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Different Fatty Acid Composition Between
Normal and Malignant Cell Lines
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Summary: Twenty-eight fatty acids (C8:0 to C24:In-9)
were measured by gas chromatrography In four normal
cell lines (C3H/10T1/2, CCD-18Co, CCD-25SK and CCD-
37Lu) and seven cancer cell lines (C-4l, Caov-3, LS-180,
PC-3, SK-MEL-28, SK-MES-1 and U-87 MG). Results show
that €20:4 n-6, C24:0, C24:1 n9, Polyunsaturated fatty
aclds (PUFA'S) and ratlos of C20:4 n-6 to C20:5 n3 and
C16:0 to C18:1 n-9 and stearic to oleic (SA/0A) were
lower In the cancer cell lines than In their normal courter-
parts. All cancer cell lines had SA/OA ratlos lower than
0.7 while normal cell lines had ratios greater than 0.7
(p<0.05). In addition, the ratios of total saturated fatty
aclds (SFA) to PUFA'S and the concentration of C18:1 n-
9, €18:2 n-6, €20:0, C20:2 n-6, C20:5 n-3 were higher in
cancer cell lines as compared to normal celt lines. A pos}-
tive correlation was detected between C16:0 and longer
SFA'S (r=+0.511, p<0.05) In normal cell lines whereas a
negative correlation (r=0.608, p<0.05) was obtained for
malignant cell lines. Moreover, cancerous cell lines exhib-
ited a particular desaturation defect and an abnormal
incorporation of C18:2 n-6 and C20-4 n-6.

Introduction

It is well recognized that exogenous fatty acids may be toxic
to cultured cells at high concentrations'. In blood, the highest
solubility of free fatty acids is ~ 1jm above this concentration
free fatty acids may act as detergents and disrupt protein and
membrane architecture. Saturated fatty acids can be synthe-
sized from acetyl-CoA and malonyl-CoA up to palmitic acid,
then elongated and desaturated to longer chain fatty acids.
Although mammalian systems possess four desaturases (A9,
A6, A5 and A4); they are unable to insert double bonds into
positions beyond A9.

Previous in vitro studies have demonstrated that the capaci-
ty of various polyunsaturated fatty acids (PUFA's) of killing
cancer cells was associated to their ability to generate free
radicals that stimulate the production of secondary products

"The Center for the Improvement of Human Functioning Internation-
al, RECNAC Project, 3100 Hillside Rd, Wichita, KS 67219.

2University of Puerto Rico, Medical Sciences Campus, Graduate
School of Public Health, Department of Human Development, Nutri-
tion Program, PO Box 365067, San Juan, Puerto Rico 00936-5067.

*To whom correspondence should be addressed.

BioMedicina, May 1999 Vol. 2, No. 4

of lipid peroxidation.® These studies have been further vali-
dated in an in vivo system utilizing human mammary carcino-
ma cell lines (MDA-MB 231 and MCF-7) transplanted to
nude mice.** This growth inhibitory PUFA effect can be
blocked by the addition of antioxidants such as vitamin E.’
However, one study showed that C20:5 n-3 had 60% cell
growth inhibition of human lung, breast and prostate carcino-
ma cells, while C22:6 n-3 had only 30%.¢ In another study
C12:0 and C16:0 inhibited the growth of colon cancer cells
(HT-29), in more significant manner than 18:2 n-6 and this
inhibitory action was not blocked by vitamin E.” These stud-
jes suggest yet another mechanism in addition to lipid peroxi-
dation that may be operating in the fatty acid effect upon cell
proliferation.

Differences in Prostaglandin metabolism has been suggest-
ed.? Nevertheless it seems paradoxical that the same fatty acid
could be either a promoter of tumorigenesis or an antitumor
agent. It has been reported that linoleic acid (LA), an essential
fatty, acid can be an effective promoter of mammary tumori-
genesis.’ In contrast it has also been reported that LA sup-

pressed malignant cell line proliferation in culture.” While we

have tackled this issue previously," we believe that fatty acids
influence upon cell metabolism can be different in different
types of cell. We also believe that by balancing fatty acids
(Omega 3 and 6) in the cell we may positively influence
membrane transport, enérgy and prostglandin metabolism.
Therefore by modifying cell membrane fatty acid composi-
tion we may be capable of modulating many aspects of cell
metabolism including cell proliferation. In this way it
becomes relevant to know the fatty acid composition of these
normal and malignant cell liver frequently used in our labora-
tories. In this study four normal and seven malignant cell
lines were analyzed for fatty acid composition.

Materials and Methods

I Cell lines and culture: C3H/10T'/z (mouse embryo fibrob-
last), CCD-18Co (human colon fibroblast), CCD-258K,
CCD-37Lu (human normal lung fibroblast), C-4I (human cer-
vical carcinoma), Caov-3 (human ovarian adenocarcinoma),
LS-180 (human colon adenocarcinoma), PC-3 (human
prostate adenocarcinoma), SK-MEL-28 (human malignant
melanoma), SK-MES-I (human lung squamous carcinoma)
and U-87 MG (human glioblastoma-astrocytoma) were
obtained from American type Culture Collection (Rockville,
MD). Stock cells were grown in 75 cm? and 150 cm? poly-
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styrene monolayer tissue culture flasks (Corning) containing
bicarbonate-buffered Dulbecco's modified Eagle media sup-
plemented with 10% (V/V) heat inactivated (56°C for 30
min) Fetal Calf Serum (FCS, Hy Clone Laboratories, Logan,
UT), 2 mM glutamine, 100IU/m] penicillin, 100 mg/ml strep-
tomycin, 110 mg/ml sodium pyruvate, and 2.5ug/ml. Fungi
zone (experimental growth medium, EGM). Cells were incu-
bated at 37°C in a humidified, 5% oxygen and 95% CO:
atmosphere. Cell lines were routinely tested for mycoplasma
contamination using Mycotrim-TC (Irvine Scientific, Santa
Ana, CA). Cell counting was performed with a model ZM
coulter counter (Coulter Electronics, Hialeah, FL) or by a
Neubauer hemocytometer. The gain and threshold settings on
the Coulter counter were selected for each line by matching
the results to those of the hemocytometer.

IL. Fatty acid analysis: The method for lipid extraction was
done according to Folch® (RBC-3, 13) with slight modifica-
tions. Briefly, the celis were harvested at about 8 million or
more and washed twice with 0.9% saline (NS). The cell pel-
lets were stored at -70°C until use. To the cell pellets, 0.5ml of
NS was added, vortexed and 10ml of chloroform/methanol
(2:1) was added, vortexed and left standing for 10 min, then
50ml (Img/ml) of 1,2 - diacyl—sn-glyccro—3-phosphocholine
C17:0 (Lecithin C17:0 = LC17:0, C17:0 = 35) 492 pg, Avanti
Polar Lipids Inc., Alabaster, CA) as an internal standard and
3ml of NS were added, vortexed and later centrifuged at
1000g for 15 min. The bottom layer was collected and evapo-
rated to dryness under nitrogen. The methylation was executed
by the BF3 in methanol (Sigma) at 90°C for 30 min. The fatty
acid esters were extracted by hexane and ran on a gas chro-
matograph (Varian 3400 GC) with a 30 meter capillary col-
umn (DB-23, 0.25mm LD., 0.25 mm coating thickness) and a
flame jonization detector (FID). The helium carrier flow rate
was 1.37ml/min (50°C). The air flow rate was 300mVmin. The
nitrogen make up gas was 30ml/min. The hydrogen for FID

grammed from 50°C to 180°C at a rate of 20°C/min, then
from 180°C to 210°C and held for 3 min, then from 210°C at a
rate of 20°C/min and held at the final temperature for 1 min.
The injector and detector temperature were 240°C and 250°C,
respectively. The Auto Sampler 8100 (Varian) was pro-
grammed to rinse twice with hexane before and after injection,
then inject 1ml of sample with a splitless mode, slow injection
rate (0.3mVsec), 0.2 min of hot needle time, 0.6 min of purge
activation time. The fatty acid methyl esters (from C8:0 to
C24:1 n-9) were identified by comparison of retention times
with authentic standards (GLC-411; C17:0 from Nu-Check-
Prep, EPA from Sigma) and the peak areas were integrated
and reported using a Varian Star Workstation Computing Inte-
grator and stored in the hard disk of a 386 computer. The stan-
dard was ran two times before and after running the sample
group for the quality control of the GC condition.
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Results

Four normal and seven cancer cell lines were analyzed for
total fatty acids from C8:0 to C24:] n-9. FCS was high in
Ci8:2 n-6 (LA), C20:0, C20:2 n-6 and low in AA and DHA .
The quantity of LA (C18:2 n-6) was 383 11 + 6.26 mg/mi.
We used 10% FCS in our culture media, which the final FCS
concentration was 38.3um/ml.

Our results were as follows: PA, OA, LA, EPA,
SFA/PUFA, total MFA and total (n-6) / (n-3) were lower in
all the normal cell lines, while SA, DGLA, AA, DHA, PUFA,
total n-3, total n-6 and SA/OA ratios were higher in normal
cell lines than in their malignant counterparts. Marked differ-
ences between and among colon and lung cell lines (normal
and malignant) were found. For example, LA was lower in
the normal colon cell line (CCD-18Co) than in the colon can-
cer cell line (LS-180). A similar trend was found in normal
lung cell line (CCD-371u) and lung malignant cell line (SK-
MES-1). Various fatty acids composition comparisons seem
consistent in normal and malignant colon, such as in lung
normal and malignant cell lines. Half the correlations (elon-
gation and desaturation) resulted in a significant difference
between normal and malignant cell lines.

In the colon cell lines, LA was lower in the normal cell line
than in the malignant variant. While in contrast AA was high-
er in the normal cell line when compared to the malignant
counterpart. EPA was higher, while DHA was lower in the
malignant cell lines as compared to the normal cell line. Sim-
ilar results were obtained for the lung cell lines.

In relation to the ratio of SA/OA of total lipids of the 11
tested cell lines. All normal cell lines resulted over 0.7 while
the malignant cell lines were less than 0.7. All normal celi
lines were significantly different from all cancer lines respec-
tively (p<0.01).

In reference to presents the relationship of LA and AA per-
centages of the cell lines. The cancer cell lines had less LA,
and more AA (n=68, r = -0.95, p<0.001). The coefficients of
variances CV were very high for LA and AA (72.5% and
64.1%, respectively). A relatively weak correlation for LA
and AA (n =29, r=-0.58, p<.005) with a CV of 7.9 and 14.3
respectively for normal cell lines. These findings may reflect
the varying abilities to incorporate LA and AA by the differ-
ent cell lines.

Discussion
Fatty acids in a cell Imay serve as an energy source, structural
components of biological membranes and precursors of the
prostaglandin cascade, all which can deeply affect cellular
metabolism and reproduction. It is conceivable that changes
in fatty acids may be determinant of cellular metabolism
including cell reproductive behavior. Our study shows a con-
sistent regularity in fatty acid composition among normal cell
lines a trend also repeated among the malignant cell lines, but
different between normal and malignant.

Saturated Fatty Acids: Saturated fatty acids are synthe-
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sized from acetyl-CoA and malonyl-CoA to palmitic acid and
then elongated to longer chain fatty acids. In normal cells, the
correlation of the elongation from PA is positive. The more
C16:0, the more C18:0, C20:0, C22:0 and C24:0 (r = 0.511).
However, this correlation is quite contrary in malignant cell
lines (r = -0.608).

The longer chain SFAs when incorporated into biological
membranes decreases the fluidity of the membranes, hence
decreasing the material exchange. So the higher metabolism
of cancer cells might benefit from a lower incorporation of
SFAs. On the other hand, higher percentages of C16:0, C18:1
n-9 and lower C18:0 in malignant cells might reflect their
active desaturation from C18:0 to C18:1 n-9.

Monounsaturated Fatty Acids: It has been reported that
the ratios of SA/OA were lower in blood of cancer patients
than in people without diagnosed malignancy (13-15). This
ratio has been suggested as a possible solid tumor marker (13,
16-18). The data presented here is in accordance to these pre-
vious reports. In the normal cell lines the SA/OA ratio was
above 0.7 while in the malignant cell lines, the ratio was
below 0.7 (p<0.05).

Polyunsaturated Fatty Acids: Total PUFA in malignant
cell lines were lower than that of normal cell lines (p<0.01).
The total PUFA was mainly composed of C18:2 n-6 and
C20:4 n-6. The lower PUFA content was probably due to a
decrease in C20:4 n-6 resulting from a lower 6A desaturase
enzyme activity."” Nevertheless C20:2 n-6 was higher in can-
cer cell lines (p<0.001) probably due to an active elongase
enzyme activity. We should mention that malignant cell lines
C41, Caov-3 and PC-3 did not show a marked decrease in
both elongation and desaturation mechanisms.

Since our data shows differences in fatty acid composition
between normal and malignant cell lines, it can be suggested
that certain fatty acids may have a cytotoxic or cytostatic
effect on particular cell lines, While others seem to enhance
cell proliferation. In-vivo studies suggest Omega 3: EPA and
DHA - as probably the more Cytotoxic or cytostatic fatty
acids to malignant cell lines *5 Since changes in fatty acid
composition are attainable by dietary means, manipulation of
membrane fatty acids may be a very viable adjuvant therapy
against solid malignant tumors,

References

L. Voet D and Voet J. Eds. Biochemistry chapter 23 Lipid metabo-
lism. John Wiley & sons, Inc. 1990,

2. Begin ME. Effects of polyunsaturated fatty acids and of their oxi-
dation products on cell survival, Chem Phys Lipids 45:269-313,
1987.

3. Bums CP and Wagner BA. Heightened susceptibility of fish oil
polyunsaturate-enriched neoplastic cells to generation during lipid
peroxidation. J. Lipid Res, 32:79-87, 1991.

4. Gonzilez MJ et al. Effect of dietary fat on growth of MCF-7 and
MDA-MB231 human breast carcinomas in athimic nude mice:
relationship between carcinoma growth and lipid peroxidation
products level carcinogenesis 12:1231-1235, 1991.

5. Gonzilez M et al, Dietary fish oil inhibition of human breast car-

BioMedicina, May 1999 Vol. 2,No. 4

cinoma growth: a Reumatisis increase lipid peroxidation. Lipids
28:827-837, 1993.

6. Begin ME. In Pharmacological Effects of Lipids. Ed. Kabara JJ.
181-193, 1989.

7. Salemo JW and Smith DE. The use of sesame oil and other veg-
etable oils in the inhibition of human colon cancer growth in vitro,
Anticancer Res 11:209-216, 1991.

8. Karmali RA, et al. Effect of n-3 amd n-6 Fatty Acids on 7, 12
dimethy! benzanthracene induced mammary tumorigenesis anti-
cancer. Res 9:1161-1168, 1989.

9. IpC. Fat and essential fatty acid in mammary carcinogenesis. Am
J Clin Nutr 45:218-224, 1987.

10. Nalini S and Balsubramarian KA. Albumin bound nonesterified
fatty acids inhibit in vitro lipid peroxidation. Ind J Biochem Bio.
phys 26:357-360, 1989,

1. Gonzflez MJ. Fish oil, Lipid peroxidation and mammary tumor
growth. J Am Coll Nutr 14:325-335, 1995.

12. Folch J et al. A simple method for the isolation and purification of
total lipids from animal tissues J Biol Chem 226:479-509, 1957.

13. Wood CB et al. Reduction in the stearic to oleic acid ratio in the
circulating red blood cells: A possible tumor marker in solid
human neoplasma. Eur J Surg Oncol 11:167-169, 1985,

14. Apostolov K et al. Reduction in the stearic to oleic ratio in
leukemic cells: A possible chemical marker of malignancy. Blut
50:349-354, 1985.

15. Wood CB et al. Increase of oleic acid in erithrocytes associated
with malignancies. Br Med ) 291:163-165, 1985.

16. Persad RA et al. stearic oleic acid ratio in prostatic
carcinoma. Br J Urol 65:268-270, 1990.

17. Heavid W et al, Erythrocyte fatty acid profiles in childhood
malignancy. Med Pediat Oncol 18:207-208, 1990.

18. Jackson JA et al. Red Blood cell membrane fatty acids as a diag-
nostic test. J Orthomolec Med 12:20-22, 1997.

19. Horrobin DF and Manku MS. Clinical biochemistry of essential
fatty acids pg. 21-55 in: Omega 6 essential fatty acids. Ed Hor-
robin D.F. 1990. Wiley-liss New York, NY.

v
"
r

. 1 sgz {::‘f?f‘;'lf:\_} o yi-l.. (1 e ] -'_-".1:,4.‘.-_ri vi
ey E-NAILthe Editors,.
i T pideon o

BRI S ) o i o sl g
_have access to E-mail, you can

reach the Editor of IB-i('iMédicina" in an
instant by contacting the journal’s E-
mail address:

hispbio@interport.net
If you have a comment, a letter to the editor, a communica-
tion, an idea for an article you think we should prepare, or
an actual manuscript you’d like to submit for publication,
you can E-mail our editor at the above E-mail address.

Or write to
BioMedicina

130 W. 42 St. Suite 608,
New York, NY 10036

A prompt and friendly reply is assured.

s7







