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ABSTRACT

The expression of major histocompatibility complex (MHC) Class I
antigens has been studied, by means of monoclonal antibodies directed
against nonpolymorphic determinants of MHC Class I molecules, in two
epithelial differentiated cell lines (FRTL-5 clone 2 and PC clone 3) and
in one fibroblast cell line (FRT Fibro) of Fischer rat thyroid origin, before
and after infection with various acute retroviruses carrying the v-ras-Ha,
\-mos, \-src, polyoma middle T, and c-myc oncogenes. The results
obtained indicate that a single virus does not produce identical changes
in MHC Class I molecule expression in all tested lines, but a general
increase occurs in lines derived from FRTL-5 clone 2 and a decrease
occurs in lines derived from PC clone 3 and from FRT Fibro. Thus the
modulation of expression seems to proceed always in the same direction
in each cell line regardless of the infecting retrovirus and appears to
involve posttranscriptional mechanisms, since no modification of expres
sion of mRNA levels has been observed between normal and transformed
cells. Only one line of PC clone 3 origin, transformed by the cooperation
of two oncogenes (human c-myc and middle T), almost completely lost
MHC Class I antigens on the cell surface and presented a significantly
reduced synthesis of Class I mRNA.

INTRODUCTION

Major histocompatibility complex Class I antigens are ex
pressed on all nucleated cells in vertebrates and mediate MHC4-
restricted T-cell cytotoxicity toward target cells infected with
viruses or altered by neoplastic transformation (1). Moreover,
they are possibly involved in nonimmunological functions, such
as cell proliferation control and hormone uptake (2, 3).

Cellular transformation is associated with a modification of
the genetic program of the cell, resulting in extensive changes
in the population of mRNA molecules. Changes in the expres
sion of MHC Class I genes following transformation have been
reported. Several workers reported MHC Class I gene activa
tion in a variety of mouse cell types transformed by DNA and
RNA tumor viruses and chemical carcinogens (4) or in rat
fibroblasts transformed by the middle T of polyoma virus (5)
and in rat epithelial cells transformed by the Kirsten murine
sarcoma virus (6). In contrast, another group (7) has shown a
switchoff of MHC Class I genes in baby rat kidney cells trans
formed by adenovirus type 12.
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5 Cl 2 and PC Cl 3, FRTL-5 clone 2 and PC clone 3, two Fischer rat differentiated
thyroid epithelial cell clones; FRT Fibro, a Fischer rat thyroid fibroblast cell line;
HaMSV, Harvey murine sarcoma virus, carrying the v-ros-Ha oncogene; MPSV,
myeloproliferative sarcoma virus, carrying the \-mos oncogene; MRSV, murine
Rous sarcoma virus, carrying the \-src oncogene; PyMLV, polyoma murine
leukemia virus, carrying the polyoma virus middle T gene; PBS, phosphate-
buffered saline; TSH, thyrotropin.

Since contradictory results on MHC Class I expression in
transformed cells have been reported thus far, it could be of
great value to investigate the role of different transforming
genes on the same cell line and, conversely, the role of a single
transforming gene on different cell types.

In the present study we have evaluated the MHC Class I gene
expression in two epithelial differentiated cell lines and in one
fibroblast cell line of Fischer rat thyroid origin before and after
infection with various murine acute retroviruses. Infection of
these cell lines with each retrovirus results in different pheno-
types, as far as differentiation and malignancy are concerned.

Our results indicate that a single virus does not produce
identical changes in MHC Class I molecule expression in the
analyzed cell lines. MHC Class I antigen modulation seems to
proceed always in a similar direction in each cell line, regardless
of the infecting retrovirus, and this appears to occur at a
posttranscriptional level, since no modification in the expres
sion of mRNA level has been observed between normal and
transformed cells, except in one instance, in which the cooper
ation of two oncogenes abrogates the expression of MHC Class
I antigens on the membrane and causes a significantly reduced
synthesis of Class I mRNA.

MATERIALS AND METHODS

Cell Lines and Culture Conditions. The work was carried out on a
series of cell lines obtained by in vitro retrovirus transformation of two
rat thyroid epithelial cell lines and one fibroblast cell line. The prop
erties of all these cells have been reported previously (8-11) and are

summarized in Table 1.
The two epithelial parental cell lines, FRTL-5 clone 2 and PC clone

3, were derived from the thyroid gland of Fischer rats and express the
main thyroid differentiation markers, e.g., synthesis and secretion of
thyroglobulin, uptake of iodide, and dependence on six growth factors
(6H mixture, consisting of insulin, hydrocortisone, transferrin, thyro
tropin, somatostatin, and the tripeptide glycylhistidyllysine). In view of
these characteristics, both cell lines may be defined as continuously
growing cell lines of normal and differentiated epithelial thyroid cells.

Upon viral infection, these cells usually lose some or all of the above
markers, but this does not appear to be an obligatory feature of
transformation. In fact, PC Cl 3 cells after infection with HaMSV and
MRSV, even though no longer dependent on TSH for growth, do not
acquire the typical markers of transformation (anchorage independence
and tumorigenicity) (10).

FRT Fibro is a thyroid fibroblast cell line of Fischer rat.
The cells were transformed with: (a) Harvey murine sarcoma virus

carrying the v-ras-Ha oncogene; (Â¿>)myeloproliferative sarcoma virus
carrying the v-mos oncogene; (e) polyoma murine leukemia virus car
rying the polyoma middle T gene; (d) murine Rous sarcoma virus
carrying the v-src oncogene; (e) plasmid pMCGM 1carrying the human
c-myc gene; and (f) pMCGMl plus PyMLV.

Untransformed epithelial cells were grown in Coon's modification
of Ham's F-12 medium (12) containing 5% calf serum (GIBCO, Grand

Island, NY) plus the 6H mixture. FRT Fibro and retrovirus-trans-
formed cells were grown in the same medium as above but without
addition of growth factors.

Monoclonal Antibodies. Mouse monoclonal antibodies used for the
detection of MHC Class I antigens have been reported elsewhere (13,
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14) and were a gift of Drs. G. W. Butcher, Babraham, Cambridge,
England, and A. F. Williams, Oxford, England. Monoclonal antibodies
MRC OX18 and F16.4.4 recognize nonpolymorphic epitopes of MHC
Class I molecules of Fischer rats (haplotype M). Monoclonal antibody
MRC OX27, specific for the RT1 haplotype c of the rat, was used as a
negative control.5

Indirect Immunofluorescence Methods. To measure cell surface
expression of MHC Class I antigens, cells were removed from the
culture plates using PBS supplemented with 2 mM EDTA. Cell suspen
sions were subsequently incubated with optimal amounts of anti-Class
I monoclonal antibodies and fluorescein isothiocyanate-rabbit anti-
mouse immunoglobulin conjugate (Miles Scientific, Cavenago Brianza,
Italy). Immediately afterward, 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.

For detection of intracytoplasmic antigens, cells were plated at a
concentration of 5 x 104/well onto tissue culture chamber slides (Miles
Laboratories, Naperville, IL). Culture medium was Coon's modification
of Ham's F-12 medium containing 5% calf serum. When assaying PC

Cl 3, the medium was supplemented with the 6H mixture. 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 fixed in 95% ethanol at -20Â°C

for 15 min, washed three times with PBS-sodium azide buffer, and
incubated for 30 min at room temperature with 75 /il/well of prediluted
(10 Mg/ml) mouse hybridoma supernatant. This was followed by three
washes in PBS containing 1% bovine serum albumin and by a similar
incubation with 75 fil of 1/40 dilution of fluorescein isothiocyanate-
rabbit anti-mouse immunoglobulin conjugate (Miles). Monolayer cul
tures were finally mounted in glycerol and immediately examined under
an epifluorescence UV microscope.

RNA Extraction and Hybridization. Total RNA was extracted from
cell lines by the guanidinium hydrochloride method (15). Total RNA,
5 Mg/'ane, was fractionated on 1% formaldehyde agarose gel in 4-
morpholinepropanesulfonic acid buffer (200 mM 4-morpholinepro-
panesulfonic acid, 50 mM sodium acetate, 10 mM EDTA), transferred
to nitrocellulose, prehybridized, and hybridized following standard
procedures (16). The specific probe used to detect rat MHC Class I
mRNA was a mouse genomic H-2 clone, pL4-7, subclone U, containing
exclusively the nonrepetitive H-2 sequence. This clone was demon
strated to recognize rat-specific mRNA by studies on normal and
polyoma-transformed rat fibroblasts (5). The ft-microglobulin-specific
probe was a 261-base pair Pstl 5'-fragment from plasmid pBRcB4

containing a mouse /32-microglobulin complementary DNA (17). For
the hybridization experiments, 3 x IO6cpm of 32P-nick-translated probe
(2 x 10" cpm/Mg of DNA) were used. The size of the transcripts was

determined relative to 18S and 28S rRNA markers that 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, retrovirus-transformed rat
cell lines were analyzed by flow cytometry after indirect im-
munofluorescence staining with monoclonal antibodies MRC
OX18andMRCOX27.

In Fig. 1, A-D, flow cytometry profiles of normal and trans
formed FRTL-5 Cl 2 and related transformed cell lines are
reported. FRTL-5-HaMSV and FRTL-5-PyMLV cells showed
a definite increase in fluorescence intensity as compared to the
normal untransformed FRTL-5 cells. The most consistent in
crease in fluorescence intensity was observed in FRTL-5-
HaMSV cells (Fig. \A), whereas FRTL-5-PyMLV cells showed
a lesser though clearly defined increase (Fig. IB). In the other

two lines (FRTL-5-MPSV and FRTL-5-MRSV) the expression
of MHC Class I antigens appeared only slightly increased as
compared to normal untransformed cells (Fig. 1, A and C,
respectively). In Fig. ID are depicted the fluorescence intensity
levels of FRTL-5 Cl 2 and derived transformed cells after
staining with monoclonal antibody MRC OX27, which was
directed against a different H-2 haplotype, showing no differ
ence among the various cell lines.

To define whether the MHC Class I antigen modulation
observed in FRTL-5-infected cell lines reflected a general mech
anism, we analyzed two more cell lines of Fischer rat thyroid
origin: PC Cl 3, another epithelial differentiated cell line, and
a thyroid fibroblast cell line, FRT Fibro.

PC Cl 3, unlike FRTL-5 Cl 2, does not acquire a fully
transformed phenotype after infection with several retroviruses
(see Table 1) and requires the cooperation of more than one
oncogene to be neoplastically transformed (10). This cell line,
infected with HaMSV, MPSV, PyMLV, and MRSV, or trans
formed by the cooperation of c-myc plus PyMLV, showed a
diminished expression of MHC Class I antigens. In particular,
PC Cl 3, transfected with a plasmid carrying the c-myc gene,
which is not tumorigenic, showed no modulation of MHC Class
I molecules. PC-HaMSV showed a slight decrease in fluores
cence intensity (Fig. IE) as compared to the normal untrans
formed counterpart, while a definite decrease in staining was
apparent in lines PC-MPSV and PC-PyMLV (Fig. 1, Â£and F,
respectively). The line PC-myc-PyMLV, transformed by the
cooperation of two oncogenes, middle T of polyoma virus and
human c-myc, showed no specific staining with the same mono
clonal antibody as above (Fig. 1C). The negative control pat
terns, obtained by staining of all lines of this group with
monoclonal antibody MRC OX27, are presented in Fig. \H.

As far as the fibroblast cell line is concerned, a strong reduc
tion of MHC Class I molecules was shown in three of the four
transformed lines. In particular, FRT Fibro-HaMSV cells
showed no specific staining of such antigens (Fig. 11), while
FRT Fibro-PyMLV and FRT Fibro-MRSV (Fig. 1, J and K)

presented a strong diminution of their fluorescence intensity.
At variance, FRT Fibro-MPSV cells showed no significant
variation in cell surface expression of MHC Class I molecules

Table 1 Properties of transformed cell lines

Cell line Oncogene

Differen
tiation

markers"

Tumorig
cit/

Growth
in agar

Nude
mice

Adult
rats

FRTL-5 clone 2
FRTL-5-HaMSV
FRTL-5-MPSV
FRTL-5-MRSV
FRTL-5-PyMLV

PC clone 3
PC-HaMSV
PC-MPSV
PC-myc
PC-PyMLV
PC-myc-PyMLV
PC-MRSV

FRT Fibro
FRT Fibro-HaMSV
FRT Fibro-MPSV
FRT Fibro-MRSV
FRT Fibro-PyMLV

v-roi-Ha
\-mos
\-src
Middle T

v-raÃ-Ha
v-mos
c-myc
Middle T
c-myc + middle T
v-src

v-roj-Ha
v-mos
\-src
Middle T

5G. W. Butcher, personal communication.

" Differentiation markers are: synthesis and secretion of thyroglobulin; iodide

uptake; and dependence on TSH for growth.
* The neoplastic phenotype was assayed by s.c. injection of 2 x 10* cells into

athymic animals.
c FRTL-5-PyMLV and PC-PyMLV cells are able to synthesize and secrete

thyroglobulin and to trap iodide, but with a decreased efficiency, and are only
partially dependent on TSH for growth.
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Fig. 1. Flow cytometry profiles of FRTL-5 cells transformed by HaMSV and by MPSV (A), by PyMLV (A), and by MRSV (C), of PC clone 3 cells transformed

by HaMSV and by MPSV (Â£),by PyMLV (F), by the cooperation of c-myc and PyMLV (G), of FRT Fibro cells transformed by HaMSV and by MPSV (/), by
PyMLV (/), and by MRSV (AT)after indirect immunofluorescence staining with monoclonal antibody MRC OX18. D, H, and L, the above lines as stained with
monoclonal antibody MRC OX27.
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(Fig. 17), as compared to untransformed control cells. Negative
controls are presented in Fig. IL.

The above results are summarized in Fig. 2, in which the
modulation of MHC Class I antigens in the three groups of
transformed cell lines is expressed as a percentage of fluores
cence intensity of control cells.

mRNA Hybridization Studies. To address the question as to
whether the modulation of membrane expression of MHC Class
I antigens is related to a variation of the corresponding tran
scripts, the level of RT1 Class I a chain mRNA expression was
studied by Northern blot experiments in the untransformed cell
lines (FRTL-5 Cl 2, PC Cl 3, and FRT Fibro) and in some of
the transformed ones (FRTL-5-HaMSV, FRT Fibro-HaMSV,
PC-myc, PC-MPSV, and PC-myc-PyMLV). The probe used to

investigate the levels of MHC Class I a chain mRNA was a
mouse genomic H-2 clone (described in "Materials and Meth
ods"). In all transformed cell lines, no significant variation was

found in comparison to untransformed control cells, except for
PC-myc-PyMLV cells, transformed by the cooperation of c-
myc and middle T of polyoma virus, in which a 5- to 6-fold
diminution of a chain mRNA was observed relative to both PC
Cl 3 and PC-myc. The same filter was then hybridized to an
actin probe showing no difference in the amounts of total RNA
transferred to the filter (Fig. 3).

We have also analyzed the j32-microglobulin mRNA expres
sion in normal lines FRT-Fibro and PC Cl 3 and in transformed
lines FRT Fibro-HaMSV and PC-myc-PyMLV, in both of
which a complete loss of MHC Class I antigens was observed.
The probe used was a mouse ft-microglobulin complementary
DNA clone (described in "Materials and Methods"). In these

transformed cell lines, specific ft-microglobulin mRNA was

present in even higher amounts than in the normal counterparts
(data not shown).
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Fig. 2. Comparison of fluorescence intensity of FRTL-5, PC clone 3, and
FRT Fibro cells transformed by several retroviruses after indirect immunofluo-
rescence staining with monoclonal antibodies MRC OX18 and F16.4.4. Controls
are represented by normal untransformed cell lines. Bars, SD of three independent
experiments.

A B

Fig. 3. Northern blot analysis of MHC
Class I transcripts. A, total RNA, obtained
from FRTL-5 clone 2 (Lane 1), FRTL-5-
HaMSV (Lane 2), FRT Fibro (Lane 3), FRT
Fibro-HaMSV (Lane 4), PC-myc (Lane 5),
and PC-MPSV (Lane 6) cells, 5 jjg/lane, was
electrophoresed, blotted, and hybridized to 32P
pL4-7, subclone U, probe. B, total RNA, ob
tained from PC-myc-PyMLV (Lane 1) and PC
clone 3 (Lane 2), 5 jig/lane, was electropho
resed, blotted, and hybridized under the same
conditions as for the cell lines of A.
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Analysis of Intracytoplasmic MHC Class I Molecules. Fig. 4
shows the indirect immunofluorescence analysis of PC Cl 3
cells, untransformed (A) and transformed by myc-PyMLV (B),

and of FRT Fibro cells, untransformed (C) and transformed by
HaMSV (D), after ethanol fixation and staining with mono
clonal antibody F16.4.4. These findings reflect a near normal
appearance of intracytoplasmic MHC class I antigens.

DISCUSSION

Results obtained previously in our laboratory have shown
that the transformation of a rat thyroid epithelial cell line
induced by the Kirsten murine sarcoma virus is accompanied
by an increase of MHC Class I antigen expression (6).

Data produced in other laboratories indicated an increased
transcription of MHC Class I genes following virus transfor
mation of mouse cell lines (4). The assumption was made that
the activation of MHC genes was a general feature of oncogen-
esis, at least in this kind of cells. Opposite to these findings,
other investigators (7) showed that the transformation of baby
rat kidney cells induced by adenovirus type 12 implied a switch-
off of MHC Class I genes and that the cells became highly
tumorigenic. Another group of investigators (18) reported later
that protein E3/19K of adenovirus type 2, encoded for by the

main gene responsible for transformation, interfered with the
glycosylation process of MHC Class I antigens, thus preventing
their correct membrane expression.

Recent findings in the literature on the relationship between
oncogene transformation and MHC Class I antigens indicate
that two oncogenes, N-myc and c-fos, play a relevant role in the
regulation of expression of such genes. In rat neuroblastoma
cells the overexpression of the N-Â»ryconcogene is related to
down-regulation of MHC Class I genes. The phenomenon was
shown to be restricted to this cell type (19). Furthermore,
transfection of 3LL mouse lung cancer cells with a plasmid
containing the v-fos gene induced a normalization of MHC
Class I antigen levels in clones having low basal levels of such
antigens. After transfection such clones lose their highly met-
astatic potential (20).

When these data are taken into account, it is difficult to
envisage a general correlation between oncogene transforma
tion, neoplastic phenotype, and MHC Class I antigen expres
sion. In this connection, new elements for the definition of the
above correlation could be brought forth by studying the effect
of different transforming genes on MHC Class I antigen expres
sion in the same cell line and, conversely, the effect of a single
transforming gene on such modulation in different cell types.
To this end, two rat thyroid epithelial cell lines (FRTL-5 Cl 2

Fig. 4. Indirect immunofluorescence analysis of PC clone 3 cells untransformed (A) and transformed by myc-PyMLV (B) and of FRT-Fibro cells untransformed
(O and transformed by HaMSV (/)) after ethanol fixation and staining with monoclonal antibody F16.4.4. x 1800.

3820

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/48/13/3816/2431540/cr0480133816.pdf by guest on 19 M

ay 2023



MHC CLASS I ANTIGENS AND RETROV1RUS TRANSFORMATION

and PC Cl 3) and one fibroblast cell line of thyroid origin (FRT
Fibro), transformed by a series of acute retroviruses carrying
the v-ras-Ha, v-mos, v-src, and polyoma virus middle T onco-
genes, were studied for expression of MHC Class I antigens.
Furthermore, a PC clone 3 line transfected with a plasmid
containing the c-myc oncogene and subsequently infected with
PyMLV was examined.

Immunofluorescence studies on these different cell lines have
demonstrated that two epithelial differentiated rat thyroid cell
lines behave differently upon transformation by retroviral infec
tion. In fact, FRTL-5 Cl 2-derived transformed cell lines dis
played a positive modulation of MHC Class I molecule expres
sion. In particular, FRTL-5-HaMSV showed a marked increase
of Class I antigens on the cell membrane, confirming our
previously reported data (6) on the same cell line transformed
by another ras gene, Ki-ras. A smaller, although sizable, degree
of positive variation was observed with the other tested onco-
genes (\-mos, v-src, and middle T). At variance, PC Cl 3-derived
transformed cell lines showed a decrease of MHC Class I
antigen expression. Only in these transformed cell lines does
the expression of such antigens seem to be somehow related to
the malignant phenotype. In fact, while PC-myc cells are nor
mal even in MHC Class I antigen expression, a progressive loss
of these molecules on the cell membrane is observable from
PC-HaMSV cells, which are dedifferentiated, to PC-MPSV
cells, which are tumorigenic in nude mice and newborn rats, to
PC-myc-PyMLV cells, which dramatically lose Class I antigens
and became tumorigenic even in adult rats (9-11).

Since transformed FRTL-5 cell lines also are tumorigenic, it
seems difficult to relate this modulation of MHC Class I
molecules to a particular phenotype. Furthermore, thyroid fi-
broblasts, transformed by the same group of oncogenes, show
in general a diminution of MHC Class I antigen expression.
Therefore, modulation of these molecules seems to be related
to the cell type, as the same transforming virus produces differ
ent effects on the different cell lines analyzed. For instance,
cells infected with HaMSV showed a drastic diminution of
MHC Class I antigens in line FRT Fibro, a remarkable increase
in line FRTL-5, and a moderate reduction in line PC Cl 3. The
sole general observation thus allowed by our findings seems to
be that directionality of this modulation of MHC Class I
molecules depends upon the cell type, at least with the onco
genes studied.

To define the level at which the variation of MHC Class I
antigen expression occurred, we examined by Northern blot
analysis the rate of transcription of these molecules. Only in
PC-myc-PyMLV cells was a 5- to 6-fold reduction of MHC
Class I a chain mRNA levels noticed, whereas no appreciable
differences were found in all the cell lines tested. That the
variation of MHC Class I molecules was due to impairment of
/ij-microglobulin transcription could be ruled out by the analysis
of the levels of fo-microglobulin mRNA in this cell line.

From the data produced in this study, it can be envisaged
that the modulation of expression of MHC Class I antigens,
induced by retroviral transformation, implies at least two levels
of biochemical alteration. The first is transcriptional and was
observed only in line PC-myc-PyMLV, in which a sizable
reduction of the steady-state level of MHC Class I a chain
mRNA was found. The second one is posttranscriptional and
could involve several mechanisms, including alteration of trans-
lational processing of mRNA, as, for instance, a variation in
mRNA stability or in translational efficiency. Furthermore, the
protein biosynthetic pathway could be impaired at the matura
tion (18) (i.e., glycosylation) or transport (21) level, and finally

the specific recycling (22) or shedding of these molecules could
also be affected.

In conclusion, our results suggest that retroviral transfor
mation often induces modulation of MHC Class I antigen
expression, involving in some instances posttranscriptional
events. Moreover, a given oncogene does not produce the same
modifications in different cell lines.
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