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An experiment was designed to investigate the effect of human fibroblasts, proliferating at low density in 
culture and accumulating 20:3n-9 and 22:3n-9 into cellular phospholipids, on the concentration of po- 
lyunsaturated fatty acids (PUFA) in the culture medium. The cells caused a significant reduction in the 
total mass of non-esterified fatty acids but did not alter the mass or the fatty acid composition of medium 
cholesterol ester, triglyceride, or phospholipid. The cells caused a partial depletion of individual saturated 
fatty acids, monounsaturated fatty acids, and 18:2n-6 but effectively removed all the 20- and 22-carbon 
polyunsaturated, non-esterified fatty acids. The accumulation of n-9 PUFA in cellular phospholipids 
occurs under culture conditions where there is a significant depletion of bioavailable PUFA in the culture 
medium. 
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Introduction 

H u m a n  skin fibroblasts accumulate 20:3(n-9) and 
22:3(n-9) in cellular phospholipids when cultured in 
medium supplemented with low levels (---0.4%) of fetal 
bovine serum (FBS) '  or with 5% delipidized bovine 
serum. 2 Though the accumulation of (n-9) polyunsa- 
turated fatty acids (PUFA)  occurs in both quiescent 
and proliferating cell populations,  3 the effect is greater  
in multiplying cells and appears  to be proport ional  to 
the rate of proliferation of the cell populat ion.  3.4 Cul- 
tured human fibroblasts, like many other  cell types, 
readily utilize lipids present  in FBS-supplemented me- 
dia to spare the biosynthesis of lipids for biological 
membranes ;  4-6 however,  fibroblasts cultured in me- 
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dium containing very low levels of FBS may synthesize 
n-9 P U F A  and incorporate them into membrane  phos- 
pholipid because the mass of bioavailable forms of 
P U F A  in the culture medium are depleted by the 
proliferating cells or the low serum culture environ- 
ment  significantly impairs the ability of the cells to 
absorb and metabolize exogenous P U F A  containing 
lipid. This exper iment  was designed to determine 
whether  human fibroblasts, proliferating at low cell 
density and accumulating n-9 P U F A  in cellular phos- 
pholipids, cause a depletion of P U F A  in non-esterified 
fatty acids, triglycerides, phospholipids,  or cholesterol 
esters f rom an FBS-supplemented culture medium.  

Materials and methods 

Cells and  cul ture  condi t ions  

Human fibroblasts (HF-2) were obtained from a primary 
culture of newborn foreskin, passaged in cell culture, and 
stored frozen in liquid nitrogen as previously described.'" 
Prior to assay, the cells, which had been cultured in MCDB 
1101.* plus 10% FBS, were gradually weaned off the serum 
supplement.' The cells were removed from the plate with a 

© 1992 Butterwotth-Heinemann J. Nutr. Biochem., 1992, vol. 3, July 349 



Research Communications 

cold temperature trypsinization technique' and plated into 
poly-o-lysine-coated' culture plates containing 5 mL of MCDB 
110 and 0.4% vol/vol of FBS (Flow Lab Inc., McLean, VA, 
USA lot #291-050) at 37 ° C. The cells, population doubling 
number 15-20, were plated at a density of 200 cells/60 mm 
dish and were cultured for 10 days at 37 ° C with >95% 
humidity. 

Lipid analysis 
After the 10-day incubation, the tissue culture plates were 
cooled on ice, the medium collected, then the cells were 
gently rinsed three times with solution A (30 mmol/L HEPES- 
NaOH [pH 7.6], 10 mmol/L glucose, 130 mmol/L NaCI, 1.0 
mmol/L Na:HPO4, and 3 mmol/L KCI) at 4 ° C. The wash 
solutions and the tissue culture medium were combined for 
lipid analysis; cells were harvested for lipid analysis as pre- 
viously described.' Lipids were extracted from the cells and 
the culture medium by the method of Bligh and Dyer." Total 
phospholipids and individual neutral lipid classes were iso- 
lated by thin-layer chromatography using a system of hep- 
tane/isopropyl ether/acetic acid (60:40:3, vol/vol/vol)."' Fatty 
acid methyl esters (FAMEs) were produced by incubation 
in 6% HzSO 4 in methanol at 78 ° C for 2 hr." The FAMEs 
were analyzed by gas-liquid chromatography and identified 
as previously described. TM Culture medium MCDB 110 does 
not contain any lipid by formulation; analysis of MCDB 110 
prepared in this laboratory using purified chemicals and 
water 1 had undetectable levels of PUFA in non-esterified 
fatty acids, phospholipids, cholesterol esters, and triglycerides. 

Statistical analysis 
All data comparing the fatty acid composition of culture 
medium without cells to culture medium plus cells were 
analyzed by the Student t test. 

Results and discussion 

In experimental  trials 1 and 2, the fibroblasts cultured 
in M C D B  110 plus 0.4% FBS accumulated 20:3n-9 and 
22:3n-9 in cellular phospholipids,  indicative of an in- 
adequate  supply of a bioavailable n-6 and n-3 P U F A  134 
(Table 1). In both experimental  trials, the cells de- 
pleted the medium of detectable levels of  n-3 and n-6 
non-esterified PUFA,  except for small amounts  of re- 
maining linoleate (Tables 2 and 3). The depletion of 
20 and 22 carbon n-6 and n-3 P U F A  from the medium 
by growing cells strongly suggests that a decrease of 
bioavailable P U F A  over  t ime is a causative factor in 
the synthesis and accumulation of cellular n-9 PUFA.  
Whether  the low serum culture environment  also im- 
pairs the rate of uptake of fatty acids or impairs the 
ability of  the cells to incorporate n-6 or n-3 P U F A  into 
cellular phospholipids requires further investigation. 
The cultured HF-2 cells caused a similar degree of 
depletion of n-6 and n-3 P U F A  from the non-esterified 
fatty acid pool  in experimental  trials 1 and 2 but had 
significantly different 20:3n-9:20:4n-6 and 22:3n-9: 
22:4n-6 ratios in cellular phospholipids in the two trials. 

The  cells in culture selectively decreased the non- 
esterified pool of fatty acids; the concentrat ion (Table 
2) and the fatty acid composi t ion (Table 4) of triglyc- 
erides, phospholipids,  and cholesterol esters were un- 
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Table 1 Phospholipid fatty acid composition of human skin 
fibroblasts cultured in MCDB 110 plus 0.4% fetal bovine serum 

Fatty acids Fatty acid composition of cells a,b 

tool% 

Saturates 

14:0 3.5 -+ 0.2 
16:0 23.3 +_ 0.7 
18:0 16.2 _+ 2.4 

Monounsaturates 

14:1 0.2 _+ 0.1 
16:1n-9 c 6.5 -+ 0.3 
16:1n-7 8.3 _+ 0.4 
18:1n-9 19.7 _+ 0.5 
18:1n-7 c 7.7 _+ 0.2 
20:1n-9 0.3 _+ 0.1 

Polyunsaturates 

18:2n-9 c 1.2 +_ 0.1 
18:2n-7 c 2.1 _+ 0.2 
18:2n-6 0.6 + 0.1 
20:3n-9 3.7 _+ 0.3 
20:3n-6 0.5 -+ 0.1 
20:4n-6 2.5 _+ 0.3 
22:3n-9 1.7 _+ 0.2 
22:4n-6 0.5 +- 0.1 
22:5n-3 0.9 -+ 0.1 
22:6n-3 1.0 _+ 0.2 
20:3n-9:20:4n-6 1.8 _+ 0.3 
22:3n-9:22:4n-6 3.9 _+ 07  

aThe fatty acid composition of human skin fibroblasts prepared for 
low-density growth assays in this laboratory have been previously 
reported 4 to have a 20:3n-9:20:4n-6 ratio of 0.11 _+ 0.02 and a 22:3n- 
9:22:4n-6 ratio of 0.33 + 0.12 (n = 4) in total cellular phospholipids 
at time zero. HF-2 of fibroblasts cultured with medium supplemented 
with 100% fetal bovine serum had a 20:3n-9:20:4n-6 ratio of 0.03 
+_ 0.01 and a 22:3n-9:22:4n-6 ratio of 0.04 _+ 0.01 (n = 5). 
bMean _+ SEM, n = 8. Data from experimental trials 1 and 2 were 
combined. Each independent trial consists of n = 4 replicates of 
15 flasks of cells. 
°Tentatively identified. FAMEs were separated by the number of 
double bonds by argentation chromatography prior to gas chro- 
matographic analysis; a modified equivalent chain length calculation 
was used subsequently to identify peaks without standards. TM 

affected (Table 2). It is clear that this effect was not 
specific for PUFA;  the total amount  of loss of fatty 
acids was in the following order: saturates > monoun-  
saturates > polyunsaturates.  However ,  only 20- and 
22- carbon P U F A  were completely depleted from the 
medium;  these experiments  did not ascertain whether  
these P U F A  were more  rapidly removed from the 
culture medium than saturated and monounsa tura ted  
fatty acids. The content of non-esterified 14:1 fatty 
acid was significantly increased in the medium,  sug- 
gesting a leakage or secretion of some fatty acids from 
the cultured fibroblasts into the culture medium. The 
lack of an increase in the concentrat ion of 20:3n-9 in 
medium phospholipids (Table 4) suggests that the ex- 
tent of exchange of 20:3n-9-phospholipid between cells 
and medium lipoprotein is negligible under these con- 
ditions. The results of our exper iment  differ f rom re- 
suits described by Daniel et al. a2 for cultured rat embryo 
fibroblasts. Non- t ransformed rat embryo fibroblasts 
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Table 2 Effect of cell growth on the lipid composition of medium 
MCDB 110 plus 0.4% fetal bovine serum 

Concentration of fatty acids* 

Culture medium 
Form of fatty acids Culture medium + cells 

Trial #11- 

Non-esterified fatty acid 

Trial #2:1: 

nmoW75 mL 

55.32 + 2.18 A 21.16 _+ 4.20 '~ 

Non-esterified fatty acid 41.05 _+ 4.22 A 15.73 _+_ 3.42 B 
Phospholipid 71.05 _+ 2,80 64.20 +_ 2.71 
Cholesterol ester 111.25 _+ 1.18 103.80 _+ 1.40 
Triglyceride 16.30 _+ 3.96 18.54 _+ 4.10 

*Mean _+ SEM, n = 4 replicates of 15 flasks of cells in each trial. 
Values having a different superscript are significantly different (P < 
0.05) by a Student t test. 
1.The triene:tetraene ratio of the cells after the 10 day growth period 
in trial #1 was 20:3n-9:20:4n-6, 2.65 + 0.06 and 22:3n-9:22:4n-6, 
4.98 _+ 0.82; n = 4 replicates of 15 flasks of cells. 
:l:The triene:tetraene ratio of the cells after the 10 day growth period 
in trial #2 was 20:3n-9:20:4n-6, 0.9 _+ 0.1 and 22:3n-9:22:4n-6, 2.34 
-+ 0.30; n = 4 replicates of 15 flasks of cells. 

Table 3 Effect of cell growth on the composition of individual non- 
esterified fatty acids in medium MCDB 110 plus 0.4% fetal bovine 
serum 

Concentration of fatty acids*,1- 

Culture medium 
Fatty acids Culture medium + cells 

selectively decreased only the non-esterified 18:2n-6 
and 20:4n-6 concentration in the culture medium, did 
not affect medium phospholipid mass or fatty acid 
composition, and greatly increased the percentage of 
PUFA in medium triglycerides; 12 the rat fibroblasts did 
not accumulate detectable 20:3n-9 in cellular phospho- 
lipids under these conditions.12 However, our data are 
consistent with the original hypothesis of Howard and 
Kritchevsky 13 that multiplying populations of human 
fibroblasts in culture primarily utilize the non-esterified 
fatty acid fraction of FBS-supplemented culture media 
as a source of cellular fatty acids. Moreover, we have 
demonstrated that human fibroblasts synthesize n-9 
PUFA and incorporate them into cellular phospho- 
lipids under culture conditions where there is a deple- 
tion of mass of 20- and 22- carbon n-6 and n-3 PUFA 
in the non-esterified fatty acid pool(s) but not in tri- 
glyceride, cholesterol ester, or phospholipid pools in 
the culture medium. 

The role of non-esterified fatty acids as nutrients 
for rapidly multiplying populations of cells in vivo and 
in vitro remains obscure. It is clear that human fibro- 
blasts readily take up non-esterified fatty acids and 
incorporate these fatty acids into cellular phospholipids 
and neutral lipids, 14.'5 with minimal amounts oxidized 
for energy.'6 However, the role of non-esterified fatty 
acids in both promoting and inhibiting growth appears 
to be independent of the effects of exogenous fatty 
acids on the composition of cellular phospholipid fatty 
acids. 4.17 In fetal bovine serum, non-esterified fatty 
acids are bound to albuminJ 7 et-fetoprotein, '8 and 
fetuin. 19 It is likely that each of these pools of non- 

nmoL/75 mL 

Saturates 28.65 _+ 1.90 A 12.60 _+ 1.62 B 

14:0 1.63 _+ 0.19 1.48 + 0.27 
16:0 15.79 _+ 0.92 A 6.87 _+ 0.97 B 
18:0 11.23 _+ 0.82 A 4.25 _+ 0.46 B 

Monounsaturates 12.71 _ 0.91A 5.47 _+ 1.09 B 

14:1 0.07 _+ 001A 0.27 _+ 0.08 B 
16:1n-9 0.83 -- 0.05 0.56 _+ 0.18 
16:1n-7 1.00 _+ 0.11 0.73 _+ 0.13 
18:1n-9 8.03 _+ 0.63 A 2.96 _+ 0.70 B 
18:1n-7 2.11 + 0.11A 0.53 _+ 0.07 B 
20:1n-9 0.68 +- 0.12 A 0.34 _+ 0.06 B 

Polyunsaturates 6.16 _+ 0.62 A 0.29 _+ 0.07 B 

18:2n-9 0.18 _+ 0.02 ND 
18:2n-6 1.53 + 0.16 A 0.29 _+ 0.07 B 
20:3n-9 0.17 + 0.01 ND 
20:3n-6 0.74 + 0.06. ND 
20:4n-6 2.66 +- 0.25 ND 
22:3n-9 ND ND 
22:4n-6 0.17 _+ 0.03 ND 
22:5n-3 0.42 _+ 0.07 ND 
22:6n-3 0.29 + 0.06 ND 

Table 4 Lack of effect of cell growth on the content of 20:3n-9, 
20:4n-6, and 22:6n-3 in medium phospholipids, cholesterol esters, 
and triglycerides 

Lipid class 

Phospholipid 

20:3n-9 
20:4n-6 
22:6n-3 

Cholesterol ester 

20:3n-9 
20:4n-6 
22:6n-3 

Triglyceride 

20:3n-9 
20:4n-6 
22:6n-3 

Concentration of fatty acids 1,2 

Culture medium 
Culture medium + cells 

nmoW75 mL 

0.51 -+ 0.02 0.46 -+ 0.03 
3.98 -+ 0,12 3.70 -+ 0.10 
2.52 -+ 0.11 2.28 -+ 0.06 

ND ND 
9.03 -+ 0.43 8.66 -+ 0.23 
1.02 _+ 0.02 0.98 -+ 0.05 

ND ND 
0.43 -+ 0.14 0.75 -+ 0.34 

ND ND 

*Mean _+ SEM, n = 8, Data from trials 1 and 2 are combined; 
replicates of 15 flasks of cells for each trial. Values having a different 
superscript are significantly different (P < 0.05) by the Student t 
test. 
1.ND is not detectable. Detection limit is less than 0.01 nmol of fatty 
acid. 

1Mean --- SEM, n = 4 replicates of 15 flasks of cells in trial 2. There 
are no significant differences (P > 0.05) between culture medium 
and culture medium plus cells for fatty acid in a lipid class by a 
Student t test. 
2ND is not detectable. Detection limit is less than 0.01 nmol of fatty 
acid. 
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esterified fatty acids has a distinctive fatty acid com- 
position, is available for uptake at a different rate, or 
targets fatty acids for specific types of metabolism in 
the cell. 2°-22 The contribution of different exogenous 
pools of non-esterified fatty acids to the nutritive proc- 
ess of rapidly multiplying cells in vivo and in vitro 
warrants further investigation. 23.24 
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