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ABSTRACT

A previously described epitope (designated 43-9F) with high specificity
for human squamous carcinoma and adenocarcinoma of the lung is here
reported to be associated with the proliferative and tumorigenic activity
of a cloned human squamous lung carcinoma (SLC) cell line (SIX'-LI I)

and a number of cloned sublines. Lines with appreciable 43-9F epitope
density (43-9F+) had a short population doubling time and were tumor
igenic in athymic nude mice, whereas clones with low 43-9F epitope
density (43-9F-) of the same line had longer population doubling times
and did not result in 43-9F- tumors in athymic nude mice. Some of the
43-9F- clones reverted to the 43-9F+ phenotype and then became
tumorigenic. Two other SLC lines (SLC-L12 and SLC-L13), positive and
negative, respectively, for 43-9F also expressed tumorigenic and prolif
erative behavior concordant with the data for SLC-L11 and its sublines.

Cell lines of human squamous cell carcinomas had a pronounced
intratumoral heterogeneity in respect to 43-9F epitope expression. Fluo
rescence-activated cell sorting of cells with high and low 43-9F density
and subsequent cloning demonstrated that the cloning capacity was
confined almost exclusively to cells with high antigen density. Ininiu-
noaffinity chromatography and gel filtration showed that the epitope was
expressed in glycoproteins with molecular weights in the range of 5 x
106-5 x IO4. Mild alkaline hydrolysis reduced the binding of 43-9F
antibody to SLC-glycoproteins while neuraminidase treatment augmented
the 43-9F antibody binding.

It is concluded that expression of 43-9F+ glycoproteins seems linked
to the proliferative and tumorigenic features of human squamous lung
carcinoma cell lines.

INTRODUCTION

Mabs4 have enabled identification of TAAs on most types of
human lung cancer (1-16), but the biological significance of
these TAAs remains elusive. We previously reported on the
establishment and characterization, in part, of cloned cell lines
from human SLC and described also the strategy to generate
Mabs against molecules associated with the malignant pheno
type of SLC (17-19). One Mab, designated 43-9F, bound to an
epitope on a set of glycoproteins, and the specificity and char
acterization of the epitope both on glycoproteins (20) and
glycolipids5 show that the 43-9F epitope differs from previously

reported TAA on human lung cancers.
Immunohistochemical examination of SLC cultures with the

43-9F Mab revealed a pronounced heterogeneity in the staining
pattern within individual cell populations (20, 21) with 30-60%
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epitope positive cells. Using a newly developed method for
immunoblotting of viable cells secreting specific products (22)
as well as the FACS, antigen positive (43-9F-I-) and negative
(43-9F-) subclones could be isolated. We now report that SLC

cultures expressing the epitope were tumorigenic in athymic
nude mice, whereas no 43-9F- clones generated 43-9F- tumors
in nude mice; the 43-9F- clones also had longer PDT values
compared to 43-9F+ cultures. Further, several of the antigen-
negative subclones became 43-9F+ in culture or upon inocula
tion in nude mice. It is demonstrated that the 43-9F+ glycopro
teins are released from actively proliferating SLC cells. Finally,
in extension of previously reported characteristics of 43-9F+
glycoproteins (20), sialic acid was shown not to be part of the
epitope.

We conclude that expression of the 43-9F epitope is associ
ated with the tumorigenic and proliferative features of cultured
cells of SLC, and it is suggested that the epitope consequently
may have a biological role related to these features.

MATERIALS AND METHODS

Cell Lines. The establishment and culture conditions of cloned cell
lines from human SLC have been described in detail previously (17,
18) including their derivation from tissue with pathologically verified
squamous lung carcinoma lesions. The SLC cell lines used in the present
study (SLC-L11 and its subclones) grow adherent to plastic and are
routinely maintained in RPMI 1640 medium supplemented with 10%
PCS and 0.03% fresh L-glutamin (RPMI/FCS). Two other SLC lines
(SLC-L12 and SLC-L13) were established as SLC-L11 and described
(17).

Monoclonal Antibodies. The 43-9F Mab (IgM) has been described in
detail (20). Briefly, this Mab (IgM) was generated by conventional
murine hybridoma technology after immunization of BALB/c mice
with SLC-L11 cells. The Mab was found in initial screenings to have
specificity for SLC lines (20), and was in a recent study of different
tumors also found to react with lung adenocarcinomas (20). The 43-9F
hybridoma is maintained in serum-free HB-102 culture medium (Hanna
Biologicals, Berkeley, CA), and the Mab purified from spent superna-
tants of such cultures.

43-9F Antigen Preparations. Cell extracts containing the 43-9F an
tigens were prepared as previously reported (20, 23).

43-9F antigen positive glycoproteins released from SLC-L11 cell
lines were prepared from 3- to 4-day old conditioned medium of sub-
confluent cultures grown in serum-free RPMI 1640 medium. The
conditioned medium was centrifuged for 20 min at 30,000 x g at 4 <
to remove paniculate matter and concentrated by filtration through
Amicon PM 10 filters (retaining molecules with M, > 10,000). Dot-
blot analysis demonstrated that all 43-9F+ molecules were retained in
the fraction that did not pass the filter. Remaining molecules with M,
< 1000 were removed from the concentrated culture medium by gel
filtration on Sephadex G2S (Pharmacia, Sweden) columns.

Gel Electrophoresis and Electroimmunoblotting. Analytical SDS-
PAGE was performed according to Laemmli (24) with 4% stacking gel
and 10% analytical gel. The samples were boiled prior to analysis for 5
min in a solution with 2% SDS, 5% mercaptoethanol, 0.01% brom-
phenol blue, and 10% glycerol. Gels were transferred to nitrocellulose
sheets by electrophoresis at 4Â°Cin Tris (25 mM), glycine (192 HIM),

SDS (3 mM) pH 8.3 for 12 h at 20 V. The nitrocellulose sheets were
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washed in PBS with 0.05% Tween 20 plus 30% PCS and processed for with 10% normal rabbit serum in PBS containing 0.2% BSA for 30
immunoassay.

Immunoblots were performed as described elsewhere (20). Binding
of 125I-labeledantibody was detected by autoradiography and unlabeled

Mab by staining with a 1:500 dilution of a peroxidase-conjugated rabbit
anti-mouse Ig light chain (DAKO, Denmark) as secondary antibody in
PBS Tween/30% PCS for 2 h at 20Â°C.The peroxidase stain was

developed with 0.06% diaminobenzidine with 0.01% H2O2 in 50 HIM
Tris (pH 7.4).

43-9F Mab Conjugated Immunomatrix. Purified 43-9F Mab was
added in coupling buffer [0.1 M NaHCO3, 0.5 M NaCl (pH 8.3)] to
cyanogen bromide activated Sepharose 4B (Pharmacia, Sweden) at 1
mg/ml and incubated for 18 h at 4"( ' under gentle constant mixing.

The Sepharose 4B was packed in a column and washed with coupling
buffer until the OD280remained zero in the washing media. Remaining
free groups on the Sepharose 4B were blocked by incubation with 1.0
M ethanolamine in 0.1 M NaHCO3, pH 8, for 2 h at 22Â°C.A column

with normal mouse Â¡mmunoglobulins conjugated to Sepharose 4B
served as control. Noncovalently bound antibody was removed by six
washes with 0.1 M Tris-HCl buffer (pH 7.6) alternated with 5% acetic
acid in H2O. 43-9F Mab columns were used to purify the 43-9F-specific
glycoproteins from the crude antigen preparations of media and cells.

Gel filtration of Antigen Preparations. [3H]Glucosamine- and [35S]-
methionine-labeled crude antigen preparations and immunoaffinity pu
rified glycoconjugates from SLC-L11 cells were chromatographed on
Sephacryl S400 columns (Pharmacia, Sweden, 30 cm x 0.8 cm2,
excluded protein has M, > 5 x IO6) that were equilibrated with PBS
0.1% Tween 20 and eluted with the same buffer at 20 ml/h at 4Â°C.

Prior to chromatography the antigen preparations were boiled for 5
min in a solution of 0.1% SDS, 0.02 M NaCl, 0.2 M sodium phosphate
(pH 7) to prevent aggregation. The collected fractions were counted in
liquid scintillation fluid and their content of 43-9F antigen were esti
mated by dot-blot immunoassay with 43-9F Mab. Equilibration of the
columns with 2/3-mercaptoethanol or 4.0 M guanidine thiocyanate had
no effect on the chromatography profile of the glycoproteins. No
significant aggregation of proteins seemed therefore to take place during
chromatography.

Neuraminidase Treatment. Cells (106/ml) or partially purified 43-9F
antigens were incubated for 4 h at 37"C in 40 itiM Tris buffer (pH 6)

supplemented with 0.25 U/ml neuraminidase (type X, from Clostridium
perfringens; Sigma Chemical Co., St. Louis, MO), washed in PBS, and
processed either for FACS analysis or for preparation of triton X-100
extracts.

Immunoprecipitation. 43-9F Mab was absorbed for l h at 22 C (60
^I/disc) to discs (diameter 5 mm) that were punched out of nitrocellu
lose sheets at a concentration of 0.5 mg/ml. The discs were washed
three times in 10 ml of PBS, blocked for l h in PBS/2% BSA, and
incubated for 2 h at room temperature with 100 n\ PBS containing
[3H]glycosamine-labeled 43-9F antigen and 0.05% Tween 20 and 30%

PCS. The discs were washed six times in PBS/0.1% Tween 20, air
dried, and subsequently counted in liquid scintillation fluid.

Labeling with Radioactive Isotopes. Mabs were iodinated to a specific
activity of approximately 1 x 10' cpm/^g with lodogen (Pierce Chem
ical Co.) and Na'"I (NEN, England) as described (25). 80-90% of the
'"I-labeled 43-9F Mab bound to a column of Affigel-10 (Biorad)
coupled with Triton X-100 lysate of SLC-L11 cells. SLC glycoproteins
were labeled in vivo by growing cells in the presence of [35S]methionine

(50 Â¿iCi/ml;s.a., 1315 Ci/mmol; Amersham, England) for 18 h or
[3H]glucosamine (10 ÃÃCi/ml;s.a., 3.5 Ci/mmol; Amersham, England)
for 2-3 days. Free isotope was removed by Sephadex-G25 chromatog
raphy.

Fluorescein Isothiocyanate Conjugation of 43-9F Mab. Antibody (1
mg/ml) was incubated with 10 tig PITC (dissolved in dimethyl sulphox-
ide, 4 mg/ml) per mg of antibody for 2 h in the dark at room
temperature in 0.1 M carbonate/bicarbonate buffer, pH 8.2. Unconju-
gated FITC and FITC-conjugated Mab were separated on a Sephadex
G25 column. The FITC-conjugated 43-9F Mab had retained approxi
mately 80% of the activity of unconjugated 43-9F Mab in dot-blot
assays compared with unlabeled antibody.

Immunoperoxidase Staining. Cultures of SLC clones were incubated

min, and then washed for 20 min in PBS/0.1 % Tween before incubation
with 43-9F Mab (20 jig/ml) in 1% BSA/PBS for 2 h at room temper
ature. The binding of antibody was detected with peroxidase-conjugated
rabbit anti-mouse Ig as described for immunoblots. Negative controls
included two other mouse monoclonal IgM antibodies. The cultures
were counterstained with Meyer's hematoxylin.

Identification and Expansion of 43-9F Antigen-positive and -negative
Subclones of the SLC-LI1 Line. Immunohistochemical examination of
SLC-L11 cultures with the 43-9F Mab demonstrated a pronouced
intratumoral heterogeneity in the expression of 43-9F antigens, which
was confirmed by size fractionation of the culture by centrifugal elu-
triation, as both the small, medium-sized, and large SLC-L11 cell
fractions contained 43-9F-positive and -negative cells. Consequently, it
was of interest to examine whether the clonogenic part of the SLC-LI 1
culture contained a comparable proportion of 43-9F-positive and
-negative cells.

One thousand SLC-LI 1 cells were seeded in each well of a 24-well
plate in 1.0 ml of 0.3% semisolid agar culture medium in RPMI 1640
with 10% PCS, incubated at 37Â°Cin 5% CO2 in completely humified
air for 14-20 days, and individual colonies (>50 cells) harvested and
expanded in liquid RPMI/FCS. The cloning efficiency was defined as
the number of cells generating colonies among those seeded. However,
cells without growth capability in semisolid agar medium may in many
cultures grow expansively as clones in liquid culture medium. We
therefore applied a method to determine the 43-9F antigen-positive and
-negative clones in the culture plate as adapted from a procedure to
detect albumin-releasing hepatocytes (22). 103-104 SLC-LI 1 cells were
seeded in RPMI/FCS in 50-mm Petri dishes, incubated for 14 days,
washed twice in serum-free RPMI 1640, and then overlaid with Teflon
(to protect the cells) and nitrocellulose paper in RPMI 1640 culture
medium. The cells were incubated for 16-20 h, and the nitrocellulose
paper was immunoblotted with 43-9F Mab (and with a peroxidase-

Fig. 1. Immunochemical staining of cloned SLC-LI 1 culture with 43-9F Mab
(A) and irrelevant mouse IgM (A), x 400. The cells display profound diversifica
tion with respect to both antigen expression and morphology.

6698

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/24_Part_1/6697/2958658/cr04724p16697.pdf by guest on 19 M

ay 2023



TUMOR-ASSOCIATED EPITOPE EXPRESSION AND ONCOGENESIS
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Fig. 2. A, growth curve of SLC-LI1 cells.
The PDT was determined as the increment in
the exponential phase of the curve. â€¢ â€¢,
SLC-L11; â€¢ â€¢.SLC-LII line 7; O O,
SLC-Ll 1 line 15; â€¢ â€¢,SLC-L11 line 8.
B, result of immunoblotting on viable SLC-
Ll I cells 14 days after seeding HI4 cells in
liquid medium. Dots, 43-9F antigen releasing
clones.
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Fig. 3. Growth of 43-9Fâ€”subclones in athymic nude mice >3 months after their establishment in culture (I and /() Each mouse was injected s.c. with ID'' cells,
and 3-6 mice were injected per cell line. Histograms, representative data for each line. C, corresponding dot blots with 43-9F Mab of cell extracts in dilutions 1:5,
1:10, and 1:50 that also shows PDT values of the different lines. Lane I, dot blots of Triton X 1(1(1extract from 5 x IO4cells/dot and in dilutions 1:10 and 1:100 in
PBS and with a peroxidase-conjugated rabbit anti-mouse antibody as secondary reagent; lane 2, dot blot with an overload of extracts (approximately 5 x Id'1cells)
and in dilutions 1:1, 1:10. 1:100 in PBS, and reacted with '"I-labeled 43-9F Mab and autoradiographed; lane 3, dot blots with an irrelevant '"I-labeled IgM Mab.

conjugated rabbit anti-mouse Ig as a second-step reagent). The number
of 43-9F-positive and -negative clones was counted and clones of each
type harvested individually and expanded in RPMI/FCS. Some assays
with immunoblotting of clones releasing 43-9F antigen were done after
cloning of the cells in semisolid agar medium.

Heterotransplantation. Six- to 8-week-old female athymic nude mice
(BALB/c background; obtained from BomholtgÃ¡rd, Denmark) were
inoculated s.c. with 106-107 cells and observed for tumor development.

Mice without tumor growth upon inoculation were observed for at least
4 months, then killed, and examined macroscopically for tumor devel
opment in other organs. Mice with tumors were killed when moribund
and similarly examined for tumor development in other organs.

RESULTS

43-9F Antigen Expression of SLC-Ll 1 and the Clonogenic
Sublines. Staining of the SLC-Ll 1 cell culture with the 43-9F
Mab showed that only 30-60% of the cells expressed the

antigen (Fig. 1). The highest amount of 43-9F+ cells was found
in the exponential phase of the growth curve and lowest amount
in the log phase of the curve. The PDT was in this series of
experiments approximately 20 h and the cloning efficiency
5.8% (compared to a previous series with PDT approximately
35 h) (Fig. "LA).Immunoblotting on viable cells resulted in 27%

43-9F+ clones in liquid culture medium (Fig. 2B). The cultures
from which the amount of 43-9F+ and 43-9F- clones was
scored contained 40-50% 43-9F+ cells.

Nine 43-9F- clones were isolated and individually expanded.
Triton X-100 extract of each clone was analyzed both by dot
blot and Western blot for reactivity with the 43-9F Mab. Fig.
3C shows that all of the 43-9Fâ€”clones grew significantly more
slowly than the SLC-L11 clone. Further, four of the 43-9F-
clones reverted after several months in culture to a 43-9F+
phenotype, which in all cases was associated with a concomitant
acquisition of tumorigenicity (see below).
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Fig. 4. Top, FACS-analysis of SLC-L11 cells stained with FITC-conjugated
43-9F Mab. Left, analyzed cells were within the gate (a, with arrows) on the
scatter axis. Right, A, fluorescence in a logarithmic scale of unstained cells; B.
fluorescence in a logarithmic scale of cells stained with FITC-conjugated 43-9F
Mab; arrows, cells with low binding capacity of 43-9F (/>)and cells with high
binding capacity of 43-9F (c). Bottom, FACS analysis of SLC-L11 cells stained
with FITC-conjugated 43-9F Mab. Brackets, cells with high (/) and low (2)
binding capacity for 43-9F Mab.

Tumorigenicity of 43-9F+ and of 43-9F- SLC Cultures. The
SLC-L11 line was tumorigenic in athymic nude mice, even
upon inoculation of as few as IO5cells s.c. In contrast, the 43-
9Fâ€”subclones of SLC-L11 were initially all nontumorigenic.
However, after several (>3) months in culture, some of the 43-
9F- clones became weakly 43-9F+, and all 43-9F- clones were

retested for their tumorigenic properties. Fig. 3 shows that two

clones now were tumorigenic. Biopsy material from such tu
mors was 43-9F-positive as tested by dot blot, as well as cell
lines established from such tumors, and tissue cultures estab
lished from these tumors were also 43-9F-positive. Similarly,
the other 43-9Fâ€”clones that reverted to a 43-9F+ phenotype

then became tumorigenic in athymic nude mice (data not
shown). Fig. 3C also shows that although the clones appeared
to be 43-9F-negative as estimated by dot blot in a two-step
procedure with peroxidase as detecting enzyme, very low bind
ing (103-104-fold lower than to SLC-L11) was detectable, when
I25l-labeled 43-9F was used. The correlation between 43-9F

epitope expression and tumorigenicity was confirmed with two
cell lines derived from other SLC lesions. The SLC-L12 cell
line (43-9 F+) was tumorigenic while the SLC-L13 cell line (43-
9Fâ€”)was nontumorigenic in nude mice. Further dot-blot analy
sis of the extracts of SLC-L11 and its subclones showed that
SLC-L11 lines 1 and 10 were expressing Le* antigen, while line

8 did not express this epitope in measurable amounts.
The association between 43-9F positivity of the SLC cells

and their growth properties was further investigated by analysis
of the in vitro growth properties of SLC-L11 cell subsets with
high and low 43-9F antigen density isolated by FACS after
staining with 43-9F-FITC (Fig. 4, A and B, and Table 1), as
this method gives a more temporary picture of the correlation
between 43-9Fâ€”epitope expression and growth characteristics.

The clonogenic cells were almost exclusively confined to cells
with high cell surface density of 43-9F antigens. No differences
were observed in the distribution of cells in relation to the
various phases of the mitotic cell cycle (Table 1).

Cellular Release of 43-9F Antigens. The SLC-L11 line re
leased 43-9F antigenic molecules into RPMI 1640 culture
medium. Electroimmunoblotting with 43-9F Mab of SDS-
PAGE separated molecules in spent culture medium from SLC-
Lll cells grown in serum free RPMI 1640 or RPMI/FCS,
respectively, was identical. 43-9F-Mab immunoaffinity chro-
matography showed that approximately 30% of the incorpo
rated 3H counts in Triton X-100 extracts of SLC-L11 cells or
conditioned SLC-L11 culture medium were incorporated in
molecules reactive with the 43-9F Mab. Only a fraction of the
43-9F-positive glycoproteins in SLC-L11 cells were released
into the culture medium (Fig. 5). To assess the influence of
growth phase on the release of 43-9F-positive molecules SLC-
Lll cells were grown in serum free RPMI 1640 medium
supplemented with ['Hjglucosamine (5 /iCi/ml; s.a., 2.2 Ci/

mol; Amersham, England). The culture medium was replaced
every 24 h with fresh RPMI 1640 supplemented with [3H]-
glucosamine. 43-9F antigens were immunoprecipitated with 43-
9F Mab-nitrocellulose sheets and the amount of 43-9F-positive
glycoproteins was determined by liquid scintillation. Table 2
shows the relationship between the growth phase and the rela-

Table 1 Proliferatine attributes ofSLC-LII cells as related to staining with FITC-4ÃŒ-9Fmonoclonal antibody
Cell cyclephase*Cell

populationNonsortedRH-SLC-Lll

Fraction with 20% dullest cells
Fraction with 20% brightest cellsG,66%'55% 56%S20%

19%
19%Gj+M14%

26%25%Plating

efficiency*

(plated cells/visual
field Â±SD')6.7

Â±3.2
0.67 Â±0.52
10.6 Â±3.6Cloning

efficiencyÂ±
SD(%)1.

2 Â±0.30
0.21 Â±0.31

14.75 Â±2.4"

* The values were obtained from the FACS-IV cell cycle analysis program (Becton Dickinson, Sunnyvale, Ã‡A).DNA analyses were performed on propidium iodine
stained isolated nuclei (26) with a flow rate of 60-80 nuclei/s. Ten thousand or more cells were collected for each analysis.

* Plating efficiency was measured by seeding I03-104 cells in 1 ml of RPMI/FCS in 24-well plates. The plates were incubated for 18 b at 37'C with 5% CO2 in

completely humidified air. Wells were washed with PBS once and the percentage of adherent cells calculated.
' Cloning efficiency: samples of III' cells were suspended in 1 ml 0.3% agar (Difco) in RPMI/FCS and seeded in wells of 24-well plates (NUNC). The plates were

incubated at 37'C with 5% ( <> . the number of colonies (>50 cells) estimated 14-20 days later, and cloning efficiency calculated as number of colonies in percentage

of seeded cells.
* Mean Â±SD (N = 4).
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Fig. 5. Analysis of Triton X-100 extract of SLC-L11 cells and of conditioned
medium from SLC-L11 cultures in Coomassie blue-stained gels. Lane I, SDS-
PAGE of SLC-L11 cells; lane 2, SDS-PAGE of total medium. M, marker
proteins: myosin (M, 205,000); 0-galactosidase (M, 116,000); phosphorylase B
(M, 97,000); bovine albumin (M, 66,000); egg albumin (M, 45,000); carbonic
anhydrase (M, 29,000); OR, origin.

Table 2 Immunoprecipitation of specific glycoproteins by 43-9F antibody in
media from RH-SLC-L11 cells labeled with f'HJglycosamine

Cells were grown in media containing 10 /<('i/ml of [3H]glycosamine and

medium changed daily. The viability of the cells was >98% as estimated by trypan
blue dye exclusion. Count represents radioactivity in nitrocellulose papers coated
with specific Mab and control antibody/FCS.

Antibody43-9F

PCS (control)
Mouse IgM (control)Day

2"793

Â±376''

635 Â±71
763 Â±101CPMDay

3*501

5 Â±464
481 Â±105573

Â±42Day4c1815

Â±475
521 Â±63
651 Â±63

* Exponentially growth phase of the culture.
* Subconfluent culture.
' Confluent culture.
* Mean Â±SD (N = 4).

live amounts of 43-9F antigen released into culture medium in
24 h. To test whether the release of antigens from SLC cells
was dependent on dead cells, cultures of SLC cells (10" cells in
early exponential growth phase) were mixed with IO3viable or
killed (by freeze-thawing three times or by heating the cells to
100Â°Cfor 5 min) SLC-L11 cells. The amount of 43-9F antigen

in culture medium was measured by dot-blot analysis every day
for 7 days without detection of any differences among the
various cultures. The rate of release of 43-9F antigen into
culture supernatants seems therefore not to depend on proteo-
lytic activity released from dead or decaying SLC cells, but to
be associated with viability and proliferation and therefore of
potential significance for tumorigenicity.

Characteristics of Immunoaffinity Purified 43-9F+ Molecules
from SLC-L11 Cells. Several characteristics of 43-9F+ mole
cules were recently reported (20), but not as absorbed to an
immunoaffinity column that only lately has been constructed
with success. 43-9F antigens from Triton X-100 extracts of

SLC-L11 cells and from conditioned serum free medium of the
same cells were separately run through a column of Sepharose-
4B (Pharmacia, Sweden) coupled with murine serum proteins,
then passed directly through a column of Sepharose-4B conju
gated with 43-9F Mab, and recirculated three times through
this column. The material absorbed to the column was eluted
with 3.0 M potassium thiocyanate. The fractions (0.3 ml each)
were tested for 43-9F antigen by dot-blot analysis using I25I-
labeled 43-9F Mab. 43-9F antigen-positive fractions were
pooled and passed through Sephadex-G2S columns to remove
potassium thiocyanate and subsequently tested by SDS-PAGE
(Fig. 6/1), immunoblotting with the 43-9F Mab (Fig. 6Ã„),and
gel filtration on Sephacryl S-400. As determined from the
material absorbed to the 43-9F-conjugated immunomatrix, the
43-9F epitope was found on a diverse set of glycoproteins with
molecular weights in the range of 5 x 106-5 x IO4on Sephacryl
S-400 chromatography (Fig. 7, A and B) in line with the diverse
electrophoretic mobilities of proteins with molecular weights
in the range of 5 x 105-30 x 10". This diversification of the
43-9F-positive molecules has previously been shown to be un
related to proteolytic degradation or to electrophoretic artifacts
(20).

Triton X-100 extracts of neuraminidase-treated SLC-L11
cells and affinity purified glycoproteins from such cells had
significantly increased binding capacities of the 43-9F Mab in
Western blots. In line with this, an approximately 30% increase
was observed in fluorescence intensity by FACS analysis of

1

OR"

205-

116-
97-

66-

45-

1
B
OR"

205-

116-
97-

66-

45-

1

29- 29-

-
XlO Mr_

XlO

Fig. It. .1, analysis of glycoproteins released from SLC-LII cells labeled with
| "S|nictliiimini'. Lane l, autoradiogram of total medium; lane 2, autoradiogram
of immunoaffinity purified 43-9F positive glycoproteins. II. Western blots with
43-9F Mab of ("Sjmethionine-labeled glycoproteins. Lane I, Western blot of
total medium; lane 2, Western blot of immunoaffinity purified 43-9F antigen;
OR, origin.
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Fig. 7. Sephacryl S-400 gel filtration profiles of glycoproteins released from
SLC-L11 cells. [3H]Glycosamine or [3SS]methionine labeled glycoproteins were
chromatographed on the same column before (A) and after (/() immunoaffinity
purification on Sepharose-4B conjugated with 43-9F antibody. 10-20 ng protein
was boiled for 5 min in a solution containing 0.1% SDS, 0.2 M NaCl, 0.02 M
sodium phosphate (pH 7), subsequently cooled, and applied to the columns (30
cm x 0.8 cm2; exclude protein M, > 2 x 10') and eluted with PBS 0.1% Tween
at 20 ml/h at 4'C. A, total released glycoprotein from SLC-L11 cells. A A,
(3H]glycosamine label; â€¢ â€¢,("Sjmethionine label. InserÃ¬,range for antigen
detection by dot-blot assay. B, affinity-purified glycoproteins released from SLC-
Ll I cells. A A, [3H]glycosamine label; â€¢ Â».Â¡"SJmethionine label, insert,
sample number range that contained 43-9F antigen and the titer of 43-9F antigens
as assayed by dot blot. M, markers (shown at the top); blue dextran, (M, 2 x 10*);

IgM, (M, approximately 880,000); bovine serum albumin (M, 66,000); thymidine
(M, 350).

neuraminidase-treated cells stained with 43-9F-FITC Mab
compared to untreated SLC-L11 cells stained with the same
antibody (Fig. 8). However, immunoblotting with 43-9F Mab
of neuraminidase-treated cells did not reveal any distinct new
43-9F+ glycoproteins (data not shown).

43-9F antigen material from cells and from conditioned
medium was tested for its susceptibility to alkaline hydrolysis
by incubation of the antigen preparations in 0. l N NaOH at
37Â°Cfor 5 h (27). The antigenicity was tested by dot-blot

o"o

<D
a
E

o;
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100 200

SCATTER

100 200
LOG-FLUORESCENCE

Fig. 8. FACS analysis of RH-SLC-LI1 cells stained with FITC-conjugated
43-9F Mab. Some of the cell preparations were incubated for 4 h at 37'C with
0.25 U/ml neuraminidase prior to incubation with 43-9F-FITC (2 pg/ml) in
PBS/20% FCS for 1 h on ice. The cells were then washed twice in PBS/20%
FCS, fixed in 1% formaldehyde, and analyzed by FACS. ,1. analysis of unstained
cells; B, control cells that were stained with 43-9F-FITC without prior neuramin
idase treatment; C, cells incubated with neuraminidase and stained with 43-9F-
FITC. If/i histogram, scatter signals. The fluorescence intensities are shown in a
logarithmic scale to the right. Control experiments with antibody directed against
MHC class I did not shown any difference in antibody binding before and after
neuraminidase treatment. The neuraminidase treatment did not alter the autoflu-
orescence of unstained cells.

analysis and was found after 5 h to be significantly reduced
both in preparations from conditioned medium and from cell
extracts.

DISCUSSION

A number of TAAs have been identified as glycoconjugates
(28-31). Many of these TAAs are blood group antigens that
are abnormally expressed by cancer cells and some of these
have recently been shown to have some significance as marker
epitopes for specific types of cancer (32-34), including several
types of lung cancer (35).

As for most other tumor markers, the biological activity, if
any, of these molecules is unknown, although a few investiga
tors for several years have put forward the interesting suggestion
that some of these carbohydrate epitopes may have a direct
influence on the proliferative activity of the tumor (36-38).

The 43-9F epitope was recently demonstrated to be associ
ated with certain types of human lung cancer (20), and the
related epitope was shown to be of a carbohydrate nature (20)5

with different properties as compared to previously reported
antibodies to human lung cancer cells (1-16). Additional data
further indicated that the epitope structure may differ between
43-9F-positive glycoproteins as compared to 43-9F+ glyco-
lipids, and we have therefore initiated characterization of the
43-9F epitope on glycoproteins.

Preliminary observations indicated a reduced proliferative
capacity of 43-9Fâ€”clones as compared to 43-9F+ clones. The
data presented in the present paper confirm and extend these
observations, as all established 43-9Fâ€”clones had lost their

tumorigenic activity and had significantly longer PDTs as well.
These observations are also in line with a recent report by
Pettijohn et al.,6 who in addition to observing a strict correlation
between 43-9F positivity and tumorigenic behavior in nude
mice also observed a significantly higher sensitivity to natural

6 D. E. Pettijohn, O. Pfenninger, J. Brown, R. Duke, and L. Olsson. Proc.
Nati. Acad. Sci. (USA), in press.
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killer cell mediated lysis of 43-9Fâ€”variants as compared to 43-

9F+ clones.
The correlation between 43-9F density and tumorigenicity

and PDT values is not linear, which on the other hand also
would be somewhat surprising. It can be assumed that both
tumorigenicity and PDT values depend on a multitude of pa
rameters of which 43-9F expression is one. Moreover, the effect
of 43-9F epitopes can be expected to have a maximum of a
given density, and further increase in 43-9F epitope will have
no further effect. The main conclusion to be drawn is therefore
only that SLC lines with low 43-9F densities are nontumori-
genic or emerge as 43-9F epitope positive clones.

The intratumoral heterogeneity in SLC-L11 cultures in re
spect to 43-9F binding was observed in all 43-9F+ subclones.
It is notable that a number of colony-forming cells (in liquid
medium) were 43-9F-negative, but remained as a stable-sized
subset, whereas originally 43-9Fâ€”variants with the emergence
of a few (<1%) 43-9F+ cells gradually obtained the same
amount of 43-9F+ cells as the original 43-9F+ cell lines. It
thus seems that the 43-9F-1- cells have a growth advantage as
compared to 43-9F- cells until the fraction of 43-9F+ cells

reaches a certain level.
The construction of an immunosorbent column with the 43-

9F Mab permitted purification and thereby characterization of
the 43-9F antigens in more detail than previously reported (20).
43-9F glycoproteins constituted approximately 30% of the total
amount of released glycoproteins from SLC-L11 cells as meas
ured by affinity chromatography or immunoprecipitation of
[3H]glycosamine-labeled material from cells and from tissue

culture medium. However, only a fraction of the proteins proc
essed in the cells were released into the culture medium (Fig.
5), which indicates selective release as is in accordance with
high expression and release from proliferating SLC cells.

The 43-9F antigen-positive molecules had molecular weights
in the range of 5 x 104->5 x 10" with the majority of the
antigenic molecules having molecular weights of >2 x 10s.
Neuraminidase treatment of 43-9F antigenic material increased
the binding of the 43-9F Mab, and sialic acid is thus probably
not part of the 43-9F epitope. Mild alkaline hydrolysis reduced
significantly the binding of 43-9F Mab to purified glycoproteins
of both cell extracts and tissue culture supernatant, which
indicates that the antigens are present in proteoglycan-like
molecules with some of the carbohydrates in O-glycoside link
age to proteins.

It may be of particular significance that some oncogenes
recently were found to be important in generation of abnormal
carbohydrate structures (39). The close association between 43-
9F epitope expression and tumorigenicity of SLC cells may
imply that the generation of the 43-9F epitope involves activity
of oncogene-encoded products in line with a recent suggestion
of carbohydrate structures being comprised in the repertoire of
the oncogenic cascade (40, 41).

It is concluded that the 43-9F epitope is associated with high
tumorigenicity of SLC cells. These features can be expected to
be of significant importance in oncogenesis. It is consequently
a distinct possibility that the 43-9F epitope not only is a marker
for certain types of lung cancer, but also of importance for
malignant progression of these tumors.
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