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ABSTRACT

Acidic fibroblast growth factor (aFGF) and basic FGF (bFGF) are
mitogenic polypeptides that may contribute to cancer cell proliferation. In
the present study we examined aFGF and bFGF expression in human
pancreatic cancer. Northern blot analysis of total RNA isolated from 12
pancreatic cancers revealed elevated aFGF and bFGF inUN \ levels in 12
and 10 samples, respectively, by comparison with the normal human
pancreas. Immunostaining demonstrated the presence of aFGF and bFGF
in many cancer cells and in the atrophie acini and ducts adjacent to the
cancer cells, but to a much lesser extent in the surrounding fibroblasts. By
in situ hybridization, both mRNA moieties colocalized with their respec
tive proteins and were abundant in many cancer cells. Immunoblotting
confirmed that cancer tissues with increased aFGF and bFGF immuno-

reactivity contained elevated levels of both proteins. To determine the
significance of aFGF and bFGF expression in the pancreatic cancer cells,
immunohistochemical analysis of 78 human pancreatic carcinomas was
performed. aFGF and bFGF immunoreactivity was present in the cancer
cells in 47 (60%) and 44 (56%) of the tumors, respectively. There was a
significant correlation between the presence of either aFGF or bFGF in the
cancer cells and advanced tumor stage, and the presence of bFGF and
shorter patient survival. These data suggest that aFGF and bFGF are
overexpressed in a significant proportion of human pancreatic carcinoma
cells and that this Overexpression may contribute to disease progression.

INTRODUCTION

Pancreatic carcinoma is a devastating neoplasm that is usually
associated with a poor prognosis (1). Although the reasons for the
aggressiveness of this disorder are not known, various molecular
alterations have been demonstrated in this malignancy which may
give pancreatic cancer cells a growth advantage. Thus, human pan
creatic carcinomas exhibit a high frequency of mutations in the Ki-ras
oncogene (2) and the p53 tumor suppressor gene (3-4). In addition,
these tumors frequently overexpress the EOF3 receptor and its ligands,

EOF and TGF-a (5-6), raising the possibility that excessive growth

factor expression may contribute to pancreatic cancer cell growth.
aFGF and bFGF belong to a large family of homologous polypep-

tide growth factors that have an affinity for heparin and gly-

cosaminoglycans (7). This family also includes keratinocyte growth
factor, Kaposi FGF (FGF-4), FGF-5, FGF-6, androgen-induced
growth factor, the gene product of int-2, and FGF-9 (8-10). FGFs are

mitogenic, promote angiogenesis and chemotaxis, and are important
in differentiation as well as tissue development and repair (8-11).
Studies with aFGF and bFGF indicate that they bind to high-affinity

transmembrane receptors that contain an intracellular tyrosine kinase
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domain which is separated into two contiguous regions and an extra
cellular domain that has 2 to 3 immunoglobulin-like regions (12).
Both growth factors are mitogenic for many cell types (8-9) and are
overexpressed in gliomas and other brain tumors (13-14). Further

more, bFGF is overexpressed in gastric and renal cell carcinomas
(15-16). Thus, it is possible that high levels of either factor may

contribute to the neoplastic process.
We have recently determined that aFGF, bFGF, and FGF receptors

are expressed in the normal human pancreas (17), and that human
pancreatic cancers overexpress the 2 immunoglobulin-like form of

FGF receptor I (18). bFGF is also expressed in cultured human pan
creatic cancer cell lines and enhances the anchorage-independent

growth of one of these cell lines (19). It is not known, however,
whether aFGF and bFGF expression is altered in human pancreatic
cancer. In the present study, we used Northern blot analysis, in situ
hybridization, immunoblotting, and immunohistochemical techniques
to address this question and to determine the exact site of expression
of aFGF and bFGF in the pancreatic cancer mass. In addition, the
immunostaining data for 78 tumors were examined for any correla
tions with clinicopathological findings. We now report that both fac
tors are often overexpressed in pancreatic cancer cells and that this
Overexpression is associated with a more advanced tumor stage.

MATERIALS AND METHODS

Tissue Samples. Pancreatic cancer tissue samples were obtained from 38
female and 40 male patients undergoing pancreatic cancer surgery. The age of
the patients was 63 Â±1.2 years (mean Â±SE), with a range of 31 to HOyears.
Normal pancreatic tissues were obtained from 4 female and 12 male individu
als through an organ donor program. The age of the organ donors was 37.0 Â±
5.6 years (mean Â±SE), with a range of 18 to 55 years. Immediately following
surgical removal, tissue samples were fixed in Bouin's solution or 10% for

maldehyde for histolÃ³gica! analysis. In some cases, parallel samples were
immediately frozen in liquid nitrogen for subsequent Northern blol analysis
and immunoblotting. The tumor samples were classified according to the TNM
classification for pancreatic tumors (20). All studies were approved by the
Human Subjects Committees of the University of California. Irvine, the Uni
versity of Ulm, Germany, and Nippon Medical School, Nippon, Japan.

Northern Blot Analysis. Total RNA was extracted from 12 pancreatic-

cancers and 12 normal pancreatic tissues, size-fractionated, and blotted onto

nylon membranes (GeneScreen; DuPont, Boston, MA) as previously described
(5). The blots were prehybridized, hybridized, and washed under high slrin-

gency conditions for either cRNA (aFGF and hFGF) or cDNA (7S) probes, as
previously described (5). The blots were exposed at -80Â°C to Kodak XAR-5

film with Kodak intensifying screens, and the intensity of the radiographie
bands was quantified by laser densitomctry (Ultrascan XL; Pharmacia LKB
Biotechnology. Uppsala, Sweden).

In Situ Hybridization. Paraffin-embedded tissue sections were placed on
poly-i -lysine coated slides, treated with proteinase K (Boehringer-Mannheim
Biochemicals, Indianapolis, IN), and prehybridized for 3 h at 42Â°Cwith 0.3 M
NaCI, 20 mm Tris (pH 8.0), 5 IHMEDTA, 50% formamide, 1 X Denhardt's

solution, 10% dextran sulfate, and 10 ITIMdithiothrietol, as described previ
ously (5, 21). Overnight hybridization was performed at 50Â°Cby the addition
of [35S]UTP-labeled probe (1.8 X H)5 cpm). The sections were washed and

digested with RNase A (Sigma Chemical Co., St. Louis, MO) for 30 min,
followed by stringency washing at 45Â°C(60 min each) with 0.1 x standard
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saline citrate, 10 HIMÃŸ-mercaptocthanol, and 1 HIMEDTA (5, 21). Following

dehydration, the sections were coated with NTB2 emulsion (Eastman Kodak
Co., Rochester, NY), exposed for 6 days, developed, and counterstained with
Mayer's hematoxylin. Negative control sections, treated with RNAse or hy

bridized with sense probes did not produce specific signals.
cRNA and cDNA Probe Synlhesis. A 417-base pair BamHl-EcoRl frag

ment of the human pJC3-5 aFGF cDNA (22) and a 219-base pair EcoRl-
Bam\\\ fragment of human pHFLI-7 bFGF cDNA (23) were subcloned into

the pGEM3Zf vector (Promega Biotech.. Madison. Wl) and used for probe
synthesis in the presence of cither ("PjCTP (3000 Ci/mmol; Amersham Co.)
for Northern blot analysis or [35S]UTP (1000 Ci/mmol; Amersham Co.) for in

silu hybridization. Both cDNAs were a gift from Dr. J. Abraham (California
Biotechnology, Mountain View, CA). A 190-base pair ÃŸamHIfragment of the
mouse 7S cDNA that cross hybridizes with human 7S RNA (24) was random-
labeled with [12P]dCTP (3(KX) Ci/mmol; Amersham Co.), as previously re

ported (5).
Immunohistochemistry. Paraffin-embedded tissues were subjected to im-

munostaining using a strcptavidin-peroxidase method. Consecutive tissue sec-
lions were incubated at 4Â°Cfor 24 h with primary antibodies. Highly specific

monoclonal antibodies for bovine aFGF (Upstate Biotechnology, Inc., Lake
Placid. NY) and for bovine bFGF (Upstate Biotechnology. Inc.) were used at
a dilution of 1:100. The sections were counterstained with Mayer's hematoxy

lin. Frozen tissue samples whose paraffin-embedded samples exhibited aFGF
and bFGF immunostaining (3 cancers each) were also subjected to immuno-

blotting, confirming the presence of aFGF and bFGF in these samples. In
addition, incubation of anti-bFGF antibodies with bFGF, but not aFGF, abol
ished the bFGF signal. Similarly, incubation of anti-aFGF antibodies with

aFGF, but not bFGF, abolished the aFGF signal. Sections that were incubated
with nonimmunized mouse IgG instead of a primary antibody failed to reveal
any immunostaining.

To determine whether the presence of aFGF or bFGF in the cancer cells
correlated with tumor staging. 78 paraffin-embedded pancreatic cancer tissues

were subjected to immunostaining. Stained sections were graded by two in
dependent observers blinded to patient status and scored as positive when at
least 10% of the cancer cells exhibited Â¡mmunoreactivity (25-26). Any differ

ences were resolved by joint review and consultation with a third observer
experienced in immunohistochemical pathology.

Immunoblotting. Following centrifugaron of pancreatic homogenates at
30.000 X g for 60 min (4Â°C), the supernatants were subjected to heparin-

Sepharose column chromatography (27). aFGF was eluted with 1.0 MNaCl and
bFGF was clutcd with 2.0 MNaCl in Tris buffer (27). Aliquots of eluents were
subjected to 12.5% sodium dodccvl sulfate-polyacrvlamide gel electrophoresis

and transferred to nitrocellulose membranes (28). Membranes were incubated
for 30 min at 23Â°Cwith 5% nonfat milk and for 18 h at 4Â°Cwith the respective

primary antibody (aFGF, 1:400; bFGF, 1:8(H)). The filters were washed with a
buffer containing 20 HIMTris (pH 7.5), 500 mm NaCl, and 0.05% v/v Tween-
20, and incubated sequentially with goat anti-mouse IgG (1:2500 dilution) and
I25l-protein A (0.33 fiCi/ml). After washing with the above buffer, the blots
were exposed for 8 days at -80Â°C to Kodak XAR-5 film (Eastman Kodak Co.)

using intensifying screens.
Statistics. Dcnsitometry data were analyzed by Student's i-test. The rela

tionship between the immunohistochemical data and the clinicopathological

normal cancer

28Sâ€”- aFGF

28Sâ€”*

18Sâ€”â€¢â€¢
bFGF

7S

Fig. I. Northern blot analysis. Total RNA was isolated from normal pancreatic tissues
(first 5 lanes) and from pancreatic cancers, size-fractionated (20 Â¿Â¿g/lane),and transblotted
to nylon membranes. The filters were hybridized with 12P-labeled (1 X Id" cpm/ml) aFGF
(10-day exposure) or bFGF (9-day exposure) cRNA probes, and a 12P-labclcd 7S cDNA
probe (5 X 10J cpm/ml; 18-h exposure). aFGF mRNAs migrated as a single band

(approximately 4.8 kilobases). There were 1^4 bFGF bands (approximately 7.0, 3.7, 2.2,
and 1.2 kilobases). 7S RNA migrated as a 0.4-kilobase band. Left, migration positions of
28S and 18S ribosomal subunits.

parameters were analyzed using x2 and Fisher exact tests. Survival rates were

computed by the method of Kaplan and Meier (29) and analyzed by the
Wilcoxon and log-rank tests (30).

RESULTS

Northern blot analysis of total pancreatic RNA revealed a single
band (approximately 4.8 kilobases) in the case of aFGF in both the
normal pancreas and in the cancer samples (Fig. 1). In the case of
bFGF, either one or two major bands (approximately 7.0 and 3.7
kilobases) were evident in both the normal and cancer samples (Fig.
1). The pancreatic carcinomas often also exhibited two smaller RNA
transcripts (approximately 2.2 and 1.2 kilobases). aFGF and bFGF
mRNA levels were elevated in 12 of 12 and 10 of 12 cancer samples,
respectively (Table 1). Densitometric analysis of the Northern blots
indicated that there was a 7-fold (P < 0.01) and 9-fold (P < 0.01)

increase in aFGF and bFGF mRNA levels, respectively, by compari
son with the corresponding levels in the normal pancreas.

By in situ hybridization, aFGF and bFGF mRNA moieties were
present at low levels in both acinar and ductal cells in the normal
human pancreas (Fig. 2, A and B). In the pancreatic cancer samples

Table 1 Summary of Northern blot analysis and corresponding immunohistochemi.Ã¯try

Case123456789II)II12Age71636545636741625(1737468SexMMMMFM1MMMMFStage"IIIIIIIIIII11IIIIIIIIIIVIIINorthernblotsIncreasedIncreasedIncreasedIncreasedIncreasedIncreasedIncreasedIncreasedIncreasedIncreasedIncreasedIncreasedaFGFImmunostaining(cancercells)-(A)++++-(A)-(A)++-(A)+NANorthernblotsIncreasedIncreased

.IncreasedNormalIncreasedIncreasedIncreasedIncreasedIncreasedNormalIncreasedIncreasedbFGFImmunostaining(cancer

cells)+

(A)++_+-(A)+

(A)++-(A)+NA

" According to (he TNM classification for pancreatic cancer. -, negative; + , positive; NA, not analyzed due to unavailability of adequate amount of tissue. (A), atrophie acinar and

ductal cells were present next to the pancreatic cancer cells, and exhibited positive immunostaining.
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Fig. 2. Localization of aFGF und hFGF mRNA by
in situ hybridization. In the normal pancreas (A and
B), there were low levels of in situ hybridi/ation
grains representing aFGF mRNA (A) in ductal cells
(arrow), islet cells (arrowhead) and acinar cells. Low
levels of in situ hybridization grains representing
bFGF mRNA (B) were also present in the same cell
types. Grains representing aFGF mRNA (C) were
present at high levels in the atrophie acinar (arrows)
and ductal cells (arrowhead) that were adjacent to the
cancer cells. Hybridization with a radiolabeled aFGF
cRNA sense probe did not produce any specific
grains (/)). Exposure time, 6 days. Original magnifi
cation, X 100.
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which exhibited overexpression by Northern blot analysis, many can
cer cells exhibited a marked increase in the in situ hybridization signal
(Fig. 3). Both mRNA species were heterogeneously distributed at high
levels in the cancer cells that were dispersed throughout the tumor
mass (Fig. 3, A and B), as well as in the cancer cells forming the
duct-like structures (Fig. 3, C and D). There was also a moderate

increase in the number of in situ hybridization grains corresponding to
aFGF mRNA (Fig. 2C) and bFGF mRNA (data not shown) within
atrophied acinar and ductal cells adjacent to the cancer cells but not in
the surrounding stromal fibroblasts. Specific in xitu hybridization
grains were not detectable when hybridization was performed with a
radiolabeled sense probe (Fig. 2D).

By immunohistochemistry, moderate aFGF and bFGF immunore-

activity was present in a heterogenous pattern in acinar and ductal
cells within the normal human pancreas (Fig. 4, A and B). In many of
the pancreatic cancers, the cancer cells exhibited cytoplasmic aFGF
(Fig. 4C) and bFGF (Fig. 4D) immunoreactivity. In some of the
cancers there was also intense bFGF immunostaining in many nuclei
(Fig. 5), a phenomenon which was not observed in the normal pan
creas or with the anti-aFGF antibodies in either the normal or cancer

tissues. Both growth factors exhibited either a diffuse (Fig. 4, C and
D) or heterogeneous (data not shown) pattern of immunostaining. In
a few tumor samples which exhibited increased mRNA levels by
Northern blot analysis, aFGF or bFGF immunoreactivity was not
present in the cancer cells (Table 1). However, in these samples, there
was a considerable increase in aFGF and bFGF immunoreactivity in
the atrophied acinar and ductal cells adjacent to the cancer exhibited
(Fig. 6, A and B), and a parallel increase in the respective in situ
hybridization grains (Fig. 2C).

Immunoblotting with the respective antibodies indicated that both
aFGF and bFGF were present in homogenates prepared from the
normal human pancreas, with the majority of aFGF migrating as a M,
16,500 band, and the majority of bFGF migrating as a major M,
18,000 band and a minor M, 24,000 band (Fig. 7). The intensity of the
bands representing aFGF and bFGF was markedly increased in the
-ancer samples (Fig. 7). Densitometric analysis indicated that there

was a 8- and 11-fold increase in aFGF (P < 0.01) and bFGF (P <

0.01) levels in the cancer samples, by comparison with the corre
sponding levels in the normal samples. In the case of aFGF, the cancer
samples also exhibited a faint M, 20,000 band, as well as several small
bands in the M, 15,000-10,000 range. In the case of bFGF, there was

also a M, 15,000 minor band in the cancer samples (Fig. 7).
To determine whether there was a correlation between the imniu-

nohistochemical data and clinicopathological parameters, immunohis-

tochemical analysis was performed in 78 tumor samples. As shown in
Table 2,47 (60%) and 44 (56%) of the 78 tumor samples were positive
for aFGF and bFGF, respectively. Both growth factors were present in
33 tumors, whereas both were absent in 20 tumors. In 14 tumors the
cancer cells were positive for aFGF but not for bFGF, whereas in 11
tumors they were positive only for bFGF. There was a significant
correlation between advanced tumor stage and a positive score for
either aFGF (P < 0.05) or bFGF (P < 0.05), as determined by both
X2 and Fisher exact test analyses.

Survival data were available for 74 of 78 patients (Fig. 8). There
was no significant difference in postoperative survival between pa
tients whose cancer cells exhibited aFGF immunostaining (11.3 Â±
0.98 months; mean Â±SE) and those whose cancer cells were negative
for aFGF (12.7 Â±1.3 months; mean Â±SE). In contrast, the absence
of bFGF in the cancer cells was associated with longer postoperative
survival (15.9 Â±1.2 months; mean Â±SE) by comparison with pa
tients whose cancer cells were positive for bFGF (9.1 Â±0.80 months;
mean Â±SE). This difference was statistically significant when ana
lyzed by either the Wilcoxon test (P < 0.01) or by the log-rank test (P

< 0.001 at 360 days postsurgcry).

DISCUSSION

In the present study, we determined by Northern blot analysis that
aFGF and bFGF mRNA levels are increased in human pancreatic
cancers by comparison with the levels observed in the normal pan
creas. By /// situ hybridization, both mRNAs moieties were expressed
at high levels in the cancer cells. In some tumors, the exocrine pan-
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Fig. 3. In silu hybridization in pancreatic cancers. In situ hybridization grains representing aFGF mRNA (A and C') and hFGF mRNA (ÃŸand D) were present at high levels in a

heterogeneous pattern in groups of cancer cells (A and fl. outlined by arrowheads), as well as in many of the cancer cells forming duct-like tubular struclures (C and D). Exposure
time, 6 days. Original magnification, X 100.

creas adjacent to the cancer appeared to have undergone variable
degrees of atrophy and fibrosis. By in situ hybridization, the acinar
and ductal cells in these regions also demonstrated increased expres
sion of aFGF and bFGF mRNA. In contrast, few in situ hybridization
grains were present in the surrounding stromal fibroblasts. Two lines
of evidence indicate that the increase in mRNA levels was associated
with an increase in the corresponding protein levels: (a) there was an
increase in aFGF and bFGF immunostaining in both the cancer cells
and the adjoining atrophie exocrine cells, with only faint immunere -

activity in the stromal fibroblasts; and (b) there was a marked increase
in aFGF and bFGF protein levels, as determined by immunoblotting.
Taken together, these observations suggest that both the cancer cells
and the atrophie exocrine cells express high levels of aFGF and bFGF
as a result of an increase in the synthesis of the two factors within
these cell types.

Immunoblotting with anti-aFGF antibodies revealed the anticipated
M, 16,500 aFGF moiety in both the normal and cancer-derived

samples. In addition, in the cancers, there were several proteins that
were smaller than authentic aFGF, and one aFGF-like protein that had

a larger molecular weight than aFGF (M, 20,000). The low molecular
weight proteins most likely represent breakdown products of aFGF
(27). Some of these moieties may have increased affinity toward
heparin (31), which may potentially enhance its biological potency

(32). Furthermore, low molecular weight (Mr 13,000-15,000) forms
of FGF-4 have been recently shown to have increased receptor bind
ing affinity and biological activity than authentic FGF-4 (33). Thus,

some of the low molecular weight forms of aFGF observed in the
present study may also be biologically active. Although the nature of
the M, 20,000 aFGF band is not readily apparent, a similar band has
been reported in extracts of 16-18-day-old developing rat embryos

(27), raising the possibility that it is also biologically active.
Immunoblotting with anti-bFGF antibodies demonstrated the pres

ence of a small (M, 15,000) protein in the cancer samples, which may
represent a breakdown product of bFGF (27). In addition, there was an
increase in the intensity of the M, 24,000 protein in the cancer extracts
by comparison with extracts from the normal pancreas. The M, 24,000
protein and other high molecular weight forms of bFGF have been
previously described in extracts from a number of cells, including
mammary epithelial cells, neonatal fibroblasts, and hepatocellular car
cinoma cells (34-35). They are believed to be due to initiation of

translation at three CUG start codons that are upstream of the AUG
initiation site for the M, 18,000 protein (36) and are able to translocate
to the nucleus without exiting the cell (37). Following cell-surface

binding and internalization, the M, 18,000 form is also capable of
nuclear targeting (38). Thus, the presence of high levels of both
moieties in the cancer samples may explain the nuclear immunostain-
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B

Fig. 4. Immunohistochemical analysis. Immunostaining was performed in the normal pancreas (A and B) and in pancreatic cancers (C and D). In the normal pancreas. aFGF (A )
and bFGF (ÃŸ)immunoreactivity was present al low levels in the cytoplasm of acinar cells and ductal cells. In the pancreatic cancers, intense aFGF (C) and bFGF (1)} Â¡mmunorcactivily
was present in the cytoplasm of the cancer cells. Original magnification, X 100.

ing observed in some of the tumors. The large number of members in
the FGF family also raises the possibility that some of the minor bands
observed in the present immunoblotting studies may represent FGFs
other that aFGF or bFGF.

To determine the significance of aFGF and bFGF expression in the
pancreatic cancer cells, the relationship between the immunohisto-

chemical data, the clinicopathological characteristics of the tumors,
and the postoperative survival of the patients was examined. The
presence of either aFGF or bFGF in the cancer cells correlated with a
more advanced clinical stage. In addition, patients whose tumors
contained cancer cells that were positive for bFGF had a shorter
postoperative survival period than patients with bFGF-negative cancer

cells. These data suggest that aFGF and bFGF may contribute to
progression of the pancreatic cancer and that the presence of bFGF in
pancreatic cancer cells may serve as a prognostic indicator for patients
undergoing pancreatic cancer surgery.

The reasons for the differences between aFGF and bFGF with
respect to patient survival are not readily evident since overexpression
of either aFGF or bFGF induces the transformation of cultured cells
(39-41). However, it is possible that bFGF is a more potent mitogen

than aFGF in these tumors, as reported in Chinese hamster lung
fibroblasts (42). Furthermore, both aFGF and bFGF lack a signal
peptide that is classically a feature of secreted proteins. Since bFGF is
spontaneously released from some cell types (43), it is possible that

Fig. 5. Immunostaining in nuclei. Immunostaining with anti-hFGF antibodies revealed the presence of intense immunoreactivity in the nuclei of some pancreatic cancer cells. Original
magnification: A, X 50; B, X 100.
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Fig. 6. Immunosiaining in atrophie pancreas. There was strong aFGF (A) and bFGF (B) immunoreactivity in the atrophie acinar and duetal cells (Ã»mws) that were adjacent to the
cancer cells (amm-heatb). Original magnification, X 50.

bFGF is released from pancreatic cancer cells more efficiently than
aFGF, thereby allowing for more potent autocrine and paracrine ef
fects on cancer cell growth. bFGF may also be more resistant to
degradation than aFGF within the pancreatic milieu or may preferen
tially activate the 2 immunoglobulin-like form of FGF receptor I,

which is overexpressed in pancreatic cancers (18).
Aberrant FGF expression may lead to cell transformation by auto

crine growth stimulation, by inducing the production of proteases that
may facilitate tissue invasiveness and metastasis, and by enhancing
angiogenesis (7-8, 44). Autocrine effects by bFGF have been dem
onstrated in a number of cell lines, including human rhabdomyosar-
coma and adrenal carcinoma cells (45-^6), and rat pancreatic AR42J

normal cancer

aFGF

bFGF

I
â€”¿� 21.5

â€”¿� 14.4

â€”¿� 21.5

â€”¿� 14.4

Fig. 7. Immunoblolting. Supernatants of homogenales prepared from normal and ma
lignant pancreatic tissue samples were subjected to heparin-Sepharose chromatography,
and ihe eluents were analyzed by immunoblotting using highly specific anti-aFGF and
anti-bFGF monoclonal antibodies, as described in "Materials and Methods." Autoradio-

graphie exposure lime was 72 h for both aFGF and bFGF. Right, molecular weight in
thousands (kDa).

Table 2 Relationship between aFGF and bFGF immunostaining and tumor stage

Stage0

aFGFbFGFImmunostaining

I+

813+

615II,

III, andIV39183819P valueâ€¢C0.05*<0.056

" According to the TNM classification for pancreatic tumors.
* Analyzed by jf lest and Fisher exact lest.

cells that were retrovirally transfccted to concomitantly overproduce
the M, 18,000 and the high molecular weight forms of bFGF (47). It
has also been proposed that cell injury and death results in the release
of stored aFGF and bFGF (48), thereby allowing the growth factors to
exert paracrine effects on cell growth, differentiation, and migration.
Conceivably, the atrophie acinar and duetal cells adjoining the cancer
cells may degenerate and release their stored factors via this mecha
nism. In addition, aFGF and bFGF may act via intracrine mechanisms
prior to being released from their cell of origin (49). The abundance
of both growth factors in pancreatic cancer may also stimulate the

0 120 240 360 480 600 720 840 960

0 120 240 360 480 600 720 840 960

Follow-up (days)
Fig. 8. Survival curves. Patients were categorized according to the absence (negative)

or presence (positive) of aFGF (A) and bFGF (B) in the cancer cells. Survival periods for
the bFGF-negativc group were significantly longer than for the bFGF-positive group,
using either the Wilcoxon test (P < 0.01) or the log-rank test (P < 0.001 at 360 days

poslsurgery).
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growth of fibroblasts and capillary endothelial cells surrounding the
tumor cells through paracrine mechanisms, leading to the fibrosis and
tumor-associated angiogenesis.

Pancreatic cancer cells overexpress the EOF receptor, EOF, TGF-a,
the type II TGF-ÃŸreceptor, the three mammalian isoforms of TGF-ÃŸ,
and the HER-2/neu receptor (5-6, 50-52). The concomitant overex-
pression of the EOF receptor and either EOF or TGF-a, and the
presence of either of the three isoforms of TGF-ÃŸ,has been correlated

with a worse prognosis in pancreatic cancer patients (6, 51). Together
with the present findings, these observations point to the existence of
multiple autocrine and paracrine loops in pancreatic cancer which
have the potential to stimulate tumor growth, induce alterations in
extracellular matrix composition, lead to aberrant tumor-stromal cell

interactions, enhance fibroblastic proliferation, and cause extensive
pancreatic fibrosis.

REFERENCES

20.

21.

22.

23.

24.

25.

26.

27.

28.
1. Beazley, R. M., and Conn, I.. Jr. Update on pancreatic cancer. Ca., Cancer J. Clin., 38:

310-319, 1981.
2. Bos, J. L. Ras oncogenes in human cancer: a review. Cancer Res.. 49: 4682^1689. 29.

1989.
3. Graham, C, Yamanaka, Y, Friess, H., Kobrin, M. S., Lopez, M. E., Buchler, Mâ€ž 30.

Beger, H. G., and Korc, M. p53 mutations are common in pancreatic cancer and are
absent in chronic pancreatitis. Cancer Lett., 69.- 151-160. 1993.

4. Barton, C. M.. Staddon, S. L., Hughes. C. M., Hall, P.A., O'Sullivan. C., KlÃ¶ppel,G.,

Theis, B., Russell, R. C. G., Neoptolemos, J., Williamson, R. C. N., Lane. D. R, and 31.
Lemoinc. N. R. Abnormalities of the p53 tumour suppressor gene in human pancreatic
cancer. Br. J. Cancer., 64: 1076-1082, 1991. 32.

5. Korc, M., Chandrasckar, B.. Yamanaka, Y, Friess, H., Buechler, M., and Beger, H. G.
Overexpression of the epidermal growth factor receptor in human pancreatic cancer
is associated with concomitant increase in the levels of epidermal growth factor and 33.
transforming growth factor o. J. Clin. Invest., 90: 1352-1360, 1992.

6. Yamanaka, Y, Friess, H., Kobrin, M. S., Buchler, M., Beger, H. G.. and Korc. M.
Coexpression of epidermal growth factor receptor and ligands in human pancreatic 34.
cancer is associated with enhanced tumor aggressiveness. Anticancer Res.. 13: 565-
570, 1993.

7. Burgess, W. H., and Maciag, T. The heparin-binding (fibroblast) growth factor family 35.
of proteins. Annu. Rev. Biochem., 58: 575-606, 1989.

8. Klagsbrun. M. The fibroblast growth factor family: structural and biological proper
ties. Prog. Growth Factor Res., 1: 207-235, 1989.

9. Tanaka, A., Miyamoto, K., Takeda. N., Sato, M., Matsuo, H., and Matsumoto, K. 36.
Cloning and characterization of an androgcn-induced growth factor essential for the
androgen-dependent growth of mouse mammary carcinoma cells. Proc. Nail. Acad.
Sci. USA, 89: 8928-8932, 1992. 37.

10. Miyamoto. M-L.. Naruo, K., Seko, C., Matsumoto, S.. Kondo, T.. and Kurokawa, T.

Molecular cloning of a novel cytokine cDNA encoding the ninth member of the
fibroblasl growth factor family, which has a unique secretion property. Mol. Cell. 38.
Biol., 13: 4251^(259, 1993.

11. Gospodarowicz, D., Neufeld, G., and Schweigerer, L. Molecular and biological char
acterization of fibroblast growth factor, an angiogenic factor which also controls the
proliferation and differentiation of mesoderm and ncuroectoderm derived cells. Cell 39.
Differ., 19: 1-17, 1986.

12. Jaye, M., Schlessinger, J., and Dionne, C. Fibroblast growth factor receptor tyrosine
kinases: molecular analysis and signal transduction. Biochim. Biophys. Acta, 1135: 40.
185-199, 1992.

13. Gomm, J. J., Smith, J., Ryall, G. K., Baillie, R.. Turnbull, L, and Coombes, R. C.
Localization of basic fibroblast growth factor and transforming growth factor ÃŸlin 41.
the human mammary gland. Cancer Res., 5/: 4685^1692, 1991.

14. Takahashi. J. A., Mori. H.. Fukumoto, M., Igarashi. M., Jaye, M., Oda, Y. Kikuchi,
H., and Hatanaka. M. Gene expression of fibroblast growth factors in human gliomas 42.
and meningiomas; demonstration of cellular source of basic fibroblast growth factor
mRNA and pcptidc in tumor tissues. Proc. Nati. Acad. Sci. USA, 87: 5710-5714,
1990. 43.

15. Tanimoto, H., Yoshida, K., Yokozaki, H., Yasui. W., Nakayama, H., Ito, H., Ohama,
K., and Tahara, E. Expression of basic fibroblast growth factor in human gastric
carcinomas. Virchows Arch. B Cell Pathol., 61: 263-267, 1991. 44.

16. Eguchi, J.. Nomata. K., Kanda, S., Igawa. T. Taide, M., Koga, S.. Matsuya, F.,
Kanetani. H.. and Saito. Y Gene expression and immunohistochemical localization of
basic fibroblast growth factor in renal cell carcinoma. Biochem. Biophys. Res. Com- 45.
mun., 183: 937-944, 1992.

17. Friess, H., Kobrin. M. S.. and Korc, M. Acidic and basic fibroblast growth factors and
their receptors are expressed in the human pancreas. Pancreas, 7: 737, 1992.

18. Kobrin, M. S., Yamanaka, Y, Friess, H., Lopez, M. E., and Korc, M. Aberrant 46.
expression of the type I fibroblast growth factor receptor in human pancreatic ad-
enocarcinomas. Cancer Res., 53: 4741-4744, 1993.

19. Beauchamp, R. D., Lyons, R. M., Yang, E. Y, Coffey, R. J., Jr., and Moses, H. L.
Expression of and response to growth regulatory pcptides by two human pancreatic 47.
carcinoma cell lines. Pancreas, J: 369-380, 1990.

5295

Hermanek, P., and Sobin, L. H. UICC: TNM Classification of Malignant Tumours, p.
65. New York: Springer-Verlag, 1987.

Yamanaka, Y, Friess, H., Buchler, M., Beger, H. G.. Gold, L. I., and Korc, M.
Synthesis and expression of transforming growth factor-j31, J32, and ÃŸ3in the endo
crine and exocrine pancreas. Diabetes, 42: 746-756, 1993.
Jaye, M., Hawk, R., Burgess, W., Ricca. G. A., ChiÃ¹,I. M.. Ravera, M. W., O'Brien,

S. J, Modi, W. S., Maciag, T.. and Drohan, W. N. Human endothelial cell growth
factor: cloning, nucleotide sequence and chromosome localization. Science (Wash
ington DC), 233: 541-545. 1986.

Abraham, J. A.. Whang, J. L., Tumoto, A., Mcrgia, A., Friedman, J., Gospodarowicz,
D., and Fiddes, J. C. Human basic fibroblast growth factor: nucleotide sequence and
genomic organization. EMBO J., 5: 2523-2528, 1986.

Baimain. A., Krumlauf, R.. Vass, J. K.. and Birnie, G. D. Cloning and characterization
of the abundant cytoplasmic 7S RNA from mouse cells. Nucleic Acids Res., 10:
4259-4277, 1982.

Yasui, W., Hata, J., Yokozaki, H., Nakatani, H., Ochiai, A., Ito, H., and Tahara, E.
Interaction between epidermal growth factor and its receptor in progression of human
gastric carcinoma. Int. J. Cancer, 41: 211-217, 1988.

Gorsh, S. M., Memoli, V. A., Stukel, T. A., Gold, L. I., and Arrick, B. A. Immuno
histochemical staining for transforming growth factor ÃŸlassociates with disease
progression in human breast cancer. Cancer Res., 52: 6949-6952, 1992.
Fu, Y-M., Spirito, P., Yu, Z-X., Biro, S.. Sasse, J., Lei, J., Ferrans, V. J., Epstein, S.

E., and Casscells, W. Acidic fihroblast growth factor in the developing rat embryo. J.
Cell Biol., 114: 1261-1273, 1991.

Towbin. H., Staehelin, T.. and Gordon, J. Elcctrophoretic transfer of proteins from
polyacrylamide gels to nitrocellulose sheets: procedure and some applications. Proc.
Nati. Acad. Sci. USA, 76: 4350-4354, 1979.
Kaplan. E. L., and Meier, P. Non-parametric estimation for incomplete information.

J. Am. Statist. Assoc., 53: 457^81, 1958.
Peto, R., Pike, M. C., Armitage, P.. Breslow, N. E., Cox, D. R., Howard, S. V. Mantel.
N., McPherson, K., Peto, J., and Smith, P. G. Design and analysis of randomized
clinical trials requiring prolonged observation of each patient. II. Analysis and ex
amples. Br. J. Cancer, 35: 1-39, 1977.

Burgess. W. H.. Mehlman, T.. Friesel. R.. Johnson. W. V. and Maciag. T. Multiple
forms of endothelial cell growth factor. J. Biol. Chem., 260: 11389-11392, 1985.
Damon. D. H.. Lobb. R. R.. D'Amore, P. A., and Wagner, J. A. Heparin potentiates

the action of acidic fibroblast growth factor by prolonging its biological half-life. J.
Cell. Physiol., 138: 221-226, 1989.
Bellosta, P., Talarico, D., Rogers, D., and Basilico, C. Cleavage of K-FGF produces

a truncated molecule with increased biological activity and receptor binding affinity.
J. Cell Biol., 121: 705-713, 1993.

Li, S., and Shipley, G. D. Expression of multiple species of basic fibroblast growth
factor mRNA and protein in normal and tumor-derived mammary epithelial cells in
culture. Cell Growth Differ., 2: 195-202, 1991.

Shimoyama, Y, Gotoh, M.. Ino, Y, Sakamoto, M., Kalo, K., and Hirohashi, S.
Characterization of high-molecular-mass forms of basic fibroblast growth factor

produced by hepatoccllular carcinoma cells: possible involvement of basic fibroblast
growth factor in hepatocarcinogenesis. Jpn. J. Cancer Res., 82: 1263-1270, 1991.
Prats, A-C, Vagner, S., Prats, H.. and Amalric. F. ris-acting elements involved in the

alternative translation initiation process of human basic fibroblast growth factor
mRNA. Mol. Cell. Biol., 12: 4796-4805. 1992.

Bugler. B.. Amalric. F., and Prats. H. Alternative initiation of translation determines
cytoplasmic or nuclear localization of basic fibroblast growth factor. Mol. Cell. Biol.,
//: 573-577, 1991.

Bouche, G., Gas, N., Prats, H.. Baldin, V, Tauber, J. P., Teissie. J.. and Amalric, F.
Basic fibroblast growth factor enters the nueleolus and stimulates the transcription of
ribosomal genes in ABAE cells undergoing G()-G| transition. Proc. Nati. Acad. Sci.
USA, 84: 6770-6774, 1987.

Jaye, M., Lyall. R. M.. Mudd. R.. Schlessinger, J., and Sarver, N. Expression of acidic
fibroblast growth factor cDNA confers growth advantage and tumorigenesis to Swiss
3T3 cells. EMBO J.. 7: 963-969, 1988.
Neufeld, G., Mitchell, R., Ponte, P., and Gospodarowicz, D. Expression of human
basic fibroblast growth factor cDNA in baby hamster kidney-derived cells results in
autonomous cell growth. J. Cell Biol., 106: 1385-1394, 1988.

Sasada, R., Kurokawa, T. Iwane, M., and Igarashi. K. Transformation of mouse
BALB/c 3T3 cells with human basic fibroblast growth factor cDNA. Mol. Cell. Biol.,
8: 588-594, 1988.

Courty, J., Lore!. C., Chevallier. B., Moenncr, M., and Barritault, D. Biochemical
comparative studies between eye and brain derived growth factors. Biochemie (Paris),
69: 511-516, 1987.

Mignatti, P.. Morimoto. T. and Rifkin. D. B. Basic fibroblast growth factor released
by single, isolated cells stimulates their migration in an autocrine manner. Proc. Nail.
Acad. Sci. USA. Â«8:11007-11011. 1991.
Zhan, X.. Bates, B., Hu. X., and Goldfarb. M. The human FGF-5 oncogene encodes
a novel protein related to fibroblast growth factors. Mol. Cell. Biol. 8: 3487-3495,
1988.
Schweigerer. L.. Neufeld. G.. Mergia, A., Abraham, J. A., Fiddes. J. C., and Gospo
darowicz, D. Basic fibroblast growth factor in human rhabdomyosarcoma cells:
implications for the proliferation and ncovascularization of myoblast-derived tumors.
Proc. Nail. Acad. Sci. USA, 84: 842-846, 1987.
Statuto, M., Ennas, M. G., Zambono, G., Bonetti. F., Pea. M., Bernardello. F., Pozzi,
A., Rusnati. M.. Gualandris. A., and Presta, M. Basic fibroblast growth factor in
human pheochromocytoma: a biological and immunohistochemical study. Int. J.
Cancer, 53: 5-10, 1993.
Estival, A., Louvel, D.. Couderc, B., Prats. H., Hollande, E., Vaysse, N., and Clem
ente. F. Morphological and biological modifications induced in a rat pancreatic acinar

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/21/5289/2452047/cr0530215289.pdf by guest on 19 M

ay 2023



ACIDIC AND BASIC FGF IN HUMAN PANCREATIC CANCER

cancer cell line (AR4â€”2J)by unscheduled expression of basic fibroblast growth
factors. Cancer Res., 53: 1182-1187, 1993.

48. McNeil, P. L., Muthukrishnan. L, Warder, E., and D'Amore, P. Growth factors are

released by mechanically wounded cndothelial cells. J. Cell Biol., 709: 811-822,

1989.
49. Powell. P. P., and Klagsbrun, M. Three forms of rat basic fibroblast growth factor are

made from a single mRNA and localize to the nucleus. J. Cell. Physiol., 148:
202-210, 1991.

50. Friess, H.. Yamanaka, Y., Buchler. M., Beger, H. G., Kobrin, M. S., Baldwin, R. L.,

and KÃ¶re,M. Enhanced expression of the type II transforming growth factor-beta

receptor in human pancreatic cancer cells without alteration of type III receptor
expression. Cancer Res., 53: 2704-2707, 1993.

51. Friess, H., Yamanaka, Y., Buchler, M.. Ebert, M., Beger, H. G., Gold, L. I., and Korc,
M. Enhanced expression of transforming growth factor-ÃŸisoforms in human pancre
atic cancer correlates with decreased survival. Gastroenterology, in press.

52. Yamanaka, Y., Friess, H., Kobrin, M. S., Buchler. M., Kunz, J.. Beger, H. G., and
Korc, M. Overexpression of HER-2/wt'w oncogene in human pancreatic carcinoma.
Hum. Pathol., 24: 1127-1134, 1993.

5296

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/21/5289/2452047/cr0530215289.pdf by guest on 19 M

ay 2023




