
(CANCER RESEARCH 47, 3763-3765, July 15. 1987]

Overexpression of ras in Mucus-secreting Human Colon Carcinoma Cells of
Low Tumorigenicity1

Leonard H. Augenlicht,2 Chantal Augeron, Gail Yander, and Christian Laboisse

Departments of Oncology and Medicine, Montefiore and Alben Einstein Medical Centers, Bronx, New York 10467 [L. H. A., G. Y.J, and Laboratoire de Biologie et
Physiologie des Cellules Digestives, U239 ÃŒNSERM,Faculte de Medicine Xavier Bichat, 16, rue H. Huchard, 75018 Paris, France 1C. A., C. L.}

ABSTRACT

We have investigated the expression of the protooncogenes of the myc
and ras family in HT29 cells and in three differentiated clonal cell lines
derived from this colon carcinoma cell line. In contrast to the decrease in
myc expression seen Â»lionleukemia cells are induced to differentiate, we
have found no changes in expression of the myc gene family in differen
tiated colon carcinoma cells. However, a greater than 5-fold increase in
expression of sequences which hybridize to I lu-ru.vwas observed in cells
which secrete mucin, with a smaller increase seen in expression of Ki-
ras in the same cells. This increase was not seen in cells which exhibit
vector't 1transport of water and ions, and which are not mucus-secreting.

All differentiated lines were less tumorigenic in nude mice than the
parental HT29 cells, irrespective of the level of ras expression. These
results are consistent with the reports that ras expression is highest in
the most differentiated cells of the colon and is substantially decreased
in metastatic human colon tumors as compared to primary colon tumors.
The data also suggest that a high level of ras gene expression is a marker
for a particular differentiated state in colon cells rather than being directly
equated with transformation or tumorigenicity. Hence, the results may
reflect on some of the discrepancies concerning ras gene expression in
human colon and other tumors which appear in the literature.

INTRODUCTION

The induction of differentiation of cancer cells is of interest
for two reasons, (a) The potential exists to use such induction
therapeutically to revert cancer cells to a less malignant phe-
notype. Such treatment may cause the tumor to become a
reduced threat to the host, or to become more responsive to
traditional chemo- or radiation therapy (1,2). (b) The induction
of differentiation provides model systems for investigating the
progression of cellular and molecular changes which accompany
the development of the fully malignant phenotype. For exam
ple, induction of differentiation of mouse erythroleukemia cells
(3) and the human promyelocytic leukemia cell line HL60
results in a marked decrease in expression (4) and transcription
(5) of the c-myc gene. Further, these decreases are related to
the induced differentiation rather than to effects on cell prolif
eration (3, 4). A decreased expression of N-wyc has also been
shown to accompany retinoic acid-induced differentiation of
neuroblastoma cells (6).

Human colon cancer cells can also undergo differentiation in
culture during exposure to polar solvents (7, 8) or by changing
their nutritional status (9). Further, a reduction in tumorigenic
ity concomitant with maturational events induced by dimeth-
ylformamide has been demonstrated by Dexter and Hager (10).
These effects, however, have been shown to be reversible upon
removal of the cells from dimethylformamide. A second ap
proach to investigate the changes associated with differentiation

Received 1/6/86; revised 3/25/87; accepted 4/20/87.
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.

1This work was supported in part by I SIMIS Grants CA 41372 and 40558,
American Cancer Society Grants PDT-280 and SIG-7. the Association pour la
Recherche sur le Cancer, and the Ligue Nationale FranÃ§aisecontre le Cancer.

3To whom requests for reprints should be addressed, at Department of

Oncology, MonteÃ±ore and Albert Einstein Medical Centers, 111 East 210th
Street. Bronx, NY 10467.

in colon cancer would be to compare cell populations of the
same origin engaged in different lineages of colon cell differ
entiation. In such a model system, the expression of the differ
entiated phenotypes would be independent of the continuous
presence of inducer. This model now exists since several pop
ulations have been isolated from a human colon carcinoma cell
line (HT29) which stably differ from the parental cells with
respect to their differentiated phenotype (11). Hence, it is
possible to compare the tumorigenic potential as well as the
expression of gene sequences in colon carcinoma cells which
are either undifferentiated (HT29 cells) or which stably express
morphological as well as functional properties of colon cell
differentiation in standard culture conditions.

MATERIALS AND METHODS
HT29 cells and derived cell lines were grown in Dulbecco's modified

Eagle's medium (Gibco) containing 10% heat-inactivated fetal bovine

serum, as previously described (11). HT29 cells do not contain a
transforming ras gene as assayed by transfection into NIH 3T3 cells
(Ref. 12; Footnote 3). For growth of tumors in nude mice, outbred
athymic male nu/nu mice were obtained from Ilia Credo (domaine des
Oncins, L'Arbresle, France). Mice were isolated in sanitary, but not
germ-free conditions. At 8 wk of age, 2 x IO1 cells in 0.5 ml of
Dulbecco's medium-10% fetal bovine serum were inoculated s.c. into

the right flank of mice midway between the arm and leg. Tumor
development was monitored weekly by palpation. When tumors became
visible, tumor growth was followed by caliper measurements in two
dimensions (length, / : width, If X and the volume ( I ) was calculated
by the formula for a prolate ellipsoid V= [(L x W) x 3.14]/6 according
to the method of Stragand et at. (13). For analysis of protooncogene
expression, total RNA was isolated from stationary cell cultures by
guanidine thiocyanate solubilization of cells and centrifugation over a
CsCl cushion according to the method of Glison et al. (14), with
modifications as reported by Raymondjean et al. (15). RNA was dena
tured by glyoxylation, and dot-blots and Northern blots were prepared
on nitrocellulose, as previously described (16). Probes were prepared
by nick-translation, and hybridization was done in 50% formamide at
42Â°C. again, as described (16). The probes consisted of the following

cloned sequences: c-myc, pMC41-5pp (17); N-myc, pBE (2)-c-59 (18);
c-myb, pBR322/HAX4 (19); v-Ha-ros, BS-9 (20); v-Ki-roj, HiHi-380
(20); N-r<H,p52C+ (21); human c-Ha-ras (22); human c-Ki-ras (23).

RESULTS AND DISCUSSION

The human colon carcinoma cell line HT29 is undifferen
tiated in standard culture conditions (Dulbecco's minimal es
sential medium-10% fetal bovine serum). The cells grow as
multilayers, they are not polarized, and they do not secrete
mucins. The isolation and characterization of differentiated
clonal variants of the HT29 cell line have been already described
(11). Briefly, the HT29 cells were treated long term (23 days)
with 5 IHM sodium butyrate and then returned to a standard
culture medium. Cell populations with constitutive phenotypic
features of differentiation emerged following this treatment.
These populations which are stably differentiated in standard
culture media have been cloned and characterized. Three clonal
cell lines, 16E, 13G, and 19A, have been selected for this study.

3 L. H. Augenlicht, unpublished observations.
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Table 1 Comparison of the properties of the four cell lines
HT29 cells were obtained from J. Fogh (35). The human colonie adenocarci-

ni1111:1cell line HT29 and clones I6E, 13G, and 19A were cultured in Dulbecco's
modified Eagle's medium-10% fetal bovine serum, and the differentiation para

meters were scored under these culture conditions.

Phenotypic characters ofdifferentiationCell

polari-
Cell linezation"HT29

C116E +
C1I3G+cll9A

+%

of mucus-se
cretingcells*60-80

15-30
<3Dome

formation1

* As determined by electron microscopy of cells.
* The percentage of mucus-secreting cells was assessed by a metachromatic

staining on cytocentrifuge preparations of postconfluent cells.

4O

Fig. 1. Growth of tumors in nude mice. Outbred athymic male nu/nu mice
were inoculated with 2 x IO1cells. Tumor development was monitored weekly by
palpation, and the volume ( I ) calculated as described in "Materials and Methods."

Points, mean of 6 animals; hurÃ.S.E.
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c-myc
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Fig. 2. Analysis of protooncogene expression. Total RNA was denatured by
glyoxylation, and dot-blots prepared on nitrocellulose, each dot containing 10 Â¿ig
of total cell RNA. Probes were prepared by nick-translation, and hybridization
was done as described in "Materials and Methods."

Ha-ras

HT29 16E

28SI

18SÂ»Â»

Â»
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HT29 16E

Table 1 summarizes the phenotypic characteristics of the pa
rental HT29 cells and of the stably differentiated lines. The
cells of the three clones grow as monolayers, they are morpho
logically polarized, and they exhibit an apical membrane which
is separated from the basolateral membrane by typical june
tional complexes. In addition, these clonal lines display func
tional characteristics of colon cell differentiation, namely, mu-
cin secretion and vectorial transport of solutes. The mucins
produced by these clonal lines have been characterized by
histochemistry, electron microscopy (11), and immunohisto-
chemistry by using antibodies specific for human gastrointes
tinal mucins.4

Fig. 1 shows that each of these three differentiated clones is
less tumorigenic in nude mice as compared to the parental HT-
29 cells. Upon sacrifice, none of the mice shows gross mÃ©tas
tases. Survival of the mice is dependent on tumor bulk, which
eventually interferes with feeding and drinking. Hence, the
faster growing tumors (HT29 cells) will generally kill the ani
mals sooner than the more slowly growing tumors, but this is
an indirect effect.

In order to determine whether the expression of members of
the myc and ras gene families was altered in relation to the
differentiated phenotype or tumorigenicity of the cells, replicate
dot blots of RNA from the HT29 cells and the three clonal
isolates were hybridized to probes of c-myc, N-mj>c, c-myb
(whose gene product is related to the myc family (24), v-Ha-
ras, v-Ki-ros, and N-ros. The results are shown in Fig. 2.
Surprisingly, the expression of Ha-ras was increased over 5-
fold in clone 16E. the clone which displays the highest percent

4J. Bara, personal communication.

Fig. 3. Northern blot analysis of RNA. Glyoxylated RNA of HT29 and clone
16E cells was fractionated by electrophoresis in 2% agarose gels, blotted to
nitrocellulose, and hybridized to either the human c-Ha-ros probe or c-KI-roi
probe, as described in "Materials and Methods."

age of mucus-secreting cells, and 3-fold in 13G, the clone which
displays a lower percentage of mucus-secreting cells and which
transports water and ions. Ki-ros expression was also increased,
but to a lower extent. To confirm these data, Northern blot
analysis of RNA prepared from the parental HT29 cells and
the mucin-secreting differentiated clone 16E cells is shown in
Fig. 3. Using the corresponding human probes, Ha-ras is clearly
increased in the 16E cells, and a smaller increase, consistent
with the dot blots, was seen for Ki-ros. Clone 19A, the cells
which do not secrete mucins but which display the function of
transport, showed no change in raÃexpression (Fig. 2). No
alterations in expression of the other sequences were seen, or
in the expression of sis or mos (not shown). Since RNA was
always prepared from stationary cells, the results presented
cannot be attributed to differences in the growth state of the
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cultures. Whether the expression of these sequences is related
to cell growth in these cells is not known.

It should be noted that the N-myc probe represents the 3'-
end of the N-m^c mRNA and does not cross-hybridize with c-
myc (18). Although there was no change in the expression of c-
myc or N-myc with differentiation, Northern blots clearly con
firmed that both genes were expressed in HT29 cells as well as
in SW480 colon carcinoma cells (not shown). This is of interest
since it has been reported that N-myc expression has been
reported to be restricted to neuroectodermal tissue (25).

In work similar to that presented here, Dexter has also found
that Ki-ras as well as \\u-rax expression was increased in 1)11)
1 colon carcinoma cell lines during jV-methylformamide- or
butyrate-induced differentiation.5 Thus, increased expression of
these protoonc sequences correlates with decreased tumori-
genicity of colon carcinoma cells, and in the system studied
here, it is a marker of one specific lineage of colon cell differ
entiation, i.e., mucin secretion, ras expression has recently been
found to be highest in the most differentiated cells at the top
of the colonie crypt (26). ras is also markedly decreased in late
stage and metastatic colon tumor tissue as compared to earlier
(Duke's B stage) primary tumor (27). While tumorigenicity and

metastatic potential are certainly not equivalent, it is reasonable
to assume that, as the tumor progresses and metastasizes, the
cells are in general less well differentiated than in the early
primary tumor (28). Thus, in vivo, ras expression may again be
higher in the more differentiated colon tumor tissue which
precedes the most malignant phenotype.

It is important to emphasize that our results demonstrate a
marked difference in I la-ra.v expression in cells along different
lineages of phenotypic differentiation. A recent report has dem
onstrated that microinjection of the T24 ras protein induces
morphological differentiation of PC 12 cells into neuron-like
cells (29). ras expression may therefore be related to various
lineages of differentiation in different cell types.

The ras gene product is related to the G-binding protein of
the membrane adenylate cyclase system (30, 31 ). Although its
normal function in eukaryotic cells is not known, our data
demonstrate that the normal activity of members of this family
is regulated, like many other genes, in relation to the overall
differentiated state of the colon cell unrelated to cell tumori
genicity. In contrast to colon cancer, the difference between ras
expression in the primary and metastatic tumor tissue is not
seen in breast and other tumors (27). Hence, ras expression
cannot be considered independent of the expression of many
other genes which in concert determine the cell phenotype.
From a practical point of view, it is therefore not surprising
that levels of ras expression vary so widely in different tumors
(32) and, given the heterogeneity present in human tumors (33),
even among cells of the same tumor (34).
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