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Essential fatty acids, especially gamma linolenic (GLA) and eicosapentaenoic acids, have been pro-
posed as potential anticancer drugs. Our aim was to study the effect of the lithium salt of gamma
linolenic acid (LiGLA) on the growth of two human pancreatic cancer cell lines (MIA PaCa2 and Panc 1)
and primary human fibroblasts (HFF 5) in vitro. Cell growth was assessed by a microculture tetra-
zolium (MTT) assay. LiGLA had a selective growth inhibitory effect on pancreatic cancer cell lines
with 50% growth inhibition (IC;s0) at approximately 6-16 umol/l compared with approximately
111 umol/l for the fibroblasts. The degree of growth inhibition increased with the time of exposure to
LiGLA. Special attention was paid to the influence of albumin and iron on LiGLA-mediated growth
inhibition. Albumin incorporated into essentially serum-free culture medium inhibited the effect of
LiGLA in a dose-dependent manner, associated with reduced GLA uptake by cancer cells. Ferric ions
were confirmed as potentiators of the growth inhibitory effect of LiGLA but more physiologically
relevant transferrin-bound iron was ineffective. With further improvements in the fatty acid delivery
mechanism, LiGLA may become a useful adjunct in the management of pancreatic cancer patients.
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INTRODUCTION

PANCREATIC CANCER is a common and lethal malignancy. The
five-year survival is the worst of all common human cancers
[1]. Most patients present late with advanced inoperable
tumours and can only be offered palliative therapy. Currently
available chemotherapy is mostly ineffective in prolonging
survival. In addition, the side-effects of therapy impair the
quality of life during the short period between diagnosis and
death [2]. There is a need for effective antitumour therapy
with minimal side-effects.

Polyunsaturated fatty acids, mainly those derived from the
two essential fatty acids linoleic and alpha linolenic acids,
may fulfil this role. Fatty acids such as gamma linolenic acid
(GLA) and eicosapentaenoic acid (EPA) have direct growth
inhibitory effects on malignant cells i vizro [3]. GLA, from
the linoleic acid (#-6) family, has shown high selectivity for
cancer cells with good cytotoxicity [4]. Until recently, GLA
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was available for clinical use only in the form of evening
primrose oil (9% GLA) which is unsuitable for administering
large therapeutic doses of GLA. A relatively stable and pure
form of injectable GLA is now available as a lithium salt
(LiGLA) (Scotia Pharmaceuticals, Stirling, U.K.) and this
compound has been reported to prolong the survival of
patients with inoperable pancreatic cancer [5]. In this study,
we tested the effect of LiGLA in virro on two human pan-
creatic ductal carcinoma cell lines and non-malignant fibro-
blasts. As binding to plasma albumin is reported to interfere
with the cytotoxic effect of fatty acids i vivo [6,7], we also
studied the influence of human albumin on the action of
LiGLA on pancreatic cancer cells. Although GLA is the pre-
cursor of biologically important eicosanoids, its antitumour
activity is considered to be related to increased tumour cell
lipid peroxidation rather than to its metabolites [8-10]. As
iron is a promoter of lipid peroxidation, it may be feasible to
increase the cytotoxic effect of LiGLA by concurrent admin-
istration of iron to patients. Thus, we studied the influence of
both free and transferrin-bound iron on the effect of LiGLA.
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MATERIALS AND METHODS
Chytotoxicity studies

The pancreatic ductal carcinoma cell lines MIA PaCa2 and
Pancl (European Collection of Animal Cell Cultures, Salis-
bury, U.K.), and primary low-passage non-malignant human
skin fibroblasts HFF 5 (provided by A. Richter, Medical
Oncology, Southampton General Hospital) were grown in
Dulbecco’s modified Eagle’s medium (DMEM) containing
10% fetal bovine serum (FBS) and L-glutamine-antibiotic
solution (G-1146) (all from Sigma, Poole, U.K.), at 37°C in
the presence of humidified 5% CO, in air. Cells were har-
vested using trypsin—-EDTA (Sigma), counted using a hae-
macytometer and seeded at 2500 cells in 100 pul of medium
per well in 96-well flat-bottomed cell culture plates.

24 h later, LIGLA in 100 pl of medium was added to the
wells to achieve final LiGLA concentrations varying from 5 to
490 umol/l. Control experiments were run with lithium ions
(0.625-2 mmol/l, as lithium chloride, Sigma), palmitic acid
(up to 490 umol/l, Sigma) and culture medium only (no
additives). The plates were inspected daily under a micro-
scope. After 7 days the plates were removed and a micro-
culture tetrazolium (MTT) assay [11], which had been
previously validated against these cell lines in our laboratory,
was used to estimate the live cell number in the wells. Cyto-
toxicity or growth inhibition (cytostasis) was calculated as the
percentage optical density of test wells relative to the control
wells containing cells in culture medium only.

For time course studies, multiple plates were seeded with
MIA PaCa 2 cells and LiGLA (5-100 pmol/l) was added as
outlined above. Plates were taken for MTT assay 24 h after
the addition of LiGLA and then sequentially every 24 h until
and including day 7.

Effect of albumin on LiGLA cytotoxicity

Panc 1 cells were grown in low serum culture medium
(LSM) which consisted of equal volumes of Ham Nutrient
Mixture (F-12) and DMEM, 0.5% FBS and L-glutamine-
antibiotic solution (G-1146) (all from Sigma). The cells were
seeded as described previously. 24 h after plating the cells, the
medium in the wells was replaced with 200 pul of LSM con-
taining 10 umol/l of LiGLLA and varying levels of albumin.
Control experiments were run with LSM alone, albumin
alone in LSM (levels corresponding the test wells) and
10 pmol/l LiGLA alone in LSM.

The albumin-LiGLA mixture was prepared as follows:
fatty acid-free human albumin (Sigma) was added to warmed
(37°C) LSM to achieve a concentration of 80 umol/l. This
was mixed well, filter sterilised and serially diluted to
2.5 uymol/l. The pH of this medium was 7.6 £ 0.2. LiGLA was
added to each albumin concentration to achieve a level of
10 umol/l and mixed. The mixture was gently agitated at
37°C for 2h under nitrogen before being added to the cells.
Plates were then handled as before and incubated for 7 days.
Growth inhibition was expressed as the percentage growth in
test wells containing LLiIGLA and albumin compared with
control wells containing similar levels of albumin only.

Effect of albumin on GLA uptake by tumour cells

1x10% Panc 1 cells were seeded in to 12.5cm?> culture
flasks in 2ml of LSM and left to settle overnight. The next
day the medium was removed and replaced with 2ml of
LiGLA-albumin mixture prepared as above. This contained
10 pumol/l of LiGLA spiked with !*C LiGLA, giving a

189
120
-+ Panc 1
=
O 100# T * MIA PaCa 2
S
e /%\%\\%\ & Fibroblasts
S so
X
~ 60
(O]
O
C
@ 40
o]
et
o
0 20
-Q L
<
o
o] 20 40 60 80 100 120 140 160

LIGLA (umol/l)

Figure 1. The effect of increasing concentration of LiGLA on
the growth of MIA PaCa2 and Panc 1 cell lines and fibroblasts.
The optical density of the wells containing cells exposed to
LiGLA for 7 days is expressed as a percentage of the medium-
only control wells. The values at each concentration are the
means of 3-8 separate observations, each consisting of 4-10
test wells; vertical bars represent standard error of the mean
(SEM).

radioactivity of 0.5 pCi/ml, and varying levels (80, 40, 10, 5
and 0 pmol/l) of fatty acid free human albumin. After 24 h of
incubation, the medium was removed and centrifuged to
recover any non-adherent cells. The cells in the flask were
then harvested. All cells were washed in saline three times to
remove unbound radioactive material, solubilised by the
addition of a drop of solvable® solution (Canberra-Packard,
U.K.), 15ml of scintillation fluid (Ultima Gold, Canberra-
Packard, U.K.) was added and radioactivity was determined
in a liquid scintillation counter. The results were expressed as
a percentage of radioactivity incorporated at a particular
albumin concentration in relation to the radioactivity incor-
porated in the absence of added albumin.

Effect of iron on LiGLA cyrotoxicity
MIA PaCa2 cells were seeded in 96-well cell culture plates.

The following day iron, as ferric chloride (Sigma) or as
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Figure 2. Time course of the effect of LiGLA (5umol/l and

100 umol/l) on MIA PaCa2 cells. The optical density of the

wells containing cells exposed to LiGLA for 7 days is expressed

as a percentage of the medium-only control wells. The values

are the means of three experiments, each consisting of six test
wells; with SEM.
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Figure 3. The effect of increasing albumin concentration on
the cytotoxicity of 10 pmol/l of LiGLA on Panc 1 cell line. The
optical density of the wells containing cells exposed to LiGLA
for 7 days is expressed as a percentage of the optical density of
the control wells containing the same level of albumin but no
fatty acid. The values are the means of three separate experi-
ments, each consisting of 12 test wells; vertical bars represent
SEM.

human ferro-transferrin (holo-Transferrin, Sigma) was added
to the wells (12.5 and 100 umol/l) dissolved in standard cul-
ture medium followed by LiGLA (0-150 umol/l). Subse-
quently, the plates were handled as for the cytotoxicity assay.
The cell growth at each iron concentration is calculated as the
percentage optical density of wells containing LiGLA and
iron in relation to wells containing culture medium only.

RESULTS
Chyrotoxiciry and time course studies
LiGLA had a dose-dependent growth inhibitory effect on
both cancer cell lines (Figure 1). The cytotoxic effect of
LiGLA at high concentrations was visible under the micro-
scope within 24 h of addition and was complete by 72h. At
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Figure 4. The effect of increasing albumin concentration on
the uptake of radiolabelled GLA (10 umol/l of LiGLA spiked
with “C LiGLA) by Panc 1 cells over 24h. The radioactivity
incorporated at different albumin concentrations is expressed
as a percentage of the radioactivity incorporated in the
absence of added albumin. The values are the means of five
separate experiments; vertical bars represent SEM.
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low concentrations (<20pumol/l), cytotoxicity was not
observed but significant growth inhibition was seen. Fifty
percent growth inhibition (IC5q) of MIA PaCa 2 cell line was
seen at 10.7umol/l (95% confidence interval (CI) 6.3—
15.2 pmol/l) and that of Panc 1 at 12.6 umol/l (95% CI 9.3—
15.8). By contrast, the ICs5, of benign fibroblasts was
110.8 pmol/l (95% CI 105.9-115.8). Very high concentra-
tions were cytotoxic to both benign and malignant cells. Time
course studies (Figure 2) showed that the degree of growth
inhibition increased with the time of exposure to LiGLA,
reaching a maximum after 5-7 days.

Lithium chloride, up to a concentration of 2 mmol/l and
palmitic acid up to a concentration of 490 umol/l, had no
significant effect on the growth of any of the cell lines (data
not shown).

Effect of albumin on LiGLA-induced growth inhibition

Human albumin reduced the growth inhibitory effect of
10 pmol/l of LiGLA on Panc 1 cell line in a dose-dependent
manner (Figure 3). At a LiGLA:albumin molar ratio of 1:8
(albumin level of 80 pmol/l), nearly all growth inhibition was
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Figure 5. The effect of iron at 0, 12.5 and 100 umol/l on the
cytotoxicity of LiGLA on MIA PaCa2 cell line. The optical
density of the wells containing cells exposed to LiGLA and iron
for 7 days is expressed as a percentage of the medium-only
control wells. (a) Free ferric ions as ferric chloride. (b)
Transferrin-bound iron. The values are the means of three
separate experiments; vertical bars represent SEM.
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lost and in the complete absence of albumin the growth inhi-
bition was maximal at over 80%. Fifty percent growth inhi-
bition of Panc 1 cells was achieved at a molar ratio of 0.48
(95% CI, 0.26-0.7).

Effect of human albumin on the uptake of LiGLA by MIA
PaCa?2 cells

Albumin significantly (P <0.00005, Student’s r-test)
inhibited the uptake of LiGLA by cancer cells over 24h in a
dose-dependent manner (Figure 4).

Effect of iron on LiGLA-induced growth inhibition

Ferric chloride increased the growth inhibitory effect of
LiGLA at both 12.5 and 100 umol/l (Figure 5(a)). In con-
trast, transferrin-bound iron had no influence on the effect of
LiGLA (Figure 5(b)). While ferric chloride on its own had no
effect on cell growth, transferrin-bound iron added to culture
medium promoted the growth of MIA PaCa2 cells (data not
shown).

DISCUSSION

Gamma linolenic acid (GLA) is an attractive concept as an
anticancer agent in pancreatic carcinoma. It does not have
the side-effects of conventional chemotherapy and does not
impair the quality of life of cancer patients. This is the first
study of the lithium salt of GLA (LiGLA) on pancreatic
cancer cells and has shown that LiGLA has a significant
growth inhibitory effect on these cells at relatively low con-
centrations of 9—16 pmol/l. These concentrations are much
lower than those reported for other cell lines, thus pancreatic
cancer cell lines appear to be more susceptible to the cyto-
toxic effect of fatty acids [12]. The effect of LiGLA is very
selective towards malignant cells as the concentration neces-
sary for 50% growth reduction of non-malignant fibroblasts
was up to 10 times greater than that needed for the cancer
cells. Although it would have been ideal to demonstrate this
selectivity with a non-malignant pancreatic epithelial cell line,
such a cell line is not available. The effect was due to the
presence of GLA as control experiments excluded a lithium
effect and a non-specific fatty acid effect.

Although GLA is uniformly growth inhibitory when added
to malignant cells of both epithelial and non-epithelial origin
in culture, the results of i vivo studies have been variable,
even when the corresponding tumour cell lines were suscep-
tible i witro [9,13-19]. One possible reason for this dis-
crepancy was the lack of a suitable, stable preparation of
GLA. Most animal and clinical studies have used the oil of
evening primrose (EPO) [14,16-19]. As EPO contains only
9% GLA, patients had to take up to 36 capsules per day
[14, 19], resulting in problems of compliance. In our experi-
ence, up to 10g of LiGLA may be infused i.v. daily in
patients for a period of up to 2 weeks without any significant
adverse effects.

Another reason suggested for the possible lack of efficacy
of GLA in vivo is albumin binding [6,7], as, like all long-
chain fatty acids, GLA is transported bound to albumin in
the circulation. However, in other studies, albumin-bound
fatty acids have been equally cytotoxic i vitro against pan-
creatic and other cancer cells [12,20]. In order to elucidate
these problems, we studied the effect of albumin on the
cytotoxicity of LiGLA in wvitro. The most important factor
regulating the availability of fatty acid to tissues is the molar
ratio of fatty acids to albumin [21]. Our results show that

191

albumin interferes with the growth inhibitory effect of LIGLA
on malignant cells in a dose-dependent manner. This is
associated with a significant dose-dependent reduction in the
uptake of the fatty acid by the tumour cells. Fifty percent
growth inhibition of MIA PaCa2 cells was achieved at an
LiGLA:albumin molar ratio of 1:2.1. As the plasma albumin
levels vary between 450 and 750 umol/l (30-50¢g/l) and the
interstitial fluid albumin levels can be up to 450 umol/l (30 g/1)
[22], it may be assumed that a much higher concentration of
GLA than the concentration which causes growth inhibition
in vitro is necessary for significant antitumour activity i vivo.
It is likely that local or regional administration of LiGLA will
be necessary to achieve these high concentrations.

Metals such as iron and copper promote lipid peroxidation
and GLA-induced cytotoxicity in vitro. Ferrous chloride has a
dose-dependent promoting effect on the cytotoxicity of GLA
against a breast cancer cell line [23] associated with an
increase in lipid peroxidation [24]. In human breast cancer
grown in nude mice, concurrent administration of oral iron
with fish oil resulted in improved tumour regression [25].
However, iron can bind to and influence the structure and
function of a variety of macromolecules with deleterious
effect to the organism. To protect against this, a number of
iron binding proteins exist iz vivo to store and transport iron.
The ferric ions are transported bound to transferrin, a Bl
glycoprotein in plasma with a high affinity for iron. Each
molecule binds two ferric ions to form ferrotransferrin. In the
interstitial fluid the iron—transferrin complex is avidly taken
up by the cells by receptor-mediated endocytosis. Under
physiological conditions there is always an excess of transfer-
rin in plasma, thus free iron will not be available to cancer
cells [26]. This study has shown that transferrin-bound iron
(TBI) has no effect on GLA-mediated cytotoxicity i vitro.
Thus, concurrent parenteral administration of iron with GLA
is unlikely to improve its antitumour effect iz vivo.

In conclusion, LiGLLA has a selective, dose- and time-
dependent growth inhibitory effect at relatively low con-
centrations on human pancreatic cancer cell lines. Albumin,
in a dose-dependent manner, reduces this growth inhibitory
effect which appears to be due to a reduction in the uptake of
the GLA by cancer cells. Significant cytotoxicity may still be
achieved in the presence of albumin, but requires a much
higher concentration of GLLA. This may be feasible with the
use of LIGLA as large amounts of fatty acid may be infused
intravenously or locoregionally in this form. Concurrent
administration of iron is unlikely to improve the antitumour
effect of LIGLA in patients as in the physiological (transferrin
bound) form it is ineffective in vitro. Results of early clinical
studies are promising [5] and with further improvements in
the fatty acid delivery mechanism, LiGLA may become a use-
ful adjunct in the management of pancreatic cancer patients.
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