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Purpose: The aim of this study was to determine whether plasma
lecithin:cholesterol acyltransferase (pLCAT) and erythrocyte
membrane Na*-K*-ATPase ase (emNaKATPs) activity have a
correlation in breast cancer. This study compared these parame-
ters at time points before and after treatment with radiotherapy.
Methods: The levels of pLCAT and emNaKATPs were assessed
in 30 patients with breast carcinoma and 20 control subjects.
While emNaKATPs was measured with spectrophotometric
method, pLCAT levels was measured using a specific enzyme-
linked immunosorbent assay. Results: pLCAT levels, both before
and after radiotherapy, were found to be decreased in breast
cancer patients than in the controls groups (p<0.001 and
p<0.001, respectively). Also, pLCAT levels after radiotherapy
were found to be decreased in breast cancer patients than the
pLCAT levels before radiotherapy (p<0.001). The emNaKATPs
activity were higher in the control group than in the breast cancer
patients before/after radiotherapy (RT) (p<0.001 and p<0.001,
respectively). At the same time, emNaKATPs activity before RT

was higher in the breast cancer patients than emNaKATPs activ-
ity after RT (p<0.001). There was a significant correlation be-
tween pLCAT and emNaKATPs activity in breast cancer patients
receiving radiotherapy (r=0.63, p<0.001), but no correlation be-
tween in breast cancer patients before RT and control group
(r=0.023, p>0.05). Conclusion: The results of the present study
demonstrated that decreased pLCAT and emNaKATPs activity
levels in breast cancer patients after/before RT than control
group. In addition, decreased emNaKATPs activity in breast can-
cer patients receiving radiotherapy may be due to decreased
pLCAT concentrations and RT beam. In our opinion, altered ac-
tivities of pLCAT and emNaKATPs are linked to the treatment ef-
fect of radiotherapy. These data may clarify the development of
cell membrane dysfunction and lipid metabolism in breast can-
cer patients receiving radiotherapy.
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INTRODUCTION

Breast cancer is one of the most common cancers in the
world. A combinatorial mode of surgery, chemo, radiation,
and hormonal therapy is used for treatment of breast cancer.
When surgical removal of the cancer mass is not possible or
surgery might weaken the patient radiotherapy is an impor-
tant modality for cancer treatment [1]. Radiotherapy (RT) has
a key role in the treatment of different cancer types. Approxi-
mately 60% of all cancer patients receive RT alone or in con-
junction with surgery or chemotherapy [2,3]. The nausea, hair
loss, skin irritation, anemia, infertility, cardiovascular disease,
cognitive impairment and the development of secondary can-
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cers are the most common side effects of RT. The aim of RT is
to destroy cancer cells in the area of the body, but at the same
time it influence some of the normal cells membrane.
Although plasma lecithin: cholesterol acyltransferase
(pLCAT) is also expressed in small amounts in the testes and
in astrocytes in the brain it is synthesized primarily by the liv-
er [4,5]. In addition pLCAT transesterifies and hydrolyzes
platelet activating factor and oxidizes phospholipids with long
chains in the stereochemical numbering-2 position [6-8].
Hence, pLCAT is expected to contribute to the antioxidant
properties of high density lipoprotein (HDL) [9]. All things
considered that the results of pLCAT deficiency for the com-
plete HDL proteome are unknown, it is not clear whether the
influences of pLCAT deficiency on the antioxidant properties
of HDL are a direct effect of the damaged pLCAT function or
due to other anomalies of the HDL proteome. Nevertheless,
since oxidation of plasma lipoproteins is an important action
in the formation of atherogenic particles, damaged pLCAT
function is predicted to activate the pathogenesis of athero-
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sclerosis. In addition to its role in reverse cholesterol trans-
port, pLCAT directly or indirectly interferes with several other
physiological mechanisms that might affect the development
of membrane dysfunctions [6-9]. Erythrocyte membrane
Na*'-K*-ATPase (emNaKATPs) is a heterodimeric transmem-
brane protein that regulates ion homeostasis, neuronal signal-
ing, substrate transportation and muscle contraction. Further-
more, it acts as a signal transducer for the regulation of many
cellular mechanisms, including those interested in tumor cell
growth. emNaKATPase is a ubiquitous cation transporter of
the cell, and establishes the cell’s working potential across the
plasma membrane. emNaKATPase is an enzyme of critical
importance to cellular metabolism. Therefore, any biological
defect in its function can predictably influence a variety of cel-
lular mechanisms [10]. pLCAT and emNaKATPs activity may
suggest a direct or indirect relationship to cancer or RT.

However, pLCAT and emNaKATPs activity in patients with
breast cancer accepted RT-remains to be determined. Thus,
the aim of the present study was to determine the effect of
their activity in breast cancer.

METHODS

We studied 30 patients with breast cancer and 20 healthy
women. Breast cancer staging was determined by the Ameri-
can Joint Committee on Cancer Guidelines. None of the sub-
jects in this study were taking any lipid-lowering medication.
They did not have diabetes or any other systemic diseases. All
of patients had undergone a mastectomy or lumpectomy. Af-
ter having undergone a mastectomy or a lumpectomy, all pa-
tients underwent chemotherapy treatment. Per protocol, RT
had to start within 6 weeks after completion of the adjuvant
chemotherapy. In the mastectomy group, a dose of 45-Gy was
delivered in 25 fractions over 5 weeks to the chest wall using
tangential photon fields, and in cases of pN1 status, to the su-
praclavicular, infraclavicular, and axillary nodes using an an-
terior field matched to the tangential fields. Breast-conserved
patients received, an addition, a sequential boost of 5.4-Gy
delivered in 3 fractions to the initial tumor bed using a direct
electron field. The study was restricted to women with inva-
sive breast cancer; women with ductal carcinoma in situ were
not included. The study was being performed with the ap-
proval of the Ethics Committee of the Ataturk University
medical faculty(approval no: B.30.2.ATA.0.01.00/91) and all
participants have provided written informed consent. At base-
line, immediately after diagnosis, blood samples were collect-
ed from patients for data measurement. From each patient, 10
mL of blood was drawn by venipucture into heparinized glass
tubes. Blood samples were centrifuged at 4,000 rpm for 10
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minutes and the plasma samples obtained were stored at
-80°C until assayed and packed cells washed in triplicate, us-
ing physiological saline. After treatment, blood samples were
obtained in the same manner from breast cancer patients that
were undergoing radiotherapy. pLCAT level was measured
using a specific enzyme-linked immunosorbent assay (Cat no:
CSB-E13469h; Cusabio, Wuhan, China). All lipid profile tests-
cholesterol, triglyceride, HDL-were performed as routine tests
in all patients and in the control group. But routine tests did
not show in paper. All chemicals were obtained from Sigma-
Aldrich (St. Louis, USA).

The data are presented as mean + standard deviation. The
statistical analysis was performed using SPSS version 19.0
(IBM-SPSS, Chicago, USA). Comparisons between groups
were done using Mann-Whitney U tests for continuous data,
as much of the data was skewed. The relations between data
were investigated by linear regression analysis.

Membrane preparation

The erythrocyte membranes were adapted according to
Wood and Beutler [11]. Red cells were separated from plasma
by centrifugation at 2,000 x g for 10 minutes. Red blood cells
(RBCs) were washed once with 0.9% NaCl, and 1.5-mL of
packed red cells was added to a 50-mL polyethylene centrifuge
tube. Then 50 mL of hemolysing solution (1x10* Na,EDTA
and 7x 10 M Tris, pH=7.4) were added to packed erythro-
cytes. Then this suspension was centrifuged at 20,000 x g for
10 minutes. The supernatant was decanted very slowly and
carefully for not losing the obtained ghosts (packed erythro-
cyte membrane). These ghosts were mixed for 1 minute with a
magnet and magnetic stirrer. Next, hemolysing solution was
added again and the procedure was repeated 3 times. The fi-
nal pellet of membranes was resuspended in 1-mL of Tris-
EDTA buffer, and stored at -70°C until analysis. Protein con-
centration was determined by the lowry method with albu-
min as a standard (125-190 pg/100 uL) [12].

Na*-K*-ATPase assay

The reaction medium for total ATPase was adapted as de-
scribed by Muriel and Mourelle [13]. Standard reaction mix-
ture contained 5-mmol/L KCL, 150-mmol/L NaCl, 2.5-mmol/
L MgCl,, and 0.1-mmol/L EDTA in 600-puL of 20-mmol/L
imidazole buffer. The ghost suspension was added in a vol-
ume of 0.5-mL and the mixture was placed in a water bath at
37°C for 10 minutes. The reaction was started with the addi-
tion of 2.5-mmol/L of disodium ATP in a volume of 0.1-mL.
At the end of 1 hour, the tubes were placed in an ice bath. To
stop the reaction, we added 1-mL of 15% trichloroacetic acid.
Pi hydrolysed from the reaction was measured by the method
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of Muioz et al. [14]. ATPase activity assayed in the presence
of 1-mmol/L ouabain was subtracted from the total Mg"-de-
pendent ATPase activity to calculate the activity of the oua-
bain-sensitive Na*-K*-ATPase. The results have been expressed
as umol of Pi per milligrams of membrane protein per hour.

RESULTS

Table 1 shows the characteristics of the study group. Values
of pLCAT and emNaKATPs activity in the study subjects are
presented in Table 2. pLCAT levels both before and after radio-
therapy were found to be lower in breast cancer patients than
in the controls groups (p<0.001 and p <0.001, respectively).
Also, pLCAT level after radiotherapy was found to be de-
creased in breast cancer patients than in the before radiother-
apy patients (p<0.001). The emNaKATPs activities were

Table 1. Clinical and demographic characteristics of study subjects

Control subjects (n=20) Cancer subjects (n=30)

Characteristic No. (%) No. (%)
BMI (kg/m?)* 22.4+3 23.1x4
Age (yn)* 43+3 45+6
Duration of cancer (mo)* 6+3
Education
Up to secondary school 7 (35) 27 (90)
University 13 (65) 3(10)
Location of residence
City area 18 (90) 26 (87)
Non-city area 2(10) 4(13)
Married position
Married 16 (80) 25 (83)
No married 4(20) 5(17)
Smoker
Never or past smoker 17 (85) 27 (90)
Current smoker 3(15) 3(10)
Consumes alcohol
Alcohol drinker 1(9) 1)
Non-alcohol drinker 19 (95) 29 (97)
Type of surgery
Mastectomy 21 (70)
Lumpectomy then mas 9(30)
tectomy
Have health insurance
Yes 20 (100) 30 (100)
No
Have at least one child 18 (90) 29 (97)
No oral endocrine therapy 20 (100) 30 (100)
Stage diagnosis
Stage IIB 4
Stage llIA 12
Stage IIB 9
Stage llIC 5

BMI=body mass index.
*Mean+SD.
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Table 2. Levels of erythrocyte membrane Na*-K*-ATPase activity and
pLCAT activity in control and patients groups

Control Before treatment After treatment
subjects subjects subjects
(n=20) (n=30) (h=30)
Erythrocyte membrane 2.62+0.23 2.39+0.19 2.13+0.15
Na*-K*-ATPase
(umol Pi. mg prot™.hr )
pLCAT (pg/mL) 5.98+0.88 5.12+0.58 4.23+0.47

Data are presented as mean+SD. Comparisons are made between control
and breast cancer subjects. p<0.001 vs. control group and before treatment.
p<0.001 vs. control group and after treatment. p<0.001 vs. after treatment
and before treatment.

pLCAT =plasma lecithin:cholesterol acyltransferase.

higher in the control group than in the breast cancer patients
before and after RT (p<0.001, p<0.001, respectively). At the
same time, emNaKATPs activities before RT were higher in
the breast cancer patients than they were after RT (p<0.001).
There were statistically significant correlation between pLCAT
and emNaKATPs activities in breast cancer patients receiving
radiotherapy (r=0.63, p<0.001), but no correlation between
in breast cancer patients before RT and control groups
(r=0.023, p>0.05). In addition, no correlation was detected
between pLCAT levels and other parameters in breast cancer
patients. Similarly, there was no correlation between em-
NaKATPase activities and other parameters in patients. There
was no correlation between pLCAT and emNaKATPase with
the stage of cancer in the participating breast cancer patients
in this study. In a like manner, there was no any correlation
between lipid profiles and these enzymes activities in breast
cancer patients (not data see). The p-value lower than 0.05
was accepted as statistically significant.

DISCUSSION

In the present study a significant decrease in pLCAT and
emNaKATPase levels were observed in patients with breast
cancer before and after RT. LCAT enzyme reversibly binds to
lipoproteins and is primarily found on HDL, which probably
anticipates its rapid clearance from the circulation. ApoA-I is
the most dominant activator of pLCAT, which enables it to
convert free cholesterol into cholesteryl esters (CE) on HDL
by a transesterification reaction involving the transfer of a fat-
ty acid at the sn-2 position of phosphatidylcholine, or lecithin,
to the free hydroxyl group of cholesterol [4,15]. Significantly,
upon esterification of cholesterol in HDL, LCAT keeps the
gradient of free cholesterol between the cellular membrane
and the surface of the HDL particle, which is concepted gen-
erate a continuous flow of cholesterol from the cell to lipopro-
teins and block the transfer of cholesterol back to the cell [16-
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18]. According to our study, pLCAT deficiency may arise as a
consequence of either a defect in the enzyme, or defects in its
synthesis and/or secretion in breast cancer before or after ra-
diotherapy. An early study did show that both fractional and
molar LCAT rates were positively correlated with obesity in
women, but not in men [19]. However, a different and more
recent study found increased pLCAT in obese individuals of
both sexes [20]. As LCAT was considered the main driving
force in the reverse cholesterol transport pathway, it was soon
thought that the enzymatic activity of LCAT could be involved
in the protection against atherosclerotic lesion formation and
membrane dysfunction. Moreover, LCAT activity was raised
with increased severity of coronary atherosclerosis.

A change in lipid mechanisms in malignant conditions
modifies the activity of certain lipid metabolizing enzymes
such as LCAT, which leads to striking changes in the pattern
of integrated membrane metabolism and ultimately the rea-
son for the observed change in lipid levels after radiotherapy.
Erythrocyte membrane Na*-K*-ATPase and other ATPase
molecules regulates intracellular ion homeostasis. The activi-
ties of these membrane ATPases are greatly influented by free
radicals, lipid peroxides, and molecules like CE and ATP [21].

The observed significant decreases of the emATPase in the
breast cancer patients might be due to the decreased plasma
CE and increased ionizing radiation under RT condition. Ac-
cording to our study, plasma cholesterol ester concentration
would be changed by decreased pLCAT activity; CE is an im-
portant member of erythrocyte membrane, the activity of
emNaKATPase might be decreased in patients with breast
cancer after or before RT. An important observation of this
study is that while activity of pLCAT and emNaKATPase were
slightly reduced in breast cancer patients before RT, the activ-
ity of pLCAT and emNaKATPase are reduced significantly in
breast cancer patients receiving radiotherapy. The first reason
for abnormally decreased emNaKATPase activity may be af-
fected the result of altered erythrocyte membrane CE concen-
tration, which regulates membrane viscosity. From the present
data, it may be speculated that there might be an association
in the decreased plasma LCAT and decreased emNaKATPase
activities. Lysophosphatidyl cholesterol (LPC), being an am-
phiphilic molecule and as a product of LCAT activity, is rapid-
ly incorporated into cell membranes that in turn increases
membrane fluidity. Decreased pLCAT activity leads to de-
creased levels of LPC in cell membrane that may change physi-
cochemical properties of the membrane leading to conforma-
tional changes in erythrocyte membrane, which result in de-
creased emNaKATPase activity. In conditions with decreased
pLCAT activity, cholesterol being a substrate of LCAT, may
accumulate and its rigid sterol ring may react with acyl-side
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chains of membrane phospholipids and thereby result in the
restriction of membrane motility and fluidity. LCAT contrib-
utes to maintaining a concentration gradient of free cholesterol
between the cell membrane and plasma, and defective LCAT
activity may result in a increase in the plasma cholesterol con-
centration. Both before and after radiotherapy, the decrease in
LCAT reactivity could effect the reverse cholesterol transport
of HDL and thereby, contribute to the atherosclerotic process
in breast cancer patients after RT. Our results are confirmed
by the results of previous studies performed in this area
[22,23]. In both groups, the reduction of emNaKATPase ac-
tivity may be related to qualitative alterations in the phospho-
lipid components of the membrane and modifications in
phosphoinositide metabolism linked to the polyol biosynthet-
ic pathway. The second reason may be ionizing radiation.
Some studies showed that ionizing radiation is one of the im-
portant exogenous sources of DNA damage, cell membrane
dysfunction, and oxidative stres [24,25].

As a result, we found decreased emNaKATPase and pLCAT
activities in breast cancer before and after RT. According to
our study, altered activities of pLCAT and emNaKATPs are
linked to the treatment effects of radiotherapy. Genetic studies
are required to define the relationship between emNaKATPase
and pLCAT activities and radiotherapy in breast cancer.
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