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ABSTRACT

An H-2Kb negative HI.6 melanoma clone (HI 6-8) was transfected
with plasmids containing either the class I H-2Kb or class II 11-2IA1
gene in combination with the neo' gene. The effects of the transfected

genes on the expression of the melanoma-associated antigen (MAA)
recognized by the monoclonal antibodies MM2-9B6 and MM2-3C6 and

the cell surface carbohydrates recognized by 15 different lectins were
studied. The original H-2Kb- clone or clones transfected with neor or
class II II-2I A1 genes expressed high levels of MAA and very low levels

of soybean agglutinin (SBA), Griffonia simplicifolia I-B4 (GSIB4), and
peanut agglutinin (PNA) lectin-binding sites. In contrast, clones that
expressed high levels of the transfected II-2K1' gene completely lost the

expression of MAA. In addition, these clones were characterized by the
appearance of high levels of expression of the sugars specifically reacting
with SBA, ( .SIBj, and PNA lectins. When the original BL6-8 clone was
transfected with the II-2K'1 gene, 25 clones subsequently isolated had
relatively low expression of the transfected II-2K'1 gene but high expres
sion of the endogenous II-2K1' gene accompanied by an alteration in

expression of the MAA and lectin binding identical with patterns common
for 11-2k''+ melanoma cells. These changes were not due to the transfec-

tion, plasmid construction, or place of insertion, since similar phenotypic
characteristics were found in H-2Kb+ but not H-2Kb- clones isolated
from the TV-methyl-yV'-nitro-A'-nitrosoguanidine-treated B1,612 or paren

tal HI ,6 melanoma lines. In total, 73 BL6 melanoma clones were inves
tigated and all of the 41 H-2Kb+ clones displayed loss of MAA and

appearance of SBA, (.S1B4, and PNA-binding sugars. None of the 32 II-
2Kbâ€”clones showed these changes.

This study indicates that the class I II-2K1' gene product might alter

several phenotypic properties of HI 6 melanoma cells. The mechanisms
of these changes remain unknown. We consider that these effects of the
class I H-2Kb gene are indirect, involving interactions with the B-tropic

ecotropic retrovirus specific for melanomas of C57BL/6 mice origin.

INTRODUCTION

MHC3 antigens play a key role in the recognition of "self"
and "nonself" by the immune system (1). Class I and class II
MHC molecules guide the function of two major subpopula-
tions of T-lymphocytes during immune responses (1). Altera
tions of class I MHC antigen expression are found in many
experimental tumors and tumors obtained from cancer patients
(2-4). It is considered that loss of class I MHC antigens could
help tumor cells to escape T-cell-mediated immune destruction.
There is increasing evidence that MHC molecules might have
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wider biological significance beyond their interaction with the
T-lymphocytes and affect various properties of tumor cells. It
was recently proposed that class I MHC gene products could
participate in the regulation of tumor cell sensitivity to NK cell-
mediated cytotoxicity (5).

MHC molecules have been demonstrated to play a role in
control of expression of receptors for various hormones and
growth factors (6-10). MHC gene products have also been
found to influence development of some diseases and sensitivity
to carcinogenesis (11-13).

Transfection of MHC-negative tumor cell lines with class I
MHC genes has provided important confirmation of the crucial
role of MHC molecules in the regulation of tumor cell immu-
nogenicity (14-17). In some tumor cell lines, transfected class
I MHC genes have been found capable of altering tumor cell
sensitivity to NK cells (5).

We previously found that BL6 melanoma cells, selected from
the B161-10 melanoma line on the basis of high invasiveness,
did not express serologically detectable H-2Kb Ag (18). Clone
BL6-8, isolated from this melanoma line, was transfected with
either class I or class II MHC genes (17). Clones that expressed
high levels of transfected H-2K" gene became highly inumino-

genie (17). In parallel, BL6 melanoma cells transfected with
class I, but not class II, genes became sensitive to the NCMC
and to lysis by the recombinant TNF-a (19). Similar data were
obtained when BL6 melanoma cells were treated in vitro with
MNNG. A new variant, derived by MNNG treatment, BL6T2,
expressed high levels of H-2Kb Ag and became highly immu-
nogenic (18) and sensitive to the NCMC and TNF-a (19, 20).
In addition, BL6T2 cells lost the expression of the MAA (21).
This MAA is recognized by mAbs MM2-9B6 and MM2-3C6
that were produced by immunization of C57BL/6 mice with
B16 melanoma cells and were found to react with various low
and high metastatic sublines of B16 melanoma (21). These
mAbs also reacted with 2 other melanomas (JB/RH and JB/
MS) that originated in C57BL/6 mice but did not react with
melanomas of other strains of mice or with a variety of different
histological types of tumors of C57BL/6 mice (21). No binding
of these mAbs was found with different normal adult or fetal
tissue of C57BL/6 mice (21). Thus, the antigen recognized by
these mAbs appears to be specific for melanomas of C57BL/6
mice. The MM2-9B6 mAb have been found to be extremely
efficient in the eradication of B16 melanoma mÃ©tastasesin the
liver (22) as well as pulmonary mÃ©tastasesof B16 and JB/MS
melanomas (23). This antimetastatic effect of MM2-9B6 mAb
is mediated via antibody dependent cell-mediated cytotoxicity

and required the presence of functionally active NK cells (22,
23).

In addition to loss of MAA expression, MNNG-treated H-
2Kb+ BL6T2 cells manifested some changes in the cell surface

carbohydrates reacting with SBA and PNA lectins, whereas the
original BL6 melanoma cells did not bind these lectins.4 The

mechanisms of these changes remain unclear. They could be

4Gorelik, E., unpublished observations.
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attributed to the effect of MNNG treatment or activation of
class I H-2 gene expression.

Therefore, it is of interest to use the gene transfection tech
nique to study whether the transfected H-2 genes could affect

the expression of the MAA and cell membrane carbohydrates
in the H-2Kbâ€”BL6 melanoma cells. This study might help us
to understand the biological significance of H-2 gene function
in tumor cells and shed some light on the mechanisms of H-
2Kb-induced changes in BL6 melanoma cell sensitivity to

NCMCandTNF(19, 20).

MATERIALS AND METHODS

Tumors. B16BL6 melanoma cells were selected for high invasiveness
from the B16 FIO melanoma line, on the basis of their ability to
penetrate the bladder wall in vitro. Six sequential selective procedures
were performed and the resulting highly invasive variant was termed
bladder six (BL6) (24).

The BL6T2 variant was obtained by treatment of BL6 melanoma
cells with MNNG (18). Fourteen clones isolated from BL6T2 mela
noma were used in this study. In addition, 16 individual clones isolated
from the parental BL6 melanoma were studied.

Clone BL6-8 isolated from the BL6 melanoma cell line did not
express class I H-2Kb and class II H-2 genes (17). The calcium phos
phate technique was used, and clone BL6-8 was transfected with a
pRSV neo plasmid containing the neo' gene alone or in combination
with class I H-2K" or class II H-2IA" gene (17). The H-2K" gene is
within a 10-kilobase EcoRl genomic fragment that has been subcloned
into the Sail site of pTCF by using Sail linkers (25). In parallel, BL6-
8 clone was also transfected with a pRSV plasmid containing both the
8.4-kilobase IA,,k and 10-kilobase IA/ sequences (17). The following
isolated clones were used in this study: clone BL6-9 transfected with
the neor gene, 2 clones (BL6-12 and BL6-22) transfected with the class
II H-21Ak gene, and 4 clones (BL6-20, BL6-37, CL8-1, and CL8-2)
transfected with the H-2K" gene (17). In parallel, the BL6-8 clone was
transfected with the plasmid 191-6 which contains the entire H-2Kd

gene cloned into Hintflll sites of PBR 322 (26). This plasmid was
kindly provided by Dr. D. Margulies (Laboratory of Immunology,
National Institute of Allergy and Infectious Diseases, NIH).

Transfection of the H-2Kd gene was performed using the Lipofectin
reagent (BRL, Gaithersburg, MD) (27). A mixture of the 191-6 plasmid
( 10 Â¿tg)and neor plasmid (1Â¿tg)together with 10 Â¿ilof Lipofectin reagent
in 0.5 ml of serum-free opti-minimal essential medium (Gibco BRL,
Grand Island, NY) was added to 6-well plates with growing BL6-8
melanoma cells. After 6 h of incubation the cells were washed in PBS
and cultured in RPMI 1640 medium supplemented with 10% fetal
bovine serum, glutamine, streptomycin, and penicillin (Gibco) (this will
hereafter be referred to as complete medium). Two days later the
transfected cells were placed in complete RPMI 1640 medium contain
ing G418 (1000 Mg/ml) (Gibco). Cells resistant to G418 were cloned,
and 25 clones transfected with the H-2Kd gene and 10 clones transfected
with the neor gene alone were isolated and maintained for use in this

study. All nontransfected clones were cultured in complete RPMI 1640
medium. Gene-transfected clones were maintained in the complete
RPMI 1640 medium containing geneticin G418 (400 Mg/mg). Cells
were harvested as previously described (18-20).

Monoclonal Antibodies. The expression of H-2 Ags on the surface of
tumor cells was analyzed by flow cytometry with mAbs. The anti-H-
2Kb (IgM) (hybridoma line 28-13-3), anti-H-2Kd (IgM) (hybridoma
line 31-3-4), and anti-H-2Db (IgM) (hybridoma line 28-11-5) were

kindly provided by Dr. D. Sachs (Immunology Branch, National Cancer
Institute, NIH, Bethesda, MD). The anti-H-2K" (IgG2a) (hybridoma
line AF6-88.53) mAbs were obtained from the American Type Culture
Collection. Anti-H-2IAk (IgG28) (hybridoma line 10-2-16) mAbs were

a gift from Dr. D. Margulies (Laboratory of Immunology, National
Institute of Allergy and Infectious Diseases, NIH). mAbs MM2-9B6
(IgG2b) and MM2-3C6 (IgM) against B16 melanoma cells were kindly
provided by Dr. S. Leong (Department of Surgery, University of
Arizona).

Immunofluorescence staining was performed as follows. Tumor cells
(0.5 x lO'/tube) were incubated with mAbs for 30 min at 4Â°C.After

the tumor cells were washed in staining buffer (PBS, 0.1% sodium
azide, 1% bovine albumin), they were incubated with fluorescein iso-
thiocyanate-labeled goat anti-mouse IgG, IgM antibodies for an addi
tional 30 min at 4Â°C. Cells were washed and fixed in 1%

paraformaldehyde.
Flow Cytometry. Flow cytometry was performed with a FACStar or

FACStar-Plus flow cytometer (Becton Dickinson Immunocytometry,
San Jose, CA). Cells were excited with 200 mW of the 488 nm line
from an argon ion laser. Gating of the appropriate cell types was
accomplished using the forward and side light scatter signals. Fluores
cence signals were collected on log scales.

Lectin-binding Assay. Lectin-binding studies were performed using a
panel of 15 biotinylated lectins (EY Laboratories, San Mateo, CA, or
Sigma Chemical Co., St. Louis, MO) (Table 2). Tumor cells (2.5 x
IO5) were incubated with lectins for 30 min at room temperature at a

final concentration of 10-50 /Â¿g/ml.After the cells were washed for a
final time, they were resuspended in 0.1 ml of PBS and 0.1 ml of 2%
paraformaldehyde. The log red (F12) signal of the cells was collected
and analyzed, using a FACStar flow cytometer operated with Consort
30 software.

RESULTS

As previously reported (17), the BL6-8 melanoma clone did
not express the H-2Kb gene, and the corresponding mRNA was

not detected in Northern blot analysis. Flow cytometric analysis
of cell surface expression of H-2Kb Ag confirmed that the BL6-
8 clone did not express H-2Kb Ag on the cell surface (Fig. 1).
The BL6-9 clone transfected with the neo' gene also did not
express H-2K" Ag (Fig. 1). Two clones (BL6-12 and BL6-22)
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Fig. 1. H-2Kb antigen expression on BL6 melanoma clones transfected with

class I or class II H-2 genes. H-2Kb antigen expression on the cell surface of the
original BL6-8 clone, neo'-transfected BL6-9 clone, BL6-12 and BL6-22 clones
transfected with H 2IAk, 4 clones (BL6-20. BL6-37. CL8-1, and CL8-2) trans
fected with the H-2Kb gene, and the T-39 clone derived from the MNNG-treated
BL6T2 subline was analyzed using flow cytometric analysis. First peak, isotype
immunoglobulin control; second peak, percentage of tumor cells binding the
specific mAb (hybridoma line 28-13-3).
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Fig. 2. Expression of melanoma-associated antigen by BL6 melanoma clones
transfected with class I H-2Kb or class II H-2IA* genes. Expression of melanoma
associated antigen was analyzed using MM2-9B6 (IgG) monoclonal antibodies
and flow cytometric analysis.

BL6-20

transfected with the class II H-2IAk gene were included in this

study. In various experiments between 2 and 25% of the H-
2IAk-transfected cells were found to be slightly positive for
expression of H-2Kb Ag. Transfection of the BL6-8 cells with
the class I H-2Kb gene led to the selection of 4 clones. Two of
them, BL6-20 and BL6-37, had relatively low levels of expres
sion of the H-2K gene (17) and cell surface H-2K" Ag, with
about 25-45% of these cells found to be H-2K" positive. In
contrast, two other H-2Kb-transfected clones, CL8-1 and CL8-
2, had high levels of H-2Kb mRNA production (17) and high
expression of serologically detectable H-2Kb Ag (Fig. 1). For
comparison we analyzed the T2-39 clone isolated from the
MNNG-treated BL6T2 line which expressed high levels of the
endogenous H-2Kb gene (17) and found high levels of the
serologically detectable H-2Kb Ag (Fig. 1).

The original BL6-8 clone expressed H-2Db Ags. Transfection
of the BL6-8 clone with the neor, class I H-2Kb, or class II H-
2IAk gene did not significantly affect the expression of H-2Db
antigens (19). The level of H-2Db Ag expression varied slightly

from experiment to experiment, and no consistent differences
in expression of H-2Db Ag were observed among the tested

clones (19).
None of the BL6 clones expressed class II H-2 antigens. After

transfection with the H-2IAk gene, two clones, BL6-12 and
BL6-22, were found to express high levels of H-2IAk antigens

(19).
In the next series of experiments we analyzed the expression

of the MAA on the cell surface of class I and class II H-2 gene-
transfected clones. High levels of expression of the MAA rec
ognized by MM2-9B6 mAbs were found on the cell surface of
BL6-8, neo'-transfected BL6-9, and IAk-transfected BL6-12
and BL6-22 clones. In contrast, H-2Kb-transfected clones,
CL8-1 and CL8-2, had virtually no detectable reactivity with
these mAbs (Fig. 2). When H-2Kb-transfected clones expressing
low and high levels of H-2Kb Ags were compared for their
ability to react with MM2-9B6 mAbs, the data clearly dem
onstrated that loss of MM2-9B6 determinants was associated
uniquely with high expression of H-2Kb Ag, and clones BL6-
20 and BL6-37 (low H-2Kb expressing) were similar to the
BL6-8 clone in their expression of MM2-9B6-recognizable
determinants (Fig. 3).

When the presence of the MAA was assayed using MM2-
3C6 mAbs, again, loss of these Ags was found only among the
clones with high H-2Kb Ag expression (Table 1). Thus, high
levels of expression of class I but not class II H-2 genes were
associated with the disappearance of the MAA on BL6 mela
noma cells.

BL6-37 CL8-1

FLUORESCENCE INTENSITY

Fig. 3. Melanoma-associated antigens on cell surface of H-2Kb-transfected
clone with different levels of H-2Kb antigen expression. H-2Kb-transfected clones
BL6-20 and BL6-37 are expressing relatively low, and clone CL8-1 is expressing
high, levels of H-2Kb antigens. First peak, isotype immunoglobulin control; second
peak, percentage of tumor cells binding the specific MM2-9B6 mAb.

Table 1 Association between expression of melanoma-associated antigens and H-
2K* antigens by BL6 melanoma cells transfected with class I and class II H-2

genes
BL6 melanoma cells transfected with neo', class II H-2IAk, or class I H-2Kb

genes were mixed with MM2-3C6 (IgM) monoclonal antibodies. After the cells
were washed, they were incubated with rabbit anti-mouse fluorescein isolimi
cyanate-immunoglobulin. The expression of the determinants recognized by these
mAbs was determined by flow cytometric analysis.

TumorcellsBL6-8BL6-9BL6-12BL6-22BL6-20BL6-37CL8-1CL8-2T2-39Genestransfectedneo'IA"IAkK"K"K"K"MNNG

treatmentKbAg

expressionLowLowLowLowLowLowHighHighHigh%
mAb-reactive

cells999999978386236
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We previously found that MNNG-treated H-2Kb-positive

BL6T2 melanoma cells differ from the original B16, B16F1,
B16F10, and BL6 melanoma cells in their ability to bind SBA
and PNA lectin.4 Therefore, it was of interest to test whether
transfection with class I or class II H-2 genes was associated
with alteration of cell surface carbohydrates. Using a panel of
15 biotinylated lectins (Table 2) and avidin-phycoerythrin com
plex, we tested the ability of the transfected BL6 clones to bind
these lectins, and the percentage of positive cells and the inten
sity of the expression of the lectin-binding sites on the cell
surface of the tumor cell lines were determined by flow cyto-
metric analyses.

No tested line reacted with Lotus, DBA, LFA, or LPA, and
all responded equally highly with ConA, WGA, PWM, tomato
and ECA lectins (Table 3). Differences among the lines were
demonstrated for binding of several lectins. Clones CL8-1 and
CL8-2, transfected with H-2Kb gene, and clone T2-39 from

the BL6T2 melanoma line, reacted strongly with SBA, GSIB4,
and PNA lectins. Class II IAk and neor gene-transfected clones
demonstrated very low reactivity with these lectins. Clones T2-
39, CL8-1, and CL8-2 also had increased reactivity with VV,
GSII, and EEA lectins. However, when the concentration of
these lectins was decreased from 50 to 10 Mg/ml, the differences
in the percentage of cells binding GSII and EEA were no longer
seen (data not shown). VV lectin at a lower concentration (10
Mg/ml) was capable of binding H-2Kh- clones but less efficiently
than H-2Kb+ clones. However, most apparent and consistant

differences were found with SBA, GSIB4, and PNA lectins that
at the 10 ng/m\ still demonstrated high levels of binding with
H-2Kb+ but not with H-2Kb low clones. These bindings were

inhibited in the presence of the appropriate sugars, thus con
firming the specificity of these reactions (data not shown).

The increase in lectin binding was observed only in the clones
with high levels of H-2Kb antigen expression such as CL8-2
clone (Fig. 4). In contrast, clones BL6-20 and BL6-37, trans
fected with H-2Kb gene but having low levels of cell surface H-
2Kb antigens, failed to show appreciable binding of SBA, GSIB4,

and PNA lectins (Fig. 4).
These data indicated that high levels of class I H-2Kb gene

expression were associated with the loss of MAA and the
appearance of cell surface a- and ÃŸ-GalNac> and /3-Gal sugar
corresponding to the SBA-binding site, n-D-Gal corresponding
to the GSIBj-binding site, and Gal/3 1,3-GalNac > a- and 0-
Gal corresponding to the PNA-binding site (Table 2).

In order to test whether the changes in the BL6 melanoma
phenotype were uniquely associated with the H-2Kb gene or
with allelic H-2K genes as well, we transfected the BL6-8 clone
with the H-2Kd plus neor genes. In parallel, BL6-8 cells were
transfected with the neo' gene alone using the Lipofectin re
agent (27). Ten neor gene-transfected clones were investigated
and all were H-2Kbâ€”and expressed MAA, but they did not

bind GSIB4, SBA, or PNA lectins (Fig. 5). As was shown
previously, these characteristics are common for all H-2Kb-

BL6 melanoma clones.
Twenty five clones transfected with the H-2Kd gene were

isolated. These clones expressed relatively low levels of the
transfected H-2Kd gene with 5-53% positive cells (Fig. 6).
However, very high levels of the H-2Kb Ags were found to be
expressed by these clones (75-95% of these cells were H-2Kb+).
Thus, transfection with the H-2Kd gene resulted in the induction
of expression of the endogenous H-2Kb gene. H-2Kd transfected

clones lost MAA expression but became highly reactive with
GSIB4, SBA, and PNA lectins (Fig. 6). These phenotypic

Table 2 Lectins used for examining cell surface carbohydrates ofBL6 melanoma
clones

Lectin Specificity

Glycine max (soybean) (SBA)
Criffonia simplicifolia I-B4 (GSIB4)
Arachis hypogaea (PNA)
Griffonia simplicifolia II (GSII)
Euonymus europaeus (EEA)
Vicia villosa (VV)
Canavalia ensiformis (ConA)
Triticum vulgaris (wheat germ)
(WGA)
Phytolacca americana (pokeweed)
(PWM)
Lycopersicon esculentum (tomato)
Erythina cristagalli (ECA)
Lotus tetragonolobus (Lotus)
Dolichos bifloras (DBA)
LimaxÃŸavus (LFA)
Limulus polyphemus (LPA)

Â«-and 0-GalNAc > n- and 0-Gal
<>-D-Gal
GaltfU-GalNAc > n- and 0-Gal
o- and Ã–-GIcNAc
Calai ,3-(L-Fuca 1,2)-Gal01.3
Â«-D-GalNAc
n-Man > o-GIc
GlcN Ac[ÃM1,4)-D-GlcNAc]2

GlcNAc(/3-1,4-GlcNAc),.,

GlcNAc(Ã¶-l,4GlcNAc),-3
Gal-fi-(l-4)-GlcNAc > Â«-GalNAc
n-L-Fucose
GalNACtt-UGalNAc > Â«-GalNAc
n-Neu5Ac
NeuSAc (or Gc) Â«-2,6-GalNAc

Table ÃŒLectin-binding characteristics of H-2 gene-transfected BL6 melanoma
cells

Tumor cells (2.5 x 10*) were mixed with 50 ng/ml of the biotinylated lectins.
After the cells were washed, they were incubated with avidin-phycoerythin. Cell
analysis was performed using a FACStar flow cytometer.

% positive tumor cell clones

LectinsSBAGSIB4PNAGSIIEEAVVConAWGAPWMTomatoECALotusDBALFALPABL6-803001501001001001001000160BL6-981821701001001001001001S81BL6-I21273624761001001001001001794Bl.6-22612913801001001001001000840CL8-11001009956311001001001001001000000CL8-21001009875409910010010010010001121T2-3910010098795797100100100100100016711

B16 9

Fig. 4. Alterations of the lectin bindings by the H-2K* gene-transfected BL6
melanoma cells are associated with high but not low expression of H-2Kb antigens.
Three clones that were transfected with the H-2Kb gene and expressed low (BL6-
20 and BL6-37) or high (CL8-2 clone) H-2Kb antigens were incubated with 10

/jg/ml of the biotinylated SBA (S). GSIB4 (G), or PNA (P) lectins. In parallel,
clone BL6-9 transfected with the neo' gene was also incubated with the same
lectins. After the cells were washed, they were mixed with avidin-phycoerythrin
solution. Control (C) group cells were incubated only with avidin-phycoerythrin.
The log red (FL2) signal of the cells was analyzed using FACStar flow cytometer.
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Fig. 5. Expression of H-2K" antigen. MAA, and lectin-binding sites by BL6
clones transfected with the neo' gene. Clone BL6-8 was transfected with the neo'

gene using Lipofectin reagent. Ten isolated clones were tested for their expression
of the H-2K" antigen (mAb 28-13-3), MAA ( mAb MM2-9B6), and GSIB,,
SBA, and PNA lectin-binding sites using flow cytometric analysis. Percentages
of positive cells from individual clones were plotted.

displayed high levels of MAA expression but did not bind
GSIB4, SBA, and PNA lectins. In contrast, all the remaining
12 clones were H-2Kb+. These 12 clones lost the MAA but
gained the expression of the lectin-binding sites (Fig. 7). These
findings paralleled those described for the H-2K-transfected
clones.

A tumor is a heterogeneous population consisting of the
individual clones with various phenotypic characteristics. It was
of interest to determine whether individual clones isolated from
the original BL6 melanoma differed in H-2Kb Ag expression

and other studied cell properties. We investigated 16 individual
clones from the BL6 melanoma, and 15 clones were found to
be H-2Kb- (Fig. 8). These 15 clones expressed MAA but did
not bind the SBA, PNA, and GSIB4 lectins. One clone (BL6-
29) was found to be positive for H-2Kb Ag and reacted strongly

with GSIB.,, SBA, and PNA lectins but did not express MAA
(Fig. 8).

Thus, these data demonstrate that expression of the H-2Kb

genes was associated with the specific alteration of cell mem
brane properties of the BL6 melanoma cells. These changes
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Fig. 6. Effect of H-2K" gene transfection on the expression of H-2K' MAA
and cell membrane glycosylation. The BL6-8 clone was transfected with H-2Kd
and neo' genes using Lipofectin reagent. Twenty-five isolated clones were isolated
and studied for their expression of H-2K" (mAb 31-3-4), H-2K" (mAb 28-IS
SI, MAA (mAb MM2-9B6), and GSIB,, SBA, and PNA lectin binding using
flow cytometric analysis. Percentages of positive cells from individual clones were
plotted.

H-2Kb MAA GS1B4 SBA PNA

Fig. 7. Expression of H-2Kb, MAA, and lectin-binding sites by clones isolated
from the MNNG-treated BL6T2 melanoma line. Thirteen individual clones
isolated from the BL6T2 melanoma line were analyzed for expression of H-2Kb,
MAA, and GSIB4, SBA. and PNA lectin-binding sites using flow cytometric
analysis. Clone T2-18 (A) is significantly different from other clones (â€¢)by all
tested parameters.

changes are probably associated with the highly expressed en
dogenous H-2Kb gene rather than the low expressing transfected
H-2K.0gene. Indeed, clone 100 and 99 expressed relatively high
and low levels of the transfected H-2Kd gene (53 and 5% positive

cells, respectively). Both clones manifested the same phenotypic
changes as low MAA expression and high expression of the
SBA, GSIB.,, and PNA lectin-binding sites, paralleling the high
expression of endogenous H-2Kb Ag. All these phenotypic

changes were identical with those described for the clones
expressing high levels of the transfected H-2Kb gene or the T2-
39 clone which expressed endogenous H-2Kb gene after treat

ment with MNNG.
For further confirmation of the association between H-2Kb

gene expression and alteration of the biological properties of
BL6 melanoma cells, we studied 13 additional clones isolated
from the MNNG-treated BL6T2 line. Previously, we demon
strated that the BL6T2 line contains preferentially H-2Kb+
clones with a low proportion of H-2Kb- clones (18). By testing

13 individual clones from the BL6T2 line, we found that only
1 clone (T2-18) did not express H-2K" Ag (Fig. 7). This clone
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Fig. 8. Expression of H-2Kb, MAA, and lectin-binding sites by clones isolated

from the parental BL6 melanoma. Sixteen individual clones isolated from BL6
melanoma were analyzed for their expression of H-2K", MAA, and GSIBÂ«,SBA,
and PNA lectin-binding sugars using flow cytometric analysis. Clone BL6-29 (â€¢)
is significantly different from other clones (â€¢)by all tested parameters.
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were identical in all clones expressing transfected or endoge
nous H-2Kb gene.

DISCUSSION

The results of the present study demonstrate that transfection
of BL6-8 cells with the H-2Kb gene not only induced the
expression of H-2Kb molecules on the cell surface but also

altered the expression of MAA and cell membrane carbohy
drates with the appearance of the sugars specifically binding
GSIB4, SBA, and PNA lectins. These changes appeared to be
associated with H-2Kb gene expression and were not induced

by the transfection procedure per se, since transfection with
class II IAk and/or the neor gene did not affect tumor cell

characteristics. In addition, changes were not observed in the
clones which, after transfection with the H-2Kb gene, expressed
relatively low levels of H-2Kb Ags. Furthermore, induction of
H-2Kb Ag expression by a procedure unrelated to transfection

(i.e., MNNG treatment) resulted in identical changes caused by
H-2Kb gene transfection. Finally, a clone from the original BL6
melanoma displaying spontaneous expression of the H-2Kb
gene revealed the same phenotypic changes noted in the H-
2Kb+-transfected clones.

Since activation of the endogenous H-2Kb gene and transfec
tion of the exogenous H-2Kb gene had similar effects, the

observed alterations of tumor cell characteristics do not appear
to depend on the plasmiti constructions of the transfected H-
2Kb gene or on the place of its insertion in the genome of the

BL6 melanoma cell. It seems unlikely that observed phenotypic
changes are due to the instability and random alteration of the
biological properties of the tested clones. A total of 73 individ
ual clones were investigated, and all 41 clones that were H-
2Kb+ had identical changes in expression of MAA and lectin-

binding sugars. These changes were observed regardless of
whether H-2Kb Ag expression was due to the gene transfection
or induction of the endogenous H-2Kb gene. No such changes

were found among any of 32 individual clones that did not
express or expressed low levels of the H-2Kb gene.

The BL6-8 clone, and other clones transfected with H-2Kb,
H-2Kd, or H-2IAk genes or clones isolated from the MNNG-
treated BL6T2 line, had relatively high expression of H-2Db

Ag. Therefore, alterations of the various cell properties found
in the H-2Kb+ BL6 melanoma clones are most likely due to the
H-2Kb, not to the H-2Db, gene products, although the possible

combined effects of K and D gene products cannot be defini
tively excluded.

It remains unknown whether other allelic H-2K genes are
capable of inducing similar phenotypic changes in the BL6
melanoma. Transfection of the H-2Kd gene resulted in the

relatively low level of its expression, and its effect was masked
by induction of the endogenous H-2Kb gene expression.

The mechanisms of regulation of H-2Kb antigen expression

in BL6 melanoma cells remain unclear as does the induction of
the endogenous H-2Kb Ag in a high proportion of the clones
transfected with the H-2Kd gene described in this study. It is
possible that some transcription factors down-regulate the
expression of the H-2Kb gene in BL6 melanoma. The trans
fected H-2Kd gene could compete for these factors and, thus,
relieve the expression of the endogenous H-2Kb gene.

The expression of the MHC gene can be affected by some
oncogenes or viruses (28-30). This interaction can be in the
opposite direction, and the H-2 gene could regulate the expres
sion of some murine viruses (31) or oncogenes (32).

Our data indicate that the expression of MAA is inhibited by
H-2Kb gene products. However, the mechanisms of this inhi

bition remain unknown. It was demonstrated that expression
of MAA recognized by MM2-9B6 and MM2-3C6 mAbs is
associated with the replication and budding of a B-tropic eco-
tropic retrovirus that was found to be tissue and strain specific
(21). This was confirmed by experiments in which B-tropic
virus isolated from B16F10 melanoma cells upon infection into
the SC-1 fibroblasts induced the cell membrane antigen that
reacted with MM2-9B6 mAb (21). In contrast, infection with
LP-BM5 or 1909 B-tropic viruses isolated from normal tissue
of C57BL/6 mice and N-tropic viruses from different strains of
mice failed to induce cell surface MAA (21). Infection of SC-1
fibroblasts with NB-tropic Moloney virus also did not induce
the antigen reacting with MM2-9B6 mAb (21). The virus
isolated from B16F10 melanoma is considered a recombinant
form of the endogenous, ecotropic virus of C57BL/6 mice (21).
Furthermore, in the H-2Kb+, MNNG-treated, T2-39 cells this

MAA was not detected, and immunoelectron microscopy did
not find budding virus in these cells. Preliminary data indicate
that replication and budding of the B-tropic ecotropic retrovirus
was also inhibited in the H-2Kb+ clones that lost MAA expres
sion.5 Thus, it is possible to assume that the H-2Kb gene product
could affect the function of the B-tropic retrovirus that seems
to be responsible for expression of MAA in BL6 melanoma
cells.

Expression of H-2Kb Ags in BL6 melanoma cells was also
associated with alterations in the lectin-binding carbohydrate
sites on the cell membrane with the appearance of SBA-, PNA-,
and GSIB4-binding sugars. We obtained data indicating that
lack of the SBA- and PNA-binding sites on the cell membrane
of H-2Kb- clones is due to masking by sialic acid, which is
ablated after neuraminidase treatment.4 This is in agreement

with previous studies in which various B16 melanoma sublines
were tested for their ability to bind SBA and PNA lectins (33,
34). The ability of B16 melanoma cell variants to bind GSIB4
has not been previously tested. Our data with H-2Kb-negative

BL6 melanoma clones indicate that they did not bind this lectin,
and GSIB4-reacting sugars did not appear in these cells even
after neuraminidase treatment.4

GSIB4 lectin was isolated and extensively characterized by
Goldstein and associates (35-38). The GSIB4 is an Â«-o-galac-
topyranosyl-binding lectin (35, 36). a-D-Galactose groups are
the major constituents of the human type B blood group and
GSIB4 binds to B, but not to A or 0 group, of human erythro-
cytes (35). Although common constituents of animal glyco-
lipids, Â«-D-galactosegroups are found in only a limited number
of glycoproteins (37). GSIB4-binding proteins were found on
the Ehrlich tumor cell membrane ranging in molecular weight
from 50,000 to >200,000 with a major glycoprotein of M,
130,000(37).

Using Western blot analysis of cell membrane preparations
of H-2Kb+ clones CL8-1, CL8-2, and T2-39, we have found
several GSIB4-binding glycoproteins, with a predominant spe
cies at M, 95,000 and 160,000-170,000. In confirmation of the
flow cytometric analysis, no GSIB4-binding glycoproteins were
found by Western blotting in the cell membrane preparations
from the neor- and class II H-2IAk-transfected melanoma
clones.4 Although the appearance of the GSIB4-binding carbo

hydrates on the cell membrane coincided with the appearance
of H-2Kb molecules, it seems unlikely, based on the molecular

' J. Muller. Division of Biochemistry and Biophysics, Food and Drug Admin

istration Center for Drug and Biologicals, personal communication.
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weight of the detected glycoproteins, that GSIB4-binding sugars
are the carbohydrate component of the H-2Kb glycoprotein.

The biological significance of H-2K" gene-induced changes

in the cell membrane carbohydrates of BL6 melanoma cells
remains unknown. Our studies indicate that expression of the
H-2Kb gene renders BL6 cells sensitive to lysis by NCMC as
well as by recombinant tumor necrosis factor-a (19). It is
unclear how MHC gene products could affect BL6 melanoma
sensitivity to NCMC and TNF. It is plausible that observed
carbohydrate cell membrane changes are responsible for the
described alterations in BL6 melanoma cells sensitive to NCMC
and TNF. Futhermore, H-2Kb+ clones lost their metastatic

ability and, even in immunosuppressed or immunodeficient
mice, manifested low metastatic potential that might be due to
the alteration in the cell membrane carbohydrates.4

The mechanism of the observed changes in the cell membrane
carbohydrates is unknown and could be associated with altera
tion of the melanoma-specific B-tropic retrovirus function or
with the interaction between MHC and non-MHC genes. Some
experimental evidence clearly indicates the existence of defini
tive and rather complicated interactions between MHC genes
and genes located on other chromosomes (13).

Thus, our data demonstrate that class I MHC genes could
have broad biological effects in tumor cells beyond their regu
lation of the determinants interacting directly with immune
system.
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