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Abstract Survivors of acute lymphoblastic leukemia (ALL),
the most common cancer in children, are at increased risk of
developing late cardiometabolic conditions. However, the
mechanisms are not fully understood. This study aimed to
characterize the plasma lipid profile, Apo distribution, and
lipoprotein composition of 80 childhood ALL survivors
compared with 22 healthy controls. Our results show that,
despite their young age, 50% of the ALL survivors displayed
dyslipidemia, characterized by increased plasma triglyceride
(TG) and LDL-cholesterol, as well as decreased HDL-choles-
terol. ALL survivors exhibited lower plasma Apo A-I and
higher Apo B-100 and C-II levels, along with elevated Apo
C-11/C-III and B-100/A-I ratios. VLDL fractions of dyslipid-
emic ALL survivors contained more TG, free cholesterol,
and phospholipid moieties, but less protein. Differences in
Apo content were found between ALL survivors and controls
for all lipoprotein fractions except HDL;. HDL,, especially,
showed reduced Apo A-I and raised Apo A-II, leading to a
depressed Apo A-I/A-II ratio. Analysis of VLDL-Apo Cs dis-
closed a trend for higher Apo C-III; content in dyslipidemic
ALL survivors.lll In conclusion, this thorough investigation
demonstrates a high prevalence of dyslipidemia in ALL sur-
vivors, while highlighting significant abnormalities in their
plasma lipid profile and lipoprotein composition. Special at-
tention must, therefore, be paid to these subjects given the
atherosclerotic potency of lipid and lipoprotein disorders.—
Morel, S., J. Leahy, M. Fournier, B. Lamarche, C. Garofalo,
G. Grimard, F. Poulain, E. Delvin, C. Laverdiéere, M. Krajinovic,
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Acute lymphoblastic leukemia (ALL) accounts for 25%
of all childhood malignancies and represents the most
common form of leukemia in children. Cure rates for ALL
now exceed 85%, allowing a growing number of child-
hood survivors to live into adulthood (1). However, survi-
vors face severe, even life-threatening, long-term sequelae
decades after the end of treatments (2, 3). Of interest,
ALL survivors are at increased risk of developing cardio-
vascular conditions, including congestive heart failure,
coronary artery disease, myocardial infarction, cardiac ar-
rest, and cerebrovascular accidents (4-6). Studies on pedi-
atric ALL survivors have reported a high prevalence of the
typical components of the metabolic syndrome (MetS),
such as obesity (7), hypertension (8), glucose tolerance
(9), or dyslipidemia (10), and clustering of the three sur-
rogates of MetS was also described (11). While chemo- and
radiotherapy have often been associated with the develop-
ment of these disorders in childhood cancer survivors
(12-15), the precise etiology and the mechanisms of these
late complications are not fully understood.

In view of the presence of metabolic disorders, lipid ab-
normalities were examined to appraise the cardiovascular
risk in populations of long-term ALL survivors. Various re-
search groups have focused on absolute LDL-cholesterol
(LDL-C) and HDL-cholesterol (HDL-C) levels after treat-
ment with cranial radiotherapy and chemotherapy. Com-
pared with the general population, ALL survivors were
found to be at higher risk of high LDL-C [relative risk
(RR) = 1.25], elevated triglyceride (TG) (RR = 1.32), and
low HDL-C (RR = 1.78) levels. These increased risks were
particularly notable in those who were exposed to cranial
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TC, total cholesterol; TG, triglyceride; TMU, tetramethylurea.
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radiotherapy (11). Similarly, another smaller study found
that childhood ALL (cALL) survivors treated with cranial
radiotherapy and chemotherapy had higher LDL-C and
lower HDL-C values than did controls (16). Other studies
did not find differences between ALL survivors and non-
cancer subjects (17, 18), apart from HDL-C, which was de-
creased in women exposed to cranial radiotherapy (18).
In addition, despite LDL-C concentrations in the normal
range, an atherogenic LDL profile was identified in young
adult ALL survivors (10). LDL-C and HDL-C measure-
ments are important, but clearly not sufficient, to identify
cardiometabolic risk, as it appears that lipoprotein com-
position rather than concentration predicts atheroscle-
rosis (19, 20). For example, HDL particles are highly
heterogeneous and growing evidence suggests that their
atheroprotective potential depends on their component
composition and unique functional properties rather than
their cholesterol concentrations (21-24). This was cor-
roborated by studies that showed that higher levels of
HDL-C are not associated with reduced risk of cardiovas-
cular events in patients with advanced CVD (25, 26). In
addition, a stronger correlation was found between CVD
and small sized-LLDL rather than with LDL-C concentra-
tions (27). Accordingly, cholesterol of small sized-LDL was
associated with an increased risk of subclinical athero-
sclerosis (28), CVDs (29), and future disadvantageous
outcomes (30). Apo composition of lipoproteins is also
considered a predictor of cardiovascular risk, as the Apo
B-100/A-I ratio constitutes one of the strongest predictors
of coronary heart disease (31).

The lipid disorders in the present study are reported for
the first time in a French-Canadian population of cALL
survivors, who are part of a unique population from the
province of Quebec (Canada). Historically, this settler
group expanded rapidly in relative isolation due to linguis-
tic, religious, and geographic barriers, while reinforcing
the strong genetic founder effect (32, 33). Although avail-
able literature generally reports an abnormal plasma lipid
profile of ALL survivors, Apo distribution and lipoprotein
core and surface composition have not been characterized
in populations of childhood cancer survivors. Given the
increased risk of CVDs suspected in these subjects, the
present study was designed to examine these important
issues in a cohort of dyslipidemic and normolipidemic pe-
diatric ALL survivors compared with healthy controls.

MATERIALS AND METHODS

Study population

The 80 ALL survivors included in this study were recruited
between January 2012 and September 2014 as part of the PET-
ALE program at the Sainte-Justine University Hospital Center in
Montreal. The study design was described elsewhere (34). Briefly,
it aimed to characterize long-term effects in cALL survivors,
namely, cardiotoxicity, cardiometabolic complications, neuro-
cognitive problems, bone morbidity, quality of life issues, and ge-
nomic determinants. The PETALE cohort is comprised almost
exclusively of cALL survivors of European-descent from the

province of Québec. Participants enrolled in the PETALE study
were unrelated, under age 19 at diagnosis, treated using Dana
Farber Cancer Institute protocols (35), without hematopoietic
stem cell transplantation, and more than 5 years event-free post
diagnosis. For the present study, we included 40 adults and 40
adolescents (50% male) in order to create four groups: 20 men,
20 women, 20 boys, and 20 girls. Recruitment started with the
first PETALE participant and ended when a total of 20 subjects
had been reached for each group. The anthropometric and clini-
cal features of the participants are outlined in Table 1. For com-
parison purposes, 22 unrelated age- and gender-matched healthy
controls, who suffered from minor trauma (e.g., ankle sprains,
mild strain injuries, broken leg), were recruited at the Orthope-
dics Clinic (adolescents) and within the Research Center (adults)
of the Sainte-Justine Hospital. The exclusion criteria for their
recruitment included an abnormal lipid profile, a chronic meta-
bolic disease, and/or a chronic inflammatory disease. Adults
were defined as being =18 years of age and children <18 years
old. The Institutional Review Board of Sainte-Justine Hospital ap-
proved the study and investigations were carried out in accor-
dance with the principles of the Declaration of Helsinki. Written
informed consent was obtained from study participants and/or
parents/guardians.

Biochemical analyses and LDL particle size

Overnight fasting blood samples were collected in tubes con-
taining 1 g/1 EDTA and were kept on ice until centrifugation.
Plasma was separated within 45 min of collection and stored at
—80°C until analysis. Fasting insulin, glucose, total cholesterol
(TC), TG, and HDL-C concentrations were measured as de-
scribed previously (36). LDL-C was calculated using the Friede-
wald formula (37). Plasma Apos (A-I, A-IV, B-100, C-1I, C-III,

TABLE 1. Clinical and biochemical characteristics of ALL survivors
compared with age- and gender-matched controls

Healthy Controls ALL Survivors

Total n=22 n =80
Age at visit (y) 21.23 + 1.44 21.10 £ 0.83
Age at cancer diagnosis (y) N/A 6.61 + 0.53
Survival time (y) N/A 12.38 £ 0.71
Gender (male, %) 50 50
Children (%) 45 50
BMI (kg/mz) 22.53 + 0.51 24.45 + 0.64
Glucose (mmol/1) 5.11 +0.05 5.08 + 0.06
Insulin (pmol/1) 55.32 + 4.6 59.12 + 4.34
HOMA-IR 1.82+0.15 1.95+0.15

Children n=10 n =40
Age at visit (y) 15.60 + 0.31 15.28 + 0.31
Age at cancer diagnosis (y) N/A 4.36 + 0.39
Survival time (y) N/A 8.74 + 0.42
Gender (male, %) 50 50
BMI (kg/mz) 22.32 + 0.87 22.08 + 0.60
Glucose (mmol/1) 5.14 £ 0.09 4.90 + 0.07
Insulin (pmol/1) 7151 +5.5 60.51 + 4.47
HOMA-IR 2.34+0.16 1.92+0.15

Adults n=12 n =40
Age at visit (y) 25.92 + 1.66 26.92 + 0.61
Age at cancer diagnosis (y) N/A 8.87 +0.84
Survival time (y) N/A 16.02 + 1.08
Gender (male, %) 50 50
BMI (kg/m”) 22.70 + 0.61 26.82 + 1.01°
Glucose (mmol/1) 5.08 £ 0.06 5.25 £ 0.08
Insulin (pmol/1) 41.83 +4.1 57.77 +'7.44
HOMA-IR 1.36 + 0.14 1.98 £+ 0.27

Data are expressed as percentage or as mean + SEM. Subjects were
stratified according to age (adults: =18 years old; children: <18 years
old). HOMA-IR was calculated using the formula: [fasting insulin (mU/
ml) x fasting glucose (mmol/1)]/22.5. N/A, not applicable.

“P< 0.05 versus healthy controls.
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and E) were determined by commercial ELISA kits. BMI was
computed as weight in kilograms divided by height in square
meters. The homeostasis model assessment-insulin resistance
(HOMA-IR) index was calculated using the formula: [fasting in-
sulin (mU/ml) x fasting glucose (mmol/1)]/22.5. Nondenatur-
ing 2-16% PAGE was used to assess LDL particle size, as previously
described (38, 39). LDL particle size was determined on the basis
of the relative migration of plasma standards of known diameter
and LDL peak particle size was computed as the estimated diam-
cter for the major peak of each scan (38). An integrated (or
mean) LDL size, corresponding to the weighed mean size of all
LDL subclasses in each individual, was also assessed (40).
Lipoprotein isolation

Lipoprotein separation was carried out as previously described
(41-43). Briefly, plasma was separated by low speed centrifuga-
tion (2,200 g, 20 min) at 4°C and the lipoprotein fractions were
isolated by sequential ultracentrifugation with a Ti-50 rotor in a
Beckman model LE-80 ultracentrifuge. After removal of chylomi-
crons by preliminary centrifugation (25,000 g, 30 min), VLDL
(1.006 g/ml), IDL (1.019 g/ml), and LDL (1.063 g/ml) were
isolated by centrifugation at 40,000 gfor 18 h at 4°C. Isolation of
HDL, (1.125 g/ml) and HDL; (1.21 g/ml) was carried out at
40,000 gfor 48 h at 4°C.

Characterization of lipoprotein composition

The total protein content of each lipoprotein was determined
by the Bradford method with BSA as a standard, whereas phos-
pholipids (PLs) were measured using the Bartlett method (44).
Commercial kits were used to quantify TG (Randox TRIGS, UK),
TC, and free cholesterol (FC) (Wako Diagnostics) by enzymatic
colorimetric methods. Esterified cholesterol (EC) was calculated
as the difference between TC and FC. Lipoprotein composition
was determined as the percentage of TG, EC, FC, PL, and total
protein. The lipoprotein distribution of Apos was examined by
electrophoresis on 4-20% gradient SDS-PAGE (41-43) and by
tetramethylurea (TMU) gel electrophoresis (43). Electropho-
retic analyses were performed in 22 controls and in 38 survivors
selected according to their lipid profile (dyslipidemic and non-
dyslipidemic: n = 26 for SDS-PAGE and n = 12 for TMU). Apo
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densitometric distribution was assessed using the ChemiDoc MP
and Imaging System (Bio-Rad) for band visualization followed by
densitometric evaluation with the UN-SCAN-IT gel 6.1 software.
Percent distribution of Apos was calculated as percent of total
Apos.

Assessment of dyslipidemia

Dyslipidemia was determined by presenting at least one of
three factors: high LDL-C, high TG, and/or low HDL-C. In
adults, TG levels <1.3 mmol/l were classified as optimal, border-
line (=1.3 and <1.7 mmol/1) (45) and high (=1.7 mmol/1)
(46). Values of LDL-C <2.6 mmol/] were considered optimal,
borderline between =2.6 and <3.4 mmol/], and elevated when
=3.4 mmol/l (46). Values of HDL-C <1.03 in men and <1.3 in
women were considered low (46). In children, LDL-C, TG,
and HDL-C values were compared with those of the National
Heart, Lung, and Blood Institute guidelines according to gen-
der and age group and were classified as optimal, borderline, or
abnormal (45).

Whole-exome sequencing and analysis

APOE, LDL receptor (LDLR), and LPL gene variants were
identified using whole-exome sequencing for the ALL survivor
cohort. Sequencing data were obtained from the Sainte-Justine
Hospital and Génome Québec Integrated Clinical Genomic Cen-
ter using the SOLiD (Thermo Fisher Scientific) or Illumina
HiSeq 2500 platforms and then aligned on the Hgl9 reference
genome. Rare and common variants with a predicted functional
impact on protein were identified using the functional annota-
tion from ANNOVAR (47). Only variants with a PolyPhen-2 score
=(.85 (48) or a SIFT score <0.1 (49) were labeled as “potentially
damaging” and used for further analyses. Following this analy-
sis, two polymorphisms were identified (rs7412 in APOE and
rs118204057 in LPL). For validation, these two SNPs were geno-
typed in the survivor and control cohorts, as described previously
(50). Primers used were: 157412, forward: GCCGATGACCTG-
CAGAAG, reverse: CTGCCCATCTCCTCCATC, allele specific
probes: GCAGAAGCGCCTGGC, GCAGAAGTGCCTGGC; and
rs118204057, forward: CGAGTCGTCTTTCTCCTGAT, reverse:

B Dystipidemic
D Borderline

Fig. 1. Prevalence of dyslipidemia in n = 80 survivors
of cALL. Data were analyzed in the entire cohort and
stratified according to age (adults =18 years old and
children <18 years old) and gender (n = 20/group).
Levels of LDL-C, TGs, and HDL-C were used to classify
subjects according to their lipid profile, as described
in the Materials and Methods. Subjects with at least
one abnormal lipid value were defined as dyslipid-
emic; those with at least one borderline lipid value
were defined as borderline; and subjects without ab-
normal and/or borderline values were classified as
nondyslipidemic (A). The prevalence of high LDL-C,
high TGs, and low HDL-C was assessed in the entire
group and in men, women, boys, and girls (B). Data
are expressed as a percentage. Prevalence of dyslipid-
emia in the control group is not represented due to
the exclusion criteria described in the Materials and
Methods.



CTGGCTGAAAAGTACCTCCA, allele specific probes: CCAGAG-
GGTCCCCTG, CCAGAGAGTCCCCTG (specific allele is shown
in bold). Potential genotyping errors were assessed using Chi-
square tests to evaluate the deviation from the Hardy-Weinberg
equilibrium.

Statistical analyses

ALL survivors were categorized according to their lipid status
(dyslipidemic/nondyslipidemic). Differences in plasma lipids, lipo-
proteins, Apos, and in lipoprotein composition between groups
were assessed using unpaired Student’s ttests or Mann-Whitney U
tests depending on the normality of the distribution. Continuous
variables are expressed as mean + SEM unless otherwise speci-
fied. P < 0.05 was considered statistically significant. Statistical
analyses were performed with GraphPad Prism version 6.0.

RESULTS

Anthropometric and clinical characteristics of participants

The clinical characteristics of ALL survivors and healthy
controls are shown in Table 1. The mean age of ALL survi-
vors was 21.2 years and 50% were male. The mean of their
survival time was 12.4 years and age at diagnosis was 6.6
years. Analysis of the entire cohorts revealed no significant
differences between ALL survivors and controls in terms

of age, gender distribution, BMI, glucose, insulin, and
HOMA-IR. Similarly, no differences between groups were
noted after stratification by age (i.e., children vs. adults)
with the exception of higher BMI in adult survivors com-
pared with healthy adult controls.

Dyslipidemia in survivors of ALL

As outlined in Fig. 1A, analysis of the entire cohort of
survivors revealed dyslipidemia in 50% of subjects. Stratifi-
cation of data according to age and gender demonstrated
a lower prevalence of dyslipidemia in girls (15%) than in
boys (50%). This trend was reversed in adulthood with a
predominance of dyslipidemia in women (75%) com-
pared with men (60%). It should be pointed out that 35%
of girls were characterized with borderline lipid levels, a
condition that may deteriorate in adulthood. In contrast,
a difference of only 10% was observed between boys and
men.

Next, we scrutinized the types of disturbances that de-
fine dyslipidemia (Fig. 1B). Among ALL survivors, 15%
had elevated TG, 16% disclosed high LDL-C, and 31% dis-
played low HDL-C levels. While the type of dyslipidemia
varied among groups, the most frequent abnormalities ob-
served were low HDL-C and high TG. Specifically, 20% of

TABLE 2. Plasma lipid and lipoprotein values in child and adult survivors of ALL and controls

ALL Survivors

Healthy Controls

Entire Group

Subgroup without Dyslipidemia Subgroup with Dyslipidemia

Total n=22 n =80
TG (mmol/1) 0.91 £ 0.06 1.08 £ 0.07
TC (mmol/1) 4.23 +0.14 4.41 +0.08
LDL-C (mmol/1) 2.40 +£0.12 2.63 +0.07
HDL-C (mmol/1) 1.42 + 0.05 1.29 + 0.03"
LDL mean diameter (A) 254.4 + 0.29 254.7 + 0.18
Small dense LDL (%) 57.61 + 2.65 53.60 = 1.45
LDL/HDL-C 1.73 £0.10 2.17 +0.08"
TC/HDL-C 3.03 £ 0.11 3.58 +0.10

Children n=10 n =40
TG (mmol/1) 0.85 +0.07 0.94 + 0.08
TC (mmol/1) 3.96 £ 0.22 4.20 +0.09
LDL-C (mmol/1) 2.24 +0.17 2.49 + 0.09
HDL-C (mmol/1) 1.34 + 0.06 1.28 + 0.04
LDL mean diameter (A) 254.2 + 0.42 254.8 £ 0.25
Small dense LDL (%) 60.73 + 3.36 53.16 + 1.87
LDL/HDL-C 1.69 +0.14 2.08 £ 0.12
TC/HDL-C 2.97+0.15 3.45 +0.15

Adults n=12 n =40
TG (mmol/1) 0.95 + 0.08 1.22 +0.11
TC (mmol/1) 4.45 +0.15 4.61 £0.14
LDL-C (mmol/1) 2.53 +0.15 2.76 +0.11
HDL-C (mmol/1) 1.49 + 0.08 1.30 + 0.05
LDL mean diameter (A) 254.6 + 0.4 254.7 + 0.25
Small dense LDL (%) 55.02 + 3.93 54.03 + 2.24
LDL/HDL 1.77 £ 0.16 2.27+0.12"
TC/HDL-C 3.06 +0.17 3.71 +0.14"

n =40 n =40
0.75 + 0.04" 1.42 +0.11%
N/A N/A
2.33 + 0.08 2.92 +0.10"
1.40 = 0.04 1.18 £ 0.05°"
954.8 + 0.26 954.6 + 0.25
53.89 + 2.29 53.30 + 1.81
1.74 £ 0.08 2.61 +0.11
2.99 + 0.09 4.18 £0.13""
n=27 n=13
0.71 £ 0.05 1.42 + 0.15"
N/A N/A
2.40 +0.10 2.70 +0.16
1.394 + 0.05 1.08 £ 0.05°"
954.9 + 0.29 954.6 + 0.48
59.98 + 2.30 54.99 + 3.24
1.79 + 0.10 2.70 + 0.22"
3.03+0.11 4.33 +0.26°
n=13 n=27
0.82 = 0.09 1.42 +0.14°
N/A N/A
2.90 +0.12 3.03 +0.12*
1.40 = 0.06 1.25 = 0.07*
954.5 + 0.54 954.7 + 0.28
57.22 +5.21 52.49 + 2.20
1.64 £0.14 2.57 +0.13%
2.91+0.14 4.10 £ 0.14"*

Data are expressed as mean + SEM. Dyslipidemia was defined when subjects presented at least one of three factors: high LDL-C, high TG, and/
or low HDL-C. In adults, LDL-C <3.4 mmol/I was considered normal and =3.4 mmol/1 high. TGs <1.7 and =1.7 mmol/I were classified as normal
and high, respectively. HDL-C <1.03 mmol/] in men and <1.3 mmol/l in women were considered low. In children, cut-off values were defined
according to the guidelines of the National Heart, Lung, and Blood Institute with consideration of gender and age (45). N/A, not applicable.

“P< 0.05 versus healthy controls.

’P<0.01 versus healthy controls.

‘P<0.001 versus ALL survivors without dyslipidemia.
P <0.001 versus healthy controls.

‘P<0.01 versus ALL survivors without dyslipidemia.
/P<0.05 versus ALL survivors without dyslipidemia.
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women and men had high TG and 40% of men, women,
and boys presented with low HDL-C. High levels of LDL-C
were mainly found in adults (15% of men and 35% of
women).

We then compared fasting lipid values between the
whole group of ALL survivors and age- and gender-
matched healthy controls (Table 2). Results reveal a trend
of increased LDL-C along with significantly decreased
HDL-C values, which resulted in significantly higher ratios
of LDL-C/HDL-C and TC/HDL-C than those of controls.
Similarly, when we segregated the ALL survivor group ac-
cording to their normal and abnormal lipid profile, the
dyslipidemic ALL subgroup disclosed higher concentra-
tions of TG and LDL-C, lower concentrations of HDL-C, as
well as more elevated ratios of LDL-C/HDL-C and TC/
HDL-C than did controls. The same significant trend was
observed when ALL children were analyzed separately
from ALL adults. Only TG levels were found to be signifi-
cantly different between nondyslipidemic survivors and
controls. In addition, neither the mean LDL-C diameter

nor the proportions of small dense LDL-C (diameter <255 A)
showed any significant divergences among the groups
(Table 2).

Plasma Apo profile

Several differences were observed between the plasma
Apo profile of ALL survivors and that of healthy controls
(Table 3). ALL survivors had significantly lower Apo A-l
concentrations along with higher levels of Apo B-100 and
Apo C-I. No significant divergences were seen in Apo A-IV,
C-II, and E concentrations. Calculation of important ra-
tios revealed higher Apo C-II/C-II and Apo B-100/A-I in
the ALL survivor group. Stratification of the ALL survivor
cohort according to age showed that both adults and chil-
dren contributed to the observed differences (Table 3).
Interestingly, Apos C-II and C-II were significantly higher
in ALL survivors with hypertriglyceridemia (Fig. 2). Com-
pared with healthy controls, differences in Apos A-I, B-100,
and the Apo B100/A-I ratio were observed for ALL survi-
vors with and without dyslipidemia (Table 3). However,

TABLE 3. Plasma Apo profile of ALL survivors and controls

ALL Survivors

Subgroup without Dyslipidemia Subgroup with Dyslipidemia

Healthy Controls Entire Group
Total
Apos
Al (g/1) 2.64 +0.09 (22 2.28 +0.06 (79)“
A-IV (ng/ml) 1.22 +0.12 (22 1.28 £ 0.06 (53)
B-100 (g/1) 0.69 + 0.02 (22 0.85 + 0.02 (78)°

C-I (pg/ml)
CII (pg/ml)

111.6 £ 6.82 (21
76.05 = 3.47 (22

—_—— = — —

131.9 + 4.26 (80)"
86.22 + 11.62 (79)

E (pg/ml) 34.60 + 0.91 (22 31.70 £ 0.91 (80)
Ratios
C-I1/ G-I 1.50 £ 0.83 (21) 2.53 +0.24 (79)"
B-100/TG 0.82 +0.06 (22) 0.99 + 0.06 (78)
B-100/A-1 0.27 +0.01 (22) 0.38 +0.01 (78)°
Children
Apos
-I (g/1) 2.41 +0.12 (10) 2.19+0.07 (40)
A-IV (ug/ml) 1.34 + 0.24 (10) 1.22 +0.09 (27)
B-100 (g/1) 0.73 +0.03 (10) 0.85 +0.03 (40)}’

C-I (pg/ml)
CII (pg/ml)

109.3 + 6.75 (9)
81.60 + 3.67 (10)

131.2 + 5.55 (40)"
78.03 = 11.33 (39)

E (pg/ml) 34.19 + 1.14 (10) 29.79 + 1.20 (40)
Ratios
C-I1/ G-I 1.36 + 0.06 (9) 2.55 + 0.36 (39)“
B-100/TG 0.91 +0.09 (10) 1.12 £ 0.10 (40)
B-100/A-1 0.31 +0.02 (10) 0.40 + 0.02 (40)b
Adults
Apos
Al (g/1) 2.84+0.11 (12) 2.39 +0.09 (39)}’
A-IV (ng/ml) 1.13+0.10 (12) 1.34 + 0.09 (26)
B-100 (g/1) 0.65 +0.03 (12) 0.85 + 0.03 (38)"

C-I (pg/ml)
CII (pg/ml)

113.3+11.07 (12)
71.42 + 5.12 (12)

182.6 + 6.54 (40)
94.20 + 20.21 (40)

E (pg/ml) 34.94 + 1.40 (12) 33.62 + 1.31 (40)
Ratios

C-II/C-11 1.61 +£0.13 (12) 2.50 +0.31 (40)

B-100/TG 0.75 +0.07 (12) 0.88 +0.08 (38)

B-100/A-1 0.23 +0.02 (12) 0.37 +0.02 (38)°

2.35 + 0.07 (40)"

1.22 +0.09 (27)

0.86 + 0.03 (39)°
123.3 = 5.27 (40)

73.15 + 11.60 (39)”

29.82 +0.98 (40)“

2.81 +0.42 (39)*
1.80 = 0.10 (39)°
0.37 + 0.01 (39)°

9.96 +0.07 (27)
1.23+0.12 (21)
0.84 + 0.03 (27)
124.1 + 6.84 (27)

77.62 + 16.43 ( 262”

28.56 + 1.22 (27)

2.61 = 0.49 (26)"
1.34+0.12 (27)°
0.38 £ 0.02 (27)"

2.53+0.13 (13)

1.21 +0.14 (2)

0.92 = 0.04 (12)°
122.5 + 8.15 (13)
64.93 = 12.01 (13)
392.44 + 1.44 (13)

3.92 +0.80 (13)
1.23+0.14 (12)°
0.38 + 0.03 (12)°

2.92 +0.09 (39)°

1.34 + 0.08 (26)

0.83 =.03 (39)"
140.2 + 6.51 (40)™
08.95 + 19.93 (40)
33.59 + 1.48 (40)"

2.25 +0.22 (40)”
0.69 + 0.05 (39)’“’
0.39 +0.02 (39)°

2.03 +0.14 (18)*

1.15+0.10 (6)

0.87 = 0.05 (13)
146.1 £8.37 (13)
78.85+9.73 (13)
32.35 + 2.62 (13)

b

a

2.44+0.47 (13)"
0.67 £0.07 (13)"
0.45 = 0.04 (13)°

a

2.32 +0.12 (26)
1.27 +0.13 (10)
0.82 + 0.04 (26)"
137.4 +8.81 (27)
108.6 = 29.17 (27)

34.18 + 1.81 (27)

2.16 = 0.23 (27)
0.71 + 0.07 (26)’
0.37 £ 0.03 (26)°

Data are expressed as mean + SEM (n).
“P< 0.01 versus healthy controls.
’P<0.05 versus healthy controls.

‘P< 0.001 versus healthy controls.

P < 0.05 versus ALL survivors without dyslipidemia.

‘P<0.001 versus ALL survivors without dyslipidemia.

/P<0.01 versus ALL survivors without dyslipidemia.
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Fig. 2. Plasma levels of Apos (C-II and C-II) in controls and in
ALL survivors with and without hypertriglyceridemia. Concentra-
tions of Apo C-II (A) and Apo C-II (B) were measured by commer-
cial ELISA kits in n = 22 healthy controls, n = 67 in ALL survivors
with normal TGs, and n = 13 in ALL survivors with high TGs. ***P<
0.001 versus controls.

compared with nondyslipidemic ALL survivors, those
presenting abnormal lipid profiles had lower Apo A-I con-
centrations, as well as Apo C-II/C-II and Apo B-100/TG
ratios, but a higher plasma content in Apos C-II, CII, and
E (Table 3). Similar trends were observed in the child and
adult subgroups.

Composition of lipid moieties in lipoprotein classes

Appraising the composition of lipoproteins in lipids and
total proteins did not reveal significant differences in the
relative content of VLDL and LDL between the entire co-
horts of ALL survivors and controls (Table 4). However,
lower PL percentages were noticed in IDL, HDL;, and
HDL, for both dyslipidemic and nondyslipidemic survivors
when compared with controls. Moreover, an increased pro-
portion of FC characterized survivor HDL, particles. We
calculated the weight ratio that estimates the size of lipo-
proteins by evaluating the mass ratio of core constituents
(TG+EC) to surface constituents (FC+PR+PL), as lighter
and larger particles are relatively enriched with TG and EC
(41). Our results showed a significant increase in the
weight ratio of HDL, in ALL survivors (both subgroups)

when compared with controls. Comparing dyslipidemic
with normolipidemic survivors revealed that the VLDL
fraction of dyslipidemic subjects contained more TG, FC,
and PL, but dramatically less protein (Table 4). These al-
terations led to a higher weight ratio, indicating larger
VLDL particles. Moreover, IDL content in FC was higher in
ALL survivors with dyslipidemia. While no differences were
noted in LDL fraction composition among subgroups of
ALL survivors and healthy controls, a higher content of TG
in HDL; and of TG and FC in HDL, characterized dyslipid-
emic survivors.

Composition of Apo moieties in lipoprotein classes

Table 5 summarizes the Apo composition of VLDL, IDL,
LDL, HDL;, and HDL, in ALL survivors and controls. Rep-
resentative gels are shown in Fig. 3. Differences in Apo dis-
tributions were detected between groups for all lipoprotein
fractions. In contrast, with higher Apo B-100 plasma con-
centrations in ALL survivors compared with controls (Ta-
ble 3), the proportion of Apo B-100 among groups was
similar in VLDL and reduced in LDL (Table 5, Fig. 3).
However, the percentage of Apo E was increased in the
VLDL and IDL of both subgroups of ALL survivors com-
pared with controls. While all the differences were not sig-
nificant, a tendency for an elevated percentage of Apo Cs
was noted in VLDL and IDL for both subgroups compared
with controls and in the LDL of dyslipidemic survivors. Fur-
thermore, the HDL, fraction showed reduced Apo A-I and
augmented Apo A-II proportions, thereby resulting in a
higher Apo A-I/A-II ratio in ALL survivors versus controls
(Table 5). Similar to what was observed in VLDL fractions,
Apo E was higher in the HDL, of dyslipidemic ALL survi-
vors. No significant differences in the HDL; fraction were
found between survivors and controls.

We further analyzed the distributions of Apo C isoforms
in VLDL and HDL, fractions using TMU gels. Representa-
tive profiles are illustrated in Fig. 4 and Apo distribution is
presented in Table 6. The separation of VLDL-Apo Cs re-
vealed a tendency for higher content in the Apo C-11, iso-
form in dyslipidemic ALL survivors compared with healthy
controls and to nondyslipidemic ALL survivors. This trend
was not observed in VLDL Apo C-II; or Apo C-II. Similar to
what was observed on SDS-PAGE, no differences were
noted in HDLy; Apo content using the TMU gels.

APOE, LDLR, and LPL gene polymorphisms

To determine whether SNPs could account for the ob-
served lipid alterations, we focused on the analysis of three
major lipid-associated genes, APOE, LDLR, and LPL. The
genetic characterization of the cohort revealed that rs7412
(APOE) minor allele frequency was not different between
ALL survivors and controls (0.125 vs. 0.136, respectively;
odds ratio: 0.905; 95% confidence interval: 0.338-2.425).
In the ALL survivor cohort, we found 59 carriers of the
APOE €3/e3 genotype (77.6%), 15 carriers (19.7%) of
APOE £3/¢2, and 2 carriers (2.6%) of APOEe2/€2 (supple-
mental Table SI1). In the control group, 16 participants
(72.7%) were APOE £3 /&3 carriers, six (27.3%) had APOE
€3/e2, and none had the APOE £2/&2 genotype. In the
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TABLE 4.

Lipoprotein composition of ALL survivors compared with age- and gender-matched controls

Composition

Weight Ratio
Lipoprotein TG FC EC PL PR [(TG+EC):(FC+PL+PR) ]
Percentage of total content
VLDL (1.006 g/ml)
Controls 41.69 + 2.05 4.65 + 0.34 6.36 + 0.67 18.53 + 0.80 28.77+2.79 1.00 £ 0.08
ALL survivors 44.90 £ 1.27 514 +0.17 5.66 + 0.25 16.74 + 0.39 27.56 £ 1.76 1.13 +0.05
No dyslipidemia 40.27 £ 1.89 4.68 + 0.28 5.21 +0.40 15.36 £ 0.61" 34.48 + 2.62 0.93 +0.07
Dyslipidemia 49.53 + 1.36" 5.60 + 0.19"° 6.11 = 0.31 18.13 +0.38 20.63 + 1.78 1.3 + 0.06*"
Hypertriglyceridemia 55.04 + 1.4 5.63 +0.37° 6.01 + 0.62 18.73 + 0.54 14.59 + 1.55" 1.60 = 0.08"
IDL (1.019 g/ml)
Controls 27.65 +1.83 6.93 + 0.32 13.94 + 0.98 29.13 +1.94 22.35 + 2.02 0,75 +0.05
ALL survivors 27.68 + 0.83 7.92 +0.27 14.46 +0.72 24.02 + 0.64" 25.93 + 1.55 0.78 +0.03
No dyslipidemia 27.66 = 1.21 7.44 + 0.40 12.58 +0.99 23.27 + 1.02° 29.06 + 2.22° 0.73 +0.05
Dyslipidemia 27.69 = 1.17 8.40 + 0.36" 16.34 +0.97" 24.76 +0.78" 22.80 £2.07° 0.84 +0.04
LDL (1.063 g/ml)
Controls 6.51 +0.45 11.02 + 0.31 40.32 £ 1.09 27.73 +1.06 14.43 + 0.50 0.89 +0.04
ALL survivors 7.15 £ 0.30 10.76 + 0.20 40.64 +0.71 27.33 +0.41 14.11 + 0.53 0.93 +0.02
No dyslipidemia 7.19 +0.45 10.62 + 0.25 40.59 = 0.91 27.28 £ 0.51 14.31 + 0.59 0.91£0.03
Dyslipidemia 7.11£0.38 10.90 = 0.30 40.70 +1.10 27.39 + 0.64 13.91 +0.88 0.94 +0.03
HDL3 (1.210 g/ml)
Controls 2.24+0.22 2.06 +0.09 15.49 + 0.76 31.89 +3.00 49.58 + 2.53 0.20 +0.01
ALL survivors 2.17 £0.09 2.26 +.07 16.35 + 0.38 25.41 + 0.48" 53.77 + 0.69 0.23 +0.005
No dyslipidemia 1.92 £0.12 2.32+0.08 16.66 = 0.58 25.15 + 0.74" 53.96 + 1.00 0.23 +0.008
Dyslipidemia 2.41 +0.13"" 2.21£0.11 16.05 + 0.51 25.67 + 0.60° 53.52 + 0.96 0.23 +0.007
HDL, (1.125 g/ml)
Controls 3.14+0.27 5.09 +0.23 20.14 + 1.02 35.04 £ 1.28 36.60 + 1.63 0.31 +0.02
ALL survivors 3.70 £ 0.16 6.29 + 0.23° 22.36 + 0.61 32.30 + 0.40° 35.35 + 0.64 0.36 +0.01°
No dyslipidemia 3.24+0.20 5.93 +0.24" 22.56 + 0.82 32.56 + 0.43 35.71 + 0.86 0.36 £ 0.02°
Dyslipidemia 4.16 £ 0.24"° 6.66 + 0.39° 22.16 £ 0.91 32.04 + 0.67° 34.98 £ 0.97 0.37 +£0.02°
Low HDL-C 4.01 £0.24 6.91 +0.53° 2191 +1.24 31.33 £0.72" 35.79 £ 1.32 0.36 + 0.02

Data are expressed as percentage of total lipoprotein content + SEM. VLDL, IDL LDL, HDL;, and HDL, of n = 80 ALL survivors and n = 22
gender- and age-matched healthy controls were characterized as described in the Materials and Methods. ALL survivors were stratified in two groups
according to their dyslipidemia status, as described in the Materials and Methods (n = 40/group). Two additional subgroups were stratified among
dyslipidemic survivors: hypertriglyceridemic ALL survivors (n = 12) and ALL survivors with low HDL (n = 25). PR, protein.

“P<0.01 versus healthy controls.

’P<0.001 versus ALL survivors without dyslipidemia.
‘P < 0.01 versus ALL survivors without dyslipidemia.
P < 0.001 versus healthy controls.

‘P < 0.05 versus healthy controls.

LPL gene, rs118204057 was identified in one survivor
(1.3%) and none in healthy controls, while no SNP was
identified in the LDLR gene in ALL survivors. Moreover,
our analyses revealed that the metabolic and lipid profiles
were not different between survivor and control carriers of
the same genotype. However, in both groups, APOE €3/ 2
carriers had reduced LDL-C compared with APOE €3/&3
(supplemental Table S1).

DISCUSSION

The aim of this study was to scrutinize the lipid, Apo, and
lipoprotein abnormalities in pediatric ALL survivors in or-
der to better understand their late cardiovascular risks. Our
study focused on the PETALE cohort, which is unique due
to its origin and its established genetic founder effect (51,
52). The homogenous ethnic background of the partici-
pants provided us with a significant advantage for associa-
tion studies by reducing the number of confounding
variables (51, 52). Overall, this study has identified impor-
tant alterations in lipid and lipoprotein profiles. In particu-
lar, dyslipidemia was highly prevalent in ALL survivors of
both genders and age groups. Of note, the proportion of
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women ALL survivors presenting with high TG (20%) was
twice that of the one reported in the general Canadian pop-
ulation of women between 18 and 39 years old (53). Low
HDL-C affected 40% of men in our cohort, while a general
prevalence of 29% was reported for the same Canadian age
group (53). Using the same Canadian Health Measure Sur-
vey, MacPherson, de Groh, and Loukine (54) reported that
19.1% of boys had low HDL-C compared with 40% in our
cohort. In both studies, cut-off values to classify dyslipid-
emia were identical to ours.

Our study also revealed differences in plasma Apo con-
centrations between ALL survivors with and without dys-
lipidemia compared with healthy controls. Predominantly,
plasma Apo B-100 levels were significantly elevated, while
Apo A-I concentrations were decreased, leading to an in-
crease in the Apo B-100/A-I ratio in ALL survivors with
and without dyslipidemia. This unbalanced ratio between
potentially atherogenic Apo B-100 and anti-atherogenic
Apo A-l particles is a predictor of cardiovascular risk (20,
31). It is noticeable that, for both plasma Apo A-I and
B-100, similar alterations were observed in dyslipidemic
and nondyslipidemic survivors. To a lesser extent, altera-
tions in plasma Apo Cs were identified in ALL subjects
with dyslipidemia.



TABLE 5.

Composition of Apo moieties in lipoproteins of ALL survivors compared with age- and gender-matched controls using SDS-PAGE

Composition in Apos

Lipoprotein B-100 A1V E Al Cs A-IT Ratio (A-I/A-II)
Percentage of total content
VLDL (1.006 g/ml)
Controls 49.55 + 3.12 16.41 + 1.91 10.09 + 1.16 10.82 + 1.59 13.23 + 1.61 — —
ALL survivors 42.88 +1.92 13.88 + 1.11 14.46 £ 0.8  11.65 = 1.00 17.00 + 1.33 — —
No dyslipidemia ~ 44.08 + 2.51 14.77 + 1.07 13.69 + 1.25 11.00 + 1.21 16.38 + 1.71 — —
Dyslipidemia 41.69 +2.98 13.00 + 1.97 1523 £1.09  12.31 = 1.61 17.62 + 2.09 — —
IDL (1.019 g/ml)
Controls 79.18 + 2.30 4.68+0.51 4.75 + 0.60 4.69 +0.82 6.54 + 0.86 — —
ALL survivors 57.81 + 3.68" 9.96 + 0.68" 8.35 + 0.59 8.15 +0.94° 15.81 + 2.25" — —
No dyslipidemia ~ 59.08 +4.41”  10.69 + 0.92" 8.00 + 0.88" 6.85 + 1.08 15.31 + 3.26 — —
Dyslipidemia 56.54 + 6.07" 9.23+0.99 8.69 + 0.83" 9.46 + 1.49° 16.31 = 8.22 — —
LDL (1.063 g/ml)
Controls 65.77 + 1.53 3.27 +0.21 4.32+0.31 23.23 + 1.64 3.55 + 0.30 — —
ALL survivors 68.73 + 2.26 3.88+0.36 4.50 + 0.26 19.08 + 2.13 3.89 + 0.49 — —
No dyslipidemia  67.69 + 2.97 3.46 + 0.51 4.23+0.23 23.69 + 2.79 2.85 + 0.52 — —
Dyslipidemia 71.62 + 2.94° 4.31 +0.49 4.77 +0.47 14.46 + 274" 492 +0.75° — —
HDL3 (1.210 g/ml)
Controls — 1.10 + 0.07 1.58 +0.10 83.29 + 0.81 4.67 +0.35 9.52 +0.82 10.10 +0.76
ALL survivors — 1.26 = 0.09 1.78 £ 0.09 83.04 + 0.63 5.54 +0.43 8.58 + .49 10.58 + 0.63
No dyslipidemia — 1.44 +0.14° 1.78 +0.16 83.15 + 0.84 5.31 +0.63 8.39 + 0.63 10.54 +0.77
Dyslipidemia — 1.09 = 0.09° 1.79 0.10 82.92 +0.96 5.77 + 0.59 8.77 +0.78 10.62 + 1.03
HDL, (1.125 g/ml)
Controls — 1.27 +0.14 3.33 +0.33 72.23 +0.97 15.09 + 0.92 10.14 +0.85 7.31 +0.65
ALL survivors — 0.89+0.033°  3.85+0.41 68.50 + 1.11° 11.88 +0.74 14.54 +1.21° 5.59 + 0.47"
No dyslipidemia — 0.80 + 0.04 2.64 +0.24 69.31 +1.76 10.46 + 0.67 16.31 + 1.88" 4.99 + 0.63"
Dyslipidemia — 0.97 + 0.04" 473059 67.69 + 1.40° 13.31 + 1.22 12.77 + 1.44 6.19 + 0.67

Data are expressed as percentage of total Apo content = SEM. Composition in Apos was assessed in VLDL, IDL, LDL, HDL;, and HDL, of n = 26
ALL survivors and n = 22 gender- and age-matched controls. ALL survivors were stratified in two groups according to their dyslipidemia status as
described in the Materials and Methods (n = 13/group). Apo distribution was analyzed using SDS-PAGE (4-20% gradient).

“P<0.01 versus controls.

’P<0.001 versus controls.

‘P < 0.05 versus controls.

‘P<0.01 versus ALL survivors without dyslipidemia.
‘P < 0.05 versus ALL survivors without dyslipidemia.

Dyslipidemia is a significant component of the MetS
definition, as stated by the National Cholesterol Education
Program-Adult Treatment Panel III and the International
Diabetes Federation (55). The alterations in TG and HDL-C
levels found in our study correspond to risk factors that
define dyslipidemia in MetS. Because the presence of
MetS increases the risk for type 2 diabetes and CVD in the
general population (56), it is reasonable to include lipid
profile analysis in the long-term follow-up of ALL survi-
vors. In line with our results, a high prevalence of dyslipid-
emia was reported in a cohort from the St. Jude Lifetime
Cohort Study composed of older ALL survivors (median
age of 31.7 years) (11).

To our knowledge, prior to our study, no information
was available on lipid and Apo composition of lipopro-
teins in the survivorship context. Our findings disclose
variations in the content of various lipoproteins. In sub-
jects with dyslipidemia and particularly with hypertri-
glyceridemia, we found VLDL with a reduced protein
moiety and an increased TG and FC content that re-
sulted in a higher weight ratio and that reflected a
larger particle size. Although the precise mechanism
leading to hypertriglyceridemia in our population is un-
clear, it may indicate increased production of large-
sized VLDL rather than an enhanced biogenesis of the
number of VLDL particles by the liver, as reflected by

Lipid and lipoprotein profile in childhood leukemia survivors

the lower ratio of Apo B-100/TG in dyslipidemic ALL
survivors. Derangements in VLDL-TG degradation are
also possible in view of the concomitantly high Apo C-II
and C-IIT concentrations noted in the plasma and also
observed using SDS-PAGE. In addition, the tendency of
increased Apo C-III, in VLDL observed by TMU gels
might impact on VLDL-TG degradation (57). If Apo
C-IT at moderate concentrations represents an activator
of LPL for VLDL lipolysis, its excess (as we observed in
ALL survivors) may impede LPL activity and VLDL
clearance, thereby leading to hypertriglyceridemia (58).
Moreover, because Apo C-III is a well-known inhibitor
of LPL, higher levels suggest a delay in TG-rich lipopro-
tein clearance from circulation (59, 60). Altogether,
these alterations in VLDL composition may affect VLDL
catabolism and explain hypertriglyceridemia in ALL
SUrvivors.

Polymorphisms in APOE, LPL, or LDLR could impact li-
poprotein composition and lipid and Apo profile and,
thus, contribute to CVD risk (61-64). The frequencies of
APOE e3/€2 and £2/¢e2 genotypes found in our ALL survi-
vor cohort were slightly higher than those reported in
adult Caucasian populations (65). This is in line with the
previously reported higher &2 allele frequency in the
French-Canadian population of Quebec than in other
Caucasian populations (66). It was found that the &2 allele
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Fig. 3. VLDL, LDL, IDL, HDL;, and HDL, composition in Apos. Content of each lipoprotein fraction was examined in n = 22 controls and
n = 26 ALL survivors with or without dyslipidemia, gradient SDS-PAGE (4-20%). A molecular mass marker and Apo A-I and A-II standards
were used to identify Apos. A representative blot is shown. STD, molecular mass marker standard; STD AI/All, Apos A-I and A-II standard;

C, controls; ND, nondyslipidemic ALL survivors; D, dyslipidemic ALL survivors.

potentially has a nil effect on CVD risk: while it may reduce
LDL-C levels, it may also increase the accumulation of
large VLDL and remnant TG-rich lipoproteins and, ac-
cordingly, we found lower LDL-C in APOE &2/€2 carriers
(61). However APOE genotypes did not appear to impact
the differences observed between the two cohorts.
Furthermore, LPL GI88E (rs118204057) is one of
three missense mutations that account for >97% of com-
plete LPL deficiency in the homozygous French-Cana-
dian population (62). It could result in a very important
increase of plasma TG levels (63). However, due to the
complexity of interactions between genetic and environ-
mental factors, GI88E heterozygote carriers may develop
hypertriglyceridemia generally later in adulthood (62,
67). In our cohort, the detection of only one heterozy-
gote carrier of this allele prevented us from going fur-
ther. Note that in the French-Canadian population of

990  Journal of Lipid Research Volume 58, 2017

Quebec, the carrier frequency for familial LPL deficiency
disorder is 1:40 (68), which is above the general popula-
tion average (one per million) (69) and is attributed to a
founder effect (68). To our knowledge, none of the study
participants showed symptoms of this disorder, which
usually manifests in childhood and includes abdominal
pain, failure to thrive, hepatosplenomegaly, lipemia reti-
nalis, or eruptive xanthomas (70). Apparently, the in-
creased plasma TG levels and proportions in VLDL
fractions observed in our study are, therefore, not related
to LPL deficiency, but this assumption should be con-
firmed with the determination of LPL activity in view of
the association of specific variants with mild hypertriglyc-
eridemia (71).

Our data also documented important alterations in HDL,
composition and Apo distribution and size in dyslipidemic
and nondyslipidemic ALL survivors. The HDL, subfraction



VLDL

STD C ND D

A-l

A-ll A-ll

STD

-

- A-ll
—l 2

ch, - B ©-1 . C-11 . ca
' n I, e I, o, e, M e,
l‘mﬁ -l P CIIL Clil,
111,
E s
Normal TG High TG
HDL,
STD c ND D
Al ‘ Al Al
g Al - Al A-ll
- &
Cll, . C-l C-ll ) -
C = c, T o, CSE
e i, |8 cln cliL,
—
Normal TG High TG

was enriched in TG and poorer in PL, indicators of increased
particle size. The Apo A-I/A-II ratio was significantly reduced
(given the high proportion of Apo A-II), but only a rising
trend was noted in the Apo C-II/C-II ratio. All these modifi-
cations may strongly compromise the protective role of HDL
against CVD. Higher Apo Al levels displayed pro-athero-
genic potentials (72) and predicted the incidence of MetS
and type 2 diabetes (73). In support of these assertions, some
investigators stressed the opposite functions of Apos A-I and
A-II: the former was more effective in enhancing reverse cho-
lesterol transport and activating LCAT, whereas the latter ex-
hibited its pernicious inhibitory effects (74-76).

STD

Fig. 4. VLDL and HDL, composition in Apos (A-l,
A-II, C-II, CIII,, CIII;, and CIIly). Lipoprotein com-
position examined in n = 6 controls and n = 12 ALL
survivors with or without dyslipidemia using 12.5%
polyacrylamide gels containing TMU. Human puri-
fied Apos C-II and C-III and purified Apos A-I and A-II
were used as standards to identify Apos. A representa-
tive blot is shown. STD, standard; C, controls; ND,
nondyslipidemic ALL survivors; D, dyslipidemic ALL
! SUIVivors.

Apo A-l
Apo A-1l

In conclusion, this biochemical investigation high-
lights significant abnormalities in the plasma concentra-
tion and composition of lipids, Apos, and lipoproteins of
ALL survivors. Several of these alterations were more
prominent in survivors defined as dyslipidemic, although
they were observed in nondyslipidemic survivors as well.
Therefore, special attention must be paid to these sub-
jects, given the atherosclerotic potency of lipid and lipo-
protein disorders. Bl

The authors thank Mrs. Schohraya Spahis and Anita Franco for
their technical assistance.

TABLE 6. Distribution of Apos A-I, A-Il, G-I, C-III and Apo C-Il isoforms (C-I1I;, C-IIly) in VLDL and HDL, of ALL survivors compared with age-
and gender-matched controls using TMU gels

Composition in Apos

Lipoprotein Al Al (0311 C-II CHII, C-II, Ratio (C-11/CIII)
Percentage of total content
VLDL (1.006 g/ml)
Controls 57.48 + 7.36 12.89 +2.74 6.92 + 1.24 22.40 = 4.31 12.02 = 2.30 1042 +2.13 0.32 £ 0.04
ALL survivors 67.56 + 7.47 3.66 +0.97" 7.80 +1.86 22.05 + 4.94 13.81 +3.17 8.08 +1.88 0.35 +0.04
No dyslipidemia 78.95 + 9.30 4.08 +1.78 5.24+1.97 18.10 +5.84 7.54 +3.48 5.54 +2.53 0.39 +0.07
Dyslipidemia 56.18 +10.36 .24 +0.98 9.93 + 2.84 29.52 £ 6.50 19.03 +4.11 10.20 + 2.60 0.31 +0.04
HDL, (1.125 g/ml)
Controls 78.97 + 2.65 17.05 = 2.34 0.67 £0.15 3.30 = 0.62 1.97+0.41 1.35+0.30 0.20 £ 0.02
ALL survivors 76.13 +2.32 18.80 +2.12 1.08 £0.15 4.03 +0.47 2.40 £ 0.42 1.62+0.18 0.32 £0.07
No dyslipidemia 80.02 + 1.75 15.20 +1.77 1.00 £0.13 3.82+0.35 2.02+0.31 1.80 +0.22 0.25 £ 0.02
Dyslipidemia 72.23 + 3.82 22.40 + 3.39 1.15+0.27 4.23 £ 0.91 2.78 +0.79 1.43 +0.28 0.38 £0.15

Data are expressed as percentage of total Apo content + SEM. VLDL, IDL, LDL, HDL;, and HDL, relative composition in Apos was characterized
using polyacrylamide gels containing TMU in n = 12 survivors of ALL and n = 6 gender- and age-matched controls. ALL survivors were stratified in
two groups according to their dyslipidemia status as described in the Materials and Methods (n = 6/group).

“P < 0.05 versus controls.
’P<0.01 versus controls.
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