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Abstract

Cancer cells perform their malicious activities through own cell membranes that screen and transmit inhibitory and stimulatory
signals out of the cells and into them. This work is focused on changes of phospholipids content (PI – phosphatidylinositol, PS –
phosphatidylserine, PE – phosphatidylethanolamine, PC – phosphatidylcholine) and electric charge that occur in cell membranes
of colorectal cancer of pT3 stage, various grades (G2, G3) and without/with metastasis. Qualitative and quantitative composition
of phospholipids in the membrane was determined by HPLC (high-performance liquid chromatography). The surface charge
density of colorectal cancer cell membranes was measured using electrophoresis. The measurements were carried out at various
pH of solution. It was shown that the process of cancer transformation was accompanied by an increase in total amount of
phospholipids as well as an increase in total positive charge at low pH and total negative charge at high pH. A malignant
neoplasm cells with metastases are characterized by a higher PC/PE ratio than malignant neoplasm cells without metastases.
(Mol Cell Biochem 276: 113–119, 2005)
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Introduction

Physiologic cell function are conditioned by intracellular en-
vironment. The effective barrier that surrounds and protects
intracellular content, is a plasmalemma, that is employed in
lots of cellular changes [1]. Cancer cells perform their mali-
cious activities through their own cell membranes that screen
and transmit inhibitory and stimulatory signals out of the cells
and into them. Neoplasms produce and secrete agents that
are found only in trace portions inside of cells. They are can-
cer markers that include carcinogenic antigens, hormones,
metabolites, growth factors, enzymes and cytokines [2–5].
These agents are transported through cell membrane. In ma-
lignant cells the ultrastructural architecture of plasmalemma
changes what results in alterations of biologic properties.
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Quantities of membrane components vary on a wide scale.
Mostly protein and lipid content are affected due to disorders
enzymes that take part in biosyntesis. Quantitative alterations
of phospholipids and structural proteins are presumed to re-
flect disintegration and deep impairment of genomic func-
tioning due to mutations as hallmarks of malignant transfor-
mation [6, 7]. A product of gene expression is undoubtedly
engaged in maintaining of normal development of processes
in healthy cells. Mutation, in some cases, might be connected
with the virus. At an early stage of their oncogenic action viri-
ons attach to suitable membrane receptors of the host. This
event can be prevented by immunoglobins cell surface in co-
operation with lipids and structural proteins of plasmalemma.
Carbohydrate residues connect with mentioned components
of membrane and are situated on cell surface in hydrophilic



114

phase. In this way carbohydrate residues create asymmetry
of cell membrane, what is associated with superficial layer
that covers the external surfaces of plasmalemmas [8]. This
layer develops electric potential of the cell surface. A value
of electric charge that is membrane accumulated on cell sur-
face, reflects condition of the cell. A progress of malignancies
often is associated with an increase of superficial membrane
potential. In opposition, a decrease of the potential is detected
in case of cell death. An electric potential in caused by carriers
of negative electric charge that include phosphatidylserine,
sialic acid, glicoforins, free carboxyl groups of peptides and
molecules that contain plus charged amine groups of protein
and aminophospholipids. A constant support of appropriate
potential is required for normal development of metabolic
processes that involve a role of cell membrane. Electric fea-
tures of membrane result from an acid-base equilibrium and
sophisticated interactions between membrane components
and surrounding elements. The equilibrium is set up by most
of membrane molecules like phospholipids and proteins.

The work is focused on changes of phospholipids content
and electric charge that occur in cell membranes of colorectal
cancer.

Materials and methods

Tissue samples were obtained from 18 patients (9 men and
9 women) who underwent surgical resection because of col-
orectal cancer. Our study included only colorectal cancers
classified histopathologically as adenocarcinoma: 13 cases in
G2 grade and 5 cases in G3 grade. There were all tumors in
pT3 stage. 10/18 (55.6%) patients had involved lymph (N+)
nodes at the time of diagnosis. The age of patients ranged
from 38 to 83 years old. Tumor samples with adjacent nor-
mal colon mucosa were collected immediately after tumor
removal.

Isolation and analysis of phospholipids by HPLC method

The tissues were homogenated in 1 mM (pH = 7.6)-0.5 M
CaCl2 until almost all of cells and approximately 90% their
nuclei were lysed. Membrane fragments, undisrupted cells,
nuclei and elements of connective tissue were spinned. The
sedimentation was washed and partially separated in two
following spinning at 1000 × g. The sedimentary deposit
was homogenated in saccharose of 1.22 density and in the
next step was covered with saccharose of 1.16 density. The
cell membranes were separated by centrifugation at 2000×g
for 25–35 min [9]. Then a method of Folch was applied to
extraction of phospholipids [10]. Tissue was homogenized
in a chloroform–methanol mixture of 2:1 volume ratio using
20 cm3 per g of tissue. The solution was then filtered out with

degreased paper filters, the precipitate was washed with the
extracting solution containing 0.05 M calcium chloride; the
volume ratio of chloroform, methanol and aqueous calcium
chloride solution was 8:4:3. The suspensions was centrifuged
at 500×g for 2 min, the organic and the aqueous phases were
separated, the aqueous phase was shaken again with chloro-
form, methanol and water mixture of 3:48:47 volume ratio
and the phases were separated. The organic phases were com-
bined and were evaporated to dryness. The extract were dis-
solved in 200 µl of heksane–isopropanol mixture (3:2) [10].

The HPLC analysis was then carried out. The isolated
phospholipids were separated by group analysis in silica gel
column using NP-HPLC (liquid chromatography in normal
phase system); acetonitryle–methanol–85% phosphoric acid
mixture in 130:5:1.5 volume ratio in isocratic elution at 1 ml/s
flow rate and 214 nm wave lenght [11].

Electrochemical method

In order to determine surface charge density of cell mem-
brane, colorectal cancer tissue from human was exposed to
trypsin action. Received cells were put into the measuring
vessel, then electrophoretic mobility was measured by us-
ing DTS5300 ZETASIZER 3000 apparatus (MALVERN IN-
STRUMENTS).

The surface charge density has been determined using
equation: σ = ηu/d; here u is electrophoretic mobility, η

is viscosity of solution, d is diffuse layer thickness [12].
The diffuse layer thickness was determined from the for-

mula [13] d =
√

ε·ε0·R·T
2·F2·I , where R is the gas constant, T is

the temperature, F is the Faraday number and I is the ionic
strength of 0.9% NaCl, εε0 – are relative and absolute per-
mittivities of the medium.

Statistical methods

The data obtained in this study are expressed as mean ±
SD. The data were analysed using Wilcoxon Matched-Pairs
Signed-Ranks Test (from standard statistical program SPSS
8.0 PL) for comparisons to determine significance between
control and cancer. The values for p < 0.05 were considered
significant.

Results

Content of phospholipids, their surface concentration and sur-
face fraction occupied by them as well as the surface concen-
tration of acidic groups (CTA) and the surface concentration
of basic groups (CTB) parameters of human large intestine
cell membrane unmodified and of the membrane modified
by neoplasm lesion are presented in Tables 1–3. Generally,
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an increase in the content of all phospholipids and in their sur-
face concentration is observed in the patients at pT3 stage, G2
grade without metastasis (N−) with respect to the unaffected
cells. However, phosphatidylcholine is most of all than other
phospholipids, both in control tissue and in cancer tissues.
An increase in acid and basic groups surface concentration
was observed in the above mentioned patients with respect
to unmodified cells. Only in patients 7 and 8 there were no
statistically relevant CTA changes.

The changes observed in patients at pT3 stage, G2 grade
and with metastases (N+) proved to be similar to the pa-
tients without metastasis. A not significant increase in the
phosphatidyl ethanol amine content and significant increase
in the phosphatidylcholine content caused by cancer trans-
formation was observed in the cell membrane (particularly
in patients 10–12). Similarly, the CTA value of the cell mem-
branes modified by cancer transformation was higher than
that of the unmodified cells.

The changes observed in patients at pT3 stage, G3 grade
and with metastasis (N+) proved to be similar.

Discussion

A cancer transformation results in the appearance of a new
cell line in the organism whose malignant activity to the or-
ganism is transmitted from one cell generation to another. It
seems that phenomena related to cell membrane modifica-
tion might play a role during the transformation of a normal
cell into a cancer one. It is hard to decide if this modifi-
cation is a cause or rather a result of cancer changes. The
results of our research show changes in the composition of
membrane in all examined cases. In order to explain this
problem we should analyse changes in cell membrane in
premalignant cases of colon cancer (directly preceding the
growth of cancer for example adenomas). These transforma-
tions also result in serious metabolic track perturbations; the
perturbations are reflected by changes in the content of phos-
pholipids and proteins in biological membranes [14]. The
phospholipids are an integral part of the membrane and de-
termine its structure. In the most colorectal cancer results
in increased amount of all phospholipids of cell membrane
(Tables 1–3). The literature data show that an increase in
the amount of phospholipids can generally be observed in
human colon cancer [15] and in murine tumour mammary
[16]. It has been suggested that higher amount of phospho-
lipids can be due to enhanced cell membrane synthesis re-
lated to accelerated neoplasm cell replication [3]. The mech-
anisms which are responsible for an increase in the amount of
phospholipids can vary depending on cell nature, cell growth
phase and its malignancy. The greatest changes in the con-
tent of phosphatidylcholine and phosphatidylethanolamine
were observed in the first phase G1 of cell cycle, in which

activity of the enzymes controlling biosynthesis, catabolism
and metabolism of phospholipids attains maximum [17, 18].
The characteristic parameters of phospholipids presented in
Tables 1–3 also show that the content of phosphatidylcholine
in normal mucosa or lesions of colorectal cancer cells is
higher than that of other phospholipids. Its amount is higher
in cancer cells. Earlier reports [15] are confirmed by these
observations.

Differences in membrane phospholipid contents can af-
fect the tendency to produce metastasis. A malignant neo-
plasm cells with high number of metastases are characterized
by a higher phosphatidylcholine/phosphatidylethanolamine
ratio than malignant neoplasm cells with low number of
metastases [19]; it has been confirmed by the results of our
work.

Increased amount of phospholipids results in a higher
amount of functional groups: amino, carboxy and phosphate
groups. In acid medium (low pH), the charge of phospholipids
is mainly due to amino groups whereas in basic medium (high
pH) it is due to carboxy and phosphate groups. Increased
amount of phospholipids can increase surface density of neg-
atively charged groups of large intestine cell membrane at low
pH values and that of positively charged ones at high pH; it
has been confirmed by the results of this work (Tables 1–3).
The main component of the large intestine cell membrane
outer layer is phosphatidylcholine and its higher content can
provoke an increase in both positively charged groups con-
centration at low pH values and in negatively charged groups
concentration at high pH values.

The literature data show that in tumors both hypoxia and
acidity could exist. Hypoxia is an important cellular stressor
that triggers a survival program by which cells attempt to
adapt to the new environment. This primarily involves adap-
tation of methabolism and/or stimulation of oxygen delivery
[20]. Hypoxia/reoxygenation and acidity induced exposure
of anionic phospholipid, most likely phosphatidylserine and
phosphatidylethanolamine [21, 22]. Anionic phospholipids
on tumor vessels could potentially provide markers for tu-
mor vessel targeting and imaging [22]. It seems that the
alterations in the distribution of phosphatidylserine, which
is a component of the skeleton, could cause an increase
in negatively charged groups concentration at high pH
values.

Beside the phospholipids which have been discussed in
this work, the cell membrane charge is also affected by sialic
acid being the component of glycolipids and glycoproteins.
It has been supposed that sialic acid also influences surface
concentration of acid and basic groups as well as associa-
tion constants of positive and negative groups during cancer
transformation. Increased sialic acid content in glycolipids
and glycoproteins has been confirmed by literature data [23,
24]. Increased sialic acid content can provoke increased sur-
face concentration of acid groups.



119

Electrophoretically determined functional group surface
concentrations in human large intestine cell membrane is of
the order of 10−7 mol/m2 (Tables 1–3) whereas functional
group surface concentration calculated from the amount of
all four phospholipids as determined by the HPLC method is
higher. As the functional groups of proteins are manifested
in the electrophoretic studies only, the lower electrophoretic
study result can be due to screening of a part of phospholipids
by glycoproteins situated at the membrane surface. There-
fore, the cell membrane contains more functional groups
originating from phospholipids.

To sum up, the cell membrane structure and the function
are modified by neoplasm lesion. It is reflected by changes
in the amount of phospholipids and in the electric charge of
human thick intestine cell membrane.
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