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Abstract 

Serum depletion in culture medium stimulates cell proliferation. Serum depletion promotes cellular starvation in respect 

of growth factors supplied by serum. In starvation, cells consume nutrients more aggressively and this leads more cell 

growth and cell proliferation. This study has shown that LDL, a major constituent of fat diet, is taken up by cells 

exponentially high in serum deficient medium and the uptake rate increases inversely with serum concentration in the 

medium. The study has also shown that addition of LDL in extremely low serum fortified medium can compensate the 

need for cell growth/proliferation and cells get equivalent growth pattern with higher concentration of serum in the 

medium. The phenomena may consider as a model example for the cases of fat cell proliferation following fat intake after 

chronic starvation or to those having habits for periodic starvation.  
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Introduction 

     Homeostasis is a process that maintains constant 
conditions within a cell or organism in response to either 
internal or external stimulus [1-6]. Cellular homeostasis 
of cholesterol is maintained by equilibrium between 
cholesterol intake and utilization by cellular metabolism. 
LDL receptor (LDLR) is a major gateway for the entry of 
cholesterol into the cells in the form of low density 
lipoprotein particle [2,7].  
 
     The intracellular cholesterol pool is used as precursor 
for the synthesis of metabolic and structural components 
like steroids, bile and cell membranes [8]. All these agents 
are responsible either directly or indirectly for cell 
growth and cell proliferation. Looking from this 

perspective, cholesterol can be considered as an 
important growth promoter or in other words a growth 
factor for cell proliferation. Cholesterol is extremely 
essential for making extra- and intracellular membranes 
in dividing cells.  
 
     The mechanism of cellular growth or cell proliferation 
by intracellular cholesterol is not yet entirely understood. 
However, the slope of cell growth has been found 
interlinked to the state of intracellular cholesterol 
homeostasis [9]. A putative sensor translates small 
fluctuations in plasma membrane cholesterol into 
relatively large changes in LDL flux, thereby setting the 
magnitude of the intracellular pools. This intracellular 
cholesterol pool is perturbed by intracellular effectors 
through intracellular feedback loop(s) [10] and thus 
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maintains the ultimate fate of cellular growth and cell 
proliferation.  
 

Material & Methods 

Cell culture (HepG2, a Liver cell line) 

     Cells were grown in DMEM (Dulbecco’s modified 
eagle’s medium) containing glucose (4.5g/L), HEPES 
(5.96g/L) NaHCO3 (3.7g/L) and 10% Fetal calf serum 
(FCS) (v/v). Anti-biotic and anti-mycotic was added in the 
concentration of Penicillin (100 unit/ml), streptomycin 
(100mg/ml) and amphotericin B (250ng/ml). The HepG2 
culture was maintained at 37ºC in an atmosphere of 95% 
air and 5% CO2, either on 75mm or 25mm flasks. To carry 
out experiments at various serum concentrations, the 
cells were initially grown in 10% FCS till 30% confluence 
and then serum concentration was adjusted to the 
respective level for further processing.  
 

Cell counting 

     Cells were collected by trypsynization and manually 
counted by using Improved Neubauer counting chamber. 
 
Preparation of LDL from human blood plasma: LDL 
was isolated from human blood plasma by NaCl-KBr 
density gradient ultracentrifugation according to Havel et 
al [11].The LDL band density was collected and dialyzed 
and total cholesterol was estimated using the o-
pthaldehyde method of Zlatkis and Zak [12]. The protein 
concentration of the preparation was measured by 
Bradford Technique [13] and different concentrations of 
LDL-protein were used for LDL uptake study.  
 
LDL uptake study by HepG2 cell: 90mm falcon plates 
were used for LDL uptake study. HepG2 cells were 
counted in the Improved Neubauer chamber and 106 cells 
per plate along with DMEM media were used. Cells were 
incubated at 37◦C for overnight (24hr) and microscopic 
examination was done to check the confluent of cells. 
When cells reached approximately 30% confluent, various 
concentration of Fetal Calf Serum (2%,5%,7% and 10%) 
was adjusted for incubation till next stipulated time.  
 
     Culture medium was adjusted with LDL at 
concentrations of 0, 10, 20, 30, 50, 75 and 100µg/ml and 
incubated for five and half hour at 37◦C. After incubation, 
the medium and cells were collected separately and LDL 
estimation was performed as reported earlier [14,15]. 
 
Staining of cells: Cells were stained by Haematoxylin and 
eosin to see any morphological variation if produced by 
the stress incurred in serum deprive medium. 

Results  

     Culture of HepG2 cells is normally maintained in 10% 
fetal calf serum (FCS) fortified medium. Concentration of 
FCS has been reported to be reduced in several occasions 
to stimulate the expression of certain proteins on the cell 
surface [16,17]. Since FCS provides growth factors to 
maintain the cell growth; growth rate is expected to be 
reduced with decreased concentration of FCS. As a matter 
of fact the viability of cells is also expected to be affected. 
In this study, the proliferation pattern of 106 cells has 
been followed over 96hrs at various concentrations of 
FCS. It is obvious from the (Table-1) (Graphical 
presentation in Figure-1) that the extent of cell 
proliferation has been decreased with decreased 
concentration of FCS. Although a spontaneous drop in the 
total number of cells was apparent with the fall of FCS 
concentration in the culture medium; the trend gets lost 
below 5% FCS deficient state. There is apparently no 
difference in cell concentration over 96hrs between 0% 
and 2% FCS fortified medium. This means that below 5% 
serum the cells lose their constant ability to grow. It is 
also apparent that increase of cells over each 24hrs is 
almost negligible in 0% and 2% FCS supplemented 
medium as compared to the changes found with 5% 
through 10% FCS supplemented states. It is also obvious 
from Table – 1 that in 96hrs time there is almost 50% 
reduction to the cell numbers with 5%FCS 
supplementation as compared to 10%FCS supplemented 
cells.  
 
     This above starvation model was prepared to check the 
role of LDL on cell proliferation. Since at 5% FCS 
concentration, the cell proliferation profile was reduced 
to 50% of that found in the 10% FCS fortified state, the 
cells were maintained at 5% FCS concentration to verify 
the effects of LDL on the cell proliferation pattern. LDL 
was used at concentration of 50 and 100g/ml medium 
because these concentrations of LDL do not affect the 
normal functional activity of LDL receptors [15]. At LDL 
concentration of 50g/ml in the medium of 106 cells 
population, the cells were also found not saturated with 
cholesterol and hence the feedback inhibition by 
cholesterol laden cells on LDL receptor expression can be 
avoided. It is quite clear from (Table 2) that LDL did work 
as growth stimulant and promoted cell proliferation. Thus 
LDL acted like a mitogen and activated proliferation of the 
slow growing cells in serum deficient medium. 
 
     The profile of LDL uptake at various serum deficient 
conditions (2, 5, and 10% FCS) was compared in (Figure 
2A). The time of incubation of the cell culture was 
restricted at 48h. The uptake rate was calculated in g 
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LDL consumed per 106 cells. The LDL uptake rate of 
HepG2 cells was almost parallel in 5% and 10% serum 
supplemented culture medium. But in 2% serum fortified 
medium the uptake rate was incredibly high. This 
suggests that starved cells consume more LDL to restore 
their growth potential. It is apparent from (table 2) that 
LDL acts like a mitogen. Thus in serum deficient medium 
the cells get more vigor to consume more LDL as 
supplement for the growth factor from which the cell are 
deprived to maintain cell growth. This gives the thrust 
that starvation makes the cells more vigor for nutrients to 
increase cell proliferation rate which may sometimes be 
the reason of abnormal incidence e.g. in case of adipose 
cells the obesity may be encouraged for making more fat 
storage cells (adipose cells) to support cells for energy 

during prolong starvation. Consumption of more LDL in 
the form of fat may gear this process.  

     The differences of LDL uptake rate at various serum 
deficient states were found wider with more incubation 
time. While cells were incubated for 96hrs in serum 
deficient medium, the LDL uptake rate was found more 
vigorous (Figure 2B).  
 
     The cells show no change in their morphology by the 
decrease of serum concentration from 10 to 2% and 
addition of LDL in the culture medium (Figure 3). This 
shows that the cells maintained their cellular integrity 
even in the nutritionally stressed situation.  

 

Cell number per plate at 0hr: 106 Proliferated cell count per plate: [Mean x106 ± SD] 

Concentration of Fetal 
Calf Serum. 

24h Mean ± SD 48hr Mean ± SD 72hr Mean ± SD 96hr Mean ± SD 

0% 0.94 ±0.03 1.36 ±0.08 1.30 ±0.06 3.30 ±0.21 
2% 1.24 ±0.08 2.172±0.31 2.77 ±0.39 3.20 ±0.16 
5% 1.35 ±0.02 3.192±0.16 3.36 ±0.15 5.60 ±0.01 
7% 1.59 ±0.08 3.34 ±0.11 3.37 ±0.16 7.36 ±0.85 

10% 2.0 ±0.16 3.6 ±0.14 4.44 ±0.36 9.92 ±0.40 

Mean ± SD represents four sets of experiments. 
Table 1: Proliferation of HepG2 cells grown in various concentrations of fetal calf serum, at different time intervals 
 

Figure 1: Graphical presentation of proliferation of HepG2 cells at various serum concentrations. 
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Cell number per plate at 0hr: 106 Proliferated cell count per plate: [Mean x 106 ± SD] 

Presence of Stimulants 
24h 

Mean ± SD 
48hr 

Mean ± SD 
72hr 

Mean ± SD 
96hr 

Mean ± SD 

NIL 1.35 ± 0.02 3.192 ± 0.08 3.36 ± 0.07 5.60 ± 0.01 

LDL (50mg/ml) 0.94 ± 0.01 4.5 ± 0.05 6.8 ± 0.04 7.60 ± 0.01 

LDL(100mg/ml) 1.58 ± 0.05 7.9 ± 0.03 12.8 ± 0.01 13.6 ± 0.01 

Mean ± SD represents results from four sets of experiments. 
Table 2: Proliferation of Hepg2 Cells Grown in Deficient Serum Concentration (5% FCS) at Different Time Intervals with 
and without LDL in the Medium. 
 
 

 

Figure 2(A): LDL uptake by 48hr cultured and serum starved HepG2 cells. 
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Figure 2(B): The figures show increased rate of uptake of LDL by cells at extremely low serum Fortified-
medium. 

 
2% FCS               2% FCS+LDL 

 
 

     5% FCS                5% FCS +LDL 
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10% FCS          10% FCS+LDL 

 

Figure 3: Cell morphology at various serum concentrations [with and without LDL] after 48hrs incubation. 
The decrease of serum concentration from 10% to 2% and addition of LDL in the culture medium did not make any 
change in the cell morphology  
 

Discussion  

     The low density lipoprotein receptor (LDLR) is a major 
plasma LDL clearing protein that exists on the plasma 
membrane of cells except in erythrocytes. The LDL taken 
into the cells by LDLR provides the cells with metabolic 
and structural components e.g. essential fatty acids, 
cholesterol and amino acids for cellular growth and 
proliferation. The known feedback mechanism for LDLR 
expression [10] is related to the maintenance of plasma 
cholesterol balance in relation to intracellular cholesterol 
pool by the control of plasma membrane located LDL 
receptor’s functional activity.  
 
     Functionally hyperactive LDL receptors add more 
cholesterol to intracellular pool. In non-steroidogenic 
cells the intracellular cholesterol pool is maximally used 
for membrane synthesis and metabolic maintenance. 
Since cell replication is associated with new membrane 
formation; cholesterol is substantially used for new cell 
generation or in other words more cholesterol store 
stimulates new cell formation i.e. cell proliferation. This 
study has shown that cells with its progress into the 
severity of starvation get more and more sensitive for 
procuring LDL to restore its normal growth pattern. This 
model culture study has shown that serum starved cells 
are more vibrant than cells in complete medium (serum 
fortified) to consume growth promoter molecules like 
LDL.  
 
     The immerging reports have also shown the presence 
of cholesterol in association with sphingomyelin in the 
cell nucleus [18]. It is also true that DNA multiplication 
will fail to produce new cells without membrane 
formation. Cholesterol is one of the major components of 
cell membrane. Hence, the intracellular cholesterol 
concentration is needed to be increased side by side with 

the increase of DNA concentration in the process of cell 
multiplication. Therefore, it is expected that the level of 
expression and functional activity of LDL receptor is also 
a regulatory event for the maintenance of multiplication 
rate in normal cells.  
 
     Since adipose tissue cells are stores for fat molecules, 
starvation enforce this store to compensate the 
emergency energy need by the lipolysis of stored fat. Thus 
starvation makes fat cells aggressive to consume extra fat 
and as fast as possible from any immediate source. This 
process loses its control on satiety regulation, maintains 
hunger and keeps the subjects open to consume more 
energy by repeated food intake. Reinstatement of 
cholesterol through more fat storage in adipose cells may 
act as a trigger to increase cell volume and more fat cell 
formation in order to make more space for extra storage. 
These proliferated cells are expected to be the originator 
for developing obesity.  
 
    Thus the findings of this pilot study, which shows the 
vigorous utilization of LDL cholesterol by the cells at 
extremely low serum concentration to compensate cell 
viability and cell proliferation, may be a model to explain 
the fat cell proliferation and onset of obesity through 
prolonged fasting and starvation followed by inconsistent 
hunger and more food intake.  
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