Plasma Cholesteryl Ester Transfer Protein Activity Is High in Infants
and Is Not Affected by Thyroid Hormones
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We investigated the effects of thyroid dysfunction on cholesteryl ester transfer protein (CETP) by studying plasma CETP
activity in hypothyroid infants before and after they were rendered euthyroid by L-thyroxine (LT,4) replacement therapy. To
exclude environmental factors possibly affecting plasma CETP activity, we selected hypothyroid infants to study plasma CETP
activity. Plasma CETP activity was measured as the rate of radiolabeled cholesteryl ester transfer from high-density lipoprotein
(HDL) to serum apolipoprotein B (apo B)-containing lipoproteins in plasma from 14 hypothyroid infants before and 2 months
after LT, replacement, 23 normal infants, and 61 normal adults. Relationships between CETP and thyroid hormones were
examined separately in the 14 hypothyroid infants and 32 euthyroid infants, including the 14 above-described hypothyroid
infants and an additional 18 treated hypothyroid infants. Serum levels of thyrotropin (TSH), free thyroxine (FT,), and free
trilodothyronine (FT3) were also determined on an autoanalyzer system in our hospital. In contrast to previous reports, we
found no differences in plasma CETP activity between hypothyroid infants and age-matched normal infants. LT, substitution
did not cause any changes in plasma CETP activity after therapy. Plasma CETP activity showed no correlation with serum TSH,
FT4, and FT3 levels. Both hypothyroid and normal infants were found to have significantly higher plasma CETP activity than
normal adults. From these results, we conclude that in infants thyroid hormones do not affect plasma CETP activity, and
normal infants have high plasma CETP activity, compared with normal adults.
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HOLESTERYL ESTER transfer protein (CETP) is a investigate the effects of thyroid dysfunction on CETP by
hydrophobic glycoprotein that mediates the net transferstudying plasma CETP activity in hypothyroid infants before
of neutral lipids between lipoproteins by stimulating the hetero-and after they were rendered euthyroid witthyroxine (LT;)

exchange of cholesteryl esters and triglyceritiek. redistrib- replacement therapy.
utes cholesteryl esters formed by lecithin:cholesterol acyltrans-
ferase in high-density lipoprotein (HDL) to the less dense SUBJECTS AND METHODS

apolipoprotein B (apo B)—containing lipoproteins. Therefore, it
play_s an important role in the metabolism of HDL and apo Al before LT, replacement therapy, 23 normal infants (aged 1 month; 11
and In.the. reverse C'holesterol transport. pathvay. males and 12 females), and 61 normal adults (aged 23 to 54 years; 38
In viewing 4 published reportsS thyroid hormones seem t0 males and 23 females) were enrolled in this study. The 14 hypothyroid
be involved in the regulation of CETP, and CETP may play ainfants were identified during neonatal mass screening for congenital
role in the alterations of HDL lipids observed in hypothyroid- hypothyroidism. These patients had elevated blood thyrotropin (TSH)
ism. According to these studié$,plasma CETP activity was levels (~97th percentile of the assay) and were referred to our hospital
low in hypothyroid adults, and a significant increase in plasmafor further evaluation at the age of 1 month. The 14 infants were later
CETP activity was noted after thyroxine replacement. However’confirmed to have congenital hypothyroidism. The 23 normal infants
as we discuss later in this report, the observed differences ijyere se_lected from neonates who were referre_d to our hospital becguse
plasma CETP activity were small and some other factors ma)gf transiently elevated _blood methlomne_, Ieu0|_ne, or galactose during
; . ewborn mass screening. TSH levels in their dried blood samples
have contributed to their results. Although the reported result

. . . Sneasured during the screening were all completely within the normal
may seem to explain the mechanisms of the elevation of HDLizge and their suspected disorders were finally ruled out.

cholesterolin hypothyroid states, we think itis too early to draw  gjood samples were obtained for measurement of plasma CETP
any conclusions based on the limited data obtained only fromuctivity according to the method of Kato et!dland serum TSH, free
adult patients. triiodothyronine (FE), free thyroxine (FJ), and other parameters were

In adults, the presence of a multitude of environmentalalso measured on an autoanalyzer (Hitachi 7170). Informed consent was
determinants, including smokirlg, drinking21! exercise}? obtained from the parents when they first visited our hospital. Plasma
estrogen usé diabetes mellitus? and obesity516 that can CETP activity was analyzed by measuring the transfer of cholesteryl
affect CETP may make the assessment difficult. Early inesters from exogenous radiolabeled HDL to apo B—containing lipopro-
infancy, when the effects of many of the above-mentioned™®":

fact h t vet b tablished. h Linfl At the age of 1 month, the first blood samples were taken and serum
actors have not yet been established, hormonal Infiuences a'{ﬁyroid hormone levels of the 14 infants indicated a hypothyroid status:

easier to quantify. The aim of the present study was tOrg 306.9+ 109.9 WU/ML (normal range, 0.6 to 5.3), 0,77+ 0.21

ng/dL (normal range, 1.3 to 2.8), and £2.97 = 0.35 pg/mL (normal

range, 2.1 to 3.8). The next day, J$ubstitution therapy was started.
From the Department of Pediatrics, School of Medicine, Niigata Each patient received an oral dose of,lapproximately 10 pg/kg body

University, Niigata, Japan. weight once per day in the morning. Two months aftey slibstitution,
Submitted October 18, 1999; accepted March 24, 2000. at the age of 3 months, the second blood samples were taken and serum
Address reprint requests to Tadashi Asami, MD, Department ofthyroid hormone levels were confirmed as normalized: TSH 3:24

Pediatrics, School of Medicine, Niigata University, Asahimachi-dori 0.71 plU/mL, FT, 2.67 = 0.24 ng/dL, and F33.90=* 0.25 pg/mL.

Fourteen hypothyroid infants (aged 1 month; 7 males and 7 females)

1-757, Niigata, Japan 951-8510. An additional 18 euthyroid infants aged between 3 and 11 months,
Copyright© 2000 by W.B. Saunders Company who were rendered euthyroid by jfeplacement since 1 month of age,
0026-0495/00/4909-0017$10.00/0 were enrolled as the subjects in this study to assess the relationships of
doi:10.1053/meta.2000.8617 CETP with thyroid hormones.
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Measurement of CETP Activity 180 3 F==—p20.001

Plasma CETP activity was measured according to the method of Kato 160
et all’ Briefly, discoidal bilayer particles were used as cholesteryl esters
donors and LDL was used as the acceptor. The LDL used in this study
was separated from pooled plasma obtained from normal adults with &
normal lipid profile. The transfer of*C-labeled cholesteryl oleate in
discoidal bilayer particles to LDL was monitored after incubation for 30
minutes at 37°C with or without the addition of 2 pL plasma as the 8 &
source of CETP. Discoidal bilayer particles and LDL were separated b)g 60
sodium dextran sulfate and MgQlextran sulfate and Mggprecipita- g
tion, and radioactivity in the supernatant and precipitates was therd
determined. CETP activity linearly increased within 30 minutes of 5 |
incubation. We expressed CETP activity as a percent of the control
valuel”18 The control value for plasma CETP activity was obtained
from 47 normal adults working in the R & D Center Biomedical e o b
Laboratories (BML) (Saitama, Japan). The 47 subjects were selected
because they had a normal serum lipid profile and no D442G or intron Fig1. Plasma CETP activity. Plasma CETP activity was not statisti-
14 mutations in the human CETP gene. The 47 samples were measuredlly different in hypothyroid infants (n = 14, 147.2% =+ 32.8% of
for the cholesteryl ester transfer rate, and the mean transfer rate wantrol) and normal infants (n = 23, 147.8% + 21.7% of control).
used as the control value for plasma CETP activity. Three plasmaNormal infants had significantly higher plasma CETP activity than
samples, the transfer rates of which were close to the mean value, wefPrmal adults (n = 61, 101.9% + 19.8%, P < .001).
separated and kept frozen-aB0°C to be used as the control value in

each assay. All of these laboratory procedures were performed by th&ETP activity after therapy. Plasma CETP activity showed no
BML (Saitama, Japan). correlation with serum TSH, FTand FElevels. Both hypothy-
roid and normal infants showed higher plasma CETP activity
than normal adults.

Since plasma CI_ETI_D activity an_d t_h_yroid hormom_a concen_trations CETP activity may be regulated in 4 wéyby factors that
were not normally distributed, the 5|gn|f|cance of the @fference in theseInﬂuence the concentration of CETP in plasma, by the activity
values was analyzed by nonparametriest. The significance of the of CETP inhibitor proteins, by variations in the concentration

values before and after L Ttherapy was determined by Wilcoxon's d . fd d I . db
signed rank sum test. Data are presented as the me8D. Linear and composition of donor and acceptor lipoproteins, and by

regression was used to assess the correlation of plasma CETP activif_ﬁ‘ctors t_hat influer_lce.the interaction of CETP with plasma
with thyroid hormones. AP value less than .05 was considered llpoproteins. Considering the presence of high serum HDL
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Statistical Analysis

significant. cholesterol and apo A-l levels in hypothyroid patiet#3!
thyroid hormones seem to be one of the factors affecting plasma
RESULTS CETP activity.
Plasma CETP Activity In viewing the literature, there have been 4 reports on the

. o ) . relationship between plasma CETP and thyroid hormones.
Plasma CETP activity was not statistically different in pjaart et af first investigated the effect of hypothyroidism on
hypothyroid infants and normal infants. Both hypothyroid and ceTp activity in 13 athyrotic patients before and after triiodo-

normal infants had significantly higher plasma CETP activity thyronine () supplementation for 33 to 67 days. According to
than normal adults (Fig 1).

Changes in Plasma CETP Activity Before and Aftey LT 180 B
Replacement 160 —_
147.2
In hypothyroid infants, serum thyroid hormone levels were § 140 134.9
normalized 2 months after LTreplacement (at the age of 3 § 120 =
months). However, no significant changes were observed ir§
plasma CETP activity after Lireplacement (Fig 2). 2%
k=1 raranas:
S 80 =
Relationship of Plasma CETP Activity With Thyroid Hormones E 6o
In the 14 hypothyroid infants before L Bubstitution, plasma % w0
CETP activity did not show any relationship with thyroid *
hormone levels. In the 32 euthyroid infants during, k&place- 20
ment, there was no relationship between plasma CETP activity o : :
and thyroid hormone levels (Table 1). e Zmonths afer LT4 PO
DISCUSSION Fig 2. Changes in plasma CETP activity before and after LT,

. . . replacement. No significant changes were observed in plasma CETP
In this study, we found no differences in plasma C:ETPaCtivity after LT, replacement: 14 hypothyroid infants before LT,,

activity between hypothyroid infants and age-matched normal 4729, + 32.8% of control; 2 months after LT,, 134.9% = 23.4% of
infants. LT, substitution did not cause any changes in plasmacontrol; and 23 normal infants, 147.8% = 21.7% of control.
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Table 1. Correlation Coefficients of Plasma CETP Activity Versus hypothyroid patients, the mean increase was very small (4.32%)
Thyroid Hormone Levels in Hypothyroid and Treated Infants and the 2 patler]tsl shOW|ng promlnent increases in plasma
Before LT, After LT, CETP activity, could have contributed to the statistical signifi-
Replacement Replacement

cance of their results. Another point is that no significant

H =14 =32 . Lo .
ormone il ) changes were observed in plasma CETP activity in hyperthyroid
TSH —ooi 208 patients before and after therapy in another one of their stidies.
E“ 7'31 '22; In our study, there were no changes in plasma CETP activity
3 . .

exactly 2 months after Lireplacement therapy with complete
NOTE. All values are statistically nonsignificant. normalization of thyroid hormone levels.

As described before, the results of the present study are very
their study, CETP activity was 15% lower in the hypothyroid different from those in the 4 previous studies wherein plasma
state as compared with the euthyroid state, aftesupplemen- ~ CETP activity was low in the hypothyroid state. In contrast to
tation4 However, the difference was very small and the durationthese 4 previous studies, we found no differences in plasma
of T supplementation varied widely from 33 days to 67 days, CETP between hypothyroid and normal infants and no changes
which may have affected the results. In our study, we measureth plasma CETP before and after Jfieplacement. In our study,
all variables exactly 2 months after the start of,i&placement, plasma CETP activities were neither affected by thyroid status
and the ages of the patients were all the same. Another point toor correlated with thyroid hormone levels.
consider in their study is that there were no differences in Although there seems to be no obvious explanation for this
plasma CETP activity in their 13 hypothyroid patients versus 26difference, one possible explanation might be that in the
euthyroid controls. This result is very similar to the presentprevious studies all subjects were adults, whose plasma CETP
study, suggesting that there are no relationships between plasnaativity tends to be affected by many environmental factors. In
CETP and thyroid hormone levels. clinical studies enrolling adult patients as subjects, it can be

In another study by Ritter et &lplasma CETP activity was difficult to adjust the obtained values for all of these environmen-
significantly decreased when patients were hypothyroid andal factors, which may then affect the results. To minimize the
increased to normal levels after hormone replacement angossible effects of such factors on thyroid hormones and CETP,
restoration of eumetabolism. However, plasma CETP concentrawve elected to study infants who had not yet been exposed to
tions were unchanged before and after treatment in hypothyroithese factors.
females’ Based on their observations, they concluded that Another possible explanation for the different results of our
decreases in CET during hypothyroidism may be secondary tstudy versus the others would be that adults may respond to
acceptor lipoprotein (LDL and very—low-density lipoprotein) thyroid hormone replacement very differently from infants.
changes in the hypothyroid state and not to changes in théccording to a report by Tenenbaum efain contrast to adult
concentration of CETP itse¥fTheir report seems to partially hypothyroidism, LDL catabolism is not altered in congenital
support our views. hypothyroidism in infants. However, as in adults, a defect of

In more recent studies by Tan et3ghlasma CETP activity lipolytic enzyme activities is present and can induce an
was increased in hyperthyroid patients compared with controlsimpairment of the elimination of cholesterol via the HDL route
whereas in hypothyroid patients, plasma CETP activity wasand potentially of the catabolism of triglyceride-rich lipopro-
decreased. In the hypothyroid patients, there was a significarteins?® Another support for this possible age difference in lipid
increase in plasma CETP activity after thyroxine replacementmetabolism is that in our study both hypothyroid and normal
In addition, there was a strong positive correlation betweerinfants were found for the first time to have very high plasma
logarithmic (FT;) and plasma CETP activiHowever, we did  CETP activity compared with normal adults. The significance
not find any relationships between plasma CETP activity andof the observed high plasma CETP activity in infants remains
thyroid hormones not only in hypothyroid infants before,LT uncertain on the basis of the available data.
substitution but also in a larger number of euthyroid infants Based on our findings, we conclude that in infants thyroid
receiving long-term LT replacement therapy since 1 month of age. hormones do not affect plasma CETP activity, and normal

With regard to the response of CETP to thyroid hormoneinfants have high plasma CETP activity compared with normal
replacement, although Tan et abtained a statistically signifi- adults. Further studies from other institutions are needed to
cant increase in plasma CETP activity after;'@€placement in  confirm this.
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