted using 
Cytoseal mounting media (Stephens Scienti?c). Sections 
Were vieWed and photographed using an IX-70 inverted 
?uorescent microscope (Olympus) equipped With a dual 
FITC-Hoechst ?lter. 

Analysis of GFP Expression by Confocal 
Microscopy 

[0065] GFP-expressing BC-1-Ep/SL cells at 43° passage 
Were plated at a density of 3><105 cells/collagen raft and 
groWn in organotypic culture for 16 days. Raft cultures Were 
?xed overnight in 4% paraformaldehyde-PBS and rinsed for 
one hour in a 0.1 M glycine-PBS solution at 4°. Whole rafts 
Were mounted, coverslipped using Vectashield mounting 
media (Vector labs) and sealed With rubber cement. GFP 
expression Was analyZed using a confocal laser scanning 
microscope (Nikon Diaphot 200) With excitation at 488 nm 
and detection at 500-530 nm bandpass ?lter. Images Were 
taken at 10 pm intervals starting at the upper corni?ed layer. 
The microscope is located in the W. M. Keck Neural 
Imaging Laboratory, University of Wisconsin-Madison. 

B. Results 

Isolation of the BC-1-Ep/SL Cell Line 

[0066] Cells Were desegregated from a neonatal foreskin 
by trypsiniZation. Keratinocytes Were initiated into culture 
by plating an aliquot of the cell suspension onto a mitomycin 
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C-treated SWiss mouse 3T3 feeder layer in standard kerati 
nocyte groWth medium containing 0.66 mM calcium. Fibro 
blasts Were initiated into culture by plating an aliquot of cell 
suspension onto a tissue culture plate containing Ham’s F-12 
medium supplemented With 10% fetal calf serum. 

[0067] After approximately 9 days, primary cultures of 
keratinocytes designated strain BC-1-Ep Were cryopre 
served and subcultured onto a feeder layer. Fibroblast cul 
tures Were groWn to near con?uency and also cryopreserved. 
In early passages, the BC-1-Ep cells exhibited no morpho 
logical or groWth characteristics that Were atypical for 
cultured normal human keratinocytes. Cultivated BC-1-Ep 
cells exhibited strati?cation as Well as features of pro 
grammed cell death. 

[0068] To determine replicative lifespan, the BC-1-Ep 
cells Were serially cultivated to senescence in standard 
keratinocyte groWth medium at a density of 3><105 cells per 
100 mm dish. By passage 15 most keratinocytes in the 
population appeared senescent as judged by the presence of 
numerous abortive colonies Which exhibited large, ?at cells. 

[0069] HoWever, at passage 16, keratinocytes exhibiting a 
small cell siZe Were evident. By passage 17, only the small 
siZed keratinocytes Were present in the culture and no large, 
senescent keratinocytes Were evident. The resulting popu 
lation of small keratinocytes that survived crisis appeared 
morphologically uniform and produced colonies of kerati 
nocytes exhibiting typical keratinocyte characteristics 
including cell-cell adhesion and apparent squame produc 
tion. 

[0070] The keratinocytes that survived senescence Were 
serially cultivated at a density of 3><105 per 100 mm dish for 
59 passages, demonstrating that the cells had achieved 
immortality. The keratinocytes Which emerged from the 
original senescencing population are termed BC-1-Ep/spon 
taneous line (BC-1-Ep/SL). 

Cytogenetic Analysis and DNA Fingerprinting 

[0071] Chromosomal analysis Was conducted on the 
parental BC-1-Ep cells at passage 3 and BC-1-Ep/SL cells at 
passages 31 and 54. The parental BC-1-Ep cells have a 
normal chromosomal complement of 46, XY. At passage 31 
all BC-1-Ep/SL cells contained 47 chromosomes due to an 
extra isochromosome of the long arm of chromosome 8 
(FIG. 1). No other gross chromosomal abnormalities or 
marker chromosomes Were detected. At passage 54 all cells 
contained the isochromosome 8, hoWever, an additional 
isochromosome of the long arm of chromosome 1 and a 
marker chromosome Were present in a small fraction of the 
population (Table 1 in Appendix 1). The BC-1-Ep/SL have 
been screened for the presence of proviral HIV DNA 
sequences and found to be negative. Regions of the HIV 
provirus Were ampli?ed enZymatically, hybridiZed to radio 
labelled HIV-1 speci?c DNAprobes, and the ampli?ed DNA 
separated by siZe and visualiZed using agarose gel electro 
phoresis and autoradiography. Polymerase chain reaction 
products Were compared by siZe and speci?city to knoWn 
HIV-1 positive and negative controls. The presence of 
HPV16, and 31 viral sequences Were assessed by Southern 
analysis and none Were detected. 

[0072] The DNA ?ngerprints for the BC-1-Ep/SL cell line 
and the BC-1-Ep keratinocytes are identical at all tWelve 
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loci. The odds of the BC-1-Ep/SL cell line having the 
parental BC-1-Ep DNA ?ngerprint by random chance is 
4><10_16. The DNA ?ngerprints for ED-1-Ep, SCC4 and 
SCC13y are different from the BC-1-Ep pattern. The data 
from our DNA ?ngerprint analysis of the BC-1-Ep/SL cell 
line proves it arose from the parental BC-1-Ep cells. This 
data also shoWs that keratinocytes isolated from other 
humans, ED-1-Ep, SCC4, and SCC13y, are unrelated to the 
BC-1-Ep cells or each other. The BC-1-Ep/SL DNA ?nger 
print data provides an unequivocal Way to identify the 
BC-1-Ep/SL cell line. 

BC-1-Ep/SL Keratinocytes are Not Tumorigenic in 
Athymic Nude Mice 

[0073] To determine the tumorigenicity of the parental 
BC-1-Ep keratinocytes and the immortal BC-1-Ep/SL kera 
tinocyte cell line, cells Were injected into the ?anks of 
athymic nude mice. The human squamous cell carcinoma 
cell line, SCC 4, Was used as a positive control for tumor 
production in nude mice. The injection of samples Was 
designed such that each animal received an injection of SCC 
4 cells in one ?ank and either the parental BC-1-Ep kerati 
nocytes or the BC-1-Ep/SL cells in the opposite ?ank. This 
injection strategy eliminated animal to animal variation in 
tumor production and con?rmed that the mice Would support 
vigorous groWth of tumorigenic cells. Neither the parental 
BC-1-Ep keratinocytes (passage 6) nor the BC-1-Ep/SL 
keratinocytes (passage 35) produced tumors in nude mice. 
The results of the tumorigenicity testing is shoWn in Table 
2 in Appendix 1. 

GroWth Characteristics in vitro 

[0074] BC-1-Ep/SL keratinocytes are nontumorigenic and 
exhibit morphological characteristics of normal human kera 
tinocytes When cultured in standard keratinocyte groWth 
medium in the presence of mitomycin C-treated 3T3 feeder 
cells. To further evaluate the groWth characteristics of the 
BC-1-Ep/SL cells, We examined the steady state mRNA 
levels of knoWn autocrine regulators of keratinocyte groWth. 
Northern analysis of mRNAs from the BC-1-Ep/SL cell line 
revealed that expression of autocrine groWth factors, such as 
transforming groWth factor-0t (TGF-ot) and transforming 
groWth factor-[3 (TGF-B), as Well as the levels of epidermal 
groWth factor receptor (EGFR) and c-myc, are similar, if not 
identical to the parental BC-1-Ep keratinocytes. 

[0075] We next determined Which constituents of standard 
keratinocyte groWth medium are required for optimal 
groWth of BC-1-Ep/SL cells. Serial cultivation in the 
absence of epidermal groWth factor (EGF) resulted in a 60 
to 90% reduction in cell number at each passage, compared 
to EGF-containing control cultures (FIG. 1). The depen 
dence on EGF for groWth of BC-1-Ep/SL cells appears to be 
a stable characteristic. BC-1-Ep/SL cells at passage 50 
continue to exhibit a dependence on EGF for optimal 
groWth. 
[0076] Another polypeptide groWth factor that plays an 
important role in epidermal homeostasis is transforming 
groWth factor-[31 (TGF-[31). In vitro, TGF-[31 is an inhibitor 
of groWth in cultured normal human keratinocytes (Pienten 
pol, et al., 1990), hoWever malignant transformation of 
keratinocytes often results in attenuation of TGF-[31-induced 
groWth inhibition (Bascom, et al., 1989; Parkinson, et al., 
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1983; Pietenpol, et al., 1990; Rice, et al., 1992). Like the 
normal parental BC-1-Ep keratinocytes, TGF-[31 inhibits the 
groWth of the BC-1-Ep/SL cell line (FIG. 3). The TGF-[31 
induced groWth inhibition is reversible in both the parental 
and BC-1-Ep/SL keratinocytes. 

[0077] To further characteriZe the requirements for opti 
mal in vitro groWth of the BC-1-Ep/SL keratinocytes, cul 
tures Were cultivated in medium supplemented With 2.5% 
fetal calf serum, EGF, and individual constituents of the 
standard groWth medium. FIG.4 demonstrates that addition 
of insulin alone promotes a 15-fold increase in cell number. 
HoWever, addition of all constituents of standard kerati 
nocyte groWth medium promotes a 30-fold increase in 
BC-1-Ep/SL cell number. These ?ndings demonstrate that 
the BC-1-Ep/SL cell line has maintained cell type-speci?c 
requirements for groWth in vitro. 

Differentiation Characteristics in vitro 

[0078] We next investigated Whether BC-1-Ep/SL cells 
could undergo normal differentiation in both surface culture 
and organotypic culture. We monitored a marker of squa 
mous differentiation, the formation of corni?ed envelopes 
(CE). In cultured human keratinocytes, early stages of CE 
assembly result in the formation of an immature corni?ed 
envelope composed of involucrin, cystatin-a and other pro 
teins, Which represent the innermost third of the mature 
corni?ed envelope. We examined CE formation in the 
parental cells and the BC-1-Ep/SL keratinocytes (Table 3 in 
Appendix 1). Less than tWo percent of the keratinocytes 
from either the adherent parental cells or the BC-1-Ep/SL 
cell line produce CE’s. This ?nding is consistent With our 
previous studies demonstrating that actively groWing, sub 
con?uent keratinocytes produce less than ?ve percent CE 
(Hines and Allen-Hoffmann, 1996). To determine Whether 
the BC-1-Ep/SL cell line is capable of producing CE’s When 
induced to differentiate, the cells are removes from surface 
culture and placed in suspension for 24 hours in medium 
made semi-solid With methylcellulose. Many aspects of 
terminal differentiation, including differential expression of 
keratins (DroZdoff and Pledger, 1993) and CE formation 
(Green, 1977) can be triggered in vitro by loss of kerati 
nocyte cell-cell and cell-substratum adhesion. We found that 
the BC-1-Ep/SL keratinocytes produced as many and usu 
ally more CE’s, than the parental keratinocytes (Table 3 in 
Appendix 1). These ?ndings demonstrate that the BC-1-Ep/ 
SL keratinocytes are not defective in their ability to make 
this cell type-speci?c differentiation structure. 

BC-1-Ep/SL Cells Undergo Apoptosis FolloWing 
Loss of Adhesion 

[0079] We next determined Whether BC-1-Ep/SL kerati 
nocytes undergo apoptosis by assaying nucleosomal cleav 
age of DNA. Speci?c DNA cleavage into oligonucleosomal 
fragments is a hallmark of apoptosis (Arends, et al., 1990; 
Wyllie, 1980). Keratinocytes from all species studied to date 
can undergo apoptosis both in vivo and in vitro. Epidermal 
keratinocytes are destined to enucleate and lose metabolic 
activity as part of their differentiation pathWay. Many par 
allels exist betWeen keratinocyte terminal differentiation and 
apoptosis. We assessed the ability of the parental and BC-1 
Ep/SL keratinocytes to undergo nucleosomal cleavage fol 
loWing suspension. Normal cultured human keratinocytes 
exhibit both morphological and biochemical features of 
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apoptosis When deprived of cell-cell and cell-substrata con 
tact by suspension in semi-solid medium. Adherent, precon 
?uent keratinocytes from parental or BC-l-Ep/SL cell line 
grown in serum-free, additive-free medium for 24 hours 
exhibited no detectable DNA fragmentation. Similarly, 
adherent cells treated for an identical time With semi-solid, 
serum-free, additive-free medium did not exhibit nucleoso 
mal fragmentation. When suspended in semi-solid medium 
both the parental and BC-l-Ep/SL keratinocytes exhibited 
DNA fragmentation. These ?ndings are consistent With 
previous studies from our laboratory demonstrating that 
normal human keratinocytes induced to differentiate by loss 
of adhesion Will fragment their DNA (Hines and Allen 
Hoffmann, 1996a, b; Sachsenmeier, et al., 1996). Taken 
together, these data demonstrate that the BC-l-Ep/SL kera 
tinocytes are capable of differentiating and respond normally 
to cell type-speci?c signals to undergo apoptosis. 

Organotypic Cultures of BC-l-Ep/SL Cells Exhibit 
Normal Squamous Differentiation 

[0080] To con?rm that the BC-l-Ep/SL keratinocytes can 
undergo normal squamous differentiation, the cells Were 
cultivated in organotypic culture. Differentiation of kerati 
nocytes cultured on a plastic substrata under medium pro 
motes groWth and limited differentiation. Speci?cally, 
human keratinocytes become con?uent, stratify and produce 
a multilayered sheet that is similar to strati?ed epithelium. 
HoWever, by light and electron microscopy there are striking 
differences betWeen the architecture of the multilayered 
sheets formed in tissue culture and intact human skin. 
Organotypic culture is a technique to culture keratinocytes 
under in vivo-like conditions. Speci?cally, the cells adhere 
to a physiological substrata, ?brillar collagen embedded 
With dermal ?broblasts, and are lifted to the air-medium 
interface so that the cells can groW With their upper sheets 
air-exposed and With the proliferating basal cells closest to 
the gradient of nutrients provided by diffusion through the 
collagen gel. Under these conditions, correct tissue archi 
tecture is formed. 

[0081] We compared both the parental cells, BC-l-Ep 5°, 
and the cell line, BC-l-Ep/SL 38°, groWn in organotypic 
culture. Several characteristics of a normal differentiating 
epidermis are evident. In both the parental cells and the 
BC-l-Ep/SL cell line a single layer of cuboidal basal cells 
rests at the junction of the epidermis and the dermal equiva 
lent. The rounded morphology and high nuclear to cytoplas 
mic ratio is indicative of an actively dividing population of 
keratinocytes. In normal human epidermis, as the basal cells 
divide they give rise to daughter cells that migrate upWards 
into the differentiating layers of the tissue. The daughter 
cells increase in siZe and become ?attened and squamous. 
Eventually these cells enucleate and form corni?ed, kerati 
niZed structures. This normal differentiation process is evi 
dent in the upper layers of both the BC-l-Ep parental cells 
and the BC-l-Ep/SL cells. The appearance of ?attened 
squamous cells is evident in upper layers of keratinocytes 
located above the basal layer and demonstrates that strati 
?cation has occurred. In the uppermost part of the tissue (A 
and B), the enucleated squames are shoWn peeling off the 
top of the culture. To date, We have not observed any 
histological differences in differentiation at the light micro 
scope level betWeen the parental BC-l-Ep keratinocytes, 
and BC-l-Ep/SL keratinocyte cell line groWn in organotypic 
culture. 
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[0082] To con?rm our histological observations, BC-l-Ep 
6° and BC-l-Ep/SL 38° Were analyZed using electron 
microscopy. Higher magni?cation alloWed us to observe 
more detailed characteristic structures of normal differen 
tiation in the raft cultures. Examination of micrographs 
convinced us that BC-l-Ep/SL cells undergo normal strati 
?cation in organotypic culture. This Was similar to What Was 
seen With the parental BC-l-Ep cells (data not shoWn). We 
also noted the formation of hemidesmosomes in the basal 
layer, Which also suggests that the cell line is able to form 
structures found in normal human epidermis. Hemidesmo 
somes are specialiZed structures Which increase adhesion of 
the keratinocytes to the basal lamina and help maintain the 
integrity and strength of the tissue. Both the light level and 
electron microscopy data demonstrate that the BC-l-Ep/SL 
cell line can stratify and differentiate normally in organo 
typic culture. 

Optimal Transient Transfection Ef?ciency of the 
BC-l-Ep/SL Cell Line 

[0083] We have chosen to use the plasmid, pGreenLan 
tern, Which contains the gene for green ?uorescent protein 
(GFP) as a marker of transfection. GFP is a naturally 
?uorescing, non-toxic protein form jelly?sh Which is easily 
seen When exposed to UV light. In addition, some experi 
ments included co-transfection of pGreenLantern With 
another plasmid, pcDNA3neo, Which contains a gene for 
neomycin resistance alloWing cells to groW in the presence 
of G418. HoWever, use of G418 as a selection method can 
be extremely toxic to keratinocytes and may inadvertently 
kill positively transfected cells. We believe that sterily 
sorting cells based on GFP expression Will provide a quick 
Way to select for positive transfectants and is the least toxic 
selection method available at present. 

[0084] There have been many parameters to consider in 
optimiZation of transfection in this system. We have nar 
roWed these doWn to the three most essential for obtaining 
the maximum transfection efficiency. These parameters 
include cell con?uence, total amount of DNA (concentra 
tion) and the ratio of DNA to transfection reagent (Gene 
FECTOR). Transfections are completed using set param 
eters and cells are analyZed the folloWing day With an 
inverted ?uorescent microscope for presence of GFP expres 
sion. In addition, ?oW cytometry is use to obtain information 
on the viability and number of GFP positive cells. 

[0085] Cell con?uence appears to be critical in obtaining 
the maximum transfection ef?ciency. BC-l-Ep/SL cells at 
varying levels of con?uence Were transfected With a range of 
20-25 pg of DNA and analyZed 24 hours later by ?oW 
cytometry. Transient transfection ef?ciencies from several 
experiments suggest that a loW con?uence of 5-7><105 cells/ 
100 mm dish (~30% con?uent) Will yield the highest trans 
fection efficiency ranging from 10-19.5%. Transfections 
completed at high con?uence, 2-4><106 cells/100 mm dish 
(~70% con?uent), yielded much loWer transient transfection 
ef?ciencies of 1-3% (FIG. 5). 

[0086] Optimal DNA concentration Was also tested using 
total amounts of pGreenLantern and pcDNA3neo ranging 
from 20-33 pg. All other parameters Were held constant. We 
found that higher levels of total DNA do not yield better 
transfection efficiency. Our data suggest that a total 20 pg of 
DNA is optimal for the transfection of BC-l-Ep/SL cells, 
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resulting in a transient transfection range of 3.79-13.64% 
(Table 4 in Appendix 1) (Cell con?uence is included in this 
table to account for variability in transfection ef?ciency 
betWeen experiments). We observed that higher amounts of 
DNA caused increased toxicity to the cells (?oW cytometry, 
data not shoWn). 

[0087] The third parameter examined in optimiZing trans 
fection efficiency of BC-1-Ep/SL cells Was the ratio of DNA 
to transfection reagent. Several different ratios of DNA to 
GeneFECTOR Were investigated, these include 1:2, 1:3, and 
1:4. Transient transfection efficiencies collected from trip 
licate experiments indicate that a ratio of one part DNA to 
three parts GeneFECTOR (1:3) is optimal, With transfection 
ef?ciencies ranging from 10-19.5% (Table 5 in Appendix 1) 
(Cell con?uence is included to account for variability in 
transfection ef?ciency betWeen experiments). We have con 
cluded that a cell con?uence of 30% (5-7><105 cells/ 100 mm 
dish), total of 20 pg DNA, and a 1:3 ratio of DNA to 
GeneFECTOR are the conditions for optimal transient trans 
fection ef?ciency in the BC-1-Ep/SL cell line. 

Identi?cation and Isolation of Stable GFP 
Transfected BC-1-Ep/SL Cells 

[0088] Using the optimiZed conditions for transient trans 
fection ef?ciency, We have successfully isolated and 
obtained stable GFP-expressing BC-1-Ep/SL cells. Stable 
expression is de?ned by integration of the GFP gene into the 
host cell’s chromosomes. From earlier observations of tran 
siently transfected GFP positive cells, there Was concern that 
the brightest cells, those With the highest GFP expression, 
may be too differentiated to maintain colony forming ability 
When replated in surface culture. To test this, cells Were 
transfected and sterily sorted based on the ?uorescent inten 
sity of GFP expression from dimmest to brightest. GFP 
positive cells acquired from cell sorting Were plated and 
stable colonies detected and counted 10-12 days post-sort. 
Variability of GFP expression in these colonies Was noted. 
The larger differentiated cells appear to have brighter GFP 
expression. The stable, GFP positive colony forming ef? 
ciency (CFE) Was calculated as described previously. Three 
separate cell sorting experiments have been completed and 
the percentage of stable GFP positive cells Was calculated to 
be 3.2%, 4.7%, and 5.64%. A sample table Which represents 
one of these experiments is shoWn (Table 6 in Appendix 1). 
Data obtained in triplicate experiments suggest those cells 
With the greatest GFP ?uorescence appear to have loWer 
colony forming ef?ciency than less GFP ?uorescent cells. 
The GFP positive CFE Will alloW us to estimate the number 
of GFP positive cells that need to be plated in order to obtain 
a reasonable number of stably transfected colonies. 

[0089] As a result of the sterile sorts, We Were able to 
isolate and expand several clonal lines of stable GFP 
expressing BC-1-Ep/SL cells. Lines expressing GFP from 
both pTracer-SV40 and pGreenLantern vectors have been 
serially passaged With no apparent changes in cell morphol 
ogy or decrease in GFP expression. 

Stable Transfectants of BC-1-Ep/SL Keratinocytes 
Expressing Green Fluorescent Protein Exhibit 
Normal Strati?cation in Organotypic Culture 

[0090] To test the ability of the stably transfected GFP 
positive BC-1-Ep/SL cells to recreate normal tissue archi 
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tecture, We plated these cells into organotypic culture. This 
type of culture alloWs the cells to display as many charac 
teristics of intact skin as possible in a three dimensional 
microenvironment. This procedure has been repeated in 
triplicate and the resulting tissue analyZed histologically by 
?uorescent microscopy as Well as confocal microscopy (data 
not shoWn). It appears that the stably transfected cells 
differentiate similarly to an untransfected BC-1-Ep/SL con 
trol. Both cultures shoW comparable cell strati?cation With 
no noticeable histological differences at the light microscope 
level. Interestingly, the appearance of GFP is most intense in 
the differentiated upper layers of the culture. We have 
observed this expression pattern With both ?uorescent and 
confocal microscopy. The differences in GFP intensity 
maybe the result of variations in the amount of protein 
accumulated in the cell layers. Alternatively, the CMV 
promoter driving GFP expression may not become active 
until the cell reaches a more differentiated state. 

2. Use of the Spontaneously ImmortaliZed Human 
Keratinocyte BC-1-Ep/SL in an Organotypic 
Culture System to Model GroWth of Human 

Squamous Cell Carcinoma 

A. Materials and Methods 

Description of Cellular Components 

[0091] The BC-1-Ep/SL cell line is a spontaneously 
immortaliZed human keratinocyte cell line Which maintains 
normal keratinocyte growth and differentiation characteris 
tics. It Was isolated using standard for groWth of primary 
keratinocytes from neonatal human foreskin samples. Kera 
tinocyte cultures Were established by plating aliquots of a 
single cell suspension in the presence of mitomycin 
C-treated SWiss Mouse 3T3 ?broblasts as described by 
Allen-Hoffmann and RheinWald (RheinWald, J. G., et al., 
1981). 
[0092] The MW-1-F ?broblasts Were isolated from a nor 
mal human neonate and cultivated folloWing standard meth 
ods for trypsin disaggregation of neonatal foreskin. The 
culture Was initiated by plating an aliquot of the disaggre 
gated cell suspension onto a tissue culture plate containing 
Ham’s F-12 medium supplemented With 10% fetal calf 
serum. Secondary and subsequent passage of ?broblast 
cultures are used as part of the non-epidermal component of 
the organotypic culture model as described beloW. 

[0093] The SCC13y cell line serves as the prototype H&N 
malignant cell line for development of the organotypic 
co-culture model. SCC13y Was subcultured from the SCC13 
cell line. SCC13 is derived from a tumor of the facial 
epidermis Which had recurred folloWing radiotherapy (Rhei 
nWald, J. G., et al., 1981). A collagenase disaggregation 
protocol Was used to produce a single cell suspension from 
a surgical biopsy of the tumor. The cell suspension Was 
plated onto a mitomycin C 3T3 ?broblast feeder layer to 
alloW isolation and expansion of the primary culture. The 
SCC13 cell line Was established by continual passage in 
culture and maintained the aneuploid karyotype of the tumor 
from Which it Was derived. SCC13y maintains a limited 
ability to differentiate folloWing methylcellulose suspen 
sion, a technique Which promotes expression of certain 
differentiation markers and structures in normal kerati 
nocytes. HoWever, SCC13y is tumorigenic in nude (athy 
mic) mice. 
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Cell Culture 

[0094] BC-1-Ep/SL cells are grown in standard kerati 
nocyte growth media. Standard keratinocyte culture medium 
is a mixture of Ham’s F12:Dulbecco’s modi?ed Eagle’s 
medium (DME), (3: 1, 0.66 mM calcium) supplemented With 
2.5% fetal clone II (FCII-is a fetal calf serum substitute from 
Hyclone), 0.4 pig/ml hydrocortisone (HC), 8.4 ng/ml cholera 
toxin (CT), 5 pig/ml insulin (Ins), 24 pig/ml adenine (Ade), 10 
ng/ml epidermal groWth factor (EGF), 100 units penicillin 
and 100 pig/ml streptomycin (1% P/S). The cells are pas 
saged at Weekly intervals at 3><105 cells on a 100 mm2; tissue 
culture dish With a mitomycin C inactivated SWiss mouse 
3T3 ?broblast feeder layer. 

[0095] MW-1-F ?broblasts stocks are maintained in DME 
supplemented With 10% calf serum and passaged Weekly on 
100 mm2 tissue culture dishes. 

[0096] SCC13y cell line stocks are maintained in SCC 
medium (DME supplemented With 5% FCII, 0.4 pig/ml HC, 
and 1% P/S). The cells are passaged Weekly on a 100 mm2 
tissue culture dish With a mitomycin C inactivated SWiss 
mouse 3T3 ?broblast feeder layer. 

Formation of Organotypic Cultures 

[0097] Organotypic cultures Were groWn as previously 
described (Parenteau, N., 1994). This procedure Was modi 
?ed to alloW groWth of tumor foci Within a reconstructed 
epidermal/dermal skin equivalent (FIG. 2). A collagen base 
Was formed by mixing normal human neonatal ?broblasts, 
MW-1-F (50), With Type I collagen in 10% FCII+F-12+ 
penicillin/streptomycin. The collagen bases Were alloWed to 
contract for 5 days. BC-1-Ep/SL (31°) cells Were plated onto 
the collagen base at 3.5><105 cells in 50 pl 0.2% FCS+ 
3F12:1DME containing 1.88 mM calcium+HC+Ade+Ins+ 
CT+P/S. For co-cultures of stratifying keratinoyctes and 
malignant cells, SCC13yGFP+ cells Were mixed With the 
BC-1-Ep/SL cells at ratios of 500, 5000, and 100,000 
SCC13yGFP+ FP cells to 3><105 BC-1-Ep/SL cells before 
plating (FIG. 1). Cells Were alloWed to attach 2 hours before 
adding an additional 13 mls of media (Day 0). On days 1 and 
2 cells Were refed. On Day 4, cells Were lifted to the air 
interface With cotton pads and sWitched to corni?cation 
medium (2% FCS+3F12:1DME+HC+Ade+Ins+CT+P/S 
containing 1.88 mM calcium). Cells Were fed corni?cation 
medium every three days. On day 15 media Was removed 
and organotypic cultures Were ?xed overnight With 4% 
paraformaldehyde and stored in PBS With 0.1M glycine. 

GFP Expression Vector and Transfection of 
SCC13y 

[0098] A commercially available humaniZed green ?uo 
rescent protein (GFP) expression vector, pGreenLantern 
(Life Technologies, Gaithersburg, Md.) Was used to geneti 
cally mark the SCC13y cell line. Expression of GFP is 
controlled by a constitutively active human cytomegalovirus 
promoter alloWing GFP to accumulate in stably-transfected 
SCC13y cells. Plasmid DNA Was prepared from vector 
transformed bacterial stocks using an Endotoxin Free Max 
iprep Kit (Qiagen). 

[0099] For transfection experiments, SCC13y (passage 
60) cells Were plated at a density of 1><105 cells onto 
mitomycin C treated SWiss mouse 3T3 ?broblast feeder 
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layer in 6-Well plates. SCC13y cells Were given 24 hours to 
adhere at Which time the 3T3 layer Was removed With 0.5 
mM EDTA. SCC13y cells Were rinsed tWice With DME and 
serum-containing media Was added. Cells Were transfected 
24 hours later. 

[0100] SCC13y cells (60) Were transfected using the poly 
cationic lipid GeneFECTOR (VennNova). Herein cells 
transfected With GFP Will be referred to as SCC13yGFP+. 
Passage 10 is the ?rst pass folloWing transfection. The 
transfection mix Was made by adding 10 mg of pGreenLan 
tern to 200 ul unsupplemented DME for each Well of the 
6-Well plate. 30 pg of GeneFECTOR Was added to the DNA 
solution for a ?nal 1:3 ratio of DNA to GeneFECTOR and 
total volume of 400 pl. The transfection mix Was sWirled 
gently and incubated for 15 minutes at room temperature in 
the dark. Media Was removed from the SCC13y cultures, 
plates Were rinsed tWice With phosphate-free DME and refed 
With 2 mls of phosphate-free, unsupplemented DME. The 
transfection mix Was added to each plate in a dropWise 
fashion and cells Were incubated for 3 hours at 37° C. in a 
5% CO2 incubator, shaking every 30 minutes. The medium 
Was removed and cells Were rinsed tWice With DME and 
refed With SCC media (no antibiotics). TWenty-four hours 
later media Was replaced With antibiotic supplemented SCC 
media. 

FloW Cytometry Detection and Quanti?cation of 
GFP Expression 

[0101] SCC13y cells Were removed from culture With 0.5 
mM EDTA and 0.1% trypsin 24 hours post-transfection. 
Cells Were collected by centrifugation (440><g for 5 min 
utes), and resuspended in serum-containing medium at a cell 
density of 2><106 cells/ml and stained With 5 mg/ml pro 
pidium iodide (Pl). 500 pl of this cell suspension Was ?ltered 
through 42 pm mesh (Tetko, Inc.) immediately prior to 
analysis to remove clumps. Transfected SCC13y cells Were 
analyZed on either a FACScan or FACSCalibur benchtop 
?oW cytometer (both from Becton Dickinson) equipped With 
a 488 nm laser. Ten thousand events Were acquired and 

analyZed using CellQuest softWare (Becton Dickinson). PI 
stained, nonviable cells Were excluded from analysis. Tran 
sient transfection efficiency or percentage of SCC13yGFP+ 
Was calculated as the percentage of viable SCC13yGFP+ cells 
out of the total number of viable cells. In experiments Which 
determine the stability of GFP expression over time in 
SCC13yGFP+ populations, the percentage of GFP-expressing 
cells at 4 Week intervals Was determined. 

Isolation and Identi?cation of Stable SCC13yGFP+ 
Cells 

[0102] FolloWing transfection, transiently transfected 
SCC13y cells Were serially passaged onto a 100 mm2 tissue 
culture dish. After 1 Week of expansion, these cells Were 
again passage onto a 150 mm2 tissue culture dish and 
alloWed to groW for an additional Week. This alloWs expan 
sion of stable transfectants, as Well as loss of GFP expression 
in the transient transfectants. Cells Were removed using 0.5 
mM EDTA and 0.1% trypsin. After centrifugation (440><g 
for 5 minutes), cells Were resuspended in serum-containing 
medium at a density of 5 ><106 cells/ml With 5 mg/ml PI. This 
suspension Was then ?ltered through 42 pm sterile mesh 
(Tetko, Inc.) immediately prior to sorting. Transfected 
SCC13y cells Were sorted on a FACStar Plus (Becton 
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Dickinson) equipped With a coherent argon 488 nm laser. 
Cells Were sorted at a rate of 2000/second and samples Were 
collected post-sort to check viability and GFP expression. 
Non-viable cells Were not collected. 

[0103] Immediately following cell sorting, SCC13yGFP+ 
cells Were reinitiated into culture. All cells obtained (typi 
cally 1-3><104) Were plated onto 100 mm2 dishes With 
mitomycin C-treated SWiss mouse 3T3 ?broblast feeder 
layers. Cells Were monitored every other day using an IX-70 
inverted ?uorescent microscope (Olympus) With a GFP 
short band pass ?lter. Non-GFP expressing colonies Were 
removed by scraping colonies from the dish. Stable express 
ing colonies Were refed and alloWed to expand. When GFP 
expressing colonies had groWn to an estimated density of 
1000 cells or more, cells Were replated onto 100 mm2 plates 
With mitomycin C treated 3T3 feeder layers and expanded. 
Baseline percentage of SCC13yGFP+ cells in the population 
Was established by ?oW cytometry as described above. 

Stability of SCC13yGFP+ With Serial Cultivation 

[0104] SCC13yGFP+ cells Were groWn in standard SCC 
media under the folloWing conditions. All cells Were groWn 
in triplicate in 3 Wells of a 6 Well plate With mitomycin C 
inactivated 3T3 feeder layers. Every 6th day, each culture 
Was harvested With 0.1% trypsin and 1><105 cells passed into 
a neW Well of a 6 Well plate With feeder layers. Media Was 
changed tWice Weekly. At 4 Week intervals, samples Were 
suspended at 2><106 cells/ml and analyZed for GFP expres 
sion by ?oW cytometry as described above. 

In Vitro GroWth of SCC13yGFP+ 

[0105] GroWth pro?les Were determined by plating 1><105 
cells into replicate Wells of 6-Well tissue culture plates 
Without mitomycin C treated mouse 3T3 feeder layers. 
Replicate Wells for each sample Were harvested daily and 
total cell number determined by hemacytometer counting. 
Mean cell numbers are tested for differences betWeen 
SCC13y control (non-transfected) and SCC13yGFP+ using 
standard AN OVA statistical analysis. 

GroWth of SCC13yGFP+ Cells in Athymic Mice 

[0106] The capacity of GFP expressing SCC13y cells to 
groW as6tumor xenografts Was determined by injection of 
5 -10><10 cells/100 pl of unsupplemented DME into athymic, 
nude (nu/nu), 3-4 Week old, female mice (Harlan-Sprague 
DaWley). Each animal Was inoculated With 1 dorsal and 1 
ventral subcutaneous injection each of untransfected 
SCC13y and SCC13yGFP+, respectively. The cell type 
injected at each location Was sWitched in alternate mice. A 
total of 8 mice With 1 test of each cell line each Was 
examined. All mice Were housed in accredited animal 
research facilities and experimental techniques and proto 
cols have been revieWed and approved by the Health Sci 
ences Animal Care Committee of the University of Wiscon 
sin-Madison. 

Clonogenic Survival of SCC13yGFP+ 

[0107] Colony forming ef?ciency (CFE) Was determined 
by plating a range of cell densities from exponentially 
groWing cultures into replicate 6-Well plates containing 
mitomycin C treated mouse 3T3 feeder layers. After 
approximately tWo Weeks of groWth in standard SCC plates 
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Were ?xed for 10 minutes in 10% formalin, rinsed With tap 
Water, and stained overnight With methylene blue. Colonies 
of ~50 cells Were counted. CFE Was calculated as [(number 
colonies counted)/(number of cells seeded)]><100%. Mean 
CFE Was determined for replicates and tested for differences 
betWeen non-transfected SCC-13y control and SCC13yGFP+ 
using standard AN OVA statistical analysis 

Radiation Survival of SCC13yGFP+ 

[0108] Radiation survival for the SCC13y and 
SCC13yGFP+cells Was determined by irradiating replicate 
exponentially groWing cultures With 0, 1, 3, 6, and 10 Gy 
doses. Cultures Were maintained in a 25 mm2 tissue culture 
?ask and had a total cell number of 1-2><106 cells per ?ask 
When irradiated With a 137Cs hot box With current dose rate 
of 5.86Gy/min. FolloWing irradiation, cells Were 
trypsiniZed, counted, diluted, and plated in 3-5 60 mm2 
dishes on mitomycin C treated 3T3 feeder layers over a 
range of cell densities to alloW detection of colony groWth. 
Colony forming ef?ciency Was determined as described 
above. Mean CFE Was determined for replicates and tested 
for differences betWeen non-transfected SCC13y and 
SCC13yGFP+ using standard AN OVA statistical analysis. 

Histological Analysis of Transfected Organotypic 
Cultures 

[0109] SCC13yGFP+ cells at 9( passage Were plated at a 
density of 500, 5000, 100,000 cells/collagen base and groWn 
in organotypic co-culture for 16 days. Organotypic cultures 
Were ?xed overnight in 4% paraformaldehyde before 
embedding in paraffin. Sections (5 pm) Were cut and alter 
nate sections Were mounted and stained With hemotoxylin 
and eosin (H&E) by Surgical Pathology, UW-Madison Hos 
pital, Madison, Wis. Non-H&E sections Were rehydrated, 
stained With 5 mg/ml Hoechst dye (33258) for 15 minutes, 
dehydrated and mounted using Cytoseal mounting media 
(Stephens Scienti?c). Sections Were vieWed using an IX-70 
inverted ?uorescent microscope (Olympus) equipped With a 
dual FITC-Hoechst ?lter (470 nm:20 and 525 nmzband 
pass). 

Analysis of GFP Expression by Confocal 
Microscopy 

[0110] GFP-expressing SCC13y cells at 9( passage Were 
plated at a density of 500 cells/collagen raft and groWn in 
organotypic culture for 16 days as described above. Orga 
notypic cultures Were ?xed overnight in 4% paraformalde 
hyde-PBS and rinsed for >1 hr in a 0.1 M glycine-PBS 
solution at 4° C. Cultures Were mounted, coverslipped using 
Vectashield mounting media (Vector labs) and sealed With 
rubber cement. GFP expression Was analyZed using a con 
focal laser scanning microscope (Nikon Diaphot 200) With 
an excitation Wavelength of 488 nm and detection With a 
500-530 nm bandpass ?lter. Images Were taken at approxi 
mately 1 pm intervals starting at the upper corni?ed layer 
(W. M. Keck Neural Imaging Laboratory, University of 
Wisconsin-Madison). 

B. Results 

Efficiency of Transfection of SCC13y 

[0111] One objective of this set of experiments Was to 
optimiZe the transfection ef?ciency of SCC13y. Transient 
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transfection is de?ned as positive expression of the trans 
fected construct occurring Within 48 hours following trans 
fection. There Were predominantly three variables Which 
Were examined for an effect on transfection ef?ciency: 
concentration of DNA, concentration of GeneFECTOR, and 
cell density. Table [text missing or illegible when filed] 
in Appendix 1 summarizes the observed percentage of GFP 
cells folloWing transfection as determined by ?oW cytom 
etry. The optimal SCC13y transfection ef?ciency of 21.4% 
Was observed With 10 pg of input DNA using a 1:2 ratio of 
DNAzGeneFECTOR. Optimal cell density for transfection 
Was observed When cells Were in exponential groWth phase, 
but before the cultures reached con?uence. Although non 
viable cells may be positive transfectants, these cells Were 
excluded from analysis by gating out this population With 
the ?oW cytometry softWare. In all experiments, the total 
number of dead cells observed Was small relative to the total 
number of cells analyZed (<8%). 

Isolation of SCC13yGFP+ Populations 
[0112] Using the optimal transient transfection conditions 
described above, exponentially groWing SCC13y Were 
transfected With the pGreenLantern GFP plasmid and stable 
SCC13yGFP+ cells Were isolated. Stable transfection is 
de?ned as positive GFP expression for a period of no less 
than 4 Weeks of serial cultivation. GFP expression of tran 
siently transfected cells varied over a range of approxi 
mately 2 logs on the ?oW cytometry histogram and repre 
sented approximately 4% of the total population of 
transfected cells. FolloWing plating of sorted cells, indi 
vidual SCC13yGFP+ colonies Were observed to have variable 
levels of expression Within (and betWeen) colonies, hoW 
ever, mixed GFPVGFP' colonies Were rarely observed. By 
the third passage, a post-sort check folloWing sorting of the 
SCC13yGFP+ population shoWed that approximately 85% of 
the cells expressed GFP. 

Stable GFP Expression in SCC13yGFP+ 
Transfectants 

[0113] Pooled populations of SCC13yGFP+ at passage 7, 
exhibit a baseline level of GFP expression approximately 1 
log greater than the auto?uorescent background detected in 
non-GFP expressing SCC13y 

[0114] The percentage of SCC13yGFP+ cells in the popu 
lation Was found to be 90% using FACS analysis softWare. 
This compares Well With the percentage of GFP30 cells 
found after sorting in earlier passages discussed above 
(85%). SCC13yGFP+ cells Were de?ned as all events With a 
GFP signal greater than the highest GFP signal detected in 
viable, non-transfected SCC13y cells. Visual observation 
using ?uorescent microscopy con?rm that feW, if any, non 
GFP-expressing SCC13y present in this population. 

[0115] Another set of experiments has demonstrated that 
GFP expression in SCC13y is stable over longer periods of 
time. Histograms of GFP expression determined 12 passages 
folloWing isolation of stable SCC13yGFP+ demonstrate little 
change in the percentage of GFP30 (85%), and GFP signal 
remains approximately 1 log greater than non-GFP express 
ing controls. Fluorescent microscopy con?rmed that visu 
ally, 100% of the cells appear green. 

In Vitro SCC13y GroWth is Unaffected by GFP 
Expression 

[0116] In vitro groWth of SCC13yGFP+ cells Was next 
examined to determine if GFP expression affected SCC13y 
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groWth. SCC13yGFP+ and non-transfected SCC13y cells 
greW at nearly identical groWth rates and achieved similar 
total cell numbers after 6 days of in vitro groWth. In addition, 
both cell lines demonstrated a typical initial lag phase of 
sloW groWth folloWed by an exponential, rapidly groWing 
phase. 

SCC13yGFP+ Remain Tumorigenic 

[0117] The SCC13y cell line is malignant and forms 
tumors in nude mice. SCC13yGFP+ cells Were examined to 
determine if exogenous GFP expression alters the ability of 
SCC13y cells to form tumor xenografts. Of the 8 mice 
injected With both cell lines, every mouse has produced an 
observable tumor Within the ?rst Week folloWing injection. 
In addition, there have not been any tumors Which have 
regressed (monitored up to 8 Weeks). These experiments 
continue With all tumors increasing in siZe on a Weekly 
basis, although, each tumor is not necessarily groWing at the 
same rate. 

Unaltered Radiation Response of SCC13yGFP+ 

[0118] The radiation response of the SCC13y cell line has 
been Well characteriZed (Petereit, D. G., et al., 1994). A 
radiation dose of 6 Gy kills approximately 99% (2 logs) and 
10 Gy kills approximately 99.9% (3 logs) of exponentially 
groWing cells. Similar experiments With GFP expressing 
SCC13y cells over the same dose range produced nearly 
identical results. Also, the morphology of the SCC13yGFP+ 
colonies assayed in this clonogenic survival assay appear to 
be similar to the non-transfected SCC13y cells. Colonies did 
not demonstrate any differences in colony siZe or cell density 
over the 2 Week assay period. These observations con?rm a 
lack of effect of GFP expression on SCC13y radiation 
sensitivity. 

Co-culture of SCC13y Does Not Alter Normal 
Strati?cation of BC-1-Ep/SL Keratinocytes 

[0119] The BC-1-Ep/SL cells have been previously shoWn 
to form fully differentiated skin in organotypic culture7. 
Introduction of a malignant cell type into this functionally 
normal tissue does not appear to alter the capacity of the 
BC-1-Ep/SL to exhibit normal squamous differentiation. 
Observations of groWing co-cultures of BC-1-Ep/SL and 
SCC13yGFP+ cells identify a multilayered sheet that is 
similar to strati?ed epithelium. The BC-1-Ep/SL cells con 
tinue to exhibit several characteristics of normally differen 
tiating epidermis. Basal cells are observed to form a single 
layer of cuboidal cells resting at the junction of the epider 
mis and the dermal equivalent. The rounded morphology 
and high nuclear to cytoplasmic ratio indicates an actively 
dividing population of keratinocytes. Normal differentiation 
is evident in cells moving toWard the skin surface as they 
?atten and become squamous and loose the nucleus in the 
upper layers of the tissue. 

Identi?cation of 3-D Tumor Foci in Organotypic 
Culture SCC13yGFP+ and BC-1-Ep/SL Stratifying 

Epithelia 
[0120] To determine if the malignant SCC13yGFP+ cell 
line Was able to form tumor foci in a predominantly non 
malignant keratinocyte culture, varying numbers of 
SCC13yGFP+ cells Were seeded onto an organotypic BC-1 
Ep/SL keratinocyte culture. SCC13yGFP+ cells Were plated 
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at 500, 5000, and 100,000 cells per 300,000 BC-1-Ep/SL 
cells at the start of the experiment. After tWo Weeks in 
culture, all experimental groups formed growing tumor foci 
of GFP cells. The highest conentration of SCC13yGFP+ cells 
(100,000 SCC13yGFP+ to 300,000 BC-1-Ep/SL cells) pro 
duced a continuous sheet of GFP30 cells Which appeared to 
overWhelm groWth of the BC-1-Ep/SL cells. Confocal 
microscopy Which alloWs examination of organotypic cul 
tures in three dimensions con?rmed the formation of a 
number of individual SCC13yGFP+ tumor foci groWing 
Within the normal tissue-like structure formed by the orga 
notypic culture of BC-1-Ep/SL cells. The SCC13yGFP+ foci 
greW predominantly in spheroid-shaped masses and con 
tained no less than 50 cells per focus. Interestingly, it 
appeared that the SCC13yGFP+ cell foci greW uninterrupted 
by BC-1-Ep/SL (non-green) co-cultured cells, i.e., all GFP 
cells of a foci Were adjacent to each other. These observa 
tions con?rm that SCC13y malignant cells can be co 
cultured Within an engineered human tissue and that GFP 
expression is an ef?cient labelling method Which can be used 
to identify and visualiZe even very small human tumor foci. 
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APPENDIX 1 

[0151] 

TABLE 1 

Chromosomal aberrations With passage 

Chromosomal analysis Was done on 20 spreads of the parental 

BC-1-Ep at passage 3 and the BC-1-Ep/SL cells at passages 31 and 54. 

47, 48, XY + 49, XY + 

Passage 46, XY + i(1q) + 48, XY + i(1q) + 

# Spreads XY i(8q) i(8q) i(8q) + mar i(8q) + mar 

3 20 20 0 0 0 0 

31 20 0 20 0 0 0 

54 20 0 17 1 1 1 

[0152] 

TABLE 2 

Tumorigenicity of BC-1-Ep/SL cells in nude mice 

To determine if BC-1-Ep/SL cells formed tumors, cells Were injected 

subcutaneously into the ?anks of six nude mice at 5 x 10° 

cells/100 #1 F12. For a negative control. BC-1-Ep 6° 

Were injected into the ?anks of six nude mice at 3 x 6 

cells/100 #1 F12. For a positive control. SCC4y 20° 

Were injected into ?anks of four nude mice. Mice Were Weighted and 

tumors measured 26 days later. The injection strategy is shoWn below. 

Body Weight Area of tumor 

Animal # Condition (gm) (mm3) 

1 left ?ank = BC-1-Ep 6° 22 — 

right = BC-l-Ep/SL 35° _ 

2 left = BC-l-Ep 6° 24 — 

right =BC-1-Ep/SL 35° _ 

3 left =SCC4y 20° 21 105.2 

right = BC-l-Ep/SL 35° _ 

4 left = BC-l-Ep 6° 25 — 

right =SCC4y 20° 1183.6 

5 left ?ank =BC-1-Ep 6° 23 — 

right = BC-l-Ep/SL 35° _ 

6 left = Bc-1-Ep 6° 22 — 

right = BC-l-Ep/SL 35° _ 

7 left = SCC4y 20° 22 51.3 

right = BC-l-Ep/SL 35° _ 

8 left =BC-1-Ep 6° 19 — 

right = SCC4y 20° 463.3 
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[0153] 

TABLE 3 

Formation of corni?ed envelopes in BC-1-Ep/SL cells 
BC-1-Ep/SL cells Were groWn in the presence of a 3T3 

feeder layer. Feeders Were removed and 2-3" days later, cells 
Were suspended for 24 hours at —106/ml in 3F12:1DME + 

penicillin/streptomycin made semisolid With 1.68% 
methylcellulose. Adherent cells Were rinsed and incubated 24 

hours in 3F12:1DME + penicillin/streptomycin. Envelopes 
Were isolated by boiling the cells for 5 minutes in PBS 

containing 1% SDS and 20 mM DTT, and counted 
using a hemacytometer. 

Treatment Adherent Suspended 

Exp. 1 Parent (*4°) 1.51% 43.3% 

BC-l-Ep/SL (31°) 1.32% 69.8% 
Exp. 2 Parent (6°) 1.79% 32.8 

BC-l-Ep/SL (33°) 1.05% 73.7% 

[0154] 

TABLE 4 

DNA Concentration Imports on Transient Transfection 
E?iciency in BC-1-Ep/SL Cells 

BC1-Ep/SL cells Were transfected With the GFP containing plasmid 
pGreenLantern (Gibco) and pcDNA3neo(Invitrogen) With the various 
anounts of DNA depicted beloW. The ratio of DNA to GeneFECTOR 

Was kept constant at 1:4. Transfection e?iciency Was obtained 
using FACS. Cell number Was determined by trypsinization and 

counting of keratinocvtes using a hemacvtometer. 

Aug. 26, 1997 Dec. 16, 1997 Dec. 22, 1997 
DNA concentration % GFP + Cells % GFP + Cells % GFP + Cells 

15 ,ug pGL + 3.79% 13.64% 9.88% 
5 ,ug pcDNA3 
20 ,ug pGL + 3.2% 5.25% 8.85% 
6.7 ,ug pcDNA3 
25 ,ug pGL + 1.98% 12.49% 3.33% 
8.3 ,ug pcDNA3 
Cell 70% 35.40% 35.40% 
Con?uence 

[0155] 

TABLE 5 

Ratio of DNA to GeneFECTOR Affects 
Transient Transfection E?iciency 

BC-1-Ep/SL cells Were transfected With varying ratios of plasmid DNA 
(pGL + pcDNA3neo) to transfection reagent (GeneFECI‘OR). The 
DNA concentration Was held constant at 15 ,ug of pGreenLantern 
and 5 ,ug of pcDNA3neo. Transfection e?iciency Was obtained 

using FACS. Cell number Was determined by cell 
trvp ini ation and hemacvtometer countim7 

Ratio of DNA Jan. 30, 1998 Feb. 20, 1998 Feb. 20, 1998 
to Genefector % GFP + Cells % GFP + Cells % GFP + Cells 

1:2 4.74% 15.2% 6.94% 
1:3 7.23% 17.54% 19.36% 
1:4 3.3% 7.95% 16.99% 
Cell 50% 30% 30% 

Con?uence 




