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ABSTRACT

fat area (VFA) was measured by CT scan.

HDL-C and HDL2-C.

populations.

Aims: Hepatic triglyceride lipase (HTGL) is an essential enzyme for all lipoprotein metabolism. Recently, a
sensitive assay kit for measuring HTGL protein in plasma without using heparin injection (pre-heparin) have
become available. We investigated the association between pre-heparin HTGL and lipoprotein subspecies and
compared it with lipoprotein lipase (LPL) to explore the clinical relevance of measurements in type 2 diabetes.

Methods: Fasting plasma were obtained from 120 patients with type 2 diabetes. HTGL and LPL concentrations
were measured by their respective sandwich ELISA kits. Small dense low-density lipoprotein LDL-cholesterol
(sdLDL-C), LDL-triglyceride (TG), and high-density lipoprotein (HDL)3-C was measured using the
homogenous methods established by us. HDL2-C was calculated by subtracting HDL3-C from HDL-C. Visceral

Results: Concentrations of HTGL and LPL were identical; median (interquartile range) were 57(44-74) and
57 (44-70) ng/mL, respectively, and showed a skewed distribution. Gender, age, VFA, and glucose control were
not associated with HTGL levels. The higher quartile of HTGL correlated with the higher LDL-C, lower LDL-
TG/LDL-C and lower LDL-TG/apolipoprotein B implying TG-depletion of LDL. There were no significant
associations of HTGL with remnant-like particle (RLP)-C or subspecies of LDL-C and HDL-C. Pre-heparin
LPL inversely correlated with VFA, TG, RLP-C, LDL-TG, and sdLDL-C/LDL-C, and positively correlated with

Conclusions: Pre-heparin HTGL was only associated with TG-depletion of LDL but not with major lipoprotein
subspecies. Pre-heparin HTGL measurements may have limited clinical relevance compared to LPL in diabetic

(Lab Med Int 2022; 1(1): 6-12)

pre-heparin plasma, hepatic triglyceride lipase, lipoprotein lipase, type 2 diabetes, low-density lipoprotein subspecies

L Introduction.........cooouiiiiiiiii i,

HTGL is a serine hydrolase with highest specificity for
lipoprotein triglyceride (TG) and phospholipid V. HTGL
is synthesized in the liver and released into plasma by

heparin injection, similar to lipoprotein lipase (LPL)".
HTGL activity can be measured in post-heparin plasma
(PHP) when LPL is inactivated with protamine, NaCl or
an LPL-specific antibody V#. Although many researchers
have long recognized the importance of HTGL, the need
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for heparin injection has prevented the measurement of
HTGL from being used in general clinical practice. For
this reason, attempts have been made to measure lipo-
lytic activities of HTGL and LPL in plasma without using
heparin injection (pre-heparin) ®-». However, these en-
zymes exist in pre-heparin plasma as inactive form, thus
it was difficult to measure these activities precisely. Re-
cently the ELISA system for measurement of HT'GL pro-
tein was frequently used instead of measurement of its
activity ®-®. It has been reported that pre-heparin HTGL
highly correlated with PHP-HTGL ¥.

HTGL plays an important role in the remodeling of
LDL and HDL particles V. HTGL is inversely related to
the buoyancy and size of both LDL and HDL particles.
Increased HTGL is associated with smaller and denser
LDL (sdLDL) and HDL (HDL3) particles, while de-
creased HTGL is associated with larger and more buoy-
ant LDL (IbLDL) and HDL (HDL2) particles ¥. So far it
remains to be determined the association of pre-heparin
HTGL with LDL and HDL subspecies which has been
already examined in PHP-HTGL . Patients with type
2 diabetes often have high levels remnant lipoproteins,
sdLDL and low-HDL2-C 'V, which are all be regulated by
the action of HTGL. Therefore, diabetes is a good model
for studying pre-heparin HTGL and its association with
dyslipidemia.

Lipoprotein lipase (LPL) plays a central role in TG-rich
lipoprotein metabolism by the lipolysis of TG and the up-
take of these particles into the liver '». The catalytically
inactive form of LPL can be detected at fairly high levels
in pre-heparin plasma . The LPL protein concentration
was measurable using a sandwich enzyme immunoassay
system . Although the clinical importance of measuring
pre-heparin LPL protein is well documented 19| little
is known about pre-heparin HTGL. We investigated the
association between pre-heparin HTGL and lipoprotein
subspecies and compared it with lipoprotein lipase (LPL)
to explore clinical relevance of measurement of pre-hepa-
rin HTGL in type 2 diabetes.

II. MethodS. .. ..oov i i

A. Subjects

The subjects are 120 patients (99 male and 21 female)
with type 2 diabetes who were outpatients at Showa Uni-
versity Hospital. Characteristics of diabetic subjects were
listed in Table 1. Age was 61 = 10, and body mass index
was 26.7 £ 4.3 (mean *= SD). Twenty-eight (24%)
patients were insulin users , and seven patients were
treated with glucagon-like peptide-1 receptor agonist

—7—

(GLP-1RA). Most patients (n = 105) were treated with
the following oral anti-diabetes drugs (OADs) alone or
in combination: a sulfonylurea, metformin, pioglitazone,
dipeptidylpeptidase-4 inhibitor, sodium-glucose cotrans-
porter-2 inhibitor, or a-glucosidase inhibitor. Subjects
with hyperlipidemia were treated with statins (n= 53),
fibrates (n = 13), ezetimibe (n = 6), or omega-3 fatty
acids (n = 14) alone or in combination. The majority
of hypertensive patients used anti-hypertensive drugs;
angiotensin-I converting enzyme (ACEi) or angiotensin
II receptor blockers (ARB) (n = 75), calcium channel
blockers (CCB) (n = 53), and diuretics (n = 3), alone
or in combination. Ten subjects had history of coronary
artery disease, 29 subjects had diabetic retinopathy, and
17 subjects had diabetic nephropathy. In preliminary,
HTGL concentrations were measured in 17 (9 male and
8 female) healthy volunteers at age of 37 = 9 for the
comparison with diabetics. They never have been diag-
nosed with diabetes or any other chronic illness.

Pre-heparin plasma samples were taken in the morning
after overnight fasting. HTGL protein was measured by
the sandwich ELISA (Human HTGL Assay Kit-IBL, Taka-
saki, Gumma, Japan) ¥. The assay coefficients of variation
were 4.2-7.1% for pre-heparin plasma, and 2.2-4.9% for
PHP ®. LPL protein was measured by the sandwich ELI-
SA ', LDL-TG, sdLDL-C, and HD3-C concentrations
were measured directly in plasma by the homogeneous
methods established by our group ¥-2”. LbLDL-C
was calculated by subtracting sdLDL-C from LDL-C,
nonHDL-C was calculated by subtracting HDL-C from
total-C (TC). HDL2-C was calculated by subtracting
HDL3-C from HDL-C. Estimated glomerular filtration
rate (eGFR) was calculated from calibrated serum cre-
atinine using the Chronic Kidney Disease Epidemiology
Collaboration equation. The albuminuric stage was as-
sessed by the urinary albumin-to-creatinine ratio (UACR)
in spot-urine samples. Apolipoproteins were measured
by immuno-terbidimetric assay. Apolipoprotein data was
missing in 2 patients.
Visceral fat area (VFA) and subcutaneous fat area (SFA)
was measured by CT scan. CT data was available in 98
patients. The study was detailed to all subjects including
the volunteers who consented to participate, and a writ-
ten informed consent form was obtained from all partici-
pants prior to the study. This study was approved by the
Ethics Committee of Showa University Hospital.
B. Statistics

All continuous variables were expressed as mean =
standard deviation (SD). Differences between groups
were examined with either Student’s t-test or ANOVA.
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The p trend was estimated by Jonckheere-Terpstra trend
test. Correlations between variables were evaluated with
Pearson’s simple linear regression analysis. HTGL, LPL,
TG, and UACR showed a skewed distribution. There-
fore, log-transformed values were adopted for the linear
regression analysis. P-value less than 0.05 was consid-
ered statistically significant. Analyses were performed
using JMP software version 15 (SAS Institute, Cary, NC,
USA).

TIL ReSUItS . ..o et

Figure 1 depicts the distribution of HTGL and LPL
in 120 patients with type 2 diabetes. Concentrations of
HTGL and LPL were identical, and median values (in-
terquartile range) were 57 (44-74) and 57 (44-70) ng/
mL, respectively. These showed a skewed distribution.
Therefore, the log-transformed HTGL or LPL were
adopted for subsequent linear regression analysis. In a
preliminary study, the HTGL concentration of 17 healthy
volunteers was 44.2 = 16.7 ng / mL, significantly lower
than that of diabetics (p <0.05).

Table 1 shows the characteristics of the subjects and
the measurements stratified by the HTGL quartile (Q).
Overall, the average BMI was greater 25.0 and the vis-
ceral fat area (VFA) was over 100 cm?, indicating viscer-
al fat obesity. Patients with liver and kidney dysfunction
were rare. Their blood pressure was well controlled,
but their glycemic control was not fully controlled. TC,
LDL-C, nonHDL-C, TG, and HDL-C levels in the ma-
jority of subjects were within normal limits, probably be-
cause most of them were treated with statins or other lip-
id-lowering agents. There were no significant differences
in age, gender, blood pressure, body mass index, VFA,
SFA, or glycemic control between quartiles. There were
no significant differences in the use of antihypertensive,

HTGL (ng/ml)
Median (IQR) s
edian
20 57 (44-74) ng/ml *
100

80
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hypoglycemic, or lipid-lowering drugs between quartiles.
AST and ALT tended to decrease with higher HTGL
quartiles, and y-GTP decreased with higher HTGL quar-
tiles. LPL concentrations were similar between quartiles.
TC, LDL-C, nonHDL-C, TG, and HDL-C levels were
similar between quartiles. SALDL-C, IbLDL-C, LDL-TG,
HDL2-C, HDL3-C, apo Al, All, B, CII, CIII, and E, and

log UACR (mg/g-Cr)

RLP-C are comparable between quartiles. The iiguer
quartiles of HTGL significantly correlated with lower
LDL-TG / LDL-C, or lower LDL-TG / apoB.

Figure 2 shows a simple regression analysispaiéimadds
log-HTGL or log-LPL and VFA or SVF (n = 98).
Log-HTGL was not correlated with VFA or SFA, while
Log-LPL was inversely correlated with VFA, but not with
SFA.

Figure 3 shows a simple regression analysis between
log-HTGL and LDL subspecies. Log-HTGL was posi-
tively correlated with LDL-C, but not with sdLDL-C or
IbLDL-C. Log-HTGL did not correlate with LDL-TG,
but inversely with LDL-TG / LDL-C or LDL-TG / apo
B. HTGL did not correlate with TG, RLP-C, nonHDL-C,
HDL-C, or HDL2,3-C (data not shown).

Figure 4 shows a simple regression analysis between
log-LPL and various lipid parameters. Log-LPL was
inversely correlated with log-TG, RLP-C, and LDL-TG,
but not with LDL-C. Log-LPL was not correlated with
sdLDL-C, but was inversely correlated with sdLDL-C /
LDL-C. Log-LPL was correlated with HDL-C, HDL2-C,
and apoAl, but not with HDL3-C. Log-LPL did not cor-
relate with age, BMI, glycemic control, blood pressure,
eGFR, log-UACR, nonHDL-C, LDL-TG / LDL-C, LDL-
TG / apo B, apo All, apoCIIl, and apoE (data not shown).

IV, DiSCUSSION. . oottt

We investigated the association between pre-hepa-
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Figure 1 Distribution of hepatic triglyceride lipase (HGL) and lipoprotein lipase (LPL) in
pre-heparin plasmas of 120 type2 diabetic patients.
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Table 1 Various measurements stratified by quartile of hepatic triglyceride lipase (HTGL) concentration in patients with

type 2 diabetes.

Total Q1 (14.3-4458) Q2 (44.8-57.6) Q3 (57.6:73.9) Q4 (74.0-126.5) petrend
N (Male/Female) 120 (99/21) 29 (26/3) 31 (24/7) 30 (25/5) 30 (23/7) s
HTGL (ng/mL) 61.0+21.9 365464 513438 636548 9194138 <0.0001
logHTGL (ng/mL) 1760.16 1.5520.10 1.7120.03 1.80£0.03 1.9620.06 <0.0001
Age (years) 61+10 60£11 59+9 649 5949 s
?;f;izie;ic drug(OADs/insulin/GLP- 105/28/7/12 (88%/24%/6%/10%) 24/9/1/4 (83%/31%/3%/14%)  27/6/2/2 (87%/19%/6%/6%)  28/6/3/2 (93%/20%/10%/6%)  26/6/1/4 (87%/20%/3%/13%) s
Lipid-lowering drugs
(i . 53/13/6/14/47 (45%/11%/5%/129%/39%)  11/4/2/3 (38%/14%/7%/10%)  15/5/3/7 (48%/16%/10%/23%)  14/1/1/4 (46%/3%/3%/13%) | 14/4/2/1 (46%/13%/7%/3%) ns
K?&?ﬁﬂiﬁmm or 75/53/3/40 (63%/45%/3%/34%) | 18/13/0/11 (62%/45%/0%/38%)  20/12/0/9 (65%/39%/0%/29%)  19/16/2/9 (63%/53%/1%/30%) 19/12/1/11 (63%/40%/3%/37%)  ns
SFA (em2)# 195 +97 163+101 193+91 19591 219+104 ns
eGFR (mL/min/1.73 m2) §0.1+20.6 80+223 797+217 742+ 162 §5.9+ 209 ns
log UACR (mg/g-Cr) 1.4+0.70 1.32+0.65 1.56+0.73 1.38+0.64 1.51+0.76 ns
VFA (em2)# 171+ 64 138+73 173+61 181+58 182+66 ns
SFA (cm2)# 195 £97 163101 193291 195291 2194104 ns
HbAlc (%) 74+13 7.95+1.57 7.25+1.32 7.1240.93 7.34%1.21 ns
LPL(ng/mL) 582 4202 503:20.1 5632213 572215 58.0+18.0 ns
Total-C (mg/dL) 1853442 178.2£40.7 186.5£41.0 187.6£55.7 187.1£39.2 ns
TG (mg/dL) 141.1+96.3 135.3+100.6 157.7+£100.3 125.5+£754 144.9+107.7 ns
LogTG(mg/dL) 2.07£026 20303 2132025 204021 2072027 ns
LDL-C (mg/dL) 1088375 98.6+32.0 103.7£32.7 117.5449.1 113.8£316 ns
sdLDL (mg/dL) 36.7+20.8 33.8+194 35.6+21.8 36.0+£20.5 40.7£21.5 ns
IbLDL (mg/dL) 7214311 6472270 68.0:25.5 81.4£377 73.04314 ns
LDL-TG (mg/dL) 2514658 26,5473 252457 245291 236541 ns
HDL-C (mg/dL) 512+132 53.0£13.5 52.9+15.1 47.5+11.8 51.5+11.6 ns
non HDL-C (mg/dL) 13432437 124.8£38.4 133.5£30.6 1414579 135.6£35.7 ns
HDL2-C (mg/dL) 298+11.1 3155111 3182137 277297 284291 ns
HDL3-C (mg/dL) 214+54 21.5+4.7 21.1+6.0 19.8+5.1 23.1+5.1 ns
apo Al (mg/dL) * 13114 235 13694238 1347+ 2356 120£222 133.8+22.0 ns
apo All (mg/dL) * 2952 5.1 20.6£4.9 30351 269438 30260 ns
apoB (mg/dL) * 91.6 £26.7 85.0+22.8 91.5+25.1 96.8+36.0 92.2+20.0 ns
apoCll (mg/dL) * 16419 459£2.0 19421 11516 47418 ns
apoClIIl (mg/dL) * 10750 102443 12.4£7.0 93432 10.5+4.1 ns
apoE (mg/dL) * 41+12 4.3+1.29 4.45+1.49 3.9+1.09 3.93+0.89 ns
RLP-C (mg/dL) 82479 81489 9389 7.446.8 7.846.8 ns
LDL-TG/LDL-C 0.25 +0.09 0.28+0.08 0.27+0.1 0.23+0.09 0.22+0.06 0.0172
LDL-TG/apoB * 0.280.07 0.3220.07 0.2920.07 0.270.08 0.2620.06 0.0187

#n = 98, *n = 118. Values are mean = SD. The p trend was estimated by Jonckheere-Terpstra trend test .

ns = not significance

35

Log-HTGL
=

25

Log-LPL

150 200 250 300
VFA

150 200 250 300
VFA

5
L .
.
H
o* .
- . .
[T} %o %
4
7 : :
2 ]
S .
3
.
25
100 200 300 400 500
SFA
5
.
.« ® .
.
.
-
- . °
g . :
g
i . oo o
-
.
.
3
100 200 300 400 500

SFA

Figure 2 Relationship between log-HTGL or log-LPL and visceral fat area (VFA) or
subcutaneous fat are (SFA) in 98 type 2 diabetic patients.
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rin HTGL protein concentration and conventional and
novel lipid parameters in patients with type 2 diabetes.
Our study is the first to show pre-heparin HTGL levels
in type 2 diabetes and their association with LDL and
HDL subspecies. Pre-heparin HTGL levels in diabetics
were higher than in healthy volunteers. However, the
number of healthy controls was small and their age was
young. Therefore, more controls of different ages need

to fairly compare HTGL levels between diabetics and
non-diabetics. The ELISA system used in this study had
a strong positive correlation between pre-heparin HTGL
concentration and PHP-HTGL concentration and a strong
correlation between activity and concentration of HTGL
in PHP ¥,
HTGL activity even in pre-heparin plasma. We observed
that pre-heparin HTGL concentrations positively cor-

Therefore, HTGL concentration may reflect
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related with LDL-C concentration. This is in good agree-
ment with Glaser's report using pre-heparin HTGL activ-
ity ¥. HTGL facilitates the conversion from IDL to LDL
by lipolyzing the TG moiety of IDL V. Therefore, the link
between HTGL and LDL-C is reasonable. SALDL-C and
LDL-TG levels are expected to correlate significantly
with HTGL as HTGL hydrolyzes TG-rich LDL and gen-
eralizes lipid-poor sdLDL particles V. Indeed, Muraba
et al 2V reported that the HTGL concentration was pos-
itively correlated with sdLDL-C. Contrary to expecta-
tions, we could not find an intimate relationship between
them. Nevertheless, there was an inverse relationship
between HTGL and LDL-TG / LDL-C or LDL-TG / apoB.
This is consistent with the action of HTGL on reducing
TG in LDL particles.

HTGL, which has both TG lipase and phospholipase
activity, plays an important role in phospholipid-en-
riched HDL metabolism. High HTGL activity reduces
HDL2 and increases HDL3 ??. HDL-C mainly consists
of HDL2-C ?”, thus HDL-C inversely correlate with
PHP-HTGL activity .
there was a weak relation of pre-heparin HTGL concen-

Miyashita et al ” reported that

tration against HDL-C. Unlike their results, we did not
find any significant associations between pre-heparin
HTGL and HDL-related measurements such as HDL2-C,
HDL3-C, and apo Al (a main protein of HDL2).

We previously reported that both pre-heparin LPL and
PHP-LPL were significantly lower in patients with type 2
diabetes, and there was a weak correlation between the
pre-heparin LPL and PHP-LPL concentrations . Our
previous and current studies have consistently shown
that pre-heparin LPL levels are inversely correlated
with TG and positively correlated with HDL-C, which is
well documented in PHP-LPL ?¥. Moreover, we found
an inverse association between pre-heparin LPL con-
centrations and RLP-C. LDL-TG, or sdLDL-C/LDL-C.
This could be explained by LPL-induced TG-lowering
action, because RLP-C, LDL-TG, and sdLDL-C/LDL-C
are closely associated with TG. We also observed close
relationship between pre-heparin LPL and HDL2-C or
apo Al. LPL delivers unesterified cholesterol derived
from the surface of TG-rich lipoproteins to smaller HDL
particle via phospholipid transfer protein, resulting in
generation of cholesterol-enriched HDL2 2. Our results
suggest that the enzymatically inactive LPL still reflects
the biological effect of this enzyme on all lipoprotein me-
tabolism.

Nishimura et al® reported that HTGL protein concen-
trations in PHP in healthy subjects were about 2000 ng/
mL. Pre-heparin HTGL levels were 57 ng/mL in diabet-

ics and 44 ng/mL in healthy subjects, resulting in only
2-3% of PHP-HTGL levels. This absolute low concen-
tration of pre-heparin HTGL may be the reason why the
important physiological role of this enzyme in lipoprotein
metabolism cannot be detected. On the other hand, PHP-
LPL is about 250 ng/mL and pre-heparin LPL is 50 ng/
mL, accounting for 20% of PHP-LPL ¥, The abundance
of LPL in pre-heparin plasma could reflect physiolog-
ical action of this enzyme. Several studies suggest an
association between HTGL and central fatty obesity or
fatty liver V®. We failed to find this association, but found
inverse correlation between LPL and VFA. Because
pre-heparin LPL is reduced by metabolic disturbance ¥,
our results suggest that pre-heparin LPL is superior to
HTGL for a marker of metabolic syndrome. However,
majority of present subjects were treated with lipid-low-
ering and glucose-lowering drugs, which strongly affect
lipid metabolism and obesity. Therefore, the effects of
these drugs may mask the important effects of HTGL on
lipoprotein metabolism or adiposity. This is the limit of
our current research.

V.InconcluSion............oooviiiiiiniiiiiiiii i,

Pre-heparin plasma HTGL protein concentrations mea-
sured by a sensitive ELISA may have limited clinical rel-
evance compared to pre-heparin plasma LPL protein at
least in diabetic populations.
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