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Abstract: Low cholesterol levels may be accompanied by solid tumors or
hematological malignancies such as multiple myeloma. Decreased cholesterol
levels have been reported in some experimental studies about chronic
lymphocytic leukemia (CLL). It may be associated with tumoral cell metabolism.
Herein, we examine blood lipid profiles of patients with newly diagnosed CLL
(284 male, 276 female, mean age 64 + 11 years) as defined by National Cancer
Institute criteria. The control group consisted of 71 healthy subjects with mean
age 55 + 9 years (28 male, 43 females). 60% of patients with Binet A, while 25%
were Binet C. Decreased levels of total cholesterol, high density lipoprotein
(HDL) and low density lipoprotein (LDL) were observed in patients with CLL than
control group (p < 0,001). There was no statistical significance between CLL and
control group for triglycerides (TG) and very low density lipoprotein (VLDL), also
between HDL-C, VLDL, TG and grades. Cholesterol may metabolized by
abnormal lymphocytes in CLL patients.
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INTRODUCTION

hronic lymphocytic leukemia (CLL) is most com-

mon type of adulthood leukemias characterized by

increased lymphocyte counts and clonal expansion
of CD5™ B cells in peripheral blood, bone marrow, lymph
node, spleen or other organs." Cholesterols play an impor-
tant role on cancer cells’ growth and proliferation. Espe-
cially, mevalonic acid is involved in the transition from G1
to S phase.” Hypocholesterolemia have been described as
laboratory abnormality for pyelonephritis, pneumonia or
hyperthyroidism.” Also, it may present during the course of
malignant disorders such as hematological (acute/chronic
leukemia, lymphoma, multiple myeloma, etc.) and solid
(gastrointestinal, squamous cell and small cell lung cancer,
etc.).” " Cancer cells may lead low density lipoprotein
(LDL)/LDL receptor-related protein overexpression. The
other factors such as increased uptake of LDL, high density
lipoprotein or cholesterol ester have been implicated. Also,
suppressing the synthesis of cholesterol was reported in
leukemic cells.®” In literature, there were limited clinical
studies about hypocholesterolemia and CLL.'"" We
aimed here to determine correlation between cholesterol
levels and its relationship in patients with CLL.

MATERIAL AND METHODS
Patients

Five hundred and sixteen patients who admitted to 9
different hematology centers with the diagnosis of CLL
according to the criteria of ‘“National Cancer Institute
criteria” were enrolled to this study. Patients with medical
history of hypo-hyperthyroidism were excluded from the
study. Also, there was no medical history about gastroin-
testinal absorption disorder, malnutrition and hereditary
lipidosis diagnosed by symptoms and physical examination.
The control group composed of healthy adults without
malnutrition, renal failure, nephrotic syndrome/proteinuria,
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hypo/hyperthyroidism, chronic diarrhea/malabsorption, fa-
milial hypercholesterolemia, and drugs affecting cholesterol
or bile acid metabolism. Seventy one (28 male and 43 female
with mean age 55 + 9 years) healthy subjects were included
to this retrospective study as control group. The control
group was paired for age, sex, and body mass index.

Methods

CLL was diagnosed with the presence of at least 5 x 10° B
lymphocytes/L (5000/uL) on peripheral blood and the
clonality of the circulating B lymphocytes were confirmed
by flow cytometry. Venous blood samples were taken
under the supervision of medical personnel. Whole blood
cell count was measured by Coulter Gene-S instrument
(Beckman Coulter, California, USA), and the level of total
cholesterol (TC), HDL, triglyceride (TG) by Architect
C8000 instrument and kits (Abbott, Illinois, USA). Also,
LDL-C levels were calculated according to Friedewald
Formula (Crpr = Cplasma — Crpr — TG/5)."

Statistical methods

Demographical data about CLL and lipid parameters were
recorded. Student’s t-test was used for comparison of the
normally distributed parameters between the groups in
addition to descriptive statistical methods (mean + standard
deviation) during the assessment of the study data. Student’s
t-test, One-way ANOVA test were used in statistical eval-
uations. Tukey and Dunnett tests were performed as post-
hoc tests. The statistical analysis was performed by using
SPSS (Statistical Package for the Social Sciences).'” The
results were evaluated in 95% confidence interval and at a
significance level of p < 0,05.

RESULTS
Patients

Five hundred and sixteen (284 male and 276 female)
patients with mean age with 64 + 11 years were enrolled
to this study. According to Binet classification, 60% of
patients were in stage A, while 25% of them were in stage
C. Mean laboratory test results were as follows: hemo-
globin: 9.9 + 2.2 g/dL, hematocrit: 30.2 + 3.7%, platelet
counts: 110 + 89 x 10° mm™, leukocyte counts:
29 + 8 x 10° mm™>, and lymphocyte counts:
21 + 7 x 10°> mm . There were 71 healthy subjects as
control group (43 female and 28 male with mean age
55 + 9 years). There was no significant difference in
gender and age within 2 groups. Serum TSH, AST and
ALT were within normal ranges in CLL and control
group. Also there were no statistical differences for these
parameters between CLL and control group. The
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Table 1. The characteristic features of the patients with chronic
lymphocytic leukemia.
Sex (M/F) 284/276
Age (years)
Mean 64 + 11
Grade (Binet staging system)
A 255
B 61
C 104

characteristic features of the patients with CLL are shown
in Table 1.

Lipid parameters

There was significant difference within 2 groups for TC,
LDL and HDL levels (p < 0,001), and these parameters
were significantly lower in CLL group. But, there was no
significant difference between 2 groups for the level of
VLDL and TG. The lipid parameters are shown in Table 2.
There was no significant difference between lipid
parameters and grade. The levels of TC and LDL in the
patients with Binet A were higher than Binet B and Binet C
(p < 0,001). There were no statistical significant differences
for HDL, VLDL, and TG between grades. The level of
HDL in the patients with Binet C was lower than control
groups (p < 0,001). The comparison of lipid parameters
between Binet staging system in the patients with CLL
chronic lymphocytic leukemia is shown in Table 3.

Table 2. Lipid parameters between the patients with chronic
lymphocytic leukemia and control group.
Chronic
lymphocytic  Control
leukemia group
(n=560) (n=71) Pvalve
Total cholesterol 175 + 42 217 + 36 <0.001
(mg/dL)
HDL-cholesterol 37 + 11 53+ 14 <0.001
(mg/dL)
LDL-cholesterol 107 + 31 131 + 29 <0.001
(mg/dL)
Triglyceride 140 + 71 147 + 68 >0.05
(mg/dL)
VLDL-cholesterol 30 + 17 31+ 17 >0.05
(mg/dL)
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Table 3. The comparison of lipid parameters between Binet staging system in the patients with chronic lymphocytic leukemia.
Binet A (n = 301) Binet B (n = 101) Binet C (n = 158) P value
Total cholesterol (mg/dL) 182 + 38 178 + 43 154 + 40 <0.001
LDL-cholesterol (mg/dL) 113 + 28 109 + 33 98 + 30 <0.001
HDL-cholesterol (mg/dL) 40 £ 12 36 + 14 29 +12 <0.001
Triglyceride (mg/dL) 142 £+ 76 136 + 53 141 + 68 >0.05
VLDL-cholesterol (mg/dL) 30+15 34 + 33 31 +£13 >0.05

DISCUSSION

We have shown that lower total cholesterol, HDL and LDL
levels in newly diagnosed CLL patients when compared
with the control group. However, the levels of triglyceride
and VLDL were not different in CLL.

In literature, there are limited studies investigating the
cholesterol levels in patients with CLL.'"""* The lipopro-
tein consists of phospholipids, triglycerides, and esterified-
free cholesterol. Cholesterol synthesis and transduction of
cell signals are regulated by free cholesterol.'” Unesterified
cholesterols are located on surface, while hydrophobic tri-
glycerides and cholesterol esters in the core of lipoprotein.
The fluidity of cellular membrane is associated with phos-
pholipids and cholesterol. Chylomicrons are synthesized
from dietary triglycerides which are absorbed from epithe-
lial cells of small intestine. VLDL is a result of increased
triglyceride synthesis in the liver. Lipoprotein lipase (LPL)
catalyzes the hydrolysis of chylomicron, VLDL  tri-
glycerides, and converts VLDL to LDL.'®"'® Cholesterols
play an important role on cancer cells’ growth and prolif-
eration. The patients with malignancies have altered
cholesterol levels. Hypocholesterolemi may present during
the course of oncohaematologic disorders such as hemato-
logical (acute/chronic leukemia, lymphoma, multiple mye-
lom, etc.) and solid (gastrointestinal, squamous cell and
small cell lung cancer, etc.).” ’ The lipid profiles were
analyzed in 18 patients aged 45—65 years with newly
diagnosed CLL by Mulas et al,'’ 530 patients newly diag-
nosed with cancer (of whom 97 had hematological malig-
nancies) by Fiorenza et al’ and 128 patients (59 female, 69
male with mean age of 65,7 + 8) with CLL by Lorenc
et al'' decreased cholesterol levels have been reported in
some experimental studies about CLL. In our retrospective
multicenter study, as not to be found in the literature on the
frequency 420 (264 male and 256 female with mean age
64 + 11 years) newly diagnosed CLL patients were eval-
uated. Although there is many information about lipid
profile in malignancies, the pathophysiologic relationship
between cholesterol and malignancies is still unknown.'’ It
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may be associated with cholesterol synthesis and tumoral
cell metabolism.'” Cytokines may affect the enzymes such
as lecithin-cholesterol acyltransferase or LPL.”’ Elevated
LPL levels is correlated with shorter survival of CLL cells,
and reported as prognostic indicator in B-CLL.”' Cancer
cells may lead LDL receptor/LDL receptor-related protein
overexpression. CLL cells express lower LDL receptor ac-
tivity, and also the proliferation may be regulated by these
receptors.”” Serum triglycerides and LDL may be with
normal or increased level in patients with CLL.'"™ "

Increased risk for hematological cancer has been
shown with LDL levels below <70 mg/dL. Lower LDL
degradation rates have been reported in CLL cells. Shor
et al”® reported each 1 mg/dL increase in LDL was asso-
ciated with 2.4% relative reduction in odds of hemato-
logical cancer. VLDL triglycerides are secreted by liver
and converted to intermediate-density lipoproteins (IDL)
and then to low-density-lipoprotein cholesterol (LDL)
cholesteryl esters. High-density-lipoprotein cholesterol
(HDL) removes cholesterol from vascular endothelial to
liver. Decreased plasma HDL levels are commonly
observed in cancer patients, and also reported in
leukemic patients.”'****> Lymphoid cells could take up
HDL cholesteryl esters, via the receptors scavenger
receptor class B type 1 (SR-BI) or LRP.*® SR-BI may
mediate cholesterol efflux across cellular membrane.”’
Musolino et al'’ reported decreased HDL levels in 48
patients  with newly  diagnosed  hematological
malignancies (5 with B-CLL). Leukemic cells were
found with increased levels of cholesterol esters, but
decreased free cholesterol.'’ Increase cholesterol ester
levels were observed in rapidly proliferating tissues.”®
Mulas et al'’ studied with phytohemagglutinin that
activated mitosis on ALL and CLL cells’ growthing, and
reported as a result of increased cholesterol levels.
Increased triglyceride, VLDL and normal levels for
HDL, LDL and chylomicrons were reported of 9 newly
diagnosed children with acute lymphoblastic leukemia in
another study.”” Chylomicron lipolysis is not affected in
CLL patients according to Sakashita’s study."”

VOL 109, NO 1, SPRING 2017 25

Downloaded for Anonymous User (n/a) at Bezmialem Vakif University from ClinicalKey.com by Elsevier on April 22,
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



CHOLESTEROL LEVELS AND CHRONIC LYMPHOCYTIC LEUKEMIA

3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase is the rate-limiting enzyme of cholesterol syn-
thesis. Mevalonic acid (cholesterol precursor) is involved
in the transition from G1 to S phase, and related to cell
proliferation.” Farnesyl/geranylgeranyl pyrophosphate and
associated signal transduction proteins such as ras and rho
are synthesized from mevalonic acid pathway. However,
which cholesterol levels modulate cell signaling is still
unknown.' HMG-CoA reductase is expressed in many
tissues, cells also on lymphocytes. CLL cells express
higher HMG-CoA reductase activity than normal mono-
nuclear blood cells.”” More rapidly proliferating CEM
cells from acute T-cell leukemia patients had lower
expression for HMGCoA-reductase and LDL receptors.”'

Liver X receptors are important for lipid and cholesterol
metabolism, and associated with increased HDL levels and
cholesterol excretion.”” The cell proliferation is inhibited
by activated liver X receptor in CLL cells.”* Some studies
have shown that cholesterol depletion from the plasma
membrane may result ligand-independent activation of the
epidermal growth factor receptor.”” According to other
study, responsibility of cells to mitogens was inhibited
with cholesterol depletion. Plasma cholesterol levels are
affected with leukemia inhibitory factor by inhibiting LPL
enzyme and hepatic LDL receptors.””

Lorenc et al'' evaluated the association between Rai
classification stage of CLL and lipid parameters.
Decreased HDL levels (but not total cholesterol) were
found as dependent with stage or disease progress.
Decreased HDL levels were suggested as generalized
phenomenon related to massive cellular growth in normal
and malignant processes by Dessi et al.”® Sherwin et al’’
have been also reported lower cholesterol levels with
higher mortality for neoplastic diseases. In our study, ac-
cording to Binet classification, 60% of patients were in
stage A, while 25% of them were in stage C. The levels of
triglyceride, LDL, and HDL in the patients with stage C
were lower than those of both stage A and stage B.

Onat et al’® evaluated serum TC and trigliseride levels
in adults. The results were as follows: the average TC level
was 177,14 + 42,41 for male, 184,38 + 38,97 mg/dL
for female, and the average trigliseride level was
146,65 + 81,83 for male, 131,83 + 66,18 mg/dL for
female. The lipid parameter results of control group were
similar to those obtained in other studies in Turkey, but
significantly lower in patient group.

The limitation of our study that we have no information
about cholesterol levels of patients before diagnosis. But,
patients with disorders that might affect the cholesterol
levels were no included in the study. Also, we have no
further information about cytogenetics, molecular genetics,
and cholesterol levels in patients with Binet C after
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treatment due to retrospective multicenter study design.
The lipid and lipoprotein disorders are reversible by
effective chemotherapy in cancer patients.”” Decreased
LDL and HDL cholesterol levels were reported in breast
cancer patients treated with chemotherapy.*’ So, normalize
lipid levels is expected after negative effects of chemo-
therapy on nutrition.

In conclusion, hypocholesterolemia may be accompanied
by newly diagnosed CLL patients. Hypocholesterolemia
may be as a result of increased LDL clearance or utilization
of cholesterol by CLL cells. The stage and activity of disease
may be affected by the levels of cholesterol. In addition,
clinicians should be careful in term of another diseases such
as hematological or solid malignancies, when total choles-
terol, HDL and LDL levels were lower. Also, these param-
eters could be accepted as useful biochemical or prognostic
markers for patients with newly diagnosed CLL patients.

REFERENCES

1. Hallek, M. (2013). Chronic lymphocytic leukemia: 2013 update
on diagnosis, risk stratification and treatment. Am J Hematol,
88(9). 803—-816.

2. Quesney-Huneeus, V., Galick, H. A., Siperstein, M. D., et al.
(1983). The dual role of mevalonate in the cell cycle. J Biol
Chem, 258(1), 378—385.

3. Fiorenza, A. M., Branchi, A., & Sommariva, D. (2000). Serum li-
poprotein profile in patients with cancer. A comparison with
non-cancer subjects. Int J Clin Lab Res, 30(3), 141—-145.

4. Kuliszkiewicz-Janus, M., Matecki, R., & Mohamed, A. S. (2008).
Lipid changes occurring in the course of hematological can-
cers. Cell Mol Biol Lett, 13(3), 465—474.

5. Yavasoglu, I., Tombuloglu, M., Kadikoylu, G., et al. (2008).
Cholesterol levels in patients with multiple myeloma. Ann
Hematol, 87(3), 223—228.

6. Tomiki, Y., Suda, S., Tanaka, M., et al. (2004). Reduced low-
density-lipoprotein cholesterol causing low serum cholesterol
levels in gastrointestinal cancer: a case control study. J Exp Clin
Cancer Res, 23(2), 233—240.

7. Siemianowicz, K., Gminski, J., Stajszczyk, M., et al. (2000). Serum
total cholesterol and triglycerides levels in patients with lung
cancer. Int J Mol Med, 5(2), 201—-205.

8. Baroni, S., Scribano, D., Zuppi, C., et al. (1996). Prognostic rele-
vance of lipoprotein cholesterollevelsin acute lymphocytic and
nonlymphocytic leukemia. Acta Haematol, 96(1), 24—28.

9. Dessi, S., Batetta, B., Pani, A., et al. (1997). Role of cholesterol
synthesis and esterification in the growth of CEM and MOLT4
lymphoblastic cells. Bochem J, 321 (Pt 3), 603—608.

10. Mulas, M. F., Abete, C., Pulisci, D., et al. (2011). Cholesterol
esters as growth regulators of lymphocytic leukaemia cells. Cell
Prolif, 44(4), 360—-371.

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION

Downloaded for Anonymous User (n/a) at Bezmialem Vakif University from ClinicalKey.com by Elsevier on April 22,
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0027-9684(16)30161-4/sref1
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref1
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref1
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref1
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref2
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref2
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref2
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref2
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref3
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref3
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref3
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref3
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref4
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref4
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref4
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref4
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref5
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref5
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref5
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref5
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref6
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref6
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref6
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref6
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref6
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref7
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref7
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref7
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref7
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref8
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref8
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref8
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref8
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref9
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref9
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref9
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref9
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref10
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref10
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref10
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref10

20.

22.

23.

24.

25.

. Lorenc, J.,

. Friedewald, W. T., Levy, R. I,

Kozak-Michatowska, 1., & Polkowska-Kulesza, E.
(1989). Disorders of lipid and lipoprotein metabolism in patients
with chronic lymphocytic leukemia. I. Preliminary evaluation of
lipemia and HDL fractions in various stages of the disease.
Przegl Lek, 46(10), 713—718.

. Gola, A. (1975). Studies on the lipid composition in serum and

lymphocytes in chronic leukemia. Folia Haematol Int Mag Kilin
Morphol Blutforsch, 102(5), 550—558.

. Sakashita, A. M., Bydlowski, S. P., Chamone, D. A., et al. (2000).

Plasma kinetics of an arfificial emulsion resembling chylomi-
crons in patients with chronic lymphocytic leukemia. Ann
Hematol, 79(12), 687—690.

& Fredrickson, D. S. (1972).
Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative uliro-
centrifuge. Clin Chem, 18(6), 499—502.

. Binet, J. L., Auquier, A., Dighiero, G., et al. (1981). A new

prognostic  classification of chronic lymphocytic leukemia
derived from a multivariate survival analysis. Cancer, 48(1),
198—206.

. Mahley, R. W., Weisgraber, K. H., & Farese, R. V. (1998). Disorders

of lipid metabolism. In Wilson, J. D., Foster, D. W., Kronenberg, H.
M., & Larsen, P. R. (Eds.), Williams Textbook of Endocrinology (9th
ed., 1099—1153). Philadelphia: Saunders.

. Hegele, R. A. (2009). Plasma lipoproteins: genetic influences

and clinical implications. Nat Rev Genet, 10(2), 109—-121.

. Beisiegel, U. (1998). Lipoprotein metabolism. Eur Heart J, 19
Suppl A, 20—23.
. Musolino, C., Calabro, L., Bellomo, G., et al. (2002). Lipid

profile in hematologic neoplasms. Recenti Prog Med, 93(5),
298-301.

van Leeuwen, H. J., Heerzius, E. C., Dallinga, G. M., ef al. (2003).
Lipoprotein metabolism in patients with severe sepsis. Crit Care
Med, 31(5), 1359—1366.

. NUckel, H., HOttmann, A., Klein-Hitpass, L., et al. (2006). Lipo-

protein lipase expression is a novel prognostic factor in B-cell
chronic lymphocytic leukemia. Leuk Lymphoma, 47(6),
1053—1061.

Ho, Y. K., Smith, R. G., Brown, M. S., et al. (1978). Low-density
lipoprotein (LDL) receptor activity in human acute myeloge-
nous leukemia cells. Blood, 52(6), 1099—1114.

Shor, R., Wainstein, J., Oz, D., et al. (2007). Low serum LDL
cholesterol levels and the risk of fever, sepsis, and malignancy.
Ann Clin Lab Sci, 37(4), 343—348.

Ahn, J., Lim, U., Weinstein, S. J., ef al. (2009). Prediagnostic total
and high-density lipoprotein cholesterol and risk of cancer.
Cancer Epidemiol Biomarkers Prev, 18(11), 2814—2821.

Anchisi, C., Batfetta, B., Sanna, F., Fadda, A. M., Maccioni, A.
M., & Dessi, S. (1995). HDL subfractions as altered in cancer
patients. J Pharm Biomed Anal, 13(1), 65—71.

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION
Downloaded for Anonymous User (n/a) at Bezmialem Vakif University from ClinicalKey.com by Elsevier on April 22,
2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.

CHOLESTEROL LEVELS AND CHRONIC LYMPHOCYTIC LEUKEMIA

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Goncalves, R. P., Rodrigues, D. G., & Maranhdo, R. C. (2005).
Uptake of high density lipoprotein (HDL) cholesteryl esters by
human acute leukemia cells. Leuk Res, 29(8), 55—999.

Krieger, M. (1999). Charting the fate of the “good cholesterol”:
identification and characterization of the high-density lipo-
protein receptor SR-Bl. Annu Rev Biochem, 68, 523—558.

Dessi, S., Chiodino, C., Batetta, B., et al. (1986). Hepatic
glucose-6-phosphate dehydrogenase, cholesterogenesis, and
serum lipoproteins in liver regeneration after partial hepatec-
tomy. Exp Mol Pathol, 44(2), 169—176.

Favrot, M. C., Dellamonica, C., & Souillet, G. (1984). Study of
blood lipids in 30 children with a malignant hematological
disease or carcinoma. Biomed Pharmacother, 38(1), 55—-59.

Vitols, S., Angelin, B., & Juliusson, G. (1997). Simvastatin impairs
mitogen-induced proliferation of malignant B-lymphocytes from
humans — in vitro and in vivo studies. Lipids, 32(3), 255—262.

Harwood, H. J., Jr., Alvarez, I. M., Noyes, W. D., et al. (1991).
In vivo regulation of human leukocyte 3-hydroxy-3-methyl-
glutaryl coenzyme A reductase: increased enzyme protein
concentration and catalytic efficiency in human leukemia and
lymphoma. J Lipid Res, 32(8), 1237—1252.

Zhao, C., & Dahlman-Wright, K. (2010). Liver X receptor in
cholesterol metabolism. J Endocrinol, 204(3), 233—240.

Geyeregger, R., Shehata, M., Zeyda, M., et al. (2009). Liver X
receptors interfere with cytokine-induced proliferation and cell
survival in normal and leukemic lymphocytes. J Leukoc Biol,
86(5), 1039—1048.

Chen, X., & Resh, M. D. (2002). Cholesterol depletion from the
plasma membrane friggers ligand-independent activation of
the epidermal growth factor receptor. J Biol Chem, 277(51),
49631-49637.

Moran, C.S., Campbell, J. H., & Campbell, G. R. (1997). Human
leukemia inhibitory factor upregulates LDL receptors on liver
cells and decreases serum cholesterol in the cholesterol-fed
rabbit. Arterioscler Thromb Vasc Biol, 17(7), 1267—1273.

Dessi, S., Batetta, B., Pulisci, D., et al. (1991). Total and HDL
cholesterol in human hematologic neoplasms. Int J Hematol,
54(6), 483—486.

Sherwin, R. W., Wentworth, D. N., Cutler, J. A., et al. (1987).
Serum cholesterol levels and cancer mortality in 361,662 men
screened for the Multiple Risk Factor Intervention Trial. JAMA,
257(7), 943—948.

Onat, A., Sansoy, V., Ince, E., et al. (1996). Investigations stable
blood cholesterol but rising triglyceride levels in Turkish adulfs.
Arch Turk Soc Cardiol, 24, 392—398.

Alexopoulos, C. G., Pournaras, S., Vaslamatzs, M., et al. (1992).
Changesinserum lipids and lipoproteins in cancer patients during
chemotherapy. Cancer Chemother Pharmacol, 30(5), 412—416.

Rzymowska, J. (1999). Effect of cytotoxic chemotherapy on serum
lipidlevelsin breast cancer patients. Pathobiology, 67(3), 129—132.

VOL 109, NO 1, SPRING 2017 27


http://refhub.elsevier.com/S0027-9684(16)30161-4/sref11
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref11
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref11
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref11
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref11
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref11
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref12
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref12
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref12
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref12
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref13
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref13
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref13
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref13
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref13
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref14
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref14
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref14
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref14
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref14
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref15
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref15
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref15
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref15
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref15
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref16
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref16
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref16
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref16
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref16
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref17
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref17
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref17
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref18
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref18
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref18
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref19
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref19
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref19
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref19
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref20
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref20
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref20
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref20
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref21
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref21
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref21
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref21
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref21
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref22
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref22
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref22
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref22
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref23
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref23
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref23
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref23
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref24
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref24
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref24
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref24
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref25
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref25
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref25
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref25
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref26
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref26
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref26
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref26
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref27
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref27
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref27
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref27
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref28
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref28
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref28
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref28
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref28
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref29
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref29
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref29
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref29
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref30
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref30
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref30
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref30
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref30
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref31
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref31
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref31
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref31
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref31
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref31
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref32
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref32
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref32
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref33
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref33
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref33
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref33
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref33
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref34
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref34
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref34
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref34
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref34
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref35
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref35
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref35
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref35
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref35
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref36
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref36
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref36
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref36
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref37
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref37
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref37
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref37
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref37
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref38
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref38
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref38
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref38
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref39
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref39
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref39
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref39
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref40
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref40
http://refhub.elsevier.com/S0027-9684(16)30161-4/sref40

	Cholesterol Levels in Patients with Chronic Lymphocytic Leukemia
	Introduction
	Material and methods
	Patients
	Methods
	Statistical methods

	Results
	Patients
	Lipid parameters

	Discussion
	References


