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ABSTRACT

Natural killer (NK) activity is primarily a peripheral blood function of
a lymphocyte population capable of spontaneous lysis of many trans
formed and mctastatic targets. However, NK-susceptible targets tend to
be relatively poorly differentiated. We have previously shown that poorly
differentiated human colorÃ©ela!carcinoma are lysed by NK cells. Well-
differentiated and chemically differentiated colorectal carcinomas are
insensitive to NK lysis. The present study demonstrates that transfection
of the c-Ha-rai-I oncogene into a poorly differentiated colorectal carci
noma cell line also renders it NK resistant. This resistance is accompanied
by a more differentiated colorectal carcinoma phenotype. Two ras-trans-
fected lines (Clone-A-5 and Clone-A-4) showed a 30-66% decrease in
susceptibility to NK lysis as compared to the parental line in standard
cytotoxicity assays. The resistance of these transfectants was strictly
dependent on expression of the activated p2l, the \\-ras protein product.
Studies to assess the integrity of the initial binding step in NK lysis
showed a significant decrease in the ability of these transfectants to form
conjugates with fresh NK cells. It is likely that transfection with c-IIa-
ras-l has selectively modulated critical N K target recognition structures.

INTRODUCTION
The NK%system consists of a population of naturally occur

ring lymphocytes in the circulation of the unsensitized host (1).
These NK cells are capable of spontaneous target lysis of a wide
range of normal, infected, or transformed and metastatic cells;
however, the precise nature of the structures mediating target
recognition are still largely unknown (1). It has been hypothe
sized that N K cells function as an "immune surveillance" sys

tem important in the primary host defense against tumors (2).
Indeed, rapid growth and immature phenotype are features
characteristic of NK-susceptible targets (3). We have previously
demonstrated that human colorectal carcinoma cells at various
states of differentiation display strikingly different susceptibil
ities to NK-mediated lysis (4). Furthermore, exposure of poorly
differentiated NK-sensitive colorectal carcinoma to the differ
entiation agent sodium butyrate confers both maturation char
acteristics and NK resistance.

The effect of phenotypic alteration on NK sensitivity has
been well studied. Chemical maturation of targets cells is one
method by which NK susceptibility is altered (5, 6). In addition,
clonal selection of cell subpopulations with late stages of devel
opment is also associated with relative insensitivity to NK lysis
(7). Recently, it has been demonstrated that the introduction of
ras oncogenes can induce differentiation in some cell lines. In
the case of medullary thyroid carcinoma, transfection with v-
H-ras resulted in endocrine differentiation with a return of
calcitonin production (8). In addition, transfection of H-ras or
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N-ras oncogenes into B-lymphocytes resulted in terminal dif
ferentiation of lymphoblasts into plasmacytoid cells (9).

In the present study we showed that a poorly differentiated
colorectal carcinoma target. Clone-A (10), which is sensitive to
NK lysis, became insensitive to lysis by NK cells after introduc
tion of a c-Ha-ras-I oncogene. This resistance was accompanied
by phenotypic changes characteristic of increased maturation
of the target cells. Further, the ability of NK cells to form
conjugates with the transfected colorectal carcinoma targets
was impaired suggesting that the transformation by H-ras re
sults in changes in NK recognition sites on the target cells.

MATERIALS AND METHODS

Cell Lines. Human colorectal carcinoma cell lines, CX-1 and Clone-
A, and the human erythroleukemia line K-562 were maintained in
RPMI 1640 medium (GIBCO. Grand Island, NY) supplemented with
10% fetal calf serum (Hazelton Laboratories), 100 units/ml penicillin
(GIBCO), and 2 HIM L-glutamine (GIBCO) referred to as culture
medium. Cells were passaged three times per week. All lines were tested
and found to be free of Mycoplasma by the Hoechst stain (Sigma) for
mycoplasmal RNA.

Preparation of LGL. Fresh human peripheral blood lymphocytes
were obtained from the peripheral blood of healthy donors by Ficoll-
Hypaque sedimentation. Cells were washed with Hanks' balanced salt

solution (GIBCO) and monocyte/macrophage populations were re
moved by adherence on glass. Following passage through nylon wool
columns. LGL were separated from the nonadherent cells by centrifu-
gation on discontinuous Percoli gradients (Pharmacia, Upsalla, Swe
den) as previously described (4). LGL morphology was confirmed by
Giemsa staining (Fisher, Medford, MA). NK activity was confirmed in
cytotoxicity assays against K-562.

Transfection of Colorectal Carcinoma Clone-A with C-Ha-ros-I. The
poorly differentiated line, Clone-A, was used as recipient (in transfec
tion with a construct containing the human c-Ha-ras-I oncogene linked
to pSV2-neo which confers on mammalian cells resistance to geneticin
(G4I8). Transfection was carried out by lipofection (11). Forty-eight h
following transfection. cells were split 1:5 into medium containing
G418 (200 //g/ml), and drug-resistant clones were selected over the
next 2 weeks. Control transfection experiments were set up in the same
manner using plasmid DNA containing only the SV2-neo gene. Drug-
resistant colonies were expanded for further analyses.

Western Blotting. Western blot analysis was performed on cell lysates
as described previously (12). Briefly, cells were lysed in cold buffer
containing 0.1 MNaPO4,0.1 MNaCl, 5 mMEDTA, 0.5% deoxycholate,
0.1 % sodium dodecyl sulfate, and 0.2 HIMphenylmethylsulfonyl fluo
ride. Protein, 200 ^g/lane, was loaded on 12.5% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis gels. Proteins were transferred to
nitrocellulose and probed with a polyclonal sheep anti-H-ras antibody
(Oncor, Gaithersburg. MD) followed by an alkaline phosphatase-con-
jugated anti-sheep antibody.

Determination of Sucrase Activity. The sucrase isomaltase assay was
performed on cell homogenates according to the method of Messer and
Dahlqvist (13). The results are expressed as milliunits per milligram of
protein. One unit is defined as the activity that hydrolyses 1 Â¿imolof
sucrase/min. Protein concentrations were determined using the bovine
serum albumin protein assay system (Pierce, Rockford, IL).

Immunofluorescence. Cell lines, grown on sterile coverslips, were
maintained at confluence for 5 days prior to processing. Cells were
washed in PBS and then fixed for 30 min at room temperature in
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4% paraformaldehyde in PBS-ethyleneglycol bis(ÃŸ-aminoethylether)-
A'r/V,A",A''-tetraacetic acid. Cells were then washed in PBS and incu

bated in 3% bovine serum albumin in PBS for 60 min at room
temperature, as a blocking step to minimize background staining.
Mouse monoclonal antibodies HBB2/614/88 to sucrase isomaltase
(14), CaCo-2 (15), and W6/32 (16) were diluted 1:200 in PBS and
overlaid on the fixed cells. These preparations were incubated for 60
min at 37Â°Cand then washed 3 times in PBS. The second antibody,

fluorescein-conjugated rabbit anti-mouse diluted 1:50 (Cappel Labora
tories, West Chester, PA), was overlaid on the cells for 60 min at 37Â°C.

Finally, cells were washed in three changes of PBS and mounted in
glycerol/gelatin (Sigma, St. Louis, MO). Fluorescence microscopy was
carried out with a Zeiss photomicroscope III with epifluorescence
optics.

Cytotoxicity Assays. Target cells, 5 x IO6, harvested by rubber

policeman in the absence of any enzymes, were labeled with 300 Â¿iCiof
Na"CrO4 (New England Nuclear) for 60 min at 37Â°Cin medium with

5% fetal calf serum. Cells were washed twice, allowed to sit for 30 min
at room temperature to reduce final spontaneous release of label, and
washed again. Labeled target cells, 100 ^I/well at a concentration of 1
x 105/ml, were plated in quadruplicate in 96-well round bottom tissue

culture plates (Costar). Effector cells. 100 //I, were added to the target
cell wells to give final E:T of 40:1, 20:1, and 10:1. For determination
of spontaneous and total release, 100 n\ of medium or 6 M HC1,
respectively, was added in lieu of effectors. Plates were incubated for 4
h at 37Â°Cin 95% O2/5% CO2. Medium 100 ^I/well, was then harvested

for counting of released label. Spontaneous release did not exceed 12%.
Mean specific percentage of cytotoxicity was determined by the follow
ing formula:

(Experimental cpm
- spontaneous release cpm)

% Cytotoxicity = ^â€”^ x 100
(Total cpm - spontaneous release cpm)

Conjugate Formation Assays. The binding of LGL (NK cells) to
colorectal carcinoma target cells was assessed as follows: 5 x IO5target
cells, harvested by rubber policeman, and 2 x IO6LGL were combined

in 1 ml of culture medium in a conical tube (Falcon 2095). The cell
suspension was centrifuged for 5 min at 400 rpm in a Beckman T32
centrifuge and placed at 37Â°Cfor 30 min. With a Pasteur pipet, 0.8 ml

of supernatant was aspirated and discarded. Following 5 gentle uniform
aspirations to resuspend the pellet, a drop of the cell suspension was
then examined by phase contrast microscopy. Cell conjugates (target
cells surrounded by one or more LGL) per high power field were
counted and expressed as a percentage of total target cells per high
power field. A minimum of 200 target cells were screened for each
determination.

Statistical Analysis. Data were analyzed by Student's / test.

RESULTS

Isolation and Characterization of c-Ha-ras-I-Transfected
Clones. Introduction of a c-Ha-ras-I oncogene (pEJ) into the
poorly differentiated human colonie cell line, Clone-A, was
achieved using the lipofection technique, by which successfully
transfected clones were selected in G418. Lipofection using
plasmid DNA containing only the pSV2-neo gene was used as
a control. Examination of ras-transfected clones, 2 weeks fol
lowing selection for drug resistance, revealed larger cells with
extensive cytoplasmic vacuolation in a majority of the surviving
colonies, contrasting with the morphology of cells in the paren
tal or pSV2-neo control plates (Fig. 1). These marked pheno-
typic changes characterized the clones selected for further study.

Expression of the c-Ha-ras-I protein product was determined
in Western blot analysis using a polyclonal H-ras-specific an
tibody. The cloned oncogene (pEJ) harbors a point mutation at
codon 12 substituting a valine for a glycine at this position.
This activation event results in a p21 product which migrates

Fig. 1. Phase contrast micrographs of Clone-A-neo* cells (A) and Clone-A-5
(B) expressing the c-Ha-ra.v-I oncogene. Note the prominent cytoplasmic vacuoles
in the rai-transfected cells (x 200).

Fig. 2. Western blot analysis of total cell lysates with a polyclonal antibody
specific for the p21 H-ras protein product. Arrow, position of the slower migrating
aberrant p21 in Clone-A ras transfectants. Lane I, Clone-A-5; Lane 2, Clone-A-
neo*; Lane 3, failed lysate: Lane 4, Clone-A-4; Lane 5, positive control NIH-3T3
cells carrying the c-Ha-ro.c-I; Lane 6. Clone-A-8.

more slowly than the normal p21 in sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. Fig. 2 shows a representa
tive Western blot confirming the expression of the altered p21
oncogene product in three ras-transfected clones. The p21
doublets seen in Lanes I, 4, and 6 represent the normal endog
enous H-ras protein and the slower migrating oncoprotein
(arrow). Fig. 2, Lane 2, shows a pS^-nw-transfected clone
expressing only the normal endogenous protooncogene p21
product.

Parameters of Differentiation. Parental and transfected
Clone-A cell lines were evaluated using a number of differentia
tion criteria previously established for colon epithelium. Cell
lines were routinely assayed for secretion of carcinoembryonic
antigen, mucin production, and the expression of SI, a brush
border-associated hydrolase. Table 1 summarizes the results of
three separate experiments demonstrating significant enhance
ment of SI expression in ras transfectants accompanied by the
production of mucin in these cells. Confirmation of biochemical
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Table 1 Assessment of differentiation parameters in parental and ras-transformed
cell lines

Cell line
Carcinoembryonic

antigen (ng/ml) SI (mU/mg) Mucin SI" CaCo-2"

Clone-AClone-A-neo*Clone-A-5Clone-A-4Clone-A-9CaCo-20.00.10.20.10.1ND505512514058ND____
__+

++++++
++++NDND*

+++ +++

" Immunofluorescence studies using monoclonal antibodies HBB2/614/88 and
CaCo-2. Staining intensity relative to the CaCo-2 cell line, a well-differentiated
colorectal carcinoma line.

* ND. not determined.

data, indicating enhanced expression of SI, was established
using a monoclonal antibody to sucrase isomaltase. Fig. 3, a
and b, show differential staining of Clone-A-neo+ and Clone-

A-5 with this antibody. The antigenic presence and enzyme
activity of sucrase isomaltase in colon tumors has previously
been reported as a marker of differentiation (14). To further
establish whether Clone-A-ras-transfected cells displayed fea
tures associated with colonie differentiation, we have used an
antibody from the CaCo-2 series (15) which recognizes epitopes
on well-differentiated colonie cell lines. Fig. 3, c and d, show
immunofluorescence staining of Clone-A-transfected pairs in
which the acquisition of surface staining with CaCo-2 antibody-
accompanies H-ras oncogene expression. Transfectant Clone-
A-9, although transfected with the pEJ-neo construct does not
express the mutant protein product, exhibits differentiation
characteristics similar to that of the control and parental line.
Hence, using a number of parameters associated with colonie
differentiation, it is evident that the differentiation status of the
Clone-A parental cell line is modulated following the introduc
tion of a c-Ha-ras-I oncogene.

Differentiation-related NK Susceptibility. Lysis of three hu
man cell targets, the poorly differentiated colorectal carcinoma
line (Clone-A), a well-differentiated colorectal carcinoma line
(CX-1), and the classical NK target (K-562) was measured in
4-h MCr release assays with fresh human LGL. Both the control
line, K-562, and Clone-A were significantly lysed at all three
E:T ratios (Fig. 4). The well-differentiated colorectal carcinoma

line, however, was entirely resistant to NK lysis.
To further establish an inverse relationship between the de

gree of differentiation and NK susceptibility we have used the
parental Clone-A and four ras transfectants in cytotoxicity
assays: two expressing the H-ras oncogenic product, Clone-A-
4 and Clone-A-5, a control cell line, Clone-A-neo+, and a clone

selected after transfection with the oncogene construct which
was drug resistant but did not express the aberrant p21 product
as assessed by Western blot analysis, Clone-A-9.

Effect of Oncogene Transfection on Colorectal Carcinoma NK
Susceptibility. The parental Clone-A cell line and a c-Ha-ras-I
transfectant (Clone-A-5) were tested in standard cytotoxicity
assays with LGL at three different E:T ratios (Fig. 5). Both
targets were lysed in direct proportion to effector cell concen
tration. However, Clone-A-5 showed a significant resistance to
lysis at all three E:T ratios tested. The viability of transfectant
cell lines assessed by trypan blue exclusion was identical to that
of Clone-A cells (>90%). Table 2 summarizes cytotoxicity
experiments performed with 6 different donor LGL against
Clone-A and Clone-A subclones obtained after transfection with
the c-Ha-ras-I construct or the pSV2-neo gene alone. The
increased resistance of killing of Clone-A-5 and Clone-A-4 (30-
66% reduction in cell lysis) was observed in all experiments
performed, with some variation of intensity due to the expected
variability in activity of the LGL depending on the donor.
Although the transfection event resulting in geneticin resistance
alone (Clone-A-neo+) produced some decrease in NK sensitivity

(Donor 1), this was an inconsistent finding. Moreover, Clone-
A-9, a subclone transfected with the c-Ha-ras-I construct but
failing to express p21, showed NK sensitivities and differentia
tion characteristics (Table 1) similar to Clone-A or Clone-A-
neo+. These data indicate that, once the poorly differentiated
colorectal carcinoma target acquires the c-Ha-ras-I construct
and expresses the activated p21 product, in addition to char
acteristic phenotypic changes, it acquires the NK resistance
seen in well-differentiated colorectal carcinoma targets.

Effect of C-Ha-ras-I Transfection on NK Target Conjugate
Formation. The first step in recognition of NK-susceptible
targets requires stable binding of LGL to target cells. Table 3

Fig. 3. Immunofluorescence micrographs
of Clone-A-neo* (a and c) and Clone-A-5 (b

and <h incubated with antibodies to sucrase
Â¡somaltase(a and A) and CaCo-2 (<â€¢and d).
Note the differential in staining between the
control cell line, Clone-A-neo*, and the ras
transfectant, Clone-A-5, with both antibodies
(x 600).

2520

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/50/8/2518/2443290/cr0500082518.pdf by guest on 19 M

ay 2023



ras-lNDUCED DIFFERENTIATION AND NK RESISTANCE

summarizes the results of five conjugate assays. The binding of
the NK-sensitive colorectal carcinoma target, Clone-A, was
30%, which is comparable to the frequency of conjugate for
mation known to exist for the classic NK target, K-562 (data
not shown). However, the resistance seen with the transfected
targets, Clone-A-5 and Clone-A-4, was associated with an ap
proximately 3-fold decrease in the ability of the of LGL to bind
of these targets. These data suggest that transfection with the
c-Ha-ras-I oncogene leads to changes in the membrane com
ponents of the target cell which mediate attachment to effector
cells.

Effect of c-Ha-ras-I Transfection on MHC Class I Antigen
Expression. The parental Clone-A cell line and a c-Ha-ras-I

Table 3 Binding assays with A'A'cells and c-Ha-ras-I iransfectants

xâ€¢^'x

o-4->oo<*Ã–U-70-6050-40-30-20-10-n.K-M2Â¿

aon.-A
CX-1*^-^x^^1

â€”¿�_____onâ€”o

â€”¿�_______^1
1 'â€”¿�TO

Ooâ€”

o

80:1 40:1 20:1 10:1

EffectonTarget Ratio

5:1

Fig. 4. Cytotoxicity assay with two human colorectal carcinoma targets,
Clone-A (poorly differentiated), CX-1 (well differentiated), and K-562 (human
NK-positive control target). Results indicate % lysis Â±SD (oars) of quadruplicates
at three effectortarget ratios.
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Fig. 5. Lysis of poorly differentiated human colorectal carcinoma cell line by
NK cells before (Clone-A) and following transfection with c-Ha-ras-I (Clone-A-
5). Results Â±SD (ears) are representative of 6 assays performed in quadruplicate.

Table 2 Cytotoxicity assays ofNK cells against c-Ha-ras-I colorectal carcinoma
iransfectants

Effectorno.)4

Clone-A12345647

Â±4f16.849423314.61422.42.1Clone-A-514Â±6.2
Â±32
Â±28
Â±23

Â±6.0
Â±0.9"1.7"1"2.3"3.6"3.8*Target

cells"Clone-A-4NT*NTNTNT24

Â±3"9.0
Â±1.4"Clone-A-924

Â±5"12Â±3/43

+4fNTNTNTClone-A-neo*28

+2"12+
\>48

+7.5rNTNTNT

"Clone-A (parental colorectal carcinoma line); Clone-A-5; Clone-A-4 (p21
present by Western blot); Clone-A-9 (p21 absent by Western blot); Clone-A-neo*
(containing construct for geneticin resistance only).

* Purified NK cells (LGL) from 6 different donors.
' Mean % Cytotoxicity (Â±SD) of quadruplicate determination at an effec-

tortargct ratio of 40:1.
" P< 0.002, transfectant vs. Clone-A for each donor.
' NT, not tested.
*P < 0.002, transfectant vs. Clone-A for each donor.
* P< 0.05. transfectants vs. Clone-A for each donor.

Target cells" VÃconjugates

Experiment 1
Clone A
Clone-A-5

Experiment 2
Clone-A
Clone-A-5

Experiment 3
Clone-A
Clone-A-5

Experiment 4
Clone-A
Clone-A-4

Experiment 5
Clone-A
Clone-A-4

31
II

27
10

27
5

32
13

31
10

Â°Clone-A (parental colorectal carcinoma line): Clone-A-5 and Clone-A-4
(colorectal carcinoma carrying c-Ha-ras-I construct). The 5 experiments used NK
cells from 5 separate donors.

* Proportion of 200 or more target cells adhering to 1 or more NK cells from

a single donor.

transfectant (Clone-A-5) were stained with an antibody which
recognizes the monomorphic determinant of the human HLA-
I(A-B-C) antigens ( 16). Fig. 6 shows immunofluorescence stain
ing of Clone-A (a) and Clone-A-5 (h) with significant enhance
ment of MHC class I antigens expression in the ras transfectant.

DISCUSSION

We have shown that poorly differentiated colorectal carci
noma cell lines transfected with the c-Ha-ras-I oncogene lose
NK sensitivity while acquiring differentiation-associated char
acteristics. The relationship between the altered differentiation
state of tumor targets and NK function has been described in
many different systems. Fetal cells and poorly differentiated
teratocarcinoma cells have been shown to be particularly sus
ceptible to NK activity (7, 17), and stimulation of differentiation
in susceptible targets has tended to cause a shift toward resist
ance to lysis (5). It seems possible that many cell types, at a
particular phase of differentiation, may express NK target
structures. However, relatively little progress has been made in
defining the biochemical nature of these surface moieties.
Poorly differentiated colorectal carcinoma lines appear to be
relatively good targets for NK activity when compared to the
classical K-562 cell line, while well-differentiated colorectal
carcinoma lines are completely resistant. In a previous report,
we demonstrated a strong correlation between stage of differ
entiation and NK sensitivity of six different colorectal carci
noma cell lines. Moreover, two poorly differentiated colorectal
carcinoma lines, Clone-A and MIP-101, treated with sodium
butyrate acquired mature phenotypes consisting of biochemical
and morphological changes as well as resistance to NK lysis
(4). Several reports have demonstrated that transfection with
different transforming oncogenes can result in the acquisition
of differentiation characteristics in recipient cells. These include
transfection of human medullary thyroid carcinoma with v-Ha-
ras-I (8) in which the resulting transfectants exhibited an in
creased synthesis and secretion of the neuropeptide calcitonin.
Introduction of v-src (18), and v-Ki-ras or V-H-ras (19) onco
genes into the PC 12 rat pheochromocytoma cell line induced
both morphological and functional signs of neuronal differen
tiation. The present study shows that a poorly differentiated
human colorectal carcinoma cell line, Clone-A, underwent
changes associated with a more differentiated state following
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Fig. 6. Immunofluorescence micrographs of Clone-A (a) and Clone-A-5 (A)
stained with antibody to HLA-A-B-C (W6/32). Note strong staining of the
transfectant compared to the parental cell line (x 600).

transfection with the c-Ha-ras-I oncogene. These changes in
cluded increased sucrase isomaltase activity and the expression
of differentiation-associated antigens as detected in antibody
studies. Our previous work suggests that should Clone-A dif
ferentiation be modulated in this way then ras-expressing clones
would acquire some resistance to NK killing. Consistent with
this hypothesis, Clone-A-5 and Clone-A-4, which express the
activated form of the p21 H-ras protein product, showed sig
nificant NK resistance when compared to the parental and
control cell lines. This NK resistance appeared to depend on
the expression of the activated p21 protein. Some degree of
resistance was seen in a subclone carrying the geneticin resist
ance gene alone (Clone-A-neo+). However, that was an incon

sistent finding probably due more to the variability in donor
NK activity than to the presence of this gene. Indeed, another
subclone, Clone-A-9, selected for geneticin resistance also re
mained NK sensitive (two of three experiments) in the absence
of p21 expression. From the different criteria used in this study,
the results demonstrate an induction toward a more differen
tiated state accompanying expression of a H-ras oncogene in

2522

Clone-A cells. This finding is consistent with reports that raj
expression is highest in the most differentiated cells of the
colon and is substantially increased in some mucus-secreting
colonie cell lines (20).

The mechanism whereby ras transfection alters NK sensitiv
ity is unknown. The conjugate data are consistent with the
interpretation that, following transfection, changes can occur
in the NK-binding step since Clone-A-4 and Clone-A-5 lost the
ability to form stable conjugates with NK cells (Table 3). This,
however, does not preclude the possibility that other factors in
addition to "specific" target structures, including mucin pro

duction, may also influence or modulate the killing process in
these cells.

It seems unlikely that p21 itself could directly limit Clone-A
transfectant binding to NK cells, since p21 is known to localize
to the inner surface of the plasma membrane (21) and therefore
should not be accessible to the effector cells. However, cell lines
transfected with the raÃoncogene have markedly altered mem
brane glycoproteins and lectin-binding profiles (22). In addi
tion, at least one new specific cell surface-binding protein has
been associated with c-Ha-ras-I transfection (23).

Our results appear to be in contrast with previously reported
data on Ha-ras-induced sensitivity to NK of a mouse fibroblast
cell line (24). However, numerous studies demonstrate differ
ential effects of Ha-ras oncoprotein expression dependent upon
the recipient cell and involving both the induction (PC 12) (19)
and blocking (myotubes) (25) of differentiation events. In this
study the induction of differentiation follows the expression of
Ha-ras oncoprotein in a poorly differentiated human colon cell
line resulting in resistance to NK consistent with previous
findings using a panel of colon carcinoma cell lines.

The precise changes in the profile of recognition structures
in the differentiated Clone-A transfectants which render them
NK resistant are unknown. The induction of MHC class I
antigens in one of the clones (Fig. 6) accompanied by the loss
of NK sensitivity, reinforces the hypothesis, sustained by several
lines of evidence (26, 27), that class I antigen expression may
define the NK-resistant phenotype. Increases in the amount of
sialic acid have also been shown to inversely correlate with NK
susceptibility (28, 29). Transfection is known to affect the
assembly of complex carbohydrates in surface glycoproteins,
resulting in greater branching and sialic acid content (22). Since
both carbohydrate composition (30) and surface sialic acid
content (28, 29) influence NK reactivity, H-ras transfection
may be affecting assembly of these membrane components in
favor of NK resistance.

In conclusion, we have shown that the introduction of a c-
Ha-ras-I oncogene into a poorly differentiated colorectal car
cinoma cell line results in the acquisition of cellular features
characteristic of differentiated colonie epithelium. Moreover,
such changes were associated with a loss of sensitivity to lysis
by NK cells. This resistance resulted from a relative inability of
LGL to bind to the transfected cells. These findings suggest
that H-ras can induce differentiation-related changes in target
cell membrane components which significantly influence NK
reactivity. Such a system can also provide a model for the
controlled study of the expression of NK target molecules.
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