Migdalovich et al  Gender-Specific Risk in Type 2 LQTS

1543

rhythymic risk even among women who carry lower-risk
(nonpore) mutations in the KCNHZ channel. In contrast, the
protective effects of testosterone on Ix, and ventricular
repolarization in postadolescent male subjects result in a
reduction in the risk of arrhytmic events among carriers of
low-risk mutations, with a possible remaining residual risk
in men who harbor higher-risk mutations in the functionally
more important pore-loop region.

In a prior study, Priori et al.'® proposed a risk stratifica-
tion scheme for LQTS patients that is based on the LQTS
genotype, QTc, and gender. This study, however, assessed a
composite end point of cardiac events of any type, compris-
ing mostly nonfatal symcopal episodes,'® whereas the large
sample size of genotyped LQT?2 patients in the present study
facilitated for the first time the development of a risk strat-
ification scheme for the end point of life-threatening cardiac
events within the LQT2 population. We show that com-
bined assessment of clinical and genetic data, related to
mutation location, can be used to identify risk groups of
LQT2 patients with a significantly different risk of ACA or
SCD and with a pronounced difference in the rate of ACA
or SCD during follow-up. These findings suggest that risk
stratification in LQTS should combine clinical and muta-
tion-related risk factors that are specific for each of the 3
main LQTS genotypes.

Prior data suggest that LQT?2 patients expereince a rela-
tively high rate of cardiac events during B-blocker ther-
apy.'” In the present study, medical therapy with B-blockers
was associated with a pronounced 61% reduction in the risk
of ACA or SCD in the total LQT?2 population. However, the
present findings also suggest that careful follow-up, with
consideration of ICD therapy for primary prevention, is
warranted in high- and very-high-risk LQT?2 patients. These
patient subsets were shown to experience 3.5 to 5.3 events
per 100 patient years (which corresponds to a high rate of
1.5 to 2.1 life-threatening cardiac events per patient from
birth through age 40 years) despite frequent usage of
B-blocker therapy (>80%).

Study limitations

We did not carry out expression studies to assess the effects
of estrogen and testosterone on ion channel mutations by
their location. Therefore, further studies are necessary to
evaluate the mechanism related to the observed gender-
specific risk related to mutation location.

Because of sample size limitations, we did not carry out
comprehensive analysis of the relation between all function
regions of the KCNH2 channel (including the PAS, CNBD,
and other C-terminus and and N-terminus domains) and
gender-specific risk. However, the results from the second-
ary analysis in which non—pore-loop mutations were further
subcategorized into mutations in the transmembrane and

C/N-terminus regions support the consistency of our find-
ings.

Conclusions and clinical implications

The present study shows a distinct association between
mutation characteristics and time-dependent differences in
the clinical course of LQT2 patients. We have shown that
after the onset of adolescence, women with and without
high-risk mutations show increased risk for life-threatening
cardiac events, whereas the risk of ACA or SCD in men is
increased only among carriers of the higher-risk pore-loop
mutations. Thus, a comprehensive approach that combines
clinical and genetic data should be used for risk assessment
and management of LQTS patients.

Appendix

Supplementary data
Supplementary data associated with this article can be found,
in the online version, at doi:10.1016/j.hrthm.2011.03.049.
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Flecainide Therapy Reduces Exercise-Induced
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This study evaluated the efficacy and safety of flecainide in addition to conventional drug therapy in patients

with catecholaminergic polymorphic ventricular tachycardia (CPVT).

CPVT is an inherited arrhythmia syndrome caused by gene mutations that destabilize cardiac ryanodine receptor

Ca®" release channels. Sudden cardiac death is incompletely prevented by conventional drug therapy with
B-blockers with or without Ca®* channel blockers. The antiarrhythmic agent flecainide directly targets the molec-
ular defect in CPVT by inhibiting premature Ca®* release and triggered beats in vitro.

We collected data from every consecutive genotype-positive CPVT patient started on flecainide at 8 international

centers before December 2009. The primary outcome measure was the reduction of ventricular arrhythmias

Thirty-three patients received flecainide because of exercise-induced ventricular arrhythmias despite conven-

tional (for different reasons, not always optimal) therapy (median age 25 years; range 7 to 68 years; 73% fe-
male). Exercise tests comparing flecainide in addition to conventional therapy with conventional therapy alone
were available for 29 patients. Twenty-two patients (76%) had either partial (n = 8) or complete (n = 14) sup-
pression of exercise-induced ventricular arrhythmias with flecainide (p < 0.001). No patient experienced worsen-
ing of exercise-induced ventricular arrhythmias. The median daily flecainide dose in responders was 150 mg
(range 100 to 300 mg). During a median follow-up of 20 months (range 12 to 40 months), 1 patient experi-
enced implantable cardioverter-defibrillator shocks for polymorphic ventricular arrhythmias, which were associ-
ated with a low serum flecainide level. In 1 patient, flecainide successfully suppressed exercise-induced ventricu-
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lar arrhythmias for 29 years.
Conclusions

Fiecainide reduced exercise-induced ventricular arrhythmias in patients with CPVT not controlled by conventional drug

therapy. (J Am Coll Cardiol 2011;57:2244-54) © 2011 by the American College of Cardiology Foundation
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normal hearts, with a high fatal event rate in untreated
patients (1-3). Approximately 60% of CPV'T patients have
mutations in genes encoding the cardiac ryanodine receptor
Ca®* release channel (RyR2) or cardiac calsequestrin (4~6),
and these cause spontaneous RyR2 channel openings (7,8).
The resulting increase in cytosolic Ca>™ triggers delayed
afterdepolarizations, ventricular premature beats (VPBs),
and ventricular tachycardia, especially under conditions of
B-adrenergic stimulation (9,10).

Hence, B-blockers are considered first-line therapy, but
unfortunately they are not completely effective in preventing
life-threatening arrhythmias (1-3,11-16). An implantable
cardioverter-defibrillator (ICD) is often used in patients
who continue to have ventricular arrhythmias despite
B-blocker therapy. However, ICDs are not fully protective
and can be proarthythmic in CPVT patients because both
appropriate and inappropriate ICD shocks can trigger
catecholamine release, subsequently resulting in multiple
shocks (arrhythmic storm), and death (17,18). Thus, addi-
tional therapy is desired for CPVT. Small case series show
that left cardiac sympathetic denervation is effective in
patients who are insufficiently protected by B-blocker ther-
apy and/or experiencing too many ICD shocks (19-22).

Recently, we discovered that the antiarrhythmic agent
flecainide directly blocks RyR2 channels, prevents RyR2-
mediated premature Ca®* release, and suppresses triggered
beats in myocytes isolated from mouse hearts lacking
calsequestrin, an animal model of CPVT (23). This effect is
not mediated by Na™-channel block, the conventional mode
of action thought to underlie flecainide activity, but rather
can be attributed to open state block of RyR2 channels (that
is, flecainide directly targets the molecular defect responsible
for the arrhythmogenic Ca®* waves that trigger CPVT in
vivo) (24). In preliminary work, flecainide also appeared to
be effective in 2 highly symptomatic CPVT patients (23).

Here we collate the data from every CPVT patient started
on flecainide at 8 international centers and report on the
efficacy and safety of flecainide treatment in CPVT.

Methods

Participants and study design. To better understand the
efficacy and safety of flecainide in CPVT, we reviewed the
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chart of each consecutive CPVT
patient in whom flecainide was
started at 8 tertiary referral cen-
ters in the Netherlands, Canada,
France, Israel, Japan, and the
United States before December
2009. All patients had a clinical
diagnosis of CPVT (based on
exercise-induced bidirectional or
polymorphic VT in the absence
of structural cardiac disease) and
a putative pathogenic mutation
in the gene encoding RyR2 or
cardiac calsequestrin. Determi-
nation of flecainide starting dose
and dosing increases were made
by the treating physician as part
of specialized clinical care. Data collection and analysis were
done retrospectively by chart review and were approved by
the institutional review board at each participating
institution.
Primary and secondary outcome measures. Couplets or
VT during exercise are significantly associated with future
arrhythmic events in CPVT (2). Because all patients were
monitored by repeat exercise testing as part of routine
clinical care, we used the reduction of ventricular arrhyth-
mias during exercise testing as the primary outcome mea-
sure. The effect of flecainide was quantified by comparing
the ventricular arrhythmia score (see later text) of the last
exercise test on conventional therapy with the ventricular
arthythmia score of the first exercise test after a minimum of
5 days on the stable flecainide dose. Only patients on an
unchanged or lower B-blocker dose during flecainide treat-
ment were included in the primary analysis. Depending on
the site, exercise testing was performed using a treadmill
(standard or modified Bruce protocols) or bicycle ergometer.
Secondary outcome measures were the incidence of ar-
rhythmic events (defined as syncope, aborted cardiac arrest,
appropriate ICD shocks, and sudden cardiac death), assess-
ment of well-being and side effects of flecainide, and
monitoring of proarrhythmic effects of flecainide, in partic-
ular QRS duration during exercise and increase in the
ventricular arrhythmia burden (25,26).
Definitions of ventricular arrhythmia. Exercise testing
was analyzed and scored using the following pre-defined
parameters (modified from Rosso et al. [27]): 1) ventricular
arrhythmia score, defined by the worst ventricular arrhyth-
mia (1, no or isolated VPBs; 2, bigeminal VPBs and/or
frequent VPBs [>10 per min]; 3, couplet; and 4, nonsus-
tained ventricular tachycardia [NSVT], =3 successive
VPBs); 2) the presence of either of the parameters of the
ventricular arrhythmia score or the presence of bidirectional
VT (>3 successive VPBs with a beat-to-beat alternating
right and left QRS axis); 3) sinus rate at the onset of
ventricular arrhythmias, most often an isolated VPB; 4)
maximum number of VPBs during a 10-s period; and 5)

ICD = implan&ble
cardioverter-defibrillator

NSVT = nonsustained
ventricular tachycardia

RyR2 = cardiac ryanodine
receptor Ca®" release
channel

VPB = ventricular
premature beat

VT = ventricular
tachycardia
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Age at Drug Therapy at Daily Starting/Stable
First Age at Aborted Age at Baseline, Flecainide Dose, Response to Side
Patient Symptom, Proband or Presenting Diagnosis, Cardiac Baseline, mg (mg/kg indication for Starting mg (mg/kg Follow-Up,  Flecainide Effects of
# Sex Mutation* yrs Relative Symptom yrs Arrest icD yis body weight) Flecainide Treatment body weight)t months Treatment Flecainide
i F A4091T 5 Proband Selzure 6 Yes Yes 13 Nadolol 160 (2.4), NSVT (on Holter 300 (4.5) 25 Complete None
)
180(2.7)8
2 F R2401H 8 Proband Syncope 6 No No 7 Nadolol 15 (0.8) NSVT (on Holter 96 (5.6)/120(7.1) 22 None None
recordings)
3t M CASQ2: 532+ NA Relative None 3 No Yes 12 Metoprolot NSVT (on ICD 100 (1.9)/150 (2.8) 28 Complete None
1G>A 125(2.3), recordings) +
verapamil frequent ICD shocks
120 (2.2)§
4% F E4076K 28 Relative Syncope 31 No No 37 Metoprolol Couplets + side effects 100 (1.6)/150 (2.4) 23 Partial None
100 (1.6)
5 F $4124G NA Relative None 31 No No 36 Bisoprolo! NSVT + side effects 100 (1.5)/150 (2.3) 28 Partial None
5(0.08),
verapamil
240(3.7)8
6 F 54124G 45 Proband Syncope 50 No No 68 Blsoprolol NSVT -+ slde effects 75 (1.2)/150 (2.4) 13 Partlal Sinus arrest
2.5(0.04) and dizziness
7 F 54124G 26 Relative Aborted cardlac 26 Yes No 41 Nonel| NSVT 150 (2.2) 22 Partlal Dlzziness
arrest
8% M S4124G 8 Relative Syncope 8 No No 10 Metoprolol Couplets 50 (1.9)/100 (3.7) 22 Partial None
50 (1.9)
9t M E4187Q NA Praoband None (detected by 47 No No 53 Metoprolol! NSVT -+ side effects 150 (1.7) 20 Partial None
cardlological 200 (2.4)
examination
after SCD of
his son)
10 M E4187Q NA Relative None 19 No Yes 25 Metoprofol NSVT 150 (2.0) 20 None None
200(2.7)
113 F E4187Q NA Relative Nane 14 No Yes 20 Metoprolol NSVT 100 (1.8) 20 Complete None
150 (2.6)
12% m E4187Q NA Relative None 11 No Yes 17 Metoprolol NSVT 100 (1.6)/300 (4.8) 20 Partial None
100 (1.6)
13 F E1724K 13 Relative Syncope 13 No No 25 Metoprolol Couplets 100 (1.3)7# NA# NA# Fatigue, dizziness,
25 (0.4) chest pain
14 F E1724K 9 Proband Syncope 15 No No 50 Sotalol 160 (2.1)  Bigeminy/frequent VPBs 100 (1.3) 20 None None
+ side effects
158 ™ R420W NA Relative None 38 No No 49 Metoprolol Couplets 150 (1.9)/300 (3.9) 19 Complete None
100 (1.3)
16% M R420W NA Relative None 12 No No 16 Metoprolol NSVT 100{1.7) 19 Complete None
100 (1.7)
17 F Y4962C NA Relative None 41 No No 45 Atenolol 25(0.4)  NSVT 150 (2.5) 12 Complete None
18t F M2605V, NA Proband None (detected 40 No No 40 Metoprolo! Couplets 200 (2.9) 18 Partial None
A4510T, by exercise 100 (1.4)
14757- testing at
6_7CT>TA pre-participation
screening)

Contlnued on next page
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Table 1

Age at Drug Therapy at Daily Starting/Stable

First Age at Aborted Age at Baseline, Flecainide Dose, Response to
Patient Symptom, Proband or Presenting Diagnosis, Cardiac Baseline, mg (mg/kg Indication for Starting mg {mg/kg Follow-Up,  Flecainide Side Effects
# Sex Mutation* yrs Relative Symptom yrs Arrest [{+)] yIs body weight) Flecainide Treatment body weight}t months Treatment of Flecainide
19 F R420W 33 Proband Syncope 33 No Yes 36 Bisoprolol 5 (0.08) Bigeminy/frequent VPBs 100 (1.5) 17 Complete None
20 M R420W NA Relative None 11 No No 12 Atenolol 25 (0.7)  Couplets 100 (2.6) 23 Complete None
21% F G3946S 14  Proband Syncope 15 No No 34 Nadolol 160 (2.7) Couplets 200(3.3) 18 Complete None
22 F R420Q 14  Proband Syncope 15 No Yes 20 Bisoprolol Couplets 200 (4.0) 17 None None
1.25(0.03)
23% F R2474G 1 Proband Convulsion without 11 No Yes 18 Atenolol NSVT 150 (3.2) 20 Complete None
fever 100 (2.1),
verapamll
. 120 (2.6)
24 F R420W NA Relative None 20 Yes No 24 Metop i VPBs 100 (1.8) 17 Complete None
25(0.4)# -+ slde effects
25 F E1724K 10  Proband Syncope 31 No No 39 Carvedilol NSVT 100(2.2) 14 Partial None
2.5(0.05)
261 F F2215L 5  Proband Cardiac arrest 10 Yes No 24 Propranolol NSVT (on Hoiter 100 (2.0) 13 None None
140 (2.8) recordings) +
syncope +
palpitations
27 F R4157H 56  Relative Paipltations 57 No Yes 57 Bisoprolol NSVT 150 (2.3) 31 NA** None
5 (0.08)**
28 F mM3978I 14  Relative Syncope 15 No Yes 25 Nadoloal 40 (0.7) Frequent VPBs ~+ 150 (2.5) 31 Complete Nausea and
syncope dizziness
29 F mM3978I1 14  Proband Syncope 14 No Yes 26 Bisaprolol Blgeminy/frequent VPBs 150 (3.1) 32 None None
5(0.08)11
30 F M3978I 13  Relative Syncope 32 No No 45 None}t Bigeminy/frequent VPBs 150 (2.3) NA§S§ Partial Nausea and
. dizzlness
31 F M3978| 13  Relative Syncope 38 No No 50 Bisoprolol 5 (0.09) VPBs + palpitations 100(1.8) NAJ[| None Nausea and
dizziness
32 M V47741 4  Proband Syncope with 18 No No 18 Sotalol 240 (3.2)  NSVT 200(2.7) 29 yrs§§  Complete None
selzure
33f F R2401H 9 Proband Syncope 9 No Yes 17 Nadolol 160 (2.5) Syncope with VF and 150 (2.3) 40 Complete None
arrhythmic storm
(recorded on iCD log)
Total F: 24 RyR2: Medlan: Probands:  Symptoms: Median: Yes: Yes: Medlan: B-blocker: Severe ventricular Median: 100 (range  Median: Complete: Yes: 6 (18%)
(73%) 32(97%) 13 15 (45%) 21 (64%) 18 4 12 25 31 (94%); arrhythmla: 26 (79%); 50-300)/150 20 14/31
(range (range (12%) (36%) (range ca?* channel symptoms: 5 (15%) (range 100-300) (range {45%);
1-56) 3-57) 7-68) blocker: 12-40) partial:
4 (12%) 10/31
(32%)
*RYR2 mutations unless otherwlse indicated. tStable dose was Identical to starting dose when only 1 dose is displayed. $Patlents who were treated with a first-line B-blocker at an optimal dose (n = 15). §! pamil was when ide was started. HThIs patient
discontinued B-blocker therapy during 3 and agreed with her treating to per 4 B-blocker therapy and avold exercise. JFlecainide was discontinued within a few days and before exercise testing on flecainide
could be performed. #Metoprolol was discontinued and fiecainide was started In this patient because of Intolerable side effects. **This patient was not included in the primary analysis because the bisoprolol dose was also 117his patient B-blocker
therapy on her own after was started and before an exercise test on combined therapy could be performed. The arrhy score on py did not change compared with that on the baseline exercise test while
taking a B-blocker. $3This patient discontinued B-blocker therapy because of side effects. §§This patient and B-blocker therapy on her own initiative. |||This patient discontinued flecainide because of side effects after exercise testing while
taking a B-blocker and fiecainide was performed. §9This patlent was from the folls
ICD = ter NA = not : NSVT = y SCD = sudden cardiac death; VF = VPB = beat.
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ratio of VPBs to sinus beats during the 10-s period with the
maximum number of VPBs.

Reaching a ventricular arrhythmia score of 1 was consid-

ered complete suppression of ventricular arrhythmias. Other
ventricular arrhythmia score improvements were considered
partial suppression.
Statistical analysis. Continuous data are presented as
mean * SD or median (range), and categorical variables as
number (percentage). Related samples were compared using
the paired Wilcoxon signed-rank test for continuous and
ordinal variables and the McNemar test for dichotomous
variables. Independent continuous variables were compared
by means of the Mann-Whitney U test. A 2-tailed p value
<0.05 was considered statistically significant. Statistical
analysis was performed with SPSS software package, version
15.0 (SPSS, Inc., Chicago, Illinois).

Results

Patient characteristics. A total of 33 genotype-positive
CPVT patients from 21 families were started on flecainide
at 8 tertiary care centers (Table 1). All patients had
persistent physical or emotional stress-induced ventricular
arrhythmias documented by exercise testing, Holter record-
ings, or ICD interrogation and/or persistent symptoms of
palpitations, syncope, aborted cardiac arrest, or appropriate
ICD shocks, while taking B-blockers with or without
Ca®*-channel blockers. Twenty-four of the patients (73%)
were female. The median age at the start of flecainide
therapy was 25 years (range 7 to 68 years). Thirty-one
patients (94%) were treated with B-blockers, and 4 (12%) of
them also received Ca®"-channel blockers (Table 1).

In 1 patient (Patient #13), flecainide was stopped because
of side effects before exercise testing could be repeated; in
another patient (Patient #27) the B-blocker dose was
increased during flecainide treatment; and 2 patients (Pa-
tients #7 and #30) did not receive B-blocker therapy when
flecainide was started (Table 1). In the remaining 29
patients, exercise tests on combination therapy of flecainide
with conventional drugs at unchanged or lower doses were
available for analysis. In 17 patients (59%), baseline exercise
testing was performed <48 h before flecainide initiation.
Flecainide therapy reduces exercise-induced ventricular
arthythmias. Flecainide treatment improved the ventric-
ular arrhythmia score in 22 patients (76%) (p < 0.001)
(Fig. 1A). Fourteen patients (48%) had complete suppres-
sion of ventricular arrhythmias (including 7 patients without
any VPBs), and 8 (28%) had partial suppression. None of
the patients experienced significant (i.e., couplet or VT)
worsening of the exercise-induced ventricular arthythmia
score.

Flecainide treatment also significantly improved all other
predefined parameters of exercise-induced ventricular ar-
rhythmia (Table 2). For example, patients receiving flecain-
ide therapy achieved significantly higher heart rates before
ventricular arrhythmias occurred. Independently, flecainide

JACC Vol. 57, No. 22, 2011
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caused a significant reduction in maximum sinus rate
during exercise, even though a higher mean workload was
achieved. As expected (28), flecainide prolonged the PR
interval (149 * 21 msvs. 160 = 24 ms; p = 0.003), and the
QRS duration (83 * 9 msvs. 89 = 11 ms; p = 0.005), but
did not change the QT interval (399 *+ 26 ms vs. 405 = 19
ms; p = 0.171) at rest. These parameters remained within
the normal range at rest and during peak exercise in all
patients, except for a slightly prolonged resting PR interval
(220 ms) in 1 patient (Patient #20).

We next assessed the reproducibility of exercise testing as
a measure of the ventricular arrhythmia burden in CPVT.
Although not available for all patients, a subset of patients
underwent repeated exercise testing either at the same dose
of conventional therapy (n = 14) or at the same flecainide
dose (n = 16). In both cases, the ventricular arrhythmia
score of the second exercise test was not statistically different
from that on the first exercise test (Fig. 2). Similarly, all
other predefined parameters of exercise-induced ventricular
arthythmia also did not change significantly (e.g., the
maximum number of VPBs during a 10-s period was 5 = 5
on the first exercise test at the stable flecainide dose and 6 =
6 on the second exercise test at the same flecainide dose
[p = 0.556]), suggesting that ventricular arthythmia scores
obtained from exercise testing are reproducible measures of
drug efficacy in CPVT and that tachyphylaxis was not
present.

We found that 14 of the 29 patients included in the
primary analysis received drug therapy that could be con-
sidered suboptimal (i.e., an unusual B-blocker for CPVT
[bisoprolol, carvedilol, or sotalol]) or a relatively low
B-blocker dose (atenolol, metoprolol, or nadolol <1 mg/kg
body weight daily) (2). These patients had either side effects
on other B-blockers and/or a higher B-blocker dose, or
nadolol was not available in their country. To assess whether
flecainide was also effective in CPVT patients on optimal
conventional therapy, we next analyzed the 15 patients who
were treated with a first-line B-blocker at an optimal dose
(Table 1). Flecainide significantly improved the ventricular
arthythmia score (p = 0.003) (Fig. 1B), and all other
pre-defined arrhythmia parameters in this subgroup to a
similar extent as in the primary analysis.

The ventricular arrhythmia score in the 2 patients (Patients
#7 and #30) who did not receive B-blocker therapy when fle-
cainide was started improved from NSVT to couplet and from
NSVT to bigeminal VPBs and frequent VPBs, respectively.
Flecainide dose in CPVT. To estimate the optimal dosing
of flecainide in CPVT, we analyzed the relationship be-
tween starting dose and VT suppression during the first
exercise test on flecainide. Patients without suppression of
exercise-induced ventricular arrhythmias on the starting
flecainide dose received a significantly lower dose (113 = 39
mg, n = 13; p = 0.038) compared with patients with either
partial (142 * 38 mg, n = 6) or complete ventricular
arthythmia suppression (150 * 60 mg, n = 12). Eight
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Ventricular arrhythmia score per patient on the baseline exercise test on standard therapy and on the first exercise test on the final (stable) flecainide dose in the entire
cohort (n = 29) (A) and in the patients who were treated with a firstline B-blocker at an optimal dose (n = 15) (B). The number of patients in each ventricular arrhyth-

mia category and change in ventricular arrhythmia category are shown. The line thickness indicates the number of patients, and a dotted line represents 1 patient. The
median time interval between the 2 tests is shown. All exercise tests were performed on patients receiving an unchanged B-blocker dose. NSVT = nonsustained ventric-

Flecainide therapy
test 1 (21 days)

patients (24%) received an increased flecainide dose after the
initial exercise test (Table 1). The dose increased from an
average daily dose of 96 = 28 mg to 178 * 78 mg (range
100 to 300 mg), which resulted in a significant improvement
in the ventricular arrhythmia score (Fig. 3).

Clinical follow-up. Three patients (Patients #13, #30, and
#31) discontinued flecainide with <6 months of follow-up
due to side effects. One patient (Patient #6) required a
pacemaker because flecainide exacerbated pre-existing sinus

node dysfunction. Flecainide was resumed after pacemaker
implantation, and this patient was included in the study. In
2 patients (Patients #7 and #28), the stable flecainide dose
was decreased because of dizziness. All other patients
tolerated flecainide well without severe side effects. The
B-blocker dose was decreased in 5 patients (Patients #4, #5,
#6, #9, and #12) who had a partial suppression of ventricular
arthythmias on flecainide and experienced side effects of
B-blocker therapy (in particular, fatigue) before flecainide
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Standard Therapy Flrst Exerclse Test on
Baseline Stable Flecainide Dose
(n = 29) (n = 29)

p Value

on the first Ise test at the stable fiecalnlde dose were Included In this analysls. {Data were

Data are mean * SD, median (range), or n (%). *Only the 22 patients who stlll had arr
available for 28 patients (not available for Patient #32).
MET = ic eq  NSVT = VPB = ventr

beat.

was started. One patient (Patient #29) refused to take
B-blockers during follow-up, with no worsening of exercise-
induced ventricular arrhythmias on flecainide monotherapy.

Thus, 30 of 33 patients (91%) continued to receive
flecainide and were included in the further analysis of the
incidence of arrhythmic events. During a median follow-up
of 20 months (range 12 to 40 months, excluding Patient
#32), VT recurred in only 1 patient (Patient #1) who
experienced several appropriate ICD shocks for polymor-
phic VT after 8 months of flecainide treatment. Her serum
flecainide level was low (0.34 pg/ml) at the time of the event
compared with levels obtained previously (0.75 to 0.82
wg/ml), suggesting noncompliance. She was hospitalized for
48 h, nadolol and flecainide were resumed at their previous
doses, and no further ventricular arrhythmias occurred
during a further follow-up of 17 months. The other 29
patients remained free of arrhythmic events during follow-
up. The longest follow-up of 29 years was achieved in
Patient #32, who presented with exercise-induced VT in
1981. After unsuccessful trials of multiple antiarrhythmic
drugs (including mexilitine, amiodarone, propranolol, sota-
lol, and Ca®"-channel blockers), flecainide (200 mg/day)
was added to sotalol (160 mg/day), which resulted in
complete suppression of ventricular arrhythmia during ex-
ercise testing. In 2008, an exercise test 48 h after stopping
flecainide and sotalol showed NSV'T. After restarting the
combined therapy, a subsequent exercise test only showed
isolated VPBs, but no VT. Subsequent genotyping revealed
a mutation in the gene encoding RyR2. In Patient #33,
flecainide 150 mg/day was started in 2007 because of 2
episodes of syncope with ventricular fibrillation on the ICD
interrogation despite nadolol 240 mg/day. Exercise testing
showed complete suppression of ventricular arrhythmias,

and she has been free of arrhythmic events on flecainide for
40 months.

Discussion

Main findings. Our study demonstrates that flecainide
reduces or prevents exercise-induced ventricular arrhyth-
mias in the majority of CPVT patients receiving conven-
tional drug therapy. These findings are important because
several studies have demonstrated a significant failure rate of
current drug therapy (1,3,11~16), including potentially fatal
arthythmic events in 11% of CPVT patients over an 8-year
period (2). Based on our clinical experience reported here,
flecainide in addition to B-blocker therapy should be con-
sidered for CPVT patients who otherwise have few alter-
native therapeutic options. The optimal dose appears to be
between 150 and 200 mg/day (range 100 to 300 mg/day).
Daily doses <100 mg were associated with a lack of
therapeutic response.

Rationale for use of flecainide. CPVT is caused by mu-
tations in the genes encoding RyR2 and cardiac calseques-
trin (4,5), 2 proteins that control Ca®* release from the
sarcoplasmic reticulum. As a result of the mutations, Ca®*
is released prematurely and excessively into the cytosol
under conditions of catecholaminergic stimulation, gener-
ating repetitive spontaneous Ca?* waves (9,29). The in-
crease in intracellular Ca®" in turn activates the electrogenic
Na*/Ca®" exchanger, which produces a transient inward
current (Iy). Ip; generates delayed afterdepolarizations,
which can lead to triggered activity, and the initiation of
ventricular arrhythmias (30). Flecainide directly targets the
molecular defect in CPVT by inhibiting RyR2 channels and
preventing arrhythmogenic Ca?" waves (23,24). Flecain-
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Ventricular arrhythmia score per patient on the baseline exercise test and on the previous exercise test at the same standard therapy dose (A) and on the first and sec-
ond exercise tests at the final (stable) flecainide dose (B). The number of patients in each ventricular arrhythmia category and change of ventricular arrhythmia category
are shown. The line thickness indicates the number of patients, and a dotted line represents 1 patient. The median time interval between the 2 tests is shown. The
standard therapy exercise tests were performed on patients receiving the same B-blocker dose with or without Ca?*-channel blocker. All exercise tests on patients
receiving flecainide were at the same stable flecainide dose in combination with an unchanged or lower B-blocker dose. The sinus rates at maximal exercise on the first
and second exercise tests on flecainide were not significantly different (140 = 19 vs. 144 =+ 20; p = 0.245). However, the 2 patients with a ventricular arrhythmia score
of 4 and 3 on the second exercise test did reach a significantly higher maximum sinus rate compared with the first exercise test (increase of 32 and 19 beats/min, respec-
tively). Abbreviations as in Figure 1.

ide’s Na*-channel blockade further reduces the rate of RyR2-mediated sarcoplasmic reticulum Ca** release im-
triggered beats (23,24). This dual action could explain why  portantly regulates the beating rate of sinoatrial nodal cells
flecainide is so effective in severe CPVT and provides a  (31), especially in response to catecholamines (32), and
rationale for combination therapy with B-blockers. flecainide reduces the rate of spontaneous sarcoplasmic
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The number of patients in each ventricular arrhythmia category and change in ventricular arrhythmia category on the last exercise test at the flecainide starting dose (96
+ 28 mg; range 50 to 150 mg) and on the first exercise test at the final (stable) flecainide dose (178 = 78 mg; range 100 to 300 mg) is shown. The line thickness
indicates the number of patients, and a dotted line represents 1 patient. The median time interval from the start of flecainide therapy is shown. All exercise tests were
performed with the patients receiving an unchanged B-blocker dose. Abbreviations as in Figure 1.
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reticulum Ca®* release in myocytes (24). This mechanism
may explain why maximum hearts rates were significantly
lower in flecainide-treated patients even though workloads
were higher compared with baseline exercise testing (Table 2).
The reduction in sinus rate during exercise may further
contribute to flecainide’s efficacy in CPVT.

Clinical implications. Given the high fatality rate of
untreated CPVT patients (1,2), adequate treatment is man-
datory and potentially life-saving. B-blockers are considered
first-line therapy. In the largest published series of patients
with CPVT, the risk of cardiac arrest (defined as aborted
cardiac arrest, appropriate ICD shocks, and sudden cardiac
death), despite B-blocker therapy during a mean follow-up
period of 8 years, was 11% (2). Others have reported very
diverse fatal or near-fatal event rates despite B-blocker
therapy (1,3,11-16), although the highest event rates may
be explained by the predominance of (symptomatic) pro-
bands and underdosing of B-blockers. An ICD was recom-
mended for CPVT patients who were survivors of cardiac
arrest, or when syncope or sustained VT persisted despite
maximum tolerable B-blockade (33). Yet, ICDs have a
potentially harmful effect in CPVT patients (17,18). More-
over, many CPVT patients are children, in whom ICD
implantation can lead to significant complications (34).
Thus, to avoid ICD implantation and prevent ICD shocks
in patients with ICDs, controlling ventricular arthythmias is
of great clinical importance. Alternative therapies are
needed for CPVT patients.

Left cardiac sympathetic denervation is an effective alter-
native when symptoms persist despite f-blockade, but
requires surgery, is not universally available, and has only
been tested in small cohorts (19-22). The use of Ca®*-
channel blockers in addition to B-blockade has been re-
ported to decrease ventricular ectopy in CPV'T patients with
continuous symptoms and/or exercise-induced ventricular
arthythmias (12,27,35), but is not effective in all patients
(27,35,36). From the original 6 patients treated with vera-
pamil and B-blockers after failure of B-blockers alone,
reported by Rosso et al. (27) in 2007, 3 had clinically
significant ventricular arrhythmias during 37 = 6 months of
follow-up (36). Other pharmacological agents, including
Na"-channel blockers, amiodarone, and magnesium, lack of
efficacy in CPVT patients (1,12).

In this analysis of all consecutive patients started on
flecainide at 8 international centers, adding flecainide to
standard therapy was effective in further reducing exercise-
induced VT and preventing arrhythmic events CPVT pa-
tients. To suppress CPVT, adequate dosing of flecainide
seems critical. An increased dose may be effective when the
initial dose of flecainide fails to suppress V'T'. Based on these
results, flecainide could be added to B-blocker therapy when
symptoms or either spontaneous or exercise-induced ven-
tricular arrhythmias persist despite B-blocker.

In our young patient population with no structural heart
disease, the proarrhythmic effect of flecainide as docu-
mented in patients with ischemia and impaired left ventric-
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ular function (37) may not be applicable. Consistent with
this hypothesis, flecainide did not cause arrhythmic events
during a median follow-up of 20 months, which is longer
than the mean follow-up of 10 months in the CAST
(Cardiac Arrhythmia Suppression Trial). The only arrhyth-
mic event was associated with low flecainide serum levels,
suggesting that the event was due to the underdosing and
not toxicity.

Study limitations. This study reports on our experience of
using flecainide in a clinical setting. The number of patients
is relatively small because CPVT is a rare condition and only
patients without other treatment alternatives were started
on flecainide. However, it is the largest evaluation of a new
therapeutic strategy in CPVT patients refractory to current
drug therapy, with a median of 20 months follow-up. One
patient has received flecainide for 29 years with continuous
VT suppression on unchanged doses, and another severely
symptomatic patient has been free of arthythmic events on
flecainide for 40 months. Nevertheless, long~term follow-up
in more patients would further support the clinical utility of
flecainide in CPVT.

Another potential limitation is that we only quantified
the effect of flecainide on exercise-induced ventricular ar-
rhythmias, which may not accurately predict fatal arrhyth-
mic events. However, exercise testing is clinically used to
guide therapy in CPVT. In a previous study including 70
CPVT patients, exercise-induced couplets or more succes-
sive VPBs were significantly associated with future arrhyth-
mic events (sensitivity, 0.62; specificity, 0.67) (2).

Furthermore, we cannot exclude potential bias introduced
by the variability of exercise test results on unchanged
treatment, as illustrated in Figure 2. Finally, in 14 patients,
conventional therapy may be considered suboptimal because
they received an unusual B-blocker for CPVT or a low
B-blocker dose for reasons previously outlined. However,
flecainide was equally effective in the subgroup of CPVT
patients who were treated with a first-choice S-blocker at an
adequate dose (Fig. 1B).

Conclusions

Our results suggest that flecainide is a safe and effective
therapy to reduce ventricular arrhythmias in the majority of
CPVT patients who have exercise-induced ventricular ar-
rhythmias despite conventional therapy.
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Altered Metabolism of Low-Density Lipoprotein and
Very-Low-Density Lipoprotein Remnant in Autosomal
Recessive Hypercholesterolemia
Results From Stable Isotope Kinetic Study In Vivo

Hayato Tada, MD; Masa-aki Kawashiri, MD; Katsunori Ikewaki, MD; Yoshio Terao, MD;
Tohru Noguchi, PhD; Chiaki Nakanishi, MD; Masayuki Tsuchida, MD; Mutsuko Takata, MD;
Kenji Miwa, MD; Tetsuo Konno, MD; Kenshi Hayashi, MD; Atsushi Nohara, MD;
Akihiro Inazu, MD; Junji Kobayashi, MD; Hiroshi Mabuchi, MD; Masakazu Yamagishi, MD

Background—Autosomal recessive hypercholesterolemia (ARH) exhibits different responsiveness to statins compared
with that in homozygous familial hypercholesterolemia (FH). However, few data exist regarding lipoprotein metabolism
of ARH. Therefore, we aimed to clarify lipoprotein metabolism, especially the remnant lipoprotein fractions of ARH
before and after statin therapy.

Methods and Results—We performed a lipoprotein kinetic study in an ARH patient and 7 normal control subjects, using
stable isotope methodology (10 mg/kg of [*H,]-leucine). These studies were performed at baseline and after the 20 mg
daily dose of atorvastatin. Tracer/tracee ratio of apolipoprotein B (apoB) was determined by gas chromatography/mass
spectrometry and fractional catabolic rates (FCR) were determined by multicompartmental modeling, including remnant
lipoprotein fractions. FCR of low-density lipoprotein (LDL) apoB of ARH was significantly lower than those of control
subjects (0.109 versus 0.450+0.122 1/day). In contrast, the direct removal of very-low-density lipoprotein remnant was
significantly greater in ARH than those in control subjects (47.5 versus 2+2%). Interestingly, FCR of LDL apoB in
ARH dramatically increased to 0.464 1/day, accompanying reduction of LDL cholesterol levels from 8.63 to
4.22 mmol/L after treatment with atorvastatin of 20 mg/d for 3 months.

Conclusions—These results demonstrate that ARH exhibits decreased LDL clearance associated with decreased FCR of LDL
apoB and increased clearance for very-low-density lipoprotein remnant. We suggest that increased clearance of remnant
lipoprotein fractions could contribute to the great responsiveness to statins, providing new insights into the lipoprotein
metabolism of ARH and the novel pharmacological target for LDLRAPI. (Cire Cardiovasc Genet. 2012;5:35-41.)

Key Words: lipoproteins m ARH m genetics m metabolism m LDLRAPI

amilial hypercholesterolemia (FH) is a common inherited
disorder of plasma lipoprotein metabolism, characterized
by an elevated level of low-density lipoprotein cholesterol
(LDL-C), tendon xanthomas, and premature coronary artery

function.? Subsequently, Garcia et al* showed that this disor-
der was caused by a recessive form of null mutations in the
LDLR adaptor protein 1 (LDLRAP1).

disease.! Genetic causes of FH involve gene mutations such
as LDL receptor (LDLR), apolipoprotein B-100 (apoB-100),
and proprotein convertase subtilisin/kexin type 9 (PCSK9).2
In contrast, there was a report of autosomal recessive inher-
ited cases, who showed elevation of LDL-C, large xantho-
mas, and premature coronary artery disease typical of ho-
mozygous FH but in whom the fibroblasts had normal LDLR

Clinical Perspective on p 41

Since then, evidence has been accumulating that it was not
linked to mutations in the LDLR gene.>¢ The N-terminal
domain of LDLRAP1 contains a phosphotyrosine-binding
(PTB) domain, which binds to the internalization sequence
(FDNPVY) in the cytoplasmic tail of the LDLR.? LDLRAP1
protein serves as an adaptor for LDLR endocytosis in the liver
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and a deficiency in this protein results in the decline of
LDL-C catabolism, as seen with homozygous FH.# However,
ARH differs from homozygous FH in the severity of the
clinical phenotype and response to statins, the cause of which
still remains unclear.’

One of the possible mechanisms of great responsiveness to
stating was elucidated by a metabolic study using LDLRAP1
knockout mice that showed preserved ability for LDLR-
dependent VLDL clearance.” However, few data exist regard-
ing the metabolic basis of LDLRAPI in clinical settings,
especially, the metabolism of remnant lipoprotein fractions.
Therefore, we examined lipoprotein kinetics in the homozy-
gous ARH patient, using a stable isotope methodology with
kinetic modeling including several remnant lipoprotein frac-
tions, before and after atorvastatin therapy.

Methods

Study Subjects

This study was approved by the Ethics Committee of Kanazawa
University, Suzu General Hospital, for the ARH patient and Jikei
University School of Medicine for the control subjects. All study
subjects gave their written informed consent to participate. We
examined 8 subjects including 1 patient with suspected ARH without
any evidence of chronic disease or malignancy and 7 normal control
subjects (all men; age, 41 +8 years). All lipid-lowering therapy had
been strictly suspended for 3 months until the baseline study. We
checked the lipid level of the patient suspected ARH 1 month before
the baseline study as well as 1 week before the baseline study to
confirm that his cholesterol level was appropriately elevated and
reached plateau. Next, we reexamined ARH patient after treatment
with atorvastatin of 20 mg/d for 3 months.

Genetic Studies

Genomic DNA was isolated from peripheral blood white blood cells
according to standard procedures and was used for PCR. We
analyzed the coding regions of LDLR, PCSK9, and LDLRAPI
genes. Primers for the study were as used previously.101' PCR
products were purified by Microcon (Millipore Corp, Bedford, MA)
and used as templates for direct sequencing. DNA sequencing was
carried out according to the manufacturer’s instructions, using a dye

Figure 1. Multicompartmental model for apolipo-
protein B-containing lipoproteins. Compartment 1
represents the intracellular amino acid pool and
compartment 2 represents a delay for synthesis of
lipoproteins. Very-low-density lipoprotein (VLDL)
comprises 3 compartments: VLDL1, VLDL2, and
VLDL remnant. Two compartments were allocated
for intermediate-density lipoprotein (IDL): IDL and
IDL remnant. LDL had intravascular and extravas-
cular pools.

terminator method (ABI PRISM 310 Genetic Analyzer (PerkinElmer
Biosystems, Waltham, MA).

Biochemical Analysis and LDLR Activity
Serum concentrations of total cholesterol (TC), triglyceride (TG),
and high-density lipoprotein cholesterol (HDL-C) were determined
enzymatically. LDL-C concentrations were derived by means of the
Friedewald formula. Apolipoprotein E (apoE) phenotype was sepa-
rated by isoelectric focusing and detected by Western blot with apoE
polyclonal antibody (phenotyping apoE 1EF system, JOKOH, To-
kyo, Japan). Lipoprotein lipase (LPL) mass in postheparin plasma
was measured according to the method we previously reported.12
LDLR activity was measured by 2 methods, both of which used
peripheral lymphocytes; The first was commercially available bind-
ing assay and the second was our original assay, which was
described in detail elsewhere.!? Briefly, we could measure accurate
LDLR activity by using heparin to exclude the overestimation
signals only bound at the surfaces of lymphocytes, even in the case
with internalization defective type of disease.

Lipoprotein Kinetic Study

After an overnight fast, the study subjects were given a bolus
injection (10 mg/kg) of [*H,]-leucine (Cambridge Isotope Labora-
tories, Woburn, MA). Blood samples were drawn periodically for 48
hours after the bolus injection.

Determination of Isotopic Enrichment

Samples were prepared for GC-MS analysis as reported previ-
ously.’#15 For detailed determination of isotopic enrichment, please
see online-only Data Supplement Method 1.

Kinetic Modeling
Figure 1 shows the multicompartmental model used in this study,
which was built using an interactive computer program (SAAM IJ,
version 1.1; SAAM Institute Inc) to determine apoB kinetic param-
eters.'6!7 For detailed kinetic modeling, please see online-only Data
Supplement Method 2.

Changes in Lipoprotein Subfractions

Lipoproteins of ARH were separated by the method based on those
sizes using HPLC (LipoSEARCH, Skylight Biotech, Akita, Japan).'$
Changes in cholesterol, triglyceride, free cholesterol, and phospho-
lipids in each lipoprotein subfraction was assessed by HPLC.
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Figure 2. Pedigree of the autosomal recessive hypercholesterolemia patient. The proband was born to consanguineous parents (first
cousins). The clinical data of the relatives, who were investigated further, are listed in online-only Data Supplement Table.

Results

Identification of ARH

A 68-year-old Japanese man presented at Kanazawa Univer-
sity Hospital for further examination of his hypercholesterol-
emia and severe tendon xanthomas (online-only Data Sup-
plement Figure IA and IB). The proband was born to
consanguineous parents (first cousins); neither parent had any
signs of hypercholesterolemia or xanthomas. Large cutaneous
and tendon xanthomas were identified on his fingers and foot,
which had developed around 10 years of age. The thickness
of his Achilles tendons reached 26 mm (online-only Data
Supplement Figure IC). Initial serum TC and TG concentra-
tions were high: 13.27 mmol/L and 3.39 mmol/L and were
decreased to 5 mmol/L and 0.5 mmol/L after statin treatment
for 8 years, respectively (online-only Data Supplement Figure
ID). Several severe stenotic lesions including total occlusion
of right common carotid artery were observed. Angiogram
revealed total occlusion of bilateral external iliac arteries as
well as left anterior descending artery (online-only Data
Supplement Figure IE and IG). Bypass surgeries were con-
ducted for both lesions (online-only Data Supplement Figure
IF and 1G). An abdominal aortic aneurysm, 33 mm in
diameter, was observed. These extents of atherosclerosis are
considered to be compatible with his high LDL-C level.
Microscopic analysis revealed no specific findings in his liver
(online-only Data Supplement Figure IH). Apo E phenotype
of the ARH patient was E2/E3 in contrast to the result that
those of control subjects were all E3/E3.

Although there was no mutation detected in LDLR and PCSK9
genes, homozygous mutation of an extra cytosine inserted into the
region of the LDLRAP1 gene was found (c.606dup, previously
described as ins Csgg) in our proband (online-only Data Supplement
Figure II), which is completely identical to that found in the first
Japanese family identified with ARH." An investigation, which
extended back over 5 generations, failed to show any relationship
between these 2 families, whose geographical origin were com-
pletely different. Using genetic analysis, we diagnosed 11 ARH
heterozygous subjects and 6 normal subjects in the proband’s family
(Figure 2). Their lipid data and major clinical findings including the
presence of coronary artery disease are listed in the online-only Data
Supplement Table. As for LDLR activity, we found extremely
accelerated LDLR activity (as much as 160% of normal control
subjects) measured by the binding assay, using the measurement of
3,3’-dioctadecylindocarbocyanin (Dil)-labeled LDL uptake in
blood peripheral lymphocytes (BML, Tokyo, Japan). In contrast,
the value measured by our intemalization assay using heparin
showed that the activity was reduced to 14% of normal control
subjects.

Lipoprotein Kinetic Study
At the time of the kinetic study (Table 1), the' ARH patient
showed higher serum TC levels (10.26 versus
4.87+0.58 mmol/L) and higher LDL-C levels (8.63 versus
2.95+0.49 mmol/L) than those of the control subjects.

The VLDL apoB, IDL apoB, and LDL apoB tracer/tracee
ratio curves at baseline and after atorvastatin therapy, as well
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Table 1.  Characteristics of ARH Patients and Control Subjects

BMI, TC, TG, LDL-C, HDL-C, ApoB, Lathosterol,  LPL,
Subjects Sex Age,y kg/m?*  mmollL mmol/L mmol/L mmol/L. gL ApoB/LDL-C ug/mL ng/mL
Baseline Male 68 26 10.26 1.26 8.63 1.06 1.90 0.56 6.3 324
After statin therapy 68 26 6.02 1.06 4,22 1.32 1.13 0.69 1.2 401
Control subjects (n=7) All male 418 221 4.87+0.58 1082024 295+0.49 1.38+0.13 0.89+0.12 0.78+0.24 nd. n.d.

Values of control subjects are shown as mean+SD.

ARH indicates autosomal recessive hypercholesterolemia; BMI, body mass index; TC, total cholesteral; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; apoB, apolipoprotein B; LPL, lipoprotein lipase; n.d., not determined.

as those for the mean of the control subjects, are shown in
Figure 3. Kinetic parameter of apoB within each lipoprotein
fraction is shown in Table 2. Fractional catabolic rates
(FCRs) of VLDL, IDL and LDL apoB were markedly slower
in the ARH patient at baseline (3.153 1/day for VLDL, 1.414
1/day for IDL, 0.109 1/day for LDL) compared with those of
the control subjects (8.408+2.697 1/day for VLDL,
8.3263.467 1/day for IDL, 0.450+0.122 1/day for LDL).
Production rates (PRs) of the ARH patient of the 3 fractions
were within the mean value =2 SD of those of control
subjects. Therefore, the markedly increased concentrations of
IDL and LDL apoB were primarily due to the decreased
catabolism rate in the ARH patient.

Surprisingly, the FCR of LDL apoB significantly increased
to within the normal range after statin therapy in the ARH
patient (0.109-0.464 1/day), resulting in a 70% reduction of
LDL apoB concentration. This result was completely differ-
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Figure 3. Tracer/trace ratios of apolipoprotein (apo)B-containing
lipoproteins. Tracer/tracee ratios of very-low-density lipoprotein
VLDL apoB (A), intermediate-density lipoprotein IDL apoB (B),
and LDL apoB (C) in the autosomal recessive hypercholesterol-
emia patient at baseline (blue squares), on atorvastatin treat-
ment (pink squares with dotted line), and in control subjects
(open circles). Data were fitted by multicompartmental model-
ing using SAAMII. Bars represent standard error of the means.

ent from that seen with homozygous FH, where the FCR of
LDL apoB was reported to be unchanged after statin ther-
apy.? In addition to the response observed in FCR of LDL
apoB, those of VLDL and IDL apoB also increased by the
statin therapy in the ARH patient (3.153-7.881 1/day for
VLDL, 1.414-2.525 1/day for IDL).

Remnant Fractions

Next, we investigated detailed metabolic channeling in the
ARH patient (the results are summarized in Table 3). In the
control subjects, the liver primarily secrets VLDL
(87.0£11.0%), most of which (85.5=18.7%) was, in turn,
converted to IDL by lipoprotein-mediated delipidation, thus
leaving the VLDL remnant as a minor fraction (12.011.8%
of total VLDL mass). Some crucial differences between the
ARH patient and the control subjects were noted in VLDL
metabolism. In the ARH patient: (1) only half of VLDL was
converted to IDL (52.5%); (2) VLDL remnant mass com-
prised as much as 60.2%, resulting from an alteration in
metabolic channeling in favor of the conversion to VLDL
remnant (47.5% versus 1.8%2.1%, ARH versus control,
respectively): (3) removal rate of VLDL remnant (k[0,12])
was increased (4.3 1/day) compared with that of the control
subjects (1.3%£0.9 1/day); and (4) direct removal of VLDL,
including VLDL remnant, was much higher compared with
that of the control subjects (47.5% versus 14.5+18.7%), a
finding mirroring the decreased conversion to IDL as noted
above. Furthermore, these tendencies were more pronounced
after atorvastatin therapy. As shown in the middle panel of
Table 3, most IDL was derived from VLDL and exclusively
converted to LDL (97.8+3.1%) in the control subjects. In the
ARH patient, however, about one-quarter of IDL was directly
secreted from the liver and more IDL fractions were directed
into remnant, again resulting in the increased remnant mass.
These tendencies remained unchanged by atorvastatin ther-
apy. Finally, the only notable difference in LDL metabolism
was higher direct secretion of LDL with atorvastatin therapy,
a finding consistent to higher tracer/tracee ratios during early
time points (pink squares with dotted line in Figure 3C).

Changes in Lipoprotein Subfractions

As shown in online-only Data Supplement Figure III, rela-
tively wide range of apoB-containing lipoproteins, including
large VLDL, could be reduced by atorvastatin therapy in all
fractions of lipids (cholesterol, triglyceride, free-cholesterol,
and phospholipids) in the ARH patient.

Discussion
In this study, we performed an in vivo lipoprotein kinetic
study, allowing us to assess detailed metabolic behavior of
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Kinetic Parameters of ApoB in the Study Subjects

Table 2.

LDL

IDL

VLDL

FCR,
1/Day
0.109
0.464

0.450+0.122

FCR, PR, mg/kg Conc, FCR, PR, mg/kg Conc,
per Day

Conc,
mmol/L

PR, mg/kg

per Day

6.980

16.756
13.947+3.636

mmol/L
7.730
2.333

2.037+0.315

per Day

1/Day

mmol/L
0.657
0.341
0.091+0.052

1/Day

3.153

7.881
8.408+2.697

Subjects

9.560
13.335
10.562+5.194

1.414
2.525
8.320::3.467

9.180

3.026
13.172+4.664

0.340
0.248
0.104=0.033

Values of control subjects are shown as mean=SD.

Baseline

After statin therapy

7)

Control subjects (n

DL, intermediate-density lipoprotein; LDL, low-density lipoprotein; Conc, concentration; FCR, fractional catabolic rate; PR, production rate.

Apo indicates apolipoprotein; VLDL, very-low-density fipoprotein;
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apoB-containing lipoproteins in ARH. Our results demon-
strated that in ARH there existed reduced LDL catabolism,
which could be normalized by statin therapy and dramatically
increased clearance of VLDL remnant as well as other
remnant lipoprotein fractions in spite of the fact that our ARH
patient has apoE2 isoform which could cause the disturbance
in remnant clearance.2! These unique metabolism of apoB-
containing lipoprotein fractions, including VLDL and its
remnant fractions were completely different from those re-
ported in heterozygous/homozygous FH patients. 1722

One of the possible explanations for the paradoxical
acceleration of remnant lipoprotein fractions in ARH is the
existence of another pathway, which is independent from the
FDNPVY internalization for VLDL and its remnants and
does not require LDLRAP1 protein.?? In addition, Altenburg
et al2* demonstrated that deficiency in the molecule which
enhanced the affinity between ligands such as VLDL remnant
and LDLR could accelerate the internalization of the rém-
nants. This is consistent with the notion that remnants are
passed from one cell surface molecule to the other before
internalization.2* If LDLRAP1 served as an anchor between
VLDL remnant and LDLR, deficiency in this protein could
result in the increased catabolism of VLDL remnant in ARH.
Another possibility is that unknown pathways may exist that
are inactivated in the presence of LDLRAPI. This hypothesis
seems to be supported by the fact that the LDLR can transfer
such remnants to an additional receptor for uptake by the liver
when its internalization is impaired. These pathways are not
always through LDLR, LDLR-related protein (LRP), and
heparan sulfate proteoglycan.?*

In contrast to homozygous FH patients, the ARH patient
responded to statin therapy by an increasing rate of LDL
apoB catabolism, resulting in about 70% reduction of LDL
apoB pool size. Statin therapy also modulated LDL synthesis
in favor of more direct secretion from the liver (11% at
baseline to 16% with the treatment versus a mean of 7% for
the control subjects). The rate of LDL catabolism is a
function of LDLR activity or/and LDL particle affinity to the
LDLR. Thus, our results indicate that atorvastatin upregulate
LDLR activity in the absence of LDLRAP1. Another possi-
bility for the increasing rate of LDL apoB catabolism seen in
ARH is that directly secreted LDL may have a higher affinity
for LDLR compared with LDL-processed delipidation/re-
modeling. Different ratio of apoB/LDL-C between the ARH
patient and the control subjects suggest that different LDL
processing occurred through delipidation/remodeling of LDL
particles under the condition of the absence of this adaptor
protein. We also provide additional information for the
impact of atorvastatin on the distribution of lipoprotein
subfractions in ARH. Relatively wide range of apoB-
containing lipoproteins, including large VLDL, could be
reduced by atorvastatin therapy. This may be explained by the
statin-induced upregulation of possible pathway which could
accelerate the clearance of remnant lipoprotein fractions in
ARH.

As for the dramatic decrease in PR of VLDL apoB under
alorvastatin therapy, one of the possible explanations is the
upregulated activity of HMG-CoA reductase suggested by the
relatively high level of lathosterol at baseline (Table 1). On
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Table 3. Metabolic Channeling of ApoB in the Study Subjects

VLDL Conversion to DL, % VLDL Direct Removal, % Removal From Remnant, % Remnant Mass, %
Baseline 52.5 475 60.2

After statin therapy 28.1 42.8 823
Control subjects (n=7) 85.5+18.7 145187 1.8+2.1 12.0+11.8
IDL Direct Production, % Conversion to LDL, % IDL Direct Removal, % Removal From Remnant, % Remnant Mass, %
Baseline 8.6 56.4 77.2 77.2 80.8

After statin therapy 12.2 85.5 17.0 17.0 29.6
Control subjects (n=7) 59x77 97.8+3.1 23x33 23+33 17.4+144
LDL Direct Production, % Via IDL, %
Baseline 11.0 90.0
After statin therapy 16.2 85.8
Control subjects (n=7) 7.3%6.1 92.3+6.1

Values of confrol subjects are shown as mean=S8D.

Apo indicates apolipoprotein; VLDL, very-low-density lipoprotein; IDL, intermediate-density lipoprotein; and LDL, low-density lipoprotein.

the other hand, the increase in the PR of LDL apoB during
atorvastatin therapy could be partially explained by the
elevation of LPL mass (Table 1), in accordance with the
previous report.26 Also, another study has shown that atorva-
statin therapy is associated with an increase in LPL activity.2’
These data suggest that atorvastatin treatment may cause an
increase in the conversion of VLDL to LDL.

Limitations

Our study has several limitations. First, only 1 ARH patient
was included in this study because of the rarity of this disease,
making it difficult to compare the results statistically. Also,
the age of the control subjects were younger than the ARH
patient, although all were male. Second, we did not measure
apoE FCR in the ARH patient and thus could not draw any
conclusion regarding the possibility of the clearance through
VLDL receptor. However, the fact that the ARH patient has
apoE2 isoform, which could cause the disturbance in remnant
clearance, indicates the less influence of the apoE pathway on
the catabolism of these lipoproteins. In this study, as much as
30% increase in HDL-C was achieved through atorvastatin
therapy. Another kinetic study targeting apoA-1 for the ARH
patient may reveal the metabolic aspects about the increase in
HDL-C.

Finally, it would be worthwhile to compare lipoprotein
kinetics of ARH with that of FH directly. Although we cited
previously published data on the apoB kinetics in FH patients
to discuss the comparison between the kinetics of ARH and
FH, further kinetic study comparing ARH and FH directly is
needed to confirm this matter.

Conclusion

In summary, the first detailed lipoprotein kinetic study
including remnant lipoprotein fractions in ARH before and
after statin therapy revealed 2 important aspects of the
lipoprotein metabolic basis of this disease. First, FCR of LDL
apoB in ARH was decreased by about 76% that of normal
control subjects at baseline; however, the catabolic parameter
was elevated to normal range after statin therapy (atorvastatin
20 mg). Second, and possibly the major finding from this

investigation, is that the clearance of the VLDL remnant as
well as other remnant fractions were dramatically increased
compared with normal control subjects. We suggest that these
results will provide new insights into the lipoprotein metab-
olism of ARH and the novel pharmacological target for
LDLRAPI1.

Acknowledgments
We express our special thanks to the following: Mihoko Mizuno,
Kazuko Honda, Misae Omoto, and Sachio Yamamoto (all staff of
Kanazawa University): Yae Inoue (staff of National Defense Medi-
cal College) for their outstanding technical assistance; and to Dr
Kenkoh Hasatani and Dr Hiroshi Masuya, both of Suzu General
Hospital, for their help in this kinetic study.

Sources of Funding
This work has been supported by a scientific research grant from the
Ministry of Education, Science, and Culture of Japan (No.
21591160), a grant from the Mitsubishi Pharma Research Founda-
tion and Japan Heart Foundation, and Astellas/Pfizer Grant for
Research on Atherosclerosis Update.

Disclosures
None.

References
. Goldstein JL, Hobbs HH, Brown MS. Familial hypercholesterolemia. In:
Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The Metabolic and
Molecular Bases of Inherited Disease. 8th edition. Vol 2. New York:
McGraw-Hill; 2001:2863-2913.

2. Soutar AK, Naoumova RP, Mecchanisms of disease: genelic causes of
familial hypercholesterolemia. Nat Clin Pract Cardiovasc Med. 2007:4:
214-225.

3. Harada-Shiba M, Tajima S, Yokoyama S, Miyake Y, Kojima S, Tsushima
M. Kawakami M, Yamamoto A. Siblings with normal LDL receptor
activity and severe hypercholesterolemia. Arterioscler Thromb, 1992;12:
1071-1078.

4. Garcia CK, Wilund K, Arca M, Zuliani G, Fellin R, Maioli M, Calandra
S, Bertolini S, Cossu F, Grishin N, Barnes R, Cohen JC, Hobbs HH.
Calandra S, Bertolini S, Cossu F, Grishin N, Barnes R, Cohen JC, Hobbs
HH. Autosomal recessive hypercholesterolemia caused by mutations in a
putative LDL receptor adaptor protein. Science. 2001;292:1394-1398.

5. Pisciotta L, Oliva CP, Pes GM, Scala DL, Bellocchio A, Fresa R,
Cantafora A, Arca M, Calandra S, Bertolini S. Autosomal recessive
hypercholesterolemia (ARH) and homozygous familial hypercholesterol-
emia (FH): a phenotypic comparison. Atherosclerosis. 2006;188:
398-405.

Downloaded from circgenetics.ahajournals.org at Kanazawa University on April 11, 2012

— 213 —




o

hed

14.

. Soutar AK, Naoumova RP. Autosomal recessive hypercholesterolemia.

Semin Vasc Med. 2004;4:241-248.

. He G, Gupta S, Michaely P, Hobbs HH, Cohen JC. ARH is a modular

humans using endogenous labeling with stable isotopes: slower turnover
of apoA-II compared with the exogenous radiotracer method. J Lipid Res.
1996;37:399-407.

Tada et al

—_

6

Lipoprotein Metabolism in ARH 41

. Barrett PH, Bell BM, Cobelli C, Golde H, Schumitzky A, Vicini P, Foster
DM. SAAM II: Simulation, analysis, and modeling software for tracer
and pharmacokinetic studies. Metabolisms. 1998;47:484-492,

adaptor protein that interacts with the LDL receptor, clathrin and AP-2. 17. Millar IS, Maugeais C, Ikewaki K, Kolansky DM, Barrett PH, Budreck
J Biol Chem. 2002:277:44044—-44049. EC, Boston RC, l.‘afia N, Mochizuki S, I?efegche JC,‘Wllson JM., Rader
. Arca M, Zuliani G, Wilund K, Campagna F, Fellin R, Bertolini S, QJ. ComPletg deficiency of Fhe low—fiensny hpoprotem_receptor is asso-
. - o : - ciated with increased apolipoprotein B-100 production. Arterioscler
Calandra S, Ricei G, Glorioso N, Maioli M, Pintus P, Carru C, Cossu F, Thromb Vase Biol. 2005:25:560—565
Cohe?nl J, Hobbs HH. A‘utoso‘mal recessiv.e‘hypercholesterolaemia i.n 18. Usai S, Hara Y, H osalgi,S: .Okazaki 'M. A new on-line dual enzymatic
Sardinia, Italy, and mutations in ARH: a clinical and molecular genetic method for simultaneous quantification of cholesterol and triglycerides in
analysis. Lancet. 2002;359:841-847. lipoproteins by HPLC. J Lipid Res. 2002:43:805-814.

. Jones C, Garuti R, Michaely P, Li WP, Maeda N, Cohen JC, Herz J, 19. Harada-Shiba M, Takagi A, Miyamoto Y. Tsushima M, Ikeda Y.

Hobbs HH. Disruption of LDL but not VLDL clearance in autosomal Yokoyama S, Yamamoto A. Clinical features and genetic analysis of
recessive hypercholesterolemia. J Clin Invest. 2007;117:165-174. autosomal recessive hypercholesterolemia. J Clin Endocrinol Metab.
Barbagallo CM, Emmanuele G, Cefali AB, Fiore B, Noto D, Mazzarino 2003;88:2541-2547. .
MC, Pace A, Brogna A, Rizzo M, Corsini A, Notarbartolo A, Travali S, 20. Uauy R, Vega GL, Grundy SM, Bilheimer DM. Lovastatin therapy in
Averna MR, Autosomal recessive hypercholesterolemia in a Sicilian kindred receplor-negative homozygous familial hypercholesterolemia: lack of
harboring the 432insA mutation of the ARH gene. Atherosclerosis. 2003; effect on low-density lipoprotein concentrations or turnover. J Pediarr.
166:395-400. 1998;1 13:387-392.

. Noguchi T, Katsuda S, Kawashiri MA, Tada H, Nohara A, Inazu A, 21. Mahle)( RW. f&polipogrotein E:‘ cholesterol transport protein with

Yamagishi M, Kobayashi J, Mabuchi H. The E32K variant of PCSK9 expanding role in cell biology. Science. 1988;240:622-630.

iy A ’ ) . - : 22. James RW, Martin B, Pometta D, Fruchart JC, Duriez P, Puchois P,
exacerbates Lh‘e phenotype of fam.xhtd .hyperchf)lestex'clemla by mcreasn.lg Farriaux 1P, Tacquet A, Demant T, Clegg RJ, et al. Apolipoprotein B
PCSK9 function and concentration in the circulation. Atherosclerosis. metabolism in homozygous familial hypercholesterolemia. J Lipid Res.
2010;210:166-172. 1989;30:159-169.

. Kobayashi J, Hashimoto H, Fukamachi 1, Tashiro J, Shirai K, Saito Y, 23. Michaely P, Zhao Z, Li WP, Garuti R, Huang LJ, Hobbs HH, Cohen JC.
Yoshida . Lipoprotein lipase mass and activity in severe hypertriglyc- Identification of a VLDL-induced, FDNPVY independent internalization
eridemia. Clin Chim Acta. 1993;216:113-123, mechanism for the LDLR. EMBO J. 2007;26:3273-3282.

. Tada H, Kawashiri MA, Noguchi T, Mori M, Tsuchida M, Takata M, 24. Altenburg M, Arbones-Mainar J, Johnson L, Wilder J, Maeda N.
Nohara A, Inazu A, Kobayashi J, Yachie A, Mabuchi H, Yamagishi M. Human LDL receptor enhances sequestration of ApoE4 and VLDL
A novel method for determining functional LDL receptor activity in remnants on the surface of hepatocytes but not their internalization in
familial hypercholesterolemia: application of the CD3/CD28 assay in mice. Arterioscler Thromb Vasc Biol. 2008;28:1104-1110.
Iymphocytes. Clin Chim Acta. 2009;400:42—47. 25. Mahley RW, Huang Y. Atherogeplc remnapt ]1pogrqtems: rol; for pro-
Ikewaki K, Rader DJ, Sakamoto T, Nishiwaki M, Wakimoto N, Schaefer feoglycans In Capping, wansferring, and intemalizing. J Clin Invest
J:;S’ Ijh”g‘“l’a TAFC‘"‘”;‘: '}AT’ Z"’fcz";::iNal.‘a“;f“a H’tﬁaga"°1M’ E_'r:.”e’ 26. Endo K, Miyashita Y, Saiki A, Oyama T, Koide N, Ozaki H, Otsuka M,

» I Deiayed La olism of high density ipoprotein apolipopro! ",15 Ito Y, Shirai K. Atorvastatin and pravastatin clevated pre-heparin lipo-
A-Tand A-Il in human cholesteryl ester transfer protein deficiency. J Clin protein lipase mass of type 2 diabetes with hypercholesterolemia.
Invest. 1993;92:1650-1658. J Atheroscler Thromb. 2004;11:341-347.

. Tkewaki K, Zech LA, Brewer HB Jr, Rader DJ. ApoA-II kinetics in 27. Schneider JG, von Eynatten M, Parhofer KG, Volkmer JE, Schiekofer S,

Hamann A, Nawroth PP, Dugi KA. Atorvastatin improves diabetic dyslip-
idemia and increases lipoprotein lipase activity in vivo. Atherosclerosis.
2004;175:325-333.

CLINICAL PERSPECTIVE

Autosomal recessive hypercholesterolemia (ARH), which is due to mutations in an adaptor protein involved in low-density
lipoprotein receptor internalization (LDLRAP1), is an extremely rare disorder, with only about 50 cases described in the
literature. This defect appears to be a phenocopy of homozygous familial hypercholesterolemia; however, the clinical
phenotype of ARH appears to be less severe and more responsive to statins—the mechanism for this observation still
remains unknown. One of the possible mechanisms of great responsiveness of ARH to statins was elucidated by a
metabolic study using LDLRAP] knockout mice that showed a preserved ability for LDLR-dependent very-low-density
lipoprotein (VLDL) clearance. However, few data exist regarding the metabolic basis of LDLRAP1 in clinical settings,
especially the metabolism of remnant lipoprotein fractions. Therefore, we examined lipoprotein kinetics in the ARH patient
by using a stable isotope methodology with kinetic modeling including several remnant lipoprotein fractions, before and
after atorvastatin therapy. We demonstrate that ARH exhibits decrcased LDL clearance associated with decreased
fractional catabolic rates of LDL apoB and increased clearance for VLDL remnant; this observation indicates the lack of
LDLRAPI-dependent modulation of VLDL metabolism, activating an alternate pathway that can remove VLDL remnant
paradoxically. This preferred pathway could potentially contribute to the greater responsiveness of ARH to statins. Our
results will provide new insights into the lipoprotein metabolism in ARH.
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Efficacy and Safety of Coadministration of Rosuvastatin, Ezetimibe,
and Colestimide in Heterozygous Familial Hypercholesterolemia

Masa-aki Kawashiri, MD*%*, Atsushi Nohara, MDP®, Tohru Noguchi, PhDP, Hayato Tada, MD?,
Chiaki Nakanishi, MD®, Mika Mori, MD?, Tetsuo Konno, MD?, Kenshi Hayashi, MD?,
Noboru Fujino, MD?, Akihiro Inazu, MD¢, Junji Kobayashi, MDP, Hiroshi Mabuchi, MDP®, and

Masakazu Yamagishi, MD?

Aggressive low-density lipoprotein (LDL) cholesterol-lowering therapy is important for
high-risk patients. However, sparse data exist on the impact of combined aggressive LDL
cholesterol-lowering therapy in familial hypercholesterolemia (FH), particularly on side
effects to changes in plasma coenzyme Q10 and proprotein convertase subtilisin/kexin type
9 levels. We enrolled 17 Japanese patients with heterozygous FH (12 men, 63.9 = 7.4 years
old) with single LDL receptor gene mutations in a prospective open randomized study.
Permitted maximum doses of rosuvastatin (20 mg/day), ezetimibe (10 mg/day), and gran-
ulated colestimide (3.62 g/day) were introduced sequentially. Serum levels of LDL choles-
terol decreased significantly by —66.4% (p <0.001) and 44% of participants achieved LDL
cholesterol levels <100 mg/dl. There were no serious side effects or abnormal laboratory
data that would have required the protocol to have been terminated except for 1 patient
with myalgia. Coadministration of ezetimibe and granulated colestimide further lowered
serum LDL cholesterol more than rosuvastatin alone without changing plasma coenzyme Q10
and proprotein convertase subtilisin/kexin type 9 levels. In conclusion, adequate introduction of
this aggressive cholesterol-lowering regimen can improve the lipid profile of FH. © 2012

Elsevier Inc. All rights reserved. (Am J Cardiol 2012;109:364-369)

Familial hypercholesterolemia (FH) is the most severe
monogenic hypercholesterolemia owing to a genetic defect
or mutation of the low-density lipoprotein (LDL) receptor,
apolipoprotein B, or proprotein convertase subtilisin/kexin
type 9 (PCSK9) gene.! PCSK9 binds to the epidermal
growth factor-like repeat A domain of the LDL receptor,
inducing LDL receptor degradation. Because FH is highly
refractory to cholesterol-lowering medical therapy, mono-
therapy using a strong statin may not be enough to achieve
the target LDL cholesterol level. Thus, a combination drug
therapy with a different mechanism is needed.>* However,
additional use of ezetimibe and/or resins may result in a
depletion of other products downstream of the mevalonate
pathway such as coenzyme Q10 (CoQ10)* or inactivation of
the sterol regulatory element binding protein 2 associated
with the induction of PCSK9.® We investigated the efficacy
and safety of coadministration of maximum permitted doses
of rosuvastatin, ezetimibe, and granulated colestimide in
Japanese patients with heterozygous FH.
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Methods

The study population consisted of 17 patients (12 men,
mean = SD 63.9 * 7.4 years old) with heterozygous FH.
All 17 subjects were heterozygous with a confirmed LDL
receptor gene mutation and fulfilled our clinical diagnostic
criteria for heterozygous FH: patients with primary hyper-
LDL cholesterolemia (>160 mg/dl) with tendon xanthoma
or those with first-degree relatives with previously diag-
nosed heterozygous FH showing primary hyper-LDL cho-
lesterolemia (>>160 mg/d1).® Exclusion criteria of the pres-
ent study were FH patients with a homozygous gene
mutation, patients under LDL apheresis therapy or any
immunomodulatory medication, patients with fasting serum
triglyceride levels >500 mg/dl, patients with hepatic dis-
ease, or patients within 12 weeks after the onset of an acute
myocardial infarction or stroke. Written informed consent
to participate in the present study was obtained from each
patient before entry in the study. Ethical committees of
Kanazawa University Hospital and KKR Hokuriku Hospital
approved the study protocol.

This study was conducted as a prospective open random-
ized study to investigate the efficacy and safety of coad-
ministration of rosuvastatin (20 mg/day), ezetimibe (10 mg/
day), and granulated colestimide (3.62 g/day) at the
maximum doses permitted in Japan. All patients were out-
patients at the beginning of the study. Any lipid-lowering
agents had been washed out =4 weeks before entry in the
present study. All study patients were placed on the fol-
lowing diet therapy: 25 to 30 kcal for ideal body weight,
fat restriction <20% of total oral intake, cholesterol
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