
(CANCER RESEARCH 53, 1182-1187, March 1. 1993]

Morphological and Biological Modifications Induced in a Rat Pancreatic Acinar
Cancer Cell Line (AR4-2J) by Unscheduled Expression of Basic Fibroblast
Growth Factors1

AgnÃ¨sEstival, Dominique Louvel, Bettina Couderc, HervÃ©Prats, Etienne Hollande, Nicole Vaysse, and
FranÃ§oisClÃ©mente2

INSERM U 151, CHU Rangueil Bal L 3. A\: J. PoulhÃ¨s. 31054 Toulouse Â¡A.E.. D. L. N. V. F. CI, Laboratoire d'Endocrinologie ExpÃ©rimentale, CHU Rangueil Â¡B.C., H. P.],

and Laboratoire de Biologie Cellulaire, Â¡E.H.Â¡.3I400 Toulouse. France

ABSTRACT

The role of the different basic fibroblast growth factor (bFGF) forms on
the regulation of pancreatic acinar cancer cells was analyzed on the rat cell
line AR4-2J. This cell line expresses bFGF receptors but does not produce
bFGF. AR4-2J cells were retrovirally transfected with the wild type or
with point-mutated bFGF complementary DNAs in order to obtain the

expression of all the bFGF forms (clone A4), or of that of the .U, 22,500
form (clone A3), or of that of the U, 18,000 form (clone A5). Each clone
was less tumorigenic in nude mice than AR4-2J cells. In culture, only the
coexpression of all the bFGF forms modified cell morphology (fibroblast-
like) and secretory enzyme synthesis (about a 20-fold decrease of amylase

and lipase). Cells expressing the high molecular weight bFGF (A3 and A4)
were able to grow in serum-free medium. As for AR4-2J, exogenously
added bFGF still exerted mitogenic effects on the bFGF-producing cells.

These results suggest that pancreatic acinar cancer cells may respond to
endogenous bFGF; furthermore, they seem very sensitive to the coexpres
sion of the different bFGF forms which is often described in cancer cells.

INTRODUCTION

If little is known about the cellular and molecular mechanisms
involved in tumor cell proliferation and differentiation, evidence is
emerging that growth factors expression could play a crucial role (1,
2). Among the well characterized growth factors. bFGF3 has a special

behavior. In recent years, bFGF has been found in many tumor cells,
including human pancreatic cancer cells (3). bFGF is a potent mitogen
that promotes proliferation and differentiation of cells of neuroecto-

dermal and mesenchymal origin and also induces angiogenesis and
tumor vascularization (4, 5). In bFGF-producing cells, either normal

or tumoral, different forms of bFGF have been described, with mo
lecular weight ranging from 18.000 to 24,000 (6-8). These forms

result of an alternative initiation of the translation: the MT 18,000 form
initiates at a classical AUG codon; the larger forms initiate at two
upstream CUG codons (9, 10). Interestingly the different peptides
have distinct intracellular distributions. Whereas the M, 18.000 pro
tein is found in the cytoplasm, the high molecular weight species are
localized in the nucleus (11). In these high molecular weight forms, a
glycine-rich NH2-terminal extension containing interspaced arginines

could act as a nuclear targeting signal (12). According to some recent
data, the shortest pcptide present in the extracellular fluids could also,
in certain circumstances, reach the nucleus (13). It is noteworthy that
all bFGF forms lack the classical signal peptide sequence required for
their subsequent secretion (14, 15) and presently the mechanisms
involved in the bFGF secretion remain unknown.
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bFGF could exert its biological effects through different pathways.
First, the M, 18,000 protein present in the extracellular space acts
through cell surface-specific receptors exhibiting tyrosine kinase ac
tivity (16-18). After internalization, this low molecular weight form is

translocated to the nucleus (13). Then, bFGF receptors could lead to
autocrine/paracrine controls of cell growth. Second, in bFGF-produc

ing cells, the nonsecreted peptides could directly activate cytosolic
and nuclear targets, exerting intracrine controls (10, II).

In pancreatic cells, there are growing evidence that bFGF could
play an important regulatory role. In rat, during embryonic develop
ment, bFGF is present in the basement membrane underlying the
pancreatic cells (19). Normal pancreatic acinar cells express high
affinity bFGF receptors; in these cells bFGF mobilizes Ca2+ from

intracellular stores and induces enzyme secretion (20). Finally, mito
genic effects have been observed in both human and rat acinar pan
creatic cancer cells (3, 21).

The present study was undertaken to investigate the potential role of
the different bFGF proteins in the proliferation and differentiation of
pancreatic acinar cancer cells. For this purpose, we retrovirally trans
fected a rat pancreatic acinar cell line, AR4-2J, with different con

structs, allowing the expression of low levels of the different bFGF
proteins. This cell line was chosen for its interesting properties; it
express bFGF receptors (21 ) but does not synthesize bFGF. Further
more, it can be induced to acquire more differentiated phenotypes
under glucocorticoid treatments (22).

MATERIALS AND METHODS

Cell Cultures

AR4-2J cells were routinely grown in DMEM containing 4.5 g/liter glucose

and 10% PCS (Gibco. Grand Island, NY) (23). CRIP cells (the retrovirus
packaging cells) were cultured in DMEM containing 4% PCS (24). All sub
sequent clones issued from transfected AR4-2J cells were grown in DMEM,

containing 4.5 g/liter glucose and 10% FCS. For enzymatic determinations.
AR4-2J cells and transfected clones were grown in a serum-free defined
medium previously described (23), consisting in Hepes-buffered DMEM me
dium (pH 7.2) supplemented with insulin, transferrin. lipids, and fatty acid-free

bovine serum albumin.

Cell Growth Assay

AR4-2J cells and transfected clones were plated in 60-mm Petri dishes at
10.000 cells/cm2 in DMEM containing 10% FCS. At the indicated times,

cultures were trypsini/.ed and cell density was determined with a Coulter
Counter (Coultronics. Margeny. France).

For experiments on autonomous cell growth, cells were plated in 60-mm
Petri dishes at 30.000 cells/cm2 in DMEM supplemented with 10% FCS. After

a 16-h attachment period, the medium was replaced by serum-free DMEM,

containing only 15 ITIMHepes (pH 7.2), and changed every 2 days. Cell growth
was determined as above.

Tumorigenicitv

AR4-2J cells and transfected clones were grown to confluency. trypsinized,

and resuspended in DMEM. Cell number was determined and adjusted to 3 X
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IO6 cells/ml. Four to 6-week-old athymic mice (nulnu) were given s.c. injec

tions of I ml of cell suspension. Five mice per cell line were used. The volumes
of the tumors were measured at 3â€”4-dayintervals for 2 weeks.

Cell Treatments

Cells grown in the serum-free defined medium were treated for 48 h with 50

nM dexamelhasone. This concentration was shown previously to be fully effi
cient to induce en/.yme synthesis, mRNA levels, and secretory organelles (22).
bFGF, the M, 18.000 bFGF recombinant (9), was added to the medium every
day for 2 days at 1 n\i.

Transfection and Infection

The different constructs used were previously described (24). Briefly, the
constructs were the wild type or point-mutated bFGF cDNAs, inserted into the
mammalian retroviral expression vector PINA, downstream of the ÃŸ-actin

promoter. PINA 4A contained the entire bFGF open reading frame and allowed
the expression of the three bFGF forms. PINA 3A derived from PINA 4A by
a point mutation changing the first CTG initiation codon into ATG; the cor
responding (ransfected cells expressed only the M, 22,500 bFGF. PINA 5A
presented a point mutation changing the GGA codon, located before the ATG
initiation codon, into the stop codon TGA. This construct allowed the expres
sion of only the M, 18,000 peptide. Infections were performed as reported
previously (24); CRIP cells (2 x IO5cells/60-mm Petri dish) were transfected

with 2 ug/ml recombinant cDNA in presence of 10 ug of Polybrene (Sigma
Chemical Co., Saint Louis. MO). After 48 h, the cells were seeded in the
DMEM selective medium containing 1 mg/ml Geneticin (G418; Gibco). The
resistant cells were picked up and expanded. The recombinanl viruses released
into the medium were used to infect the AR4-2J cells. After 3-4 weeks, the
infected AR4-2J cells were expanded in the selective medium for few passages

and then cloned by the dilution plating technique.

Secretory Enzyme Expression

Enzyme and DNA Assays. Two enzymes, lipase and amylase, were chosen
to follow the secretory en/.yme biosynthesis. Lipase was assayed by using the
UV determination kit (Boeheringer. Mannheim. Germany). Amylase was de
termined according to the method of Bemfeld (25). DNA was determined

according to the method of Burton (26).
RNA Extraction and mRNA Quantification. Total RNA was prepared

and purified according to the method of Chirgwin el al. (27). The cells were
lysed in Tris buffer (100 m.M,pH 7.2) containing guanidinium isothiocyanate
(4 M) and ÃŸ-mercaptoethanol (1%). Concentration of cell lysates was adjusted

to 2.7 MCsCI and centrifuged on 6.7 Mcesium chloride for 20 h at 160,000 X
f>.Quantification of RNA was made spectrophotometrically at 260 nm. North

ern blot analysis were performed in denaturating conditions.
Hybridizations were carried out as described previously (28) by using

'2P-labeled probes (Nick translation kit; Amersham, Les Ulis, France). The

amylase probe was a 702-base pair cDNA clone encoding rat pancreatic

amylase (29) and the lipase probe was the full length dog pancreatic lipase

cDNA (30).

Western Blot Analysis of the bFGFs Expressed by the Different Cell
Lines

Cells were grown until confluency and then washed, harvested in phos
phate-buffered saline, and kept frozen at -30Â°C. Samples were thawed and

sonicated for 30 s. Cell lysates were prepurified and concentrated on a heparin-
Sepharose column equilibrated in 10 m.MTris-HCI buffer-0.3 M NaCl, pH 7.4.
bFGFs were eluted with 10 HIMTris-HCI buffer containing 2 vt NaCl. After
sodium dodecyl sulfate-polyacrylamide gel electrophoresis fractionation, the

bFGF was immunodetected by using a polyclonal antibody recognizing all
bFGF forms (Oncogene Science, Inc., Uniondale, NY). The antigen-antibody

complex was revealed by a chemiluminescence detection kit (ECL; Amer

sham).

RESULTS

AR4-2J cells were retrovirally transfected with vectors containing

bFGF forms (A4 cells) or the A/r 18,000 peptide (A5 cells), or the M,
22,500 form (A3 cells). For controls. AR4-2J cells were infected with

the same vector containing the CAT gene at the site of the bFGF
cDNA. Preliminary experiments showed that for each construct the
different clones obtained presented similar phenotypes and secretory
enzyme profiles. Therefore, for each of the four constructs we focused
our work on one selected clone.

Expression of bFGF

Characterization of the Transfeeted Clones. Western blot anal
ysis of cell extracts obtained from the different selected clones showed
that the transfected cells expressed, as expected, the bFGF proteins
(Fig. 1).

The A4 clone obtained after AR4-2J transfection with the wild type

bFGF cDNA expressed the three different bFGF forms (Fig. 1, Lune
c) resulting from alternative translations at CUG and AUG initiation
codons, with molecular weights ranging from 18,000 to 22,500. The
A3 clone was found to synthesize only the high molecular weight
form of 22,500 (Fig. 1, Lane h). In the A5 clone, only a bFGF of low
molecular weight was detected, as a faint band (Fig. 1, Lane d). In
control CAT cells (Fig. 1, Lane a) no bFGF could be found as in
parental AR4-2J cells. The subcellular localizations of the different

bFGF proteins by immunocytochemical analysis (not shown) were
identical to those reported previously (24).

Morphological Changes. The cell morphology of A3, A5 and
CAT cells did not markedly differ from that of parental AR4-2J cells.
As shown in Fig. 2 (A-D), cultures consisted of polygonal epithelial

cells, tightly associated at low density. They tended to form large foci
at high density. By contrast, cells expressing the three bFGF forms
(A4) showed a more dedifferentiated phenotype (Fig. 2E): in these
cultures the cells were fibroblastic and spindle shaped.

Growth Properties of the Transfected Cells. Growth properties
were examined both in the presence of 10% PCS and under serum-free

conditions. We also studied the growth responses to dexamethasone, a
synthetic corticoid known to inhibit AR4-2J cell growth (22), and to

bFGF, mitogen for the parental cells.
As shown in Fig. 3, the growth profiles were found modified for

some of the transfected clones. Control CAT and A5 cells grew at the
same rate as the parental AR4-2J cells and exhibit comparable satu
ration densities. As for AR4-2J. the synthetic glucocorticoid dexa

methasone was able to inhibit their proliferation by 90%. 3 days after
the beginning of the treatment. A3 grew faster than AR4-2J and the

kDa
46
30
21
14

abed
Fig. I. Western blot analysis of ihe bFGF proteins expressed by the transfected cells.

ljune a, CAT cells; Lane b, A3 cells; Lane r, A4 cells; Lane d. A5 cells. After cell lysis,
60 pg of lolal proteins ( 120 ug for Lane a) were prepurified on hcparin-Sepharose columns
and then loaded on polyacrylamide gels. Right mainate, size markers in thousands (kDa).
The protein bands visible on Ulne ti and those of comparable molecular weights present

various bFGF cDNAs allowing the expression of either the three on the other lanes were also detected with nonimmune sera.
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Fig. 2. Morphology of AR4-2J Iransfecled cells. A. parental AR4-2J cells; B. control CAT cells; C A3 cells; D. A5 cells; Â£,A4 cells. X 170; bar, 50 urn.

other clones (doubling time, 17 h for A3 and 25-30 h for AR4-2J and
the other clones). The saturation density was also higher and dexa-

methasone was able to inhibit cell proliferation by 60% at day 8 of
treatment. A4 cells expressing all forms of bFGF were less sensitive
to the glucocorticoid effect (40% inhibition).

Because PCS contains many growth factors including bFGF. we
examined the capacity of the transfected cells to proliferate in the
absence of exogenously added growth factors, in a serum-free me

dium, containing only the Hepes buffer. Whereas the parental cell line
did not grow in serum-free medium (Fig. 4), the control CAT cells
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Fig. 3. Growth curves of the different cells in 10* FCS. Cells were seeded at the concentration of K).(XX)cells/cnr in 60-mm dishes and cultured with (D) or without <â€¢)
dexamethasone. The glucoconicoid, at 50 nu. was added every 2 days. Data are means Â±SD (bars) (n = 10).
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CAT

AH4-2J

10

Doyi

Fig. 4. Autonomous cell growth in the absence of FCS. Cells were seeded at the
concentration of lO.(XX)cells/cm2, in 10* FCS. After cell attachment, medium was
removed, and the cells were washed and cultured in a serum-free medium containing 15
mu Hepes. Data are means Â±SD (burs) of triplicate values from three independent
experiments.
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Fig. 5. Mitogenic effects of exogenous bFGF. Cells were seeded and cultured as in Fig.
4. bFGF (1 nu) was added daily for 3 days. Each value represents the percentage of
increase compared to untreated cells. Data are means Â±SD (/;Â«r.v)from three independent
experiments in = 12). Differences between stimulated and controls are significant at p <

0.05.

presented some proliferation capacity. The expression of the A/r
18,000 form in A5 cells appeared to be unable to induce autonomous
growth since they proliferate less than CAT cells. Cells expressing the
high molecular weight bFGF (A3 and A4) showed a 6-7-fold higher
saturation density than AR4-2J cells.

Because bFGF is mitogen for AR4-2J cells, the question arose as to

whether the mitogenic effect of bFGF still existed in the transfected
ones. To answer this question, the different clones were kept growing
under serum-free conditions and treated for 3 days with bFGF ( 1 nM).

As shown in Fig. 5, when supplemented with bFGF, all cell lines were
found able to respond to the mitogen, A4 cells being much more
sensitive (2-fold increase). Thus, bFGF is still a mitogen for the

different transfected cells.
Tumorigenicity. The tumorigenicity of the bFGF-expressing cells

was tested in nude mice (Fig. 6). Fifteen days after inoculation, mice

given injections of AR4-2J and CAT cells developed tumors of about
1.5 cm3. Mice given injections of cells expressing either the MT 18,000

(A5) or the M, 22,500 form (A3) developed small tumors of about 0.5
cm3, whereas mice given injections of cells expressing all forms (A4)

developed during the same lag of time only small palpable nodules
(Fig. 6). Ultrastructurally, these nodules contained typical A4 cells
surrounded by an important fibrovascular stroma (not shown).

Enzyme Biosynthesis in AR4-2J Cells Transfected by bFGF

Two secretory enzymes, amylase and lipase, were studied in the
different clones and in the parental cell line. These two enzymes are
interesting for different reasons: (a) their expression is tissue specific
and is differently regulated by hormones and alimentary components;
(b) in a previous paper (28) we reported that these enzyme were
linearly synthesized and secreted in a serum-free medium for at least

48 h.
Enzyme Contents in AR4-2J and in Transfected Cells. Fig. 7

summarizes the modifications induced in amylase synthesis by the
expression of the different bFGF cDNAs.

In basal conditions AR4-2J cells, control CAT cells, A3, and A5

expressed roughly the same amylase level during the 48 h of culture.
In A4 cells, amylase biosynthesis was reduced by about 20 times
compared to the biosynthesis rate measured in the other cells. The
second enzyme, lipase, roughly followed the same pattern, becoming
undetectable in A4 cells (data not shown).

Northern blot analysis of total RNA extracted from the different cell
lines, showed that the mRNA levels of amylase (Fig. 8) and of lipase
(not shown) were modified in the same manner as the enzyme activ
ities. To detect amylase mRNA in A4 cells more than 5 ug of total
RNA were necessary.

Thus, the expression of only one form of bFGF, short or long, did
not significantly modify the enzyme biosynthesis; only the coexpres-

sion of the different forms appeared necessary to change the secretory
enzyme level.

Regulation of the Secretory Enzyme Biosynthesis

Effect of bFGF. AR4-2J cells, as well as the different clones, were
treated by bFGF ( 1 nw) every day for 3 days. As shown in Fig. 7,

2.5 r

2.0

1.5

1.0

0.5

0.0
AR4-2J CAT A5 A3 A4

Fig. 6. Cell growth in nude mice. Mice (S/group) were inoculated with 3 X IO6 cells

s.c. The results represent tumor volumes 14 days after the inoculation, ÃŸi/rv,SD. All
animals developed tumors. Similar results were obtained in two separate experiments
repeated at I-month intervals.
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exogenous bFGF did not significantly modify amylase synthesis in
AR4-2J, A3, and A5 cells. By contrast, in A4 cells, amylase level was

decreased by 50%. Similar results were observed for lipase (not
shown).

Effect of Dexamethasone. As previously shown for AR4-2J cells

(28), dexamethasone (50 nM, 48 h) was able to induce amylase bio
synthesis in A3 and A5 cells by about 3-fold (Fig. 7). In A4 cells, the
amylase increase was about 2-fold. Similarly, dexamethasone induced

lipase activity in both A3 and A5 cells, whereas the lipolytic enzyme
remained undetectable in A4 cells (not shown). Furthermore, the
effect of dexamethasone on A4 cells was abolished by the exogenous
bFGF (Fig. 7).

1.7kb

CAT A3 A5 A4 AR42ÃŒ
Fig. 8. Northern blol analysis of total RNA. Hybridizations were done with an amylase

specific probe. RNA analysis was performed after a 48-h dexamethasone (50 nM) stimu
lation. Five ug of total RNA were loaded on each lane, kb, kilobases.

DISCUSSION

bFGF has been implicated as a potential regulator of tumor cell
growth. Transfection of cells of different origin tends to demonstrate
that bFGF is able to promote morphological transformations in vitro.
For instance, after transfection of NIH-3T3 (31) or ABAE (24), the

expression of the different bFGF forms results in different phenotypes.
Although the effects of bFGF on cell proliferation and cell morphol
ogy are now well documented, the specific role of the different bFGF
forms is poorly known.

In order to analyze in pancreatic acinar cancer cells, the respective
role of the different forms of bFGF on cell morphology and on
secretory enzyme biosynthesis, we established permanent cell lines
expressing the three different peptides. That was accomplished by
retroviral transfections with bFGF cDNAs allowing the synthesis of
these bFGF proteins. The integration of a single copy of the retroviral
recombinant in the genome of the transfected cells allows low intra-

cellular levels of the different bFGF proteins (24) to be obtained. As
in a previous study (24), the same phenotype was observed in all
clones issued from each transfected construct, suggesting that the
insertion sites did not appear to play an essential role in the behavior
of the transfected cells.

Cells expressing either the M, 22.500 protein (A3) or the M, 18,000
protein (A5) presented weak morphological changes compared to the
parental AR4-2J cells and to the control CAT cells. Secretory enzyme

biosynthesis were also comparable. A4 cells, expressing the three
bFGF forms classically found in tumor cells producing bFGF, exhib
ited important morphological and biological changes. They appeared
fibroblastic in shape. A dramatic decrease of secretory enzyme and of
secretory granules (data not shown) was observed. Thus, the expres
sion of the different bFGF forms induced a less differentiated pheno
type.

Growth profiles were also modified according to the bFGF form
expressed. In vitro, only cells producing the A/r 22,500 protein grew
faster and were able to proliferate in the absence of bovine serum. This
latter feature was also observed for A4 cells suggesting that expression
of the nuclearized bFGF peptide could be responsible for the auton
omous cell growth.

Interestingly, growth profiles were quite different when cells were
grown m vivo in nude mice. As expected, parental AR4-2J and CAT

cells were tumorigenic. The expression of a single bFGF form (either
the M, 18,000 or the Mr 22,500) did not increase the tumorigenic
potential of the parental cells but rather tend to decrease the tumor
progression rate. Coexpression of the three peptides (A4 cells) led to

AR4-2J CAT
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Fig. 7. Amylase synthesis in cells cultured for 48 h in the serum-free defined medium. C. controls; D, dexamethasone (50 nM); FGF. bFGF ( 1 nM). Values are means Â±SD (bars)

of four values from three independent experiments. Dexamethasone significantly increased amylase synthesis in all cells (P < 0.01). Exogenous bFGF significantly modified enzyme
responses only in A4 cells (P < 0.05).
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a stronger decrease of the tumorigenic potential of AR4-2J pancreatic

cells. The last observation agrees with the results reported for immor
talized cells (31 ) and for primary subcultures (24) transfected with the
wild type bFGF cDNA. Indeed, despite the existence of some tum
origenic potential, the tumors formed were found to be small and
nonprogressive.

As previously mentioned, the role of the bFGF proteins in gene
expression, other than growth-related genes, and on cell responses to

other agents remains poorly documented. For these reasons we inves
tigated the modifications induced by bFGF expression on the biolog
ical responses to exogenously added factors, such as dexamethasone
and bFGF. When expressed alone, the nuclearized form (A3 cells) or
the cytoplasmic one (A5 cells), did not significantly affect cell re
sponses to these factors, compared to what observed with AR4-2J

cells. Dexamethasone still exerted antimitotic effects and induced the
biosynthesis rate of the secretory enzymes like in AR4-2J cells. The

treatment by bFGF led to a mitogenic response and did not modify cell
shapes as observed for the parental cells. Thus, in these transfectants
not only bFGF and glucocorticoids receptors but also their signaling
pathways seemed to be maintained. By contrast, the coexpression of
cytosolic and nuclearized bFGF forms strongly modified cell respons
es. Indeed, A4 cells were less sensitive to the corticoid; exogenous
bFGF still appeared to be a potent mitogen and was able to interfere
with the glucocorticoid responses.

In conclusion, rat acinar cancer cells appear to be regulated not only
by exogenous but also by endogenous bFGF. The unscheduled coex
pression of the different bFGF forms often found in cancer cells lead
to marked modifications in cell growth as well as in cell responses to
extracellular factors.
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