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ABSTRACT

Early passage normal human fetal kidney epithelial cells were inocu
lated on top of a confluent monolayer of X-ray lethally irradiated human
fibroblasts to determine the colony-forming ability of these epithelial
cells. The results indicate that the great majority of the epithelial cells
did not have the clonogenic ability on the fibroblast cell mat, although
they were capable of colony formation on plastic surface without the cell
mat. A small subpopulation of these epithelial cells, however, was able
to proliferate on the cell mat. These contact-insensitive fetal epithelial
cells were found to be deficient in gap junction-mediated intercellular
communication, to contain keratin and f-glutamyl transpeptidase but not
fibronectin. These contact-insensitive cells appear to have greater prolif-
erative potential than the parental cell population and to exist transiently
in early passage but not in late passage culture. The ability of proliferation
on cell mat was found to be shared by 22 different human carcinoma cell
lines that were tested. This unique clonogenic ability of normal contact-
insensitive and human carcinoma cells on the cell mat could provide a
selection method for presumptive normal stem and tumor cells and for
an assay for screening potential antitumor drugs and assessing the
efficacy of chemotherapeutic drugs against a given tumor.

INTRODUCTION

While the origin of tumor cells is still unresolved, a number
of studies has implicated a clonal origin of the tumor cells
during the multistep process (1-5). Several investigators have
described the carcinogenic process to involve some disruption
of the normal differentiation process (6-9). Potter (9) has even
characterized carcinogenesis as "oncogeny as partially blocked
or blocked ontogeny."

The tumor stem cell concept has been based on a variety of
observations. These include (a) the similarity between stem cells
and tumor cells such as tissue origin, extensive proliferative
potential, and tissue-specific differentiation potential; (/>) the
implication of small target size for tumor control with radio
therapy; (c) the demonstration that clonogenic potential, self-
renewal capacity, and cell differentiation features are restricted
to subpopulations of cells in tumors: and (d) the ability to
induce terminal differentiation of some neoplastic cells in vitro
by various natural differentiation factors or exogenous chemical
compounds (10-18). Although little is known of the role or
mechanisms of differentiation in the neoplastic transformation
process, Nakano et al. ( \ 9) have recently demonstrated that a

Received 12/20/85; revised 9/19/86; accepted 12/9/86.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1Research was supported by a cancer research grant from the College of
Human Medicine, Michigan State University, to C-c. C., National Cancer Insti
tute Grant CA 21104 and the Education Foundation of America grant to J. E.
T.. and National Institute of Environmental Health Sciences Grant ES310I to S.
M. D.

2To whom requests for reprints should be addressed, at Department of
Pediatrics and Human Development. College of Human Medicine, Michigan
State University, East Lansing, Ml 48824.

subpopulation of less differentiated CS 3cells, found in primary

and low passage Syrian hamster embryo cells, was more suscep
tible to neoplastic transformation than populations of cells
depleted of CS~ cells.

In addition, many studies have shown that malignant cells
lack contact inhibition (20,21 ) and are selectively or universally
dysfunctional for gap-junctional intercellular communications
(22-24). Interestingly, some tumor promoters, such as TPA,
known to inhibit intercellular communication (25, 26), alter
differentiation (27-29), and increase population density (30,
31), can induce the neoplastic phenotype (32-34). Studies with
rat embryo fibroblasts have indicated that contact-insensitive
growth could be a property of the interaction of two oncogenes,
myc and ras, or the synergism otras and TPA (34-35).

Recently, we have been able to establish primary cultures of
human fetal kidney epithelial cells (36). In this report, we
demonstrate the existence, in early passages of these epithelial
cultures, of a small subpopulation of contact-insensitive cells
which were deficient in gap-junctional intercellular communi
cation and which were able to form colonies on X-ray-lethally
irradiated human fibroblast cell mat. This contact insensitivity
was also exhibited by many human carcinoma cell lines that
were examined. The observation may provide a basis for the
development of new assays to select for presumptive normal
stem cells and to isolate human tumor cells for prescreening of
anticancer chemotherapeutic agents.

MATERIALS AND METHODS

Cell Culture. The human fetal kidney epithelial culture (84-10B-
472K) used in these experiments were established as described previ
ously using a modified Â«-minimalessential medium supplemented with
D-valine (36). For the experiments in this report all cells were cultured
in a modified Eagle's minimal essential medium (37) (Earle's balanced

salt solution with 50% increase of vitamins and essential amino acids
except glutamine), supplemented with non-essential amino acids (100%
increase), 1 mM sodium pyruvate, and 10% fetal calf serum. Cells were
incubated at 37Â°Cin water-jacketed incubators that provide 5% CO2 in

air and humidity.
The colon carcinoma lines were obtained from Dr. Michael Brattain

of Baylor College of Medicine. The breast carcinoma and choriocarci-
noma lines were supplied by Dr. Charles Aylsworth (Michigan State
University), who obtained these lines from the American Type Culture
Collection (Rockville, MD). The ovarian teratocarcinoma cell line was
a gift from Dr. E. Huberman (Argonne National Laboratory) and was
originally derived from the PAI cells (38). This cell line has been
recloned (HT-P3-4) in our laboratory. The fetal intestine epithelial cells
(BH794, passage 20) and the mammary epithelial cell line (BC624,
same as HBL-100. originally derived from human milk (39)], were
obtained from the Naval Biomedicai Research Laboratory (Oakland,
CA). The former are normal epithelial cells and the latter is a trans-

3The abbreviations used are: CS", contact insensitive; TPA, 12-O-tetradeca-
noylphorbol-13-acetate; FITC, fluorescein isothiocyanate; PBS, phosphate-buff
ered saline; GGT, 1-glutamyl transpeptidase; CPDL, cumulative population-
doubling level; CS*, contact sensitive.
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CONTACT INSENSITIVITY OF HUMAN FETAL EPITHELIAL CELLS

formed cell line with a mean chomosome number around 67. The
prostate carcinoma cell lines were provided by Dr. M. M. Webber of
the University of Colorado Health Science Center. The renal carci
noma, GKA-13, was sent to us by Dr. A. J. Sytkowski (Children's

Hospital Medical Center. Boston, MA). The glioblastoma cell lines
were from Dr. Dennis Deen of the Brain Tumor Research Center, The
University of California, San Francisco, CA. The HeLa cell lines were
from the American Type Culture Collection. The normal human fibro-
blasts (MSU-2) used as feeder layer were established in our laboratory
from a newborn foreskin.

Cell Mat Assay for Contact-insensitive Cells. The method we used to
prepare the cell mat is slightly different from that described by Nakano
et al. (40, 41) for Syrian hamster embryo cells. Normal human fibro-
blasts (MSU-2) were trypsinized and pooled in a 25-cm2 flask contain
ing 10 ml medium. These cells were irradiated with 4000 rads X-rays
generated by a Torrex 150-kV cabinet X-ray unit (Scan Ray Corpora
tion, Harbor City, CA). After irradiation, the cells were inoculated at
10 x IO6 cells/9-cm plate. These fibroblasts were allowed to attach

overnight and were then supplied with fresh medium before being used
as cell mat. For qualitative determination of clonal growth of epithelial
cells on these cell mats, 0.5-1 x 10*cells were inoculated in each plate.

For quantitative comparison of cloning efficiencies on cell mat and
plastic surface, 300 cells/plate (9 cm) were used (except for cell mat
growth of normal kidney epithelial cells which were plated at 1-2 x
10' cells/plate). The medium was renewed every 1-2 days. Colonies
developed in 1-2 weeks were photographed with a phase contrast Nikon
microscope or were stained with crystal violet. For qualitative classifi
cation of tumor cell growth on cell mat, colony-forming frequency of
more than 1% was considered as positive clonal growth. For quantita
tive determination of epithelial colonies on cell mat, the plates were
stained with crystal violet for a few seconds, then soaked in water until
the stain on the background cell mat was sufficiently faded. The X-ray-
lethally irradiated human fibroblasts remained intact for more than 1
month with frequent medium change.

Effect of Contact with Cell Mat on Proliferative Activity of Kidney
Epithelial Cells. The majority of early passage kidney epithelial cells
do not form colonies on X-ray-irradiated fibroblast cell mat. To deter
mine whether the contact induces terminal differentiation and reduces
the clonogenic ability of these epithelial cells, the colony-forming
efficiency on plastic surface were compared before and after incubation
on cell mat for 6 days. The colony-forming efficiency was also deter
mined for the same population of cells subcultured and maintained on
plastic surface for 6 days. The total number of epithelial cells on cell
mat after 6 days incubation cannot be accurately determined. But the
highest possible colony-forming efficiency can be estimated by replating
serially diluted cells, based on the assumption that there is no epithelial
cell division during the 6-day incubation. This high limit estimation of
colony-forming efficiency for epithelial cells on cell mat, when com
pared to that of the same population of cells maintained on plastic
surface, may provide evidence concerning cell mat-induced terminal
differentiation. For this experiment, a population of kidney epithelial
cells was inoculated on cell mat at 5 x 10* cells/plate (9 cm). After 6

days of incubation, the cells in each plate were diluted 500 or 5000
times and replated on plastic plates without the cell mat for colony
formation.

Expression of Differentiated Functions in Contact-insensitive Kidney
Epithelial Cells. Epithelial cells usually produce keratin, the presence
of which can be used to identify cells as epithelial (42). A similar
statement can be made about fibronectin for fibroblast cells. To deter
mine whether the CS" colonies formed on cell mat are epithelial cells

or not, we have determined the presence of these proteins in these cells
using the immunofluorescence technique. Antibodies directed toward
human keratin were prepared in rabbits according to the procedure of
Sun and Green (42). FITC-labeled rabbit anti-human fibronectin was
purchased from Accurate Chemical Scientific Co. FITC-labeled goat
anti-rabbit IgG, heavy and light chain, antibody was obtained from
Cappel Laboratories. Cells were incubated at 37Â°Cfor l h with either

a 1/100 dilution of the antihuman keratin or a 1/200 dilution of the
FITC-anti-human fibronectin. The cells stained for fibronectin were
washed in distilled water and viewed under an epifluorescence micro
scope. The cells incubated with the human keratin antibody were

washed in PBS, incubated for 15 min in 10% goat serum, washed, and
finally incubated for l h in the FITC-goat anti-rabbit antisera. After
washing in distilled water, the cells were viewed under the fluorescence
microscope. GGT is specific to proximal tubule epithelial cells (43, 44).
GGT activity was determined in the air-dried cells as previously de
scribed (43, 44). Cells exhibiting GGT activity showed bright red
precipitates in their cytoplasm. Cells not exhibiting activity appeared
light brown.

Determination of Intercellular Communication by Scrape Loading and
Dye Transfer. The method recently developed by EI-Fouly et al. (45)
was used. The cells on plates were rinsed with PBS before the addition
of a mixture of fluorescent dyes (0.05% Lucifer yellow, M, 457.2, and
rhodamine dextran, M, 10,000 in PBS; both dyes were obtained from
Molecular Probes, Inc., Eugene, OR). The dye solution was scrape
loaded at room temperature using a metal or wooden probe and left on
the cells for 2 min before it was decanted. The plates were then rinsed
with PBS to remove the background fluorescence and the cells were
examined for Lucifer yellow transfer across membrane gap junctions
in growth medium under a Nikon epifluorescence phase microscope
illuminated with an Osram HBO 200-W lamp.

RESULTS

Presence of ('S Cells in Human Fetal Kidney Epithelial

Culture. When human fetal kidney epithelial cells (84-10B-
472K) were inoculated on top of X-ray-lethally irradiated hu
man fibroblast cell mat, the great majority of the cells stopped
proliferating and remained as single cells, although on plastic
surface without the cell mat they were capable of forming
colonies (colony-forming frequency about 10%). A small mi
nority of cells, however, were able to proliferate and form
colonies on human fibroblast cell mat (Fig. 1). The results were
reproducible with early passage cells either before or after
storage in liquid nitrogen. In two experiments (Table 1), we
compared the early and late passages of the same population of
fetal kidney epithelial cells (84-10B-472K) for their colony-
forming abilities on the fibroblast cell mat. The results indicate
that early passage cells showed a colony-forming efficiency of
50 colonies/1 x IO6 cells inoculated. The late passage cells,

regardless of whether they have been exposed to TPA at earlier
passages, completely lost the ability to form colonies on the
cell mat (frequency less than 0.8 x 10~6). On plastic surface,

these late passage cells still retained a certain degree of colony-
forming ability (0.2-2.7%).

Expression of Differentiated Functions in ( S Fetal Kidney
Epithelial Cells. The CS" colonies formed on human fibroblast

cell mat were found to produce keratin and GGT which were
absent in the fibroblast cell mat (Fig. 2, top and bottom). On
the other hand, the fibronectin was absent in these CS" cells

but was produced by the human fibroblast cell mat (Fig. 2,
middle). The parental cells cultured on plastic surface were
found to produce keratin throughout the life span but not to
express surface-associated fibronectin (36). GGT was also
found to be present in more than 80% of the parental cells (36).

Some Characteristics of Contact-insensitive Human Fetal Kid
ney Epithelial Cells. The parental cell population can achieve a
total of more than 20 CPDL. Although the cell culture was
found to produce keratin throughout the life span, the typical
epithelial morphology of earlier passage cells (before 11 CPDL)
was found to be replaced by a more fibroblast-like morphology
of late passage cells (after 11 CPDL) (36). As shown in Fig. 1,
some epithelial colonies grown on fibroblast cell mat contain
more than 4000 cells/colony. This represents 12 population
doublings, which are more than the 11 population doublings
observed for the same population of cells with typical epithelial
morphology cultured in the same medium on plastic surface.
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Fig. 1. Colonies of CS human fetal kidney epithelial cells formed on top of X-ray-lethally irradiated human fibroblast cell mat.

When these colonies (12 tested) were dissociated into single mented pieces of a colony, however, they continued to prolif-
cells by trypsinization in glass cylinder and replated on freshly erate (Fig. 3A). This indicates that the microenvironment of
prepared X-ray-irradiated human fibroblast cell mat, these cells cell-cell interaction among epithelial cells is important for the
lost the ability to form colonies. When transferred as frag- growth of these contact-insensitive cells on fibroblast cell mat.
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Table I Colony-forming ability of human fetal kidney epithelial cells on X-ray-
irradiated human fibroblast cell mat

Experiment12Cell
passage

levelEarly0

Late*LatecEarly"

Late'Total

no. of
cellsplated1.5

xIO66x
IO56x

IO51.2

x IO6
1.2 x IO6Total

no.ofcolonies

formed78

00600Colony-forming

efficiency52
x IO-6

0050

x IO"6

0
Â°Six days in culture from passage I; CPDL 2.5; colony-forming efficiency on

plastic surface, 6%.
* Thirty days in culture from passage I; CPDL 13; colony-forming efficiency

on plastic surface, 0.2%.
c Thirty days in culture from passage 1, exposed to TPA (100 ng/ml) for the

first 21 days; CPDL 13; colony-forming efficiency on plastic surface, 0.4%.
d Six days in culture from passage 1; CPDL 2.3; colony-forming efficiency on

plastic surface, 10.2%. Number of CS~ colonies in each plate, 12, 11, 11, 10,9,

7.
' Fifteen days in culture from passage 1; CPDL 8.2; colony-forming efficiency

on plastic surface, 2.7%. The recovery of CS~ colonies is significantly lower than

that of early passage cells corrected by observed colony-forming efficiency of late
passage cells on plastic surface using r test.

These contact-insensitive epithelial colonies, when transferred
and cultured on plastic surface, continued to proliferate to more
than 4 x IO6cells (about 22 CPDL; the maximum cumulative

population doublings of these colonies have not been deter
mined). This indicates that contact-insensitive cells have far
more population doubling potential than the parental cells with
typical epithelial morphology. The morphology of the progenies
of these contact-insensitive colonies looked more fibroblast-like
rather than the epithelial morphology which characterizes the
original CS~ colonies and early passage parental cells. This

morphology is indistinguishable from that of the late passage
cells derived from the same cell population. Treatment of these
CS~ colonies on fibroblast cell mat with TPA (100 ng/ml,

overnight) not only caused these epithelial cells to change
morphologically, but also caused them to displace the fibroblast
feeder layer and attach directly to the plastic surface (Fig. 3Ã„).

Effect of Contact with Cell Mat on Colony-forming Ability of
Fetal Kidney Epithelial Cells. To determine whether contact
with the cell mat might cause terminal differentiation or stop
cell division without affecting proliferative potential, the exper
iment presented in Table 2 was performed. The results show
that colony-forming ability of fetal kidney epithelial cells was
reduced 14 times after contact with cell mat for 6 days. When
compared to the same population of cells subcultured on plastic
surface simultaneously for 6 days, the decrease in colony-
forming efficiency was about 4 times. The calculations are based
on cell number initially inoculated on the cell mat, assuming
no further increase of epithelial cells on cell mat. If cell divisions
occurred for the majority of CS+ cells or the few CS~ cells, the

reduction in colony-forming ability of fetal kidney epithelial
cells on cell mat would be even more striking.

Ability of CS" Kidney Epithelial Cells to Perform Gap Junc

tion-mediated Intercellular Communication. Normal human fetal
kidney or intestine epithelial cells were found to be able to
transfer Lucifer yellow as revealed by the scrape-loading fluo-

I
.*

.

Fig. 2. Contact-insensitive human fetal kidney epithelial colonies on fibroblast
cell mat stained for keratin (top), fibronectin (middle), or GGT (bottom) activity.The CS" cells showed positive activities of keratin and GGT and negative activity

for fibronectin (colony revealed as a dark area) in contrast to the background
human fibroblasts.
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Fig. 3. /(, a human CS~ kidney epithelial colony derived from a piece of fragmented CS colony after transfer to a new human fibroblast cell mat; B, a human CS~

kidney epithelial colony on human fibroblast cell mat after treatment with TPA (100 ng/ml) overnight; C, a human ( s kidney epithelial colony after trypsinization
to reveal that epithelial cells were grown on top of fibroblast cell mat.

rescent dye transfer technique (Fig. 4). When a second fluores
cent dye of larger molecular weight, the rhodamine dextran,
was concurrently used, it remained and thus labeled the primary
loaded cells. In contrast, CS~ fetal kidney epithelial colonies

formed on cell mat (6 colonies have been examined) did not
show dye transfer with contiguous CS~ epithelial cells or with

human fibroblasts which served as cell mat and which showed
efficient dye transfer (Fig. 5, top). Two carcinoma cell lines
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Fig. 4. Photographs showing intercellular communication in normal human kidney epithelial cells (left) and normal human intestine epithelial cells (right) as
revealed by scrape-loading-dye transfer technique. Whereas the yellow dye (Lucifer yellow) transferred from cell to cell (bottom), the red dye (rhodamine dextran)
remained in primar)' loaded cells (middle).

(HeLa and a colon carcinoma line, RCA) examined by the
method also failed to show any dye transfer (Fig. 5, middle and
bottom).

Contact-insensitivity of Human Carcinoma Cell Lines. To test
if contact insensitivity exhibited by a small subpopulation of
early passage human fetal epithelial cells is shared by human
carcinoma cell lines, we have tested various human tumor cell
lines of different origins. The results (Table 3) show that all
human tumor cell lines that were tested were capable of forming
colonies on X-ray-irradiated human fibroblast cell mat (Fig. 6).

These cell lines include 8 colon carcinoma, 4 breast carcinoma,
4 glioblastoma, 2 prostate carcinoma, 2 choriocarcinoma, 1
renal carcinoma, 1 ovarian teratocarcinoma, and the HeLa cell
line (a cervix carcinoma). One late passage human fetal intestine
epithelial cell culture (BH794) that was not tumorigenic in nude
mice assay4-5did not show any clonal growth on the fibroblast

cell mat.

' John F. Weaver (Cetus Corp., Emeryville, CA), personal communication.
5 Unpublished results.
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Table 2 Effect of contact with human fibroblast cell mat on colony-forming
ability of human fetal kidney epithelial cells

At the time of inoculation of epithelial cells on cell mat, the colony-forming
efficiency of the epithelial cells on plastic surface was determined. The epithelial
cells were either subcultured on plastic surface or maintained on cell mat until
the sixth day when a second determination of colony-forming efficiency was
performed.

CelltypeFibroblasts

(4000 R X-
ray irradiated)

Epithelial cells (CPDL
4.2)

Epithelial cells (CPDL
8.2)

Epithelial cellsCulture

environmentAs

cell mat

Plastic surface

Plastic surface

Cell matDays

of
culture61

6

6Colony-forming

efficiency on
plasticsurface<i.i

xi<r"10%Â°

2.7%"

0.7%*

Â°Cell numbers plated were based on exact cell count at the day of replating.
b Epithelial cell numbers plated are based on cell number inoculated on cell

mat at day I. assuming no cell number increase during the sixth day coculture
with fibroblasts.

Table 3 Colony-forming ability of human epithelial cell lines on X-ray-irradiated
human fibroblast cell mat

Cell line
Clonal growth

Tumorigenicity on cell mat

Colon carcinoma
RCA
GEO
HCT116
HCT 116B
R
C
FET
CBS

Breast carcinoma
MCF-7
T47D
Hs 0578T
MDA-MB-231

Renal carcinoma
GKA-13

Ovarian teratocarcinoma
HT-Pj-4

Cervix carcinoma
HeLa

Prostate carcinoma
LN-Cap
DU-145

Choriocarcinoma
JAR
JEG

Glioblastoma
87MG

257MG
373MG

Mammary' epithelial
BC624

Fetal intestine epithelial
BH794

(transformed)

The carcinoma cell colonies grown on human fibroblast cell
mat can be quantitated since they can be stained as darker
colonies on the lighter background of the cell mat (Fig. 7).
Instead of round colonies formed on plastic surface, colonies
on cell mat usually are elongated in shape. For the 7 carcinoma
cell lines tested, comparable colony-forming frequencies were
found on both plastic surface and on X-ray-irradiated fibroblast
cell mat (Table 4).

DISCUSSION

Rheinwald and Green (46) have demonstrated that colony
formation by normal human epidermal keratinocytes required
the presence of lethally irradiated mouse 3T3 cells but not the
medium conditioned by 3T3 cells. They further stated that
keratinocyte colonies can be formed when human fibroblasts

were used, but they grew more slowly and were less stratified.
Different from this report, we observed that normal human
fetal kidney epithelial cells can form colonies without the irra
diated fibroblast cell mat. The presence of irradiated human
fibroblast cell mat actually reduces the colony-forming ability
of these cells. The discrepancy could be due to several factors
such as cell types (epidermal keratinocytes versus kidney epi
thelial cells) or different cellular environment. The epidermal
keratinocytes attached to the plastic surface, and pushed away
irradiated 3T3 cells to the periphery while the colonies ex
panded. Our kidney epithelial cells were not growing on plastic
surface, they grew on top of irradiated human fibroblast cell
mat (Fig. 1 and Fig. 3C). Evidence that CS~ colonies grew on

top of fibroblast cell mat also came from scrape-loading and
dye transfer study. As seen in Fig. 5, CS~ cells assumed round

or polygonal shape. Under these epithelial cells, there is a layer
of fluorescent cells with elongated cell morphology similar to
that of human fibroblasts.

In rodent cells, there is a strong correlation between tumori-
genicity and the ability to form colonies on confluent monolayer
(20, 21, 47-49). In fact, this has been the basis for the rodent
cell transformation assay (50, 51). In human cells, the use of
this method to distinguish tumor cells from normal cells has
not been characterized. Similar to Syrian hamster embryo cells
(40, 41), we have observed that early passages of human fetal
kidney epithelial cells contained a small subpopulation of con
tact-insensitive cells which were capable of forming colonies on
top of X-ray-lethally irradiated human fibroblast cell mat. Fur
thermore, we have shown, as have others, that contact insensi-
tivity is a common phenotype of many human carcinomas of
various origin. In this respect, the human cells are not different
from rodent cells.

The nature of the human CS~ cells has not been investigated
before. We have shown that these CS" cells contain keratin and

GGT but not fibronectin. The expression of these phenotypes
was also found in the parental cell population, suggesting that
these cells are proximal tubule epithelial cells (36). Like the
CS" Syrian hamster embryo cells (40, 41), these human CS~

cells in early passage fetal kidney epithelial culture are transient
and are presumably phenotypically converted to CS+ cells dur

ing passage in vitro. The late passage cells showed a reduced
colony-forming ability on plastic surface. Statistical analysis
(Table 1), however, shows that this low proliferative potential
of late passage culture does not account for its low frequency
of CS' colonies on cell mat. The CS~ cells have significantly

greater population-doubling potential than the parental epithe
lial population and appear to be the precursors of the fibroblast-
like cells that are the only type of cells found in the late passage
of the parental cell population beyond 11 cumulative population
doublings. In light of these phenotypes (contact insensitivity,
greater proliferation, and differentiation potential), it is tempt
ing to speculate that these CS" cells may represent stem or

progenitor cells of the kidney tissue.
As to the mechanism of the selective growth of the small

subpopulation of epithelial cells on irradiated fibroblast cell
mat, we believe it may be related to a different capacity of cell-
cell communication. Since the early passage human kidney
epithelial cells form colonies without the cell mat, the fibro-
blast-conditioned medium was not relevant to the proliferation
of CS" cells. It is a question of differential growth inhibition by

fibroblast cells. Since we have observed that epithelial cells,
which attached to the plastic surface in areas where the fibro
blast cell mat partly detached, proliferate normally, it is reason
able to conclude that the inhibition is not mediated through the
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Fig. 5. Lack of dye (Lucifer yellow] transfer in CS~ human fetal kidney epithelial cells formed on human fibroblast cell mat \iÂ»i>\and human carcinoma cell lines,

HeLa [a cervix carcinoma cell line (middle)} and RCA [a colon carcinoma cell line (bottom)].
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Fig. 6. Growth of various carcinoma cell lines on X-ray-lethally irradiated human fibroblast cell mat. Colon carcinoma: HCT 116 ill. 11(1 116B (B), Geo (C),
RCA (D); breast carcinoma: MCF-7 (Â£),T47D (/"); cervix carcinoma. HeLa (G); and ovarian teratocarcinoma, HT-P3-4 (//)â€¢

medium. Therefore, the growth inhibition is very likely media- their cellular metabolites are exchanged through gap-junctional
ted through cell-cell contact. For example, the majority of the communication with the lethally irradiated human fibroblasts.
early passage, contact-sensitive kidney epithelial cells may be The CS~ epithelial cells on the other hand are able to proliferate

induced to differentiate by natural differentiation factors when Â¡fthey lack gap-junctional communication with the irradiated
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Fig. 6â€”E-H.

fibroblasts. This hypothesis is supported by evidence which
shows that CS~ cells are deficient in gap-junction-mediated

intercellular communication (Figs. 4 and 5) and by experiment
(Table 2), which shows that colony-forming potential of fetal
kidney epithelial cells (the great majority of them are contact

sensitive) can be significantly reduced by contact with fibrobiast
cell mat.

The human carcinoma cells behave similarly to the normal
CS~ epithelial cells on fibrobiast cell mat. If we hypothesized
that carcinoma cells are clonally derived from CS~ epithelial
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Fig. 7. Colonies of HeLa (top) and a colon carcinoma cell line, HCT 116 (bottom) formed on plastic (left) or on fibroblast cell mat (right).

Table 4 Colony-forming ability of various human carcinoma cell lines

Colony-forming
efficiency(%)Â°Cell

lineColon

carcinoma
HCT 116RCAChoriocarcinomaJARJEG-3Prostate

carcinomaDU
145Breast
carcinomaMCF-7Cervix

carcinomaHeLaOn

plastic
surface69.8

Â±2.5*42.4

Â±1.411.7

Â±0.835.6
Â±1.758.2

Â±2.835.8

Â±1.983.5

Â±2.2On

cellmat69.8

Â±5.244.8
Â±1.322.5

Â±0.530.5
Â±0.243.3

Â±1.042.7

Â±0.799.3

Â±2.8
" Average of 3 plates; 300 cells were initially inoculated into each plate (9 cm).
* Mean Â±SE.

cells, then the tumor cells may show this trait by preserving the
original CS~ phenotype of their precursor cells. In other words,
the carcinogenic process may have blocked the ability of CS~
cells to convert to the CS+ phenotype during normal differen
tiation. Among the human carcinoma lines tested, MCF-7,
RCA, HeLa, and the two choriocarcinoma cell lines are known
to be deficient in cell-cell communication, while the HT-P3-4
teratocarcinoma cells are capable of communicating among
themselves.5 However, cell growth on cell mat may be deter
mined primarily by communication with the irradiated fibro-
blasts. It is likely that some tumorigenic cells may communicate
among themselves but not with normal cells (52). This infor

mation is not known for all of the tumor lines. Although all of
the 22 human carcinoma lines tested were able to form colonies
on the fibroblast cell mat, more experiments are needed to
validate the system as an assay for human carcinoma cells.
When validated, this procedure could become a simple assay to
isolate presumptive normal stem cells from primary tissues and
to isolate cells from human tumors for prescreening of antican
cer chemotherapeutic agents.
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