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Abstract

Triglyceride deposit cardiomyovasculopathy (TGCV) is a newly identified disease that was discovered in

individuals who required cardiac transplantation in Japan in 2008. Defective intracellular lipolysis causes

triglyceride (TG) accumulation in the myocardium and coronary artery vascular smooth muscle cells, which

results in severe heart failure and coronary artery disease with poor prognosis. A known cause of TGCV is a

genetic deficiency of adipose triglyceride lipase (ATGL), a rate-limiting enzyme in the intracellular hydrolysis of

TG. TGCV is classified into primary TGCV with ATGL mutations and idiopathic TGCV without ATGL

mutations. Since its discovery, the Japan TGCV Study Group has attempted to elucidate its pathophysiology,

develop diagnostic procedures, and specific treatment. Myocardial scintigraphy with iodine-123-β-methyl

iodophenyl-pentadecanoic acid (
123
I-BMIPP) is a unique imaging modality for evaluating myocardial lipolysis in

vivo. The washout rate of
123
I-BMIPP is an essential indicator for the diagnosis of TGCV. Along with our efforts to

provide awareness of and insights into this disease concept, we found that the cumulative number of clinically

diagnosed patients has reached >200 and the cases are distributed throughout Japan. In addition, we successfully

completed three investigator-initiated clinical trials of a potential therapeutic agent (CNT-01) for TGCV, which

was assigned by the Ministry of Health, Labour, and Welfare, Japan, under the SAKIGAKE Designation System

in June 2020. Here, we provide the Diagnostic Criteria 2020 for TGCV in order to further promote this “rare and

intractable disease” project.
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T
riglyceride deposit cardiomyovasculopathy (TGCV) is a

rare and intractable cardiovascular disorder that was first

reported in Japanese patients with a genetic deficiency of

adipose triglyceride lipase (ATGL) (1). Lack of ATGL

activity results in defective hydrolysis of intracellular

triglyceride (TG), thereby causing lipotoxicity and energy

failure which lead to diffuse-narrowing, TG-deposit coronary

atherosclerosis and cardiomyocyte steatosis (2, 3). TGCV is

classified into two subtypes: primary and idiopathic TGCVs

with and without genetic mutation of PNPLA2 encoding

ATGL, respectively (4, 5). In both TGCV subtypes, patients

have severe heart failure, arrhythmia, coronary artery disease

resistant to standard therapies such as lipid-lowering drugs

and/or percutaneous coronary intervention, and a poor

prognosis (6, 7).

Long-chain fatty acids (LCFAs) are the major energy source

of the normal heart (8). After LCFAs are taken up by

cardiomyocytes, they are immediately incorporated into the

cellular TG pool. Intracellular lipases such as ATGL

hydrolyze TG to release LCFAs, which are oxidized in the

mitochondria to produce adenosine triphosphate, the energy

that generates heartbeats. Myocardial scintigraphy with

iodine-123-β-methyl iodophenyl-pentadecanoic acid (
123
I-

BMIPP), an LCFA analog, reflects the kinetics of LCFAs

(9).
123
I-BMIPP scintigraphy became available clinically in

Japan in the 1990s. Pioneering works with canine model

treated with Etomoxir by Nohara et al. showed washout of
123
I-

BMIPP may be increased in ischemic condition (10, 11). In

contrast, we found the marked reduction of washout rate (WR)

of
123
I-BMIPP in human (3, 12) and murine with genetic

deficiency of ATGL (13), indicating the association of

molecular defects and
123
I-BMIPP WR. Furthermore, we

reported that the
123
I-BMIPP WR was low in both primary and

idiopathic TGCVs based on data from the first registry of

TGCV and related disorders.

Basic and clinical research studies have been accelerated to

develop effective diagnostic methods and treatments for

TGCV as soon as possible. In 2020, we launched the TGCV

Diagnostic Criteria Review Committee as a governmental

project on rare and intractable diseases (Health, Labour and

Welfare Sciences Research Grants), to collect and evaluate the

latest information on TGCV. In this manuscript, we provide

the Diagnostic Criteria 2020 for TGCV and the latest

information on our activities to overcome the intractable

disease.

The Diagnostic Criteria 2020 for TGCV and the classifica-

tion algorithms for primary and idiopathic TGCVs

As shown in Table 1, the present criteria consist of three

essential and three major items. The essential items signify the

metabolic basis of TGCV, such as impaired LCFA metabolism

or TG deposition in the myocardium. Major items signify

clinical phenotypes, including reduced cardiac function,

specific appearance of coronary arteries, or typical Jordans’

anomaly (14). Both essential and major items with one or

more positive indicate definite TGCV, and at least one

positive essential item denotes probable TGCV. Supportive

items include diabetes mellitus and hemodialysis, which are

common features of TGCV (15), but their relationship or

degree of contribution to the development of TGCV is

unknown.

The classification algorithms for primary and idiopathic

TGCVs are also provided in the present diagnostic criteria

(Figure 1). Definite TGCV is classified as either primary or

idiopathic TGCV, according to the presence or absence of

typical Jordans’ anomaly (apparent vacuoles >1μm in size) of

>90% in polymorphonuclear leucocytes in peripheral blood

smears.

Differential diagnoses of TGCV

The following diseases should be differentiated from

TGCV.

1) Cardiovascular diseases presenting with heart failure

Hypertrophic cardiomyopathy, dilated cardiomyopathy,

dilated phase of hypertrophic cardiomyopathy, arrhyth-

mogenic right ventricular cardiomyopathy, mitochondrial

cardiomyopathy, alcoholic heart disease, metabolic myocar-

dial disorders (e. g. Fabry disease, Pompe disease, Danon

disease, mitochondrial diseases, CD36 deficiency, and

cholesteryl ester storage disease), carnitine deficiency (drug-

induced or dialysis-related), diabetic cardiomyopathy, and

excess epicardial fat deposition

2) Other diseases presenting with Jordans’ anomaly

Neutral lipid storage disease with ichthyosis, carnitine

palmitoyltransferase deficiency

(Neutral lipid storage disease with myopathy is a clinical

continuum of primary TGCV because the responsible gene is

identical.)

Activities of the Japan TGCV Study Group inside and

outside Japan

We organized the Japan TGCV Study Group in 2009 to save

the lives of patients with TGCV. We created and published

diagnostic criteria, a self-questionnaire to score disease

symptom and activities of daily living for TGCV (16). On the

last day of February (World Rare Disease Day) in 2013, we

launched the International Registry for TGCV and related

disorders, namely neutral lipid storage disease (NLSD) with

myopathy (17, 18) and NLSD with ichthyosis (19, 20), in

order to clarify the clinical profiles and natural history of

TGCV. As analysis of the enrolled cases revealed that TGCV

is intractable disease with cardiac involvement independent of
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NLSD (5), TGCV was encoded as a rare cardiovascular

disorder in Orphanet, the largest rare disease network in

Europe in 2019 (ORPHA code. 565612, https://www.orpha.

net/consor/cgi-bin/OC_Exp.php? lng=EN&Expert=565612).

In Japan, the number of diagnosed TGCV cases reached 226 in

November 2019 (Figure 2). The member of our study group

now deploys nationwide (please see the appendix).

Potential of a new therapeutic agent, CNT-01

Our previous experiments revealed that LCFAs induced TG

accumulation in fibroblasts derived from patients with TGCV

(21, 22). We developed a new nutritional therapeutic agent

using medium-chain fatty acids (MCFAs), an alternative

energy source to LCFA and glucose (23, 24), as we found that

MCFAs do not induce TG deposition in ATGL-deficient

fibroblasts (unpublished data). CNT-01, a capsule formulation

of tricaprin (capric acid TG), was manufactured at the

Pharmaceutical Department of Osaka University Hospital.

After obtaining information that CNT-01 reduced myocardial

lipid deposition, improved left ventricular function, and

extended life expectancy in a mouse model of TGCV (13), we

performed the following serial investigator-initiated clinical

trials, 1) phase I/IIa trials for idiopathic TGCV (ClinicalTrials.

gov Identifier: NCT02502578), 2) a phase I study in healthy

subjects (UMIN 000022174), and 3) a multicenter, placebo-

controlled, double-blind phase IIa study for idiopathic TGCV

(UMIN000035403). These trials indicated that CNT-01 is safe

and may improves TG metabolism in patients with TGCV

(data not shown). As a result, CNT-01 was assigned as a

therapeutic agent through “SAKIGAKE Designation System”

of the Ministry of Health, Labour, and Welfare, which

promotes research and development in Japan aiming at early

practical application of innovative pharmaceutical products,
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Table 1 Diagnostic Criteria 2020 for triglyceride deposit cardiomyovasculopathy

Items Clinical findings

1. Essential items Impaired LCFA metabolism or TG deposition in myocardium

1) Decreased washout rate (<10%) in myocardial 123I-BMIPP SPECT

2) Myocardial TG deposition by biopsy specimens (a)

3) Myocardial TG deposition by CT or MR spectroscopy

2. Major items 1) Decreased left ventricular ejection fraction (<40%)

2) Diffuse narrowing of coronary arteries documented by CAG and/or coronary CT angiography (b)

3) Typical Jordans’ anomaly (apparent vacuoles >1μm in size) of polymorphonuclear leucocytes in peripheral blood
smear (c)

Diagnosis

Definite TGCV: One or more essential items and one or more major items are met.

Probable TGCV: At least one essential item is met.

Supportive items (d)

1) Diabetes mellitus (e)

2) Hemodialysis

(a) For tissue TG contents examination, frozen sections with osmium fixation, but not paraffin sections, should be used for prevention of lipid

elution

(b) The presence or absence of a significant stenosis is not considered

(c) For difficult cases, May-Giemsa staining slides of peripheral blood smear will be evaluated by the Japan TGCV Study Group

(d) These items are commonly present according to autopsy heart analysis and small-scale cohort analysis performed by the Japan TGCV

Study Group but not proven to have diagnostic accuracy or causal relationship.

(e) According to the diagnostic criteria of diabetes mellitus by the Japan Diabetes Society.

If imaging protocols for
123
I-BMIPP myocardial scintigraphy, cardiac CT and cardiac MR spectroscopy are needed, contact Japan TGCV

Study Group (E-mail: info@tgcv.org)

The classification algorithms for primary TGCV and idiopathic TGCV are described in Figure 1.

Abbreviations: TG: triglyceride, LCFA: long chain fatty acid,
123
I-BMIPP: iodine-123-β-methyl iodophenyl-pentadecanoic acid, SPECT:

single-photon emission computed tomography, CT: computed tomography, MR: magnetic resonance, CAG: coronary angiography, TGCV:

triglyceride deposit cardiomyovasculopathy

Figure 1 The classification algorithms for primary and idiopathic

triglyceride deposit cardiomyovasculopathy (TGCV).

Definite TGCV is classified as either primary or idiopathic

TGCV according to the presence or absence of typical Jordans’

anomaly.



medical devices, and regenerative medicines. The mission of

our study group is to succeed another clinical trial for CNT-01

to be approved as the world’s first drug for TGCV in

collaboration with the TGCV patient group and pharmaceutic-

al company.

Remaining issues for the future

More than 1,000 hospitals have a single-photon emission

computed tomography (SPECT) apparatus in Japan. However,

the number of hospitals where delay images and WR

calculation are proactively made remains limited. As

described earlier,
123
I-BMIPP scintigraphy is an essential and

important diagnostic nuclear imaging modality for TGCV that

is used to evaluate myocardial lipolysis in vivo. Not only

awareness of TGCV but also scientific investigation and

discussions on
123
I-BMIPP WR, including detailed kinetics

of
123
I-BMIPP, its molecular mechanism(s) and pathophysiolo-

gical significance, are required.

It is an important future research focus to investigate

underlying mechanisms of defective intracellular lipolysis in

patients with idiopathic TGCV. We recently reported reduced

ATGL activity in peripheral leucocytes in patients with

idiopathic TGCV (25). The presence of ATGL protein in

idiopathic TGCV (5) suggests that the mechanism of the

decrease in ATGL activity may be due to the structural

changes of ATGL, decrease in auxiliary factors, or increase in

inhibitors, although no available data support this hypothesis.

Conclusion

We, the Japan TGCV Study Group, officially announce the

Diagnostic Criteria 2020 for TGCV.
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The members of the Japan TGCV Study Group are as

follows:
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Figure 2 Cumulative number of patients with TGCV and activities of the Japan

TGCV Study Group.

Abbreviations: AMED: Japan Agency for Medical Research and Development,

MHLW: Ministry of Health, Labour, and Welfare, NLSD: neutral lipid storage

disease, TGCV: triglyceride deposit cardiomyovasculopathy
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