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ABSTRACT

This report documents that the pancreatic adenocarcinoma cell line,
I IP \l . contains oncogene activity detected by transformation of NIH
3T3 cells through transfection with HPAF DNA. The HPAF transfected
NIH 3T3 cells do not contain oncogenes homologous with c-H-ras, c-K-
ras, c-N-wi, \-fms, c-myb, c-sis, \-fgr, c-mos, c-myc, c-fos, v-fes, \-src,
v-erb A, \-erb B, c-N-myc, v-ra/ or \-abl, other than the endogenous
mouse genes. The transfectants do express proteins detected by two-
dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis
which were not found in nontransfected NIH 3T3 cells. Monoclonal
antibodies raised against the transfectants recognize proteins not found
in untransfected NIH 3T3 cells that are antigenically identical to proteins
found in the HPAF cells. These antigens are also detected on six other
human pancreatic adenocarcinoma cell lines but show a much more
restricted distribution on lymphoblastoid, melanoma, prostatic carci
noma, and normal skin fibroblast cell lines.

INTRODUCTION

The transfection of high molecular weight DNA from tumors
and tumor cell lines into NIH 3T3 cells has recently become a
popular method of assay for the presence of oncogene activity.
The NIH 3T3 murine fibroblast cell line is a preneoplastic cell
line which demonstrates unlimited, yet contact inhibitable,
growth in vitro but does not form colonies in semisolid media
or grow as a tumor in nude mice (1). If the "multistep pathway
of carcinogenesis" hypothesis (2) is true, then NIH 3T3 cells

are one or two steps along the pathway. These cells can be
pushed to fully transformed status (as determined by tumor
growth in nude mice) by transfecting the cells with "activated"

oncogene DNA. This has been done with several cloned viral
oncogenes, as well as with total cellular DNA isolated from
some human tumors and cell lines (for review, see Ref. 3). This
assay is now widely used by many investigators who are at
tempting to define the role of oncogenes in different types of
tumors. This wide usage, while providing useful information,
has also revealed many shortcomings of this system (4). An
obvious shortcoming is that the NIH 3T3 cells are preneoplas
tic. This can be interpreted in different ways but, in essence,
probably means that the DNA lesion detected in the transfec
tion system must regulate a late event in the multistep trans
formation process and that this lesion must complement the
earlier preneoplastic events that have occurred in the NIH 3T3
cells. Given this assumption, it is not surprising that only a
limited number of the cellular oncogenes described to date have
been detected by this assay (3, 4). Many of these reports have
implicated the oncogenic potential of the raÃfamily of genes
indirectly, by demonstrating their presence in transfected cells,
but have not gone on to show that cellular ras genes isolated
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from the tumors being tested have transforming capabilities (4).
There have also been exceptions to the ras findings, including
reports that NIH 3T3 cells have been transformed by: the B-
lym gene isolated from chicken bursal lymphomas and human
Burkitt lymphomas (5); the T-lym gene isolated from a mouse
T-cell lymphoma (6); and the neu gene isolated from a rat
neuroblastoma (7). These exceptions, combined with the fact
that the active oncogenes have not been reported for transfec
tants developed in other laboratories (8, 9), suggest that the ras
family of genes may not be the only oncogene elements detected
in this assay. Clearly, much remains to be described in this
system.

In this report, we show that the pancreatic adenocarcinoma
cell line, HPAF, contains oncogene activity detectable upon
transfection into NIH 3T3 cells. NIH 3T3 cells transfected with
HPAF DNA do not contain oncogenes homologous with H-
ras, K.-ras, N-ras,fms, myb, sis,fgr, mos, myc, fas, fes, src, Erb
A, Erb B, N-myc, raf, or abl other than the endogenous mouse
genes. However, monoclonal antibodies raised against these
transfectants detect proteins not found in untransfected NIH
3T3 cells that are antigenically identical to proteins found in
HPAF and other human pancreatic tumor cells.

MATERIALS AND METHODS

Cell Lines. The HPAF cell line was derived in this laboratory from
the ascites of a patient with advanced metastatic pancreatic adenocar
cinoma and has been described previously (10). The NIH 3T3 cells
used were obtained from Dr. Kent Weinhold at Duke University. The
cells were maintained on Eagle's minimal essential medium supple

mented with 10% fetal calf serum, penicillin (50 Â¿<g/ml).and strepto
mycin (50 Mg/ml) in a humidified incubator at 10% COj tension. NIH
3T3 cells used in transfections were taken from frozen stocks of cells
with a low rate of spontaneous transformation.

DNA Extraction and Transfection Procedure. DNA was extracted
from the cell types listed in Tables 1 and 2 using established procedures
(11). Briefly, cells were lysed in SSC with 0.5% SDS' and then incubated
for l h with proteinase K (50 Mg/ml) at 50Â°C.Following extraction

with phenol and then chloroform-isoamyl alcohol (24:1), the DNA was
precipitated with 2 volumes ethanol, resuspended in SSC. and digested
with RNase A (100 ^g/ml) for 30 min at 37Â°Cfollowed by 50 jig
proteinase K for l h at 50Â°C.Following repeated extraction with phenol

and then chloroform-isoamyl alcohol (24:1), the DNA was precipitated
with ethanol and resuspended in the appropriate buffer. DNA prepared
in this manner was greater than 30 kilobases long as determined by
electrophoresis in 0.5% agarose gels.

For transfection (12). 20-40 pg of the appropriate DNA was resus
pended in 21 ITIM4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid,
150 mM NaCI, and 0.7 mivi Na3HPO4. Calcium chloride was then
slowly added with bubbling to 125 m\i final concentration and the
precipitate was allowed to develop for 30 min. This mixture was placed
onto 2.5 x 10s NIH 3T3 cells previously plated in a 60-mm' dish and
was incubated for 6 h at 37Â°C.The cells were then treated with Eagle's

minimal essential medium containing 15% glycerol for 4 min and then
were trypsinized and split into two 100-mm3 dishes, fed at 2-4-day

intervals afterward for up to 25 days. Transformed foci were scored by

' The abbreviations used are: SDS. sodium dodecyl sulfate: SSC, standard
saline citrate (0.15 M sodium chloride-0.015 M sodium/citrate): PBS. phosphate
buffered normal saline: BSA. bovine serum albumin.
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visual examination starting 10 to 14 days after transfection. Selected
transformed foci were physically isolated from the plates with a micro-
pipet, dispersed with trypsin, and cloned in methyl cellulose. Foci which
grew in methyl cellulose were established as cell lines and were injected
s.c. (5 x 106 cells) into nude BALB/c mice to test the capacity for

tumor growth of the transformed cells. The transfection procedure was
repeated with DNA extracted from primary transfectant cell lines to
establish secondary transfectant cell lines.

Radiola nelÂ¡ngof Cellular Proteins. Metabolic labeling of cell proteins
with [35S]cysteine and [35S]methionine was performed by starving 1 x
IO7cells for l h in cysteine, methionine-free Eagle's minimal essential
medium, followed by the addition of 1 mCi each of [35S]cysteine and
[35S]methionine for a 4-h incubation. The cells were then re-suspended
in lysis buffer containing 10 mM Tris-Cl (pH 7.2), 0.15 M NaCl, 0.02%
NaNj, and 0.5% Nonidet P-40.

Total Cell Protein Analysis. Radioactive ([35S]cysteine and [35S]me-
thionine labeled) total cell protein lysates were compared by two-
dimensional gel electrophoresis in which the molecules were separated
in the first dimension by nonequilibrium pH gradient electrophoresis
(13) and in the second dimension by electrophoresis through 10% SDS-

polyacrylamide gels (13).
Generation and Selection of Hybridomas. Spleen cells from BALB/c

nude mice with progressively growing secondary transfectant tumors,
normal BALB/c mice immunized with tissue culture passaged primary
transfectant cells, and NIH Swiss mice immunized with tissue culture
passaged or nude mouse transplanted primary transfectant cells were
fused with either NS1 or SP2/0 myeloma cells using established pro
cedures (10). Following selection in hypoxanthine-amethopterin-thy-
mine media, supernatants from growing hybridomas were tested for
antibody activity against HPAF, primary transfected NIH 3T3 cells,
and nontransfected NIH 3T3 cells using an indirect radioimmunobind-
ing assay. In this assay, the cells being tested were fixed to 96-well
polystyrene plates by centrifugation at 300 x g through 0.25% glutar-
aldehyde in PBS. Following two washings in PBS plus 0.5% BSA, the
cells were reacted with supernatants from the hybridomas for 30 min
at room temperature, followed by five washings with PBS and a 30-
min incubation with 1 x IO5cpm of affinity purified F(ab)2 goat anti-
mouse immunoglobulin that had been labeled with 125Iby the chlo-
ramine-T method. Hybridomas which were positive for HPAF and
primary transfectants and negative for NIH 3T3 cells were cloned in
methyl cellulose and reselected using the same procedure.

Indirect Immunofluorescence. Indirect immunofluorescence studies
were conducted using IO6cells that had been washed, fixed with 0.25%

glutaraldehyde, and preincubated in PBS containing 0.5% BSA, 0.02%
sodium azide, and 10% normal goat serum. Monoclonal antibody (100
^1) containing supernatant was added for 30 min followed by two
washings in PBS-BSA-azide and a 30-min 5Â°Cincubation in a 1:50

dilution of fluorescein tagged goat anti-mouse IgG and IgM (Tago,
Inc.). Following two final washings and fixation in 0.2% formaldehyde,
fluorescence was read visually on a fluorescence microscope.

Southern Blots. Southern blot analysis was performed using estab
lished procedures (11). Briefly, DNA from pancreatic adenocarcinoma
cell lines, transfectants, or cell lines known to express the oncogene
being tested were purified using the above described procedure. These
were then digested with either Â£coRI,BamHl, or Hindlll (BRL Labo
ratories) using 2x concentrations of restriction enzyme under condi
tions recommended by the manufacturer. The cut DNA was separated
on 0.5% agarose gels, transferred to nitrocellulose by blotting, and
baked at 80Â°Cin a vacuum oven for 1.5 h. The following probes were

kindly provided by the indicated individuals: v-K-ras (HiHi 3) (14),
Michael Wigler, Cold Spring Harbor; c-myc (p-c-myc) (15), c-mos (16),
c-myb (17), v-fgr (18), c-H-ras (p3030) (19), Dirk Iglehard, Duke
University, and Stuart Aaronson, NIH; \-fms (p5M3, p5M76) (20), v-
fes (pst 3, pst 4) Charles Sherr, St. Judes Childrens Hospital; c-fos, c-
N-ras, v-sij, \-src, v-abl, v-raf, \-Erb A, c-N-myc, Oncor, Inc. The probes
were nick translated using a standard procedure provided by the man
ufacturer (BRL) to a specific activity of 107-108 cpm/Mg of DNA.

Filters were prehybridized in a solution containing 40% formamide,
5X SSC (IX = 0.15 M NaCl-0.015 M sodium citrate, pH 7.0), 5X
Denhardt's reagent (IX = 0.02% each of Ficoll, polyvinylpyrollidine,

and BSA in 3X SSC), and denatured salmon sperm DNA (200 Mg/ml),

at 42Â°Cfor 4 h. Hybridization was carried out in 5X SSC, 2X Den
hardt's, salmon sperm DNA (200 ng/m\), 40% formamide, and the

labeled probe, for 48 h. Washing conditions varied with each probe but
were generally 2-6 h in a 0.1 x SSC and 0.1% SDS at 55Â°Cwith four

changes of wash solution.
RNA Isolation and Northern Blot Analysis. Total cellular RNA was

isolated by homogenization of cell pellets or pieces of tissue in 4 M
guanidinium isothiocyanate and 20% Sarkosyl (sodium lauryl sarcosi-
nate) in the presence of /3-mercaptoethanol, as described previously
(21). Selection of polyadenylate containing RNA was accomplished by
one passage over an oligodeoxythymidylate cellulose type 111(Collab
orative Research) column (22). Predetermined amounts of polyade
nylate containing RNA were incubated with 50% deionized formamide
and 6% formaldehyde in IX running buffer [20 mM 3-(/V-morpho-
lino)propanesulfonic acid (pH 7.0)-5 mM sodium acetate-1 mM EDTA]
for 10 min at 65Â°C.They were loaded on a 1% agarose-6% formalde

hyde gel in IX running buffer and fractionated by electrophoresis in
the same running buffer at 50 V for 9 h. After the gel was stained with
ethidium bromide (5 Mg/ml) for 15 min and destained for 30 min in
the running buffer, the RNA was transferred to nitrocellulose by blot
ting, and filters were baked in a vacuum oven at 80Â°Cfor 1.5 h.

Hybridization with a radioactive c-myc probe (IO6 cpm/ml) was
performed for 48 h on 50% formamide-5X SSC, 5X Denhardt's solu

tion, 0.1% SDS, and 100 Mg/ml denatured for 15 min in 3X SSC at
room temperature followed by four washes, 15 min each at 52Â°C,in

0.1X SSC-0.1 % SDS. Air-dried filters were autoradiographed on Kodak
XAR-5 film.

RESULTS

Oncogene Activity in the HPAF Pancreatic Adenocarcinoma
Cell Line. High molecular weight DNA purified from HPAF
tumors which grew as xenografts in nude mice, when transfected
into NIH 3T3 cells by calcium phosphate coprecipitation,
yielded a transformation efficiency (number of foci per Â¿Â¿gof
DNA transfected) of 0.25 (Table 1). Comparable transfections
with DNA derived from normal human pancreatic tissue, non-
transformed NIH 3T3 cells, or salmon sperm yielded transfor
mation efficiencies of less than 0.01 (Table 1). Several of the
transformed foci were isolated from the HPAF transfected NIH
3T3 cultures and were grown in semisolid medium (methyl
cellulose). When clonal populations, selected from the methyl
cellulose cultures, of different foci were injected into nude mice,
8 of 10 tested grew progressively as tumors within 3 weeks of
injection. Fragments of these nude mouse tumors were also
implanted s.c. into NIH Swiss mice. Four of these increased
slowly in size for 2-3 weeks and then regressed. Three different
tumors grew progressively in the NIH Swiss mice also. The
clonal populations which grew as tumors in nude mice were
established as primary transfectant cell lines.

Secondary transfections, in which DNA from the primary
HPAF transfectants was retransfected into nontransformed
NIH 3T3 cells, were also performed. This second cycle of gene
transfer has been reported to discriminate between spontaneous
primary transformation, which does not induce significant
transmissible transformation, and oncogene activity which can
be detected through several cycles of gene transfer (23). Sec
ondary transfections of DNA from primary HPAF transfectants

Table 1 Transforming activity of HPAF DNA
NIH 3T3 cells (2.5 x IO5) were transfected with 40 ^g of high molecular

weight DNA obtained from the indicated source. Transformed foci were scored
14-28 days later. The results reported here were derived from five independent
experiments.

Transfected DNAsourceSalmon

sperm
NIH 3T3
Normal pancreas
HPAF pancreatic adenocarcinomaFoci//jg

DNA2/200

1/200
0/200

50/200Transformation

efficiency0.01

0.005
0.000
0.25

2483

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2427147/cr0460052482.pdf by guest on 19 M

ay 2023
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yielded transformation efficiencies ranging from 0.8 to 1.67
(Table 2), in contrast to the secondary transfection of a spon
taneous NIH 3T3 transformant, which displayed a transfor
mation efficiency of 0.067. These data suggested that the HPAF
cell line contained oncogene activity detectable in the NIH 3T3
assay system.

Oncogene Analysis of HPAF Cells and HPAF Transfected
Cells. To define, at a molecular level, which oncogene(s) were
amplified or rearranged in HPAF tumors and detected in the
NIH 3T3 transfectants, DNAs from HPAF and transfected
cells have been analyzed for the presence of known oncogenes
by Southern blotting analysis.

Southern blots were performed with DNA isolated from
HPAF cells, normal pancreas tissue, three primary transfectant
NIH 3T3 cell lines, two secondary transfectant cell lines, and
untransfected NIH 3T3 cells. The DNA was cut with each of
three different restriction enzymes, including EcoRl, BamHl,
or HindlU. This strategy permits the detection of possible gene
rearrangements and gene copy amplification. Gene analysis has
been performed with the following oncogene probes: v-K-ras,
c-H-ras, c-N-ras, \-fms, \-fgr, c-myb, c-sis, c-myc, c-mos, c-fos,
\-fes, \-src, v-Erb A, \-Erb B, c-N-wyc, v-raf, and \-abl. The

normal human protooncogene for all of these was detected in
genomic DNA from HPAF cells and normal pancreatic tissue
(data not shown). None of these demonstrated rearrangements
in the HPAF cells, however, nor have any of the tested cellular
human oncogenes other than endogenous mouse genes been
detected in the transfected NIH 3T3 cells (data not shown). We
have noted a slight increase (2-4-fold) in the apparent gene
copy number of the c-K-ras and c-myc protooncogene in HPAF
cells as compared to normal pancreatic tissue (Figs. 1 and 2),
although the myc increase is much less than the 25-fold ampli
fication commonly seen in the HL60 cell line (Fig. 2). The
increase in myc gene copy number in HPAF is accompanied by
a 2-4-fold increase in myc mRNA expression (Fig. 3). No
increase in K-ras mRNA expression was found (data not
shown). We have observed similar small amplifications in myc
and ras gene copy numbers in a number of other cell lines when
compared to normal tissue, however, and believe this increase
to be a result observed when in vitro cultured cell lines are
compared to tissue extracts. Alternately, the amplification
could be due to the abnormal karyotype of the tumor cell lines
being tested (24).

Analysis of Proteins of HPAF Transfectants. To determine
whether the HPAF transfectants were expressing proteins not
found in untransfected NIH 3T3 cells, total cell protein pro
duction was compared by two-dimensional SDS-polyacrylam-
ide gel electrophoresis. A comparison of ["Sjcysteine and [35S]-

methionine labeled total cell lysates revealed at least two pro
teins in the transfected cells which were not found in untrans
fected NIH 3T3 cells, with approximate molecular weights of
70.000 and 110,000 (see arrows. Fig. 4, A and B). The M,
70.000 protein displayed a two-dimensional gel electrophoresis

Table 2 Transforming activity of DNA derived from primary HPAF transfected
NIH 3T3 cell lines

NIH 3T3 cells (2.5 X 10') were transfected with 20 pg of high molecular

weight DNA obtained from the indicated source. Transformed foci were scored
14-28 days later. The results reported here were derived from at least three
independent experiments.

Transfected DNAsourceNIH

3T3 (spontaneous
transformant)

26A
19
91Foci/ng

DNA4/60167/100

72/60
48/60Transformation

efficiency0.0671.67

1.2
0.8

6.0 kb

3.0 kb
.1.7 kb
1.5 kb

ABC
Fig. 1. Southern blot analysis of cellular DNA extracted from HPAF cells (A),

normal pancreatic tissue (B), and HL60 cells (C) using the v-K-ras (HiHi 3)
probe. Ten jig of the cellular DNAs were cut with //malli separated by electro
phoresis through 0.5Ã®Ã®agarose gel and transferred to nitrocellulose. The filter
was hybridized with approximately IO7cpm of nick translated v-K-ras probe for
48 h at 42Â°C.followed by several washes in 0.1 X SSC-0.1% SDS at 50'C and 18

h autoradiography exposure time. In this experiment. HPAF K-ras [3.0-kilobase
(Ã„A)band] expression was amplified 4-fold compared to normal pancreatic tissue
as determined by densitometry. In different experiments, the amplification ranged
from 2-4-fold.

* 15kb

ABC
Fig. 2. Southern blot analysis of cellular DNA extracted from HPAFcells (A),

normal pancreatic tissue (B). and HL60 cells (O using the c-myc protooncogene
(p-c-m.vc) probe. Ten Â¿igof the cellular DNAs were cut with EcoRl restriction
endonuclease. separated by electrophoresis through a 0.5% agarose gel, and
transferred to nitrocellulose by Southern blotting. The filter was hybridized with
approximately 10' cpm of nick translated c-myc probe for 48 h at 37Â°C.followed
by several washes at 25Â°Cin 0.1X SSC-0.1% SDS, and 18 h autoradiography
exposure time. In this experiment, the HPAF myc expression was amplified 3-
fold compared to normal pancreas, whereas HL60 myc expression was amplified
25-fold as determined by densitometry. In different experiments, the amplification
in HPAF varied from 2-4-fold. kb, kilobase.

pattern identical to a predominant M, 70,000 protein produced
in HPAF cells (Fig. 4Q, suggesting, although not proving that
human pancreatic gene products were expressed in the trans
fected cells. This M, 70.000 protein (Fig. 4B) shows slightly
different two-dimensional gel mobility than a protein seen in
untransfected NIH 3T3 cells just to the right of the indicated
circle (Fig. 4A). (The protein seen in the untransfected cells is
also present in the transfected cell line; however, it did not
reproduce well when photographed and is difficult to see in Fig.
4/>). Although the significance is not established, it is interesting
to note that several other proteins found in both untransfected
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ANTIGENS EXPRESSED ON TRANSFECTED NIH 3T3 CELLS

(Fig. 44) and transfected (Fig. 4B) cells show differing radio
active intensities, suggesting that quantitative changes in the
expression of these molecules are the result of transformation
of the NIH 3T3 cells. In order to further define and analyze the
expression of human proteins by the transfected cell lines, we
developed monoclonal antibodies against the transfectants.

Monoclonal Antibodies to HPAF DNA Primary Transfected
Cell Lines. For immunization purposes, the transfectant cell
line which gave the most aggressive tumor growth rate in nude
mice was selected. To increase the probability of generating
interesting antibodies to human gene products expressed in
transfected NIH 3T3 cell line 26A, three different mouse strains
were used as spleen cell sources for hybridoma production:
BALB/c nude mice with progressively growing transfectant
tumors; normal BALB/c mice immunized with in vitro cultured
primary transfectant cells; and NIH Swiss mice immunized
with in vitro cultured transfectant cells or transplants from nude
mouse tumors. Sera from all of the mice contained antibodies

-2.2 kb

B
Fig. 3. Detection by Northern analysis of amplified c-myc transcript in HPAF

cell line. Polyadenylate containing RNAs from HPAF cells at 4 >ig (A) or 2 /ig
(A) and normal pancreas at 4 ,ug (Q were electrophoresed on agarose-formalde-
hyde gels and transferred to nitrocellulose. Hybridization and washes were per
formed as described in "Materials and Methods." The 4-^g HPAF RNA sample
was amplified 4-fold compared to the 4-^g normal pancreatic RNA sample, kb,
kilobase.

-Â»-110kd

*70 kd

B

reactive with HPAF cells as detected by indirect immunofluo-
rescence. Also, these polyclonal antisera could specifically im-
munoprecipitate antigens of various molecular weights from
["Sjcysteine and ['5S]methionine labeled HPAF cell lysates

(data not shown).
Hybridomas generated from these mice were initially selected

for positive binding to HPAF cells and transfected NIH 3T3
cells, and no reactivity with nontransfected NIH 3T3 cells. The
assay system used was an indirect radioimmunobinding assay
in which the cells being tested were glutaraldehyde fixed to
polystyrene plates, followed by treatment with the hybridoma
supernatants and then '-5I-labeled F(ab)2 goat anti-mouse im-

munoglobulin. The radioimmunobinding results were then con
firmed by indirect immunofluorescence using the same cell
lines. Of 2546 hybridoma supernatants screened, 19 monoclo
nal antibodies were obtained which met the above stated selec
tion criteria.

Ten of the 19 monoclonal antibodies from the initial screen
have been selected for further study based on their restricted
reactivities with a number of human cell lines and tissues as
determined by indirect immunofluorescence (Table 3). This
preliminary testing revealed that all but one of these antigens
were present on a secondary HPAF transfectant cell line. Only
one of the antigens (12G3) was expressed on an NIH 3T3 cell
line transformed by primary transfection with DNA from the
T-24 bladder carcinoma cell line (kindly provided by Stuart
Aaronson, NIH) (Table 3). Five of the antigens were found on
seven of seven human pancreatic adenocarcinoma cell lines
tested, and the other five antigens were found on a majority of
these cell lines (Table 3). In contrast, none of the antigens were
found on a prostatic carcinoma cell line and only two of the
antigens were found on one of three melanoma cell lines tested.
One of the antigens (12G3) was expressed on primary normal
skin fibroblast cultures, and seven of the antigens were found
sporadically on a few of the nine human lymphoblastoid cell
lines tested. However, none of the antigens were found on
purified populations of blood lymphocytes, granulocytes, or
monocytes of normal donors (data not shown). Immunoperox-
idase testing of the antibodies against frozen sections of normal
and malignant human tissue has just begun. Four of the antigens
are stable to acetone fixation, and these antigens were not
detected on normal pancreatic tissue (Table 3). In summary,
these monoclonal antibodies define antigens which are readily
detected on several human pancreatic adenocarcinoma cell lines

- -
-110 kd

>* 70 kd
Fig. 4. Two-dimensional SDS polyacryl-

amide gel electrophoresis separation of |3SS]
cystcine and ("S]methionine labeled cellular

proteins from NIH 3T3 cells (A), primary
HPAF transfectant (A), and HPAF cells (O-
Total cell lysates were separated first by non-
equilibrium pH gradient electrophoresis, with
the basic proteins appearing toward the left of
each panel. The second dimension of separa
tion was through a \0"Â¿SDS-polyacrylamide

gel. kit. molecular weight in thousands.
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Table 3 Indirect immunofluorescence reactivity of anfi-transfectant antibodies

Fluorescence intensity of monoclonal antibodies

Cell lines tested IB2 6G10 9F9 11C7 12G3 I3B8 13D8 14F2 14G6 SlDll

NIH 3T3
Untransfected
Primary HPAF transfectant
Secondary HPAF transfectant
Primary transfectant (T-24 bladder

carcinoma)

Human pancreatic carcinoma
HPAF
T3M4
ROYALS
CAPAN
Colo 357
RWP-2
Mia PaCa

Lymphoblastoid
Myeloid (K562. HL60)
T (CEM. MOLT. RESKW3)
B (SB. Daudi. \VIL-2)
CALLA(REH)

+ 1 C/2)*

+ C/3)

+ C/3) + C/3)

+ C/2)
+ (%)
+ C/3)

â€¢C/2) + C/2)

+ C/3)

+ C/2)

OtherMelanomasProstatic

carcinomaSkin
fibroblastNormal

pancreas+

C/3)_
_ ___

_ __NT

NT -_

_ ___
_ __+
â€” â€”â€”-
- - NT-â€”_NT+

(>/>)â€”_NT

" â€”,negative; ++++, brightest fluorescence.
* Numbers in parentheses, number positive/total number tested.
c NT. not tested.

and HPAF transfected NIH 3T3 cell lines. These antigens are
not detected on nontransfected NIH 3T3 cells and show a
comparatively restricted distribution on the nonpancreatic hu
man cell lines and tissues thus far tested.

The known molecular characteristics of the antibodies and
cellular localization of the antigens defined by them are sum
marized in Table 4. Although some of the antibodies may
recognize the same molecule (e.g., 9F9, 13B8, and SIDl 1), the
entire panel apparently recognizes epitopes found in different
subcellular regions, including the cell membrane, cytoplasm,
and nucleus (Table 4). The molecular structure and relation
ships between these antigens, and any homology or relationship
with previously described cellular oncogene products, remain
to be established.

DISCUSSION

The data presented here (Tables 1 and 2) demonstrate that
DNA derived from the HPAF pancreatic adenocarcinoma cell
line contains oncogene activity detectable by transfection into
NIH 3T3 cells. There have been four previous reports of on
cogene activity detected in human pancreatic tumors or tumor
cell lines. Pulciani et al. (8) found that DNA from one of two
human primary pancreatic adenocarcinomas transformed NIH
3T3 cells. Transforming gene activity has also been shown to
be present in DNA derived from the pancreatic carcinoma cell
line, PaCa 2, by Der and Cooper (25); the Al 165 pancreatic
carcinoma cell line by Cooper et al. (9); and the T3M4 pan
creatic carcinoma cell line by Hirai et al. (26). Three of these
reports, including the primary tumor (8), and pancreatic tumor
cell lines Al 165 and T3M4 (9, 26), have shown the presence of
human c-K-ras sequences in the DNA of secondary or tertiary
NIH 3T3 transfectants. Although the investigators have sug
gested that the K-ras gene was responsible for the transforming
event witnessed in the NIH 3T3 transfections, the presence of
other human DNA sequences in the transfectants (as detected
using a probe for the Alu family of human repetitive sequences)
(8.9, 26) allows for the possibility that other genes are involved.
Definitive proof requires transformation of the NIH 3T3 cells

Table 4 Anti-HPAF transfectant antibody and antigen characteristics

Monoclonal
antibody1B26G109F911C712G313B813D814F214G6S1D11IsotypeIgMIgMIgG2bIgMIgMIgMIgMIgMIgGIgGlAntigen

cell
localizations"Surface,

cytoplasmCytoplasmCytoplasm,

nucleusSurface,
cytoplasmSurface,
cytoplasmCytoplasm,
nucleusSurface,
cytoplasmCytoplasmCytoplasmCytoplasm,

nucleus
Â°Determined by visual observation of immunofluorescence with glutaralde-

hyde fixed HPAF cells.

with a cloned, defined fragment derived from each of the tumors
or cell lines.

The NIH 3T3 cells transformed by PaCa 2 DNA described
by Der and Cooper (25) do not contain human K-ras or H-ras
sequences and have not been further defined. The HPAF trans
fectants we describe here also do not contain human K-, H-, or
N-ras genes. Similar to the report by Hirai et al. (26) for the
T3M4 pancreatic carcinoma cell line, the HPAF cell line dem
onstrated a 2-4-fold amplification in genomic K-ras content
when compared to normal pancreatic tissue (Fig. 1). We also
noted a 2-4-fold K-ras amplification in DNA taken from T3M4
cells and two other pancreatic carcinoma cell lines, Colo 357
(27) and CAPAN (28) (data not shown). A concomitant increase
in K-ras mRNA expression was not seen, however (data not
shown). Genomic and mRNA expression of the c-myc protoon
cogene was also slightly (2-4-fold) amplified in HPAF cells
(Figs. 2 and 3). However, recent reports (24) have documented
up to 4-fold amplifications of c-H-ras protooncogenes during
the limited life span of normal human fibroblasts in vitro. This
fact, when considered with the lack of expression of human raÃ
and myc genes in the HPAF transfectants, suggests that the
slight amplifications of ras and myc genes reported for these
cell lines are consequences of in vitro cell culture and are
unrelated to the transformation of NIH 3T3 observed in our
experimental system. In addition, DNA from the HPAF trans
fectants did not contain human protooncogenes homologous to
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ANTIGENS EXPRESSED ON TRANSFECTED NIH 3T3 CELLS

v-fms, \-fgr, c-myb, c-sis, c-mos, c-fas, v-fes, \-src, v-erb A, \-erb
B, c-N-myc, v-raf, and v-abl, although the protooncogenes are
present at comparable values in both HPAF and normal pan
creatic cells. An obvious problem with this and previous char
acterizations of oncogene expression in transfected cells is that
the analysis is restricted to known and available oncogene
probes and not all available probes have been tested against the
transfectants.

To define the human gene products expressed in our trans-
fectant cell lines, monoclonal antibodies were generated against
these cells. Antibodies selected for further study included those
which were expressed on HPAF cells and HPAF transfected
NIH 3T3 cells but which were not found on nontransfected
NIH 3T3 cells. The use of murine cells expressing a limited
number of human gene products for generating antibodies was
intuitively appealing becuase of the possibility that such a
presentation of antigen to mice would provide a more focused
and immunogenic antigenic source than when presented on a
human cell background. Immunization with the primary trans
fectants also permitted the study of human pancreatic gene
products other than oncogenes that might be related to onco
gene function. In theory, these could be discriminated from
pancreatic antigens unrelated to oncogene function by testing
for antigen expression on secondary and tertiary transfectants.
In this initial study only one antibody, 1B2 (Table 3), of the ten
tested reacted with the primary and not the secondary transfec-
tant.

The fact that 9 of the 10 antibodies tested were unreactive
with an NIH 3T3 cell line transformed by transfection with
human T-24 bladder carcinoma DNA (Table 3) suggests that
these antigens are not mouse proteins that have been induced
by transfection and transformation with human tumor DNA.
While there is no direct evidence that the monoclonal antibodies
described in Tables 3 and 4 recognize human pancreatic onco
gene proteins or related cell products, they remain interesting
candidates as such because of their expression on the human
pancreatic tumor cells and secondary transfectants. Definitive
proof of the oncogenic relationship of these molecules would
ultimately require cloning of the gene(s) coding for the mole
cules and subsequent transformation of a normal cell by inser
tion of the gene. Experiments addressing this goal are currently
in progress.

Another interesting feature of the anti-transfectant monoclo
nal antibodies is their broad reactivity with pancreatic adeno-
carcinoma cell lines but relatively restricted pattern of reactivity
with the lymphoblastoid, melanoma, prostatic carcinoma, and
normal skin fibroblast cell lines thus far tested (Table 3).
Although detailed normal tissue and tumor tissue specificity
studies have not yet been completed, we were impressed by the
restricted pattern of expression of the antigens defined by this
panel of monoclonal antibodies compared with our earlier
studies on immunization with intact HPAF cells (10). These
antibodies may ultimately be useful in the diagnosis and clas
sification of adenocarcinomas.

In conclusion, this work has demonstrated that the HPAF
pancreatic adenocarcinoma contains oncogene activity detect
able by transfection into NIH 3T3 cells. NIH 3T3 cells trans
formed by HPAF DNA do not express human H-, K-, or N-ras
oncogenes, nor do they express a number of other previously
described oncogenes. The transfected cells do express cell prod
ucts defined by monoclonal antibodies that are antigenically
related to HPAF and other pancreatic tumor cell products and
are not found on nontransfected NIH 3T3 cells. These and
other similar monoclonal antibodies should prove to be useful
for studying transformation events induced by transfection of
DNA into NIH 3T3 cells.
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