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ABSTRACT

Recent evidence suggests that the expression of abnormally high
amounts of major histocompatibility complex (MIK.') class I molecules

may be a feature of at least some kinds of transformed cells. To investigate
this aspect of neoplastic transformation we studied the expression of
M11C class I antigens in an experimental model of normal, tumor-derived,
and virus-transformed thyroid epithelial cell lines. The expression of
MHC class I antigens has been studied by means of several monoclonal
antibodies directed against either monomorphic or polymorphic epitopes
and quantified by flow cytometry. Class I specific mRNA transcripts
have been also analyzed by Northern blot hybridization, using a mouse
genomic 11-2 DNA probe. Our results indicate a modulation of MHC
class I expression associated with loss of the differentiated phenotype
and with transformation of thyroid epithelial cell lines. Undifferentiated
cells in fact show a small quantity of these antigens, because acquisition
of a fully differentiated phenotype is associated with an increase in their
expression. Cell lines derived from thyroid tumors show reduced expres
sion of MHC class I antigens, as compared to differentiated cells.
Conversely, cells transformed in vitro by a retrovirus carrying the v-ru.v*'

oncogene exhibit an increase in these antigens in comparison to their
normal differentiated counterparts. Cells infected with a mutant virus
able to transform cells only at the permissive temperature of 33Â°Cshow

a similar increased expression. After a shift to the nonpermissive tem
perature of 39Â°C,infected cells, even those losing the transformed phe

notype retain the same increased amount of MHC class I antigens. Our
data suggest that the modulation of MHC class I antigen expression is
strongly associated with transformation in thyroid epithelial cells.

INTRODUCTION

Class I MHC4 antigens are transmembrane glycoproteins

present on the surface of all nucleated cells (1) and provide the
major determinants for allograft rejection. In addition, they
serve as the restricting elements by which cytotoxic T-cells
recognize cells infected with viruses or altered by neoplastic
transformation.

The rat MHC, the RT1 complex, is composed of the loci
encoding for the histocompatibility antigens (2). Three loci,
RT1A (analogous to mouse H-2K and H-2D) (3), RT1E (4) and

A77C(Qa analogue) (5), control the expression of serologically
defined class I antigens.

Received 7/7/86; revised 2/18/87; accepted 4/16/87.
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.

1Supported in part by CNR Grants (Progetti Finalizzati "Oncologia" and
"Ingegneria Genetica e Basi Molecolari delle Malattie Ereditarie") and by a Grant

from the Associazione Italiana per la Ricerca sul Cancro.
2To whom requests for reprints should be addressed.
3 Recipient of a Research Fellowship from the Associazione Italiana per la

Ricerca sul Cancro.
4The abbreviations used are: MHC, major histocompatibility complex;

KiMSV(MoMuLV), Kirsten murine sarcoma virus having the structural proteins
of the Moloney leukemia virus; FRTL-S, Fischer rat fully differentiated thyroid
epithelial cells; FRT, Fischer rat undifferentiated thyroid epithelial cells; l-'RTL-

KiMol, FRTL-5 cells transformed by KiMSV(MoMuLV); FRTL-MoMuLV,
FRTL-5 cells infected by MoMuLV; FRA, Fischer rat thyroid tumor cells; 1-5G,
Fischer rat thyroid tumor cells; IIP, indirect immunoperoxidase; MoAb(s), mono
clonal antibody(ies); TSH, thyrotropin (thyroid-stimulating hormone); PBS,
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An increased transcription of MHC class I genes following
transformation with different agents such as DNA and RNA
tumor viruses and chemical carcinogens has been reported
recently (6), suggesting that activation of MHC class I genes is
a general feature of oncogenesis, at least in mouse fibroblasts.
As far as rat cells are concerned, a recent report indicates
activation of MHC class I genes after transformation of rat
fibroblasts with polyoma virus (7). Conversely, other lines of
evidence strongly suggest that cell transformation in several in
vitro systems results in a switchoff of MHC class I genes (8).
The same group of investigators reported later that the lack of
expression of MHC class I antigens leads to a defective T-cell
cytotoxic response, which could in turn result in tumor cell
escape from immunosurveillance mechanisms (9). This latter
view is supported by experiments showing that the expression
of a single functional MHC class I gene transfected into a
highly malignant Adenovirus 12-transformed mouse embryonic
fibroblast is accompanied by abrogation of the tumorigenicity
of these cells (10). The reported absence of MHC class I
antigens on the surface of cells from different tumors, including
highly malignant teratocarcinomas and cervical carcinomas
(11), also suggests a general mechanism by which tumor cells
escape immunosurveillance.

We have conducted the first study of expression of MHC
class I antigens in a unique experimental system of rat thyroid
epithelial cells: (a) normal, differentiated, and undifferentiated
cell lines; and (Â¿>)cell lines transformed in vitro by the Kirsten
murine sarcoma virus or from tumors obtained by in vivo
exposure to thyrotropin or 13II. Our results, obtained by
means of a panel of anti-rat MHC monoclonal antibodies and
a cloned mouse genomic H-2 DNA probe recognizing rat MHC
class I-specific mRNA, show a modulation of MHC class I
antigen expression in undifferentiated and transformed thyroid
epithelial lines, as compared to the differentiated one. In par
ticular, cell lines obtained from tumors induced in the thyroid
gland by irradiation or by chronic TSH hyperstimulation show
reduced expression of MHC class I antigens as compared to
normal differentiated cells. On the contrary, a differentiated
cell line transformed by a retrovirus carrying the v-ros*' onco

gene exhibits an increased presence of MHC class I molecules
in comparison to their normal differentiated counterparts.

Our data clearly indicate that changes in the expression of
MHC class I antigens are associated with the phenotypic mod
ifications triggered by the neoplastic transformation in thyroid
epithelial cells.

MATERIALS AND METHODS

Cell Lines and Culture Conditions. Fischer rat thyroid-derived cell
lines used in this study have been all previously described in detail (12).

FRTL-5 (normal differentiated rat thyroid cells) are grown in a
Coon's modification of Ham's F-12 medium (13) containing 5% calf

serum (Gibco, Grand Island, NY) plus a mixture of six hormones and
growth factors (insulin, hydrocortisone, transferrin, thyrotropin, so-
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matostatin, and the tripeptide glycylhistidyllysine). FRTL-5 cells have
functional TSH receptors (14) and are capable of concentrating iodide
from the culture medium and of synthesizing, iodinating, and secreting
the major thyroid protein, thyroglobulin (12). These cells do not grow
in soft agar or form tumors when injected into syngeneic animals. In
view of the above mentioned characteristics, FRTL-5 cells may be
defined as a continuously growing cell line of normal and fully differ
entiated epithelial thyroid cells.

FRT is a continuously growing line of epithelial cells derived from
normal Fischer rat thyroid (13). They grow in the same medium as do
FRTL-S cells, but without addition of hormones and growth factors.
During their adaptation to culture, they have lost thyroglobulin synthe
sis and iodide-trapping ability and are not tumorigenic in syngeneic
animals; FRT cells, although not requiring TSH for growth, do respond
to the hormone in terms of adenylate cyclase activity although less than
FRTL-5 cells do (15). FRT may therefore be defined as a normal
undifferentiated thyroid epithelial cell line.

FRA cells are epithelial cells obtained from a '"I and low iodine

diet-induced thyroid tumor (16). These cells, when injected into syn
geneic hosts, induce tumors which are moderately differentiated aden-
ocarcinomas with follicular-like areas (17).

1-5G is an epithelial cell line derived from a thyroid tumor induced
by TSH hyperstimulation in rats fed with the thyroid-inhibiting drug
propyl thiouracil. 1-5G cells are able to develop tumors when injected
into syngeneic animals. Tumors are histologically defined as anaplastic
carcinomas with no folIieular organization (17). Neither FRA nor 1-

5G cells require TSH for growth, nor do they respond to the hormone
in terms of adenylate cyclase activity (15).

FRTL-KiMol are FRTL-5 cells infected and transformed in vitro by
the Kirsten murine sarcoma virus, KiMSV(MoMuLV), an acute trans
forming retrovirus carrying the v-ras*' oncogene (18). These cells have

lost the thyroid differentiation markers and have acquired the ability
to grow in soft agar and to give rise to carcinomas when injected into
syngeneic animals. FRTL-KiMol cells do not require the hormone
supplement for optimal growth (19, 20). FRTL-MoMuLV are FRTL-

5 cells infected, but not transformed, by the Moloney murine leukemia
virus (18-20).

A cell clone (A 18) of FRTL-5 infected and transformed by a temper
ature-sensitive mutant of KiMSV(MoMuLV) (20) was used in this
study. These cells express at the permissive temperature (33Â°C)all the

typical phenotypic properties of transformed cells, such as morphology,
colony formation in soft agar, and in vivo tumorigenicity. Normal
morphology, inability to grow in agar, and requirement of hormones
for optimal growth are all restored by shifting the cells to the nonper
missive temperature of 39Â°C.Properties of all cell lines used in the

present investigation are summarized in Table 1.
Monoclonal Antibodies. The mouse and rat monoclonal antibodies

used for the detection of MHC class I and II antigens are listed in Table
2. They were a gift of Drs. G. W. Butcher, Babraham, Cambridge,
England, and A. F. Williams, Oxford, England.

Indirect Immunofluorescence Staining of Cells and Indirect Immuno-
peroxidase Staining of Frozen Sections of Thyroid Tumors. Cells were
plated at a concentration of 5 x IO4/well onto tissue culture chamber/

slides (Miles Laboratories, Naperville, NJ). Culture medium was
Coon's Ham's F-12 containing 5% calf serum. When assaying the
FRTL-5 cells and A18 at 39Â°Cthe medium was supplemented with

insulin, hydrocortisone, transfemn, thyrotropin, somatostatin, and gly
cylhistidyllysine. After 48 h of incubation, cell cultures were washed
three times with PBS-sodium azide buffer containing 1% bovine serum
albumin (Sigma Chemical Co., St. Louis, MO) and subsequently incu
bated without fixation for 30 min at room temperature with 75 Â»il/well
of prediluted (10 fig/ml) mouse hybrido ma supernatant. This was
followed by three washes in PBS containing 1% bovine serum albumin
and by a similar incubation with 75 /il of a 1:40 dilution of fluorescein
isothiocyanate-rabbit anti-mouse immunoglobulin conjugate (Miles
Scientific, Cavenago Brian/a, Italy). Monolayer cultures were finally
mounted in glycerol and immediately examined under an epifluores-
cence UV microscope.

Two transplant able rat thyroid tumors, FRA (16) and 1-5G (17), as
well as a solid tumor induced by s.c. injection of FRTL-KiMol cells
(19, 20) were analyzed for MHC antigen expression by IIP staining.
Substrates of IIP consisted of 5 urn acetone-fixed cryostat sections
incubated for 2 h at room temperature with MoAb ascite fluids diluted
1:100 (final concentrations ranging from 10 to 25 Â¿ig/ml).Negative
controls were represented by sections incubated with MoAb MRC OX6,
specific for a monomorphic determinant of MHC class II molecules.
Another negative control was performed using MoAb MRC OX27,
previously described (data not shown). The avidin-biotin IIP staining
was performed following the manufacturer's instructions (Amersham

PLC, Amersham, England). Peroxidase activity was detected using
diaminobenzidine, 0.5 mg/ml in phosphate-buffered saline, pH 7.4,
containing 0.02% HjOj. Sections were counterstained with Meyer's

hematoxylin for 15 min, mounted in buffered glycerol, and sealed with
nail polish.

QuantitÃ¤ten of MHC Class I Antigens by Flow Cytometry. Cell
suspensions were prepared after trypsinization of the monolayer cul
tures. Trypsinization did not affect MHC antigen expression in our
system (data not shown), confirming data repeatedly reported by others
(26, 27). The process was arrested by addition of 5% calf serum and
the cells were pelleted and washed three times with PBS containing 1%
bovine serum albumin. Cell suspensions were subsequently incubated
with optimal amounts of anti-MHC class I monoclonal antibodies and
fluorescein isothiocyanate-rabbit anti-mouse immunoglobulin conju
gate. Immediately afterwards, cells were analyzed by means of a flow
cytometer (Spectrum III; Ortho Diagnostic Systems, Raritan, NJ). The
relative intensity of antigen expression on the cell surface was assayed
quantitatively. Because fluorescence intensity is dependent on both the
number of antigenic determinants per cell and the cell surface area,
flow cytometric gating was used to compare cells of similar size within
each cell line.

Table 1 Properties of thyroid cell lines used

Normal
thyroid

cell lines

Thyroid
tumor

cell lines

Virus transformed
thyroid cell lines

FRT FRTL-5 1-5G FRA
FRTL-
KiMoL

A18
33'C 39'C

FRTL-
MoMuLV

Differentiation markers
1. Thyroglobulin (17, 20)
2. Iodide uptake (12, 20)
3. Response to TSH* (12, 20)

Transformation markers
1. Growth in soft agar (17, 18, 20)
2. Tumor induction (17, 18, 20)
3. Tumor histology (17) AnCA

Â±

NT"

AdCA' AdCa
+

AdCa
NT

" FRTL cells infected, but not transformed, by the murine leukemia virus (18-20).
* TSH dependence for growth (15, 20, 21).
' FRT cells, although not requiring TSH for growth, do respond to the hormone in terms of adenylate cyclase activity (15).
d NT, not tested; Ani a, anaplastic carcinoma; AdCa, adenocarcinoma.
' Adenocarcinoma showing many follicle-like areas, some of the follicles containing periodic acid-Schiff-positive material (17).
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Table 2 Monoclonal antibodies B
Clone Specificity

F 16.4.4 Mouse anti-rat class I (nonpolymorphic) (22)
MRC OX 18 Mouse anti-rat class I (nonpolymorphic) (23)
MRC OX27 Mouse anti-rat class I specific for haplotype

C (labels PVG but not DA or AO)Â°
R2/1 SS Rat anti-rat class I. AO anti-DA antibody

raised against R'l 1V,. cross-reacting on
RT1A' (24)

JYI/98 Rat anti-rat class I. AO anti-DA antibody
raised against K I IA",, cross-reacting on
RT1A' (25)

MRC OX6 Mouse anti-rat class II. Binds to RT1B mol
ecules (the H-2 IA equivalents) (23)

MRC OX17 Mouse anti-rat class II. Binds to RT1D mol-ecules (the H-2 IE equivalents) (23)

* G. W. Butcher, personal communication.
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Fig. I. Flow cytometry profiles of FRTL-S, FRT, and FRA cells after indirect

immunofluorescence staining with monoclonal antibodies MRC OX18 (.-I) and
MRC OX27 (A).

RNA Extraction and Hybridization. Total RNA was extracted from
cell lines and from normal rat thyroid tissue by the guanidium hydro-
chloride method (28). Total RNA, 5 Â¿tg/Iane,was fractionated on 1%
formaldehyde agarose gel in 200 HIMmorpholinopropanesulfonic acid-
50 mM sodium acetate-10 mivi EDTA buffer, transferred to nitrocellu
lose, prehybridized, and hybridized following standard procedures (29).
Before transfer, the gel was stained with ethidium bromide (10 Mg/ml),
destained, and photographed under IV in order to assess correct RNA
calibration. The specific probe used to detect rat MHC class I mRNA
was a mouse genomic H-2 clone, pL4-7, subclone U, containing exclu
sively the nonrepetitive H-2 sequence (courtesy of Professor E. Bonci
nelli, I.I.G.B., Naples, Italy). This clone was demonstrated to recognize
rat specific mRNA by studies on normal and polyoma-transformed rat
fibroblasts (7). 32P-nick-translated probe (3 x 10' cpm; 2x10* cpm/

Â¿igof DNA) was used for the hybridization experiments. The size of
the transcripts was determined relative to 18S and 28S rRNA markers,
which were assumed to be 1.8 and 4.5 kilobases, respectively.

RESULTS

Flow Cytometry Analysis. To quantify the modulation of
MHC class I antigen expression in normal and transformed
thyroid cells, all cell lines were analyzed by flow cytometry.
Thyroid cells were analyzed by means of different MoAbs
directed against monomorphic (MRC OX18, F16.4.4) and
polymorphic (R2/15S, JYI/98) determinants of MHC class I
molecules (see Table 2). In Fig. 1, flow cytometry profiles of
FRTL-5, FRT, and FRA cells are shown after staining with
MoAbs MRC OX 18 and MRC OX27 (A and B, respectively).
This analysis clearly showed a decrease in MHC class I mole
cules on FRT and FRA cells in comparison to FRTL-5. By
contrast, thyroid cells transformed by the wild type KiMSV
(FRTL-KiMol) showed a definite increase in fluorescence in
tensity, as compared to their normal counterparts (Fig. 2A).
The helper-infected cell line FRTL-MoMuLV, which presents
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Fig. 2. Flow cytometry profiles of FRTL-S cells transformed by the FRTL-
KiMol (.-I),by a temperature-sensitive mutant of the same virus (clone A18) (fi),
and of FRTL-MoMuLV cells (C) after indirect immunofluorescence staining with
monoclonal antibody MRC OX 18 (A to Q. D, the above lines as stained with
monoclonal antibody MRC OX27.

Table 3 Fluorescence intensity values of rat thyroid cell lines reacted with anti-
MHC class I monoclonal antibodies

The cells were prepared after trypsinization of monolayer cultures and incu
bated with optimal amounts of anti-MHC class I monoclonal antibodies and
fluorescein isothiocyanate-rabbit anti-mouse immunoglobulin conjugate.

Fluorescence intensity for
the following monoclonal antibodies

CelllinesFRTL-5

FRA
FRT
FRTL(Mo-MuLV)

KiMol
A 18, 33'C
A 18, 39'CMRC

OX16.4.4154
Â±12Â°

112Â± 14
89 Â±13

140 Â±15204

Â±13
192 Â±10
188 Â±12MRCOX18149

Â±10
105 Â±11
90 Â±10

155 Â±10184

Â±12
191 Â±9
184 Â±11R2/15S150

Â±11
NTÂ»NT

148 Â±15189

Â±12
NT
NTJYI/98145

Â±13NT

NT
140 Â±12193

Â±10
NT
NTMRCOX2728

Â±7
17Â± 10
21 Â±8
20Â±629

Â±12
19Â±6
20 Â±9

" Mean Â±SD of three independent experiments.
* NT, not tested.

a normal untransformed phenotype, shows a pattern of MHC
class I antigen expression similar to that shown by the unin-
fected control cells (Fig. 2C). In Fig. 25, the results of fluores
cence intensity analysis after MRC OX 18 staining of Al 8 cells
at 33Â°Cand at 39Â°Care shown. At both temperatures, the

fluorescence intensity of infected cells remained higher than
that of uninfected FRTL-5. The negative control patterns of
staining with MRC OX27 are presented in Fig. 2D.

Fluorescence intensity measurements were carried out at least
three times in independent experiments for each MoAb; means
Â±SD of these measurements are presented in Table 3.

Indirect Immunofluorescence Staining of Thyroid Cell Lines
and Immunoenzymatic Microscopy Studies of Frozen Tissue
Sections. Indirect immunofluorescence of FRTL-5 cell line
obtained by MoAb MRC OX 18 staining was compared to that
of the FRTL-KiMol line and to that of tumor cell lines 1-5G
and FRA. The specific increase in staining of the FRTL-KiMol,
with respect to FRTL-5 (Fig. 3, A and B), seems to confirm
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Fig. 3. Indirect immunofluorescence staining of thyroid cell lines (A to /') and indirect immunoperoxidase staining of frozen sections of tissues (/ to /. ). A, IRTI

KiMol; B, FRTL-5; C, FRA; D, 1-5G. All lines were stained with monoclonal antibody MRC OXI8. Â£and /, solid tumor induced by s.c. injection of FRTL-KiMol
cells; F and 7, normal rat thyroid tissue; C and A. FRA tumor, //and /. 1-SG tumor. Sections in Â£through //were stained with monoclonal antibody MRC OX 18
and sections in / through /. were stained with monoclonal antibody MRC OX6. / : left, thyroid tissue; right, cartilage, x IS20.

results obtained with flow cytometry analysis. On the contrary,
FRA and 1-5G lines (Fig. 3, C and D, respectively) show a
lower specific staining than that presented by the FRTL-5 cells.

The intensity of immunoenzymatic staining of FRA and 1-
5G frozen sections, obtained by using MoAb MRC OX 18 (Fig.
3, G and H, respectively), was lower than that displayed by
normal rat thyroid tissue (Fig. 3F)- Moreover, we observed that
FRA tumor sections present a slight increase in staining, as
compared to 1-5G tumor. On the other hand, the specific
staining of FRTL-KiMol-induced tumor (Fig. 3Â£)is higher
than that of normal thyroid gland. These data confirm the flow
cytometry analysis obtained by the use of cultured cell lines and
show that the modulation of MHC class I antigens observed in
in vitro systems is not a mere artifact induced by establishing
the cells in tissue culture.

Fig. 3, / to /., reports the analysis of these tumors by the use
of MoAb MRC OX6, recognizing a monomorphic determinant

of MHC class II molecules. Fig. 3 shows that MHC class II
antigens are not expressed in. the tumors studied, confirming
the data obtained by the in vitro analysis (data not shown).

mRNA Hybridization Studies. To analyze the level of RT-1
class I mRNA expression in normal and KiMSV(MoMuLV)-
transformed thyroid cells, Northern blot experiments were per
formed. The probe used to investigate the levels of class I
mRNA was a mouse genomic H-2 DNA (described in "Mate
rials and Methods"). Total RNA extracted from both total

thyroid gland tissue and rat thyroid cells in culture shows a
discrete band of mRNA 1.6 kilobases long, v-ra/'-transformed

thyroid cells do not present a substantial increase in levels of
MHC class I mRNA (about 1- to 2-fold) as compared to the
normal ones (Fig. 4).

In conclusion, our data suggest that, although tumor-derived
cell lines and normal undifferentiated thyroid cells show a
diminished expression of MHC class I antigens, all virus-

4181

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/15/4178/2429350/cr0470154178.pdf by guest on 19 M

ay 2023



EXPRESSION OF MHC CLASS I ANTIGENS IN THYROID CELL LINES

1.6kb-~

B

IBS â€”

Fig. 4. . I. Northern blot analysis of MHC class I transcripts. Total RNA,
obtained from FRTL-KiMol cell line (Lane I), normal rat thyroid tissue (Lane
2), and FRTL-5 cell line (Lane 3), 5 jig/lane, was electrophoresed, blotted, and
hybridized to J:P pL4-7, subclone U, probe. B, UV photograph showing RNAs
before transfer, ethidium bromide gel staining, kb, kilobase.

transformed cells studied express increased amounts of such
antigens as compared to their normal counterparts. Further
more, since the increased expression of MHC-encoded mole
cules on virus-transformed cells is confirmed by using antibod
ies recognizing both monomorphic and polymorphic epitopes
of MHC class I determinants, our results may indicate that
such an increase is related not to Qa/Tla-like antigens but to
classically defined MHC class I molecules.

DISCUSSION

The modulation of MHC class I antigen expression has been
studied for the first time in a unique experimental model of
epithelial thyroid cells. Normal differentiated (FRTL-5) and
undifferentiated (FRT) thyroid epithelial cell lines, cells derived
from two different thyroid tumors (1-5G and FRA) and epithe
lial thyroid cells transformed in vitro by an acute murine ret-
rovirus carrying the v-ras1" oncogene (FRTL-KiMol and A18)

show a variable expression of MHC class I antigens as detected
by a panel of MoAbs.

As far as normal cells are concerned, the fully differentiated
thyroid phenotype presented by the FRTL-5 cell line (thyro-
globulin production, iodide uptake, and TSH dependence) is
shown to be associated with the expression of MHC class I
antigens, whereas lower but detectable levels of such antigens
are present on the surface of an undifferentiated epithelial
thyroid cell line (FRT). These findings suggest a modulation of
these antigens during the differentiation of thyroid cells. To
better clarify the relationship of MHC expression to thyroid
differentiation, experiments are now in progress to test whether
induction of the differentiated phenotype in the FRT cell line
by different agents is associated with an increase in MHC class
I antigens.

Cells derived from tumors induced in the thyroid gland by
agents such as irradiation (FRA) or chronic TSH hyperstimu-
lation (1-5G) show reduced expression of MHC class I antigens
with levels lower than those detectable in the fully differentiated
FRTL-5 cells. As opposed to cells from the above mentioned
thyroid tumors, retrovirus-transformed thyroid differentiated
cells show a definite increase in MHC class I antigen expression
on the cell surface. This increase is still present even when
FRTL-5 cells transformed by a ts mutant virus are switched to

the nonpermissive temperature of 39Â°C.At this temperature,

* 2 3 in fact, transformed cells, although losing all transformation
markers (growth in agar and independence of specific growth
factors), continue to show higher levels of MHC class I mole
cules than do normal cells. We cannot exclude, however, that
the A/r 21,000 ros*'-mutated protein is still active, although very
low levels of activity are likely to be compatible with the 39Â°C

temperature.
These data are in agreement with those we have reported

previously showing that, in thyroid cells transformed by a is
mutant oncogenic retrovirus, there is a dissociation between
differentiation and transformation, in that several functions,
including those specific of thyroid differentiation, are not re
covered after shifting the transformed cultures from the per
missive to the nonpermissive temperature (20). MHC class I
genes and their products could be enclosed in a set of molecules
stably regulated by the transformed state and independent of
the continuous activity of the ras oncogene product. Other
genes regulated in such a fashion have recently been isolated by
our group using complementary DNA libraries from FRTL-5
cells infected with a is mutant of KiMSV (30).

It is noteworthy, however, that while steady-state levels of
MHC class I mRNA do not seem to be highly increased (less
than 5- to 10-fold) in virus-transformed cells as compared to
normal ones, the MHC class I antigenic expression is sensibly
increased in the transformed cells. This suggests that positran-
scriptional mechanisms may be involved in the surface expres
sion of MHC class I antigens in the transformed cells. The low
level of MHC class I antigens observed in the lines derived from
experimental tumors (FRA and 1-5G) as compared to the
differentiated line (FRTL-5) is also confirmed by the analysis
of frozen sections (Fig. 3). Tumors induced by infection of
FRTL-5 by KiMSV also show an increased expression of such
antigens in comparison to normal thyroid tissue. These data
indicate that this modulation occurs in vivo and is not a conse
quence of establishing the cells in culture.

Our results, showing for the first time that transformation of
highly differentiated epithelial cells by the v-ros*1 oncogene-
carrying retrovirus, and not by the helper retrovirus-infected
cells, is accompanied by an increased expression of MHC class
I products on the cell surface, confirm that at least v-r<u*'

epithelial transformation can result in modulation of MHC
class I products. Moreover, the transformed thyroid cells used
in our studies, although expressing larger amounts of MHC
class I antigens than their normal cellular counterparts, are
highly tumorigenic when injected into syngeneic immunocom-
petent rats. In fact, as shown previously by our group (18),
injection of KiMSV-transformed FRTL-5 cells results in the
formation of carcinomas in over 90% of the syngeneic rats
inoculated. These findings suggest that tumor cells may also
escape immune control by mechanisms not triggered by reduced
or lost expression of MHC class I antigens. Such a view is
further supported by the finding that normal human thyroid
tissue expresses low levels of MHC class I antigens, while over
50% of thyroid carcinomas show an increased expression of
such antigens (31). Recent evidence has been provided in the
literature that an increased 11-2 antigen expression is directly
related to the increased metastatic potential (32). The host
response in this case is apparently related to natural killer cell
activity, which operates best in the absence of H-2 antigens on
the target cells. The correlation between the metastatic potential
and the increased expression of all or certain MHC class I
alÃelesobserved for several tumors (33, 34) could probably be
ascribed to selection of certain phenotypes able to escape nat-
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ural killer cells. On the other hand, in a variety of virally or
chemically induced tumors, a selective absence of MHC class I
molecules has repeatedly been reported to be associated with
enhanced tumor growth and metastatic capacity (11). In these
systems, the conventional MHC-restricted cytotoxicity is re
ferred to as the main mechanism of escape from immunosur-

veillance.
In order to further clarify the relationships between MHC

class I antigen expression and the transformed phenotype, other
epithelial and mesenchymal cell lines infected with a variety of
acute retroviruses carrying different oncogenes are currently
under investigation in our laboratory. Such studies will hope
fully enable us to assess whether modulation of MHC class I
antigens by transformation is a general feature of oncogenesis
or must be confined within specific cell systems.
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