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PRMT1 inhibitor TC-E 5003 reduces the development of non-alcoholic fatty liver disease
and atherosclerotic lesions in Western-type diet-fed LDL receptor knockout mice

ABSTRACT

Background/Aim: Non-alcoholic fatty liver disease (NAFLD), characterized by
increased hepatic lipogenesis and triglyceride accumulation, predisposes to athero-
sclerotic cardiovascular disease. In vitro studies have suggested that protein arginine
methyltransferase 1 (PRMT1) is a functional transcriptional co-activator of the lipo-
genic program in hepatocytes. Here we evaluated the potential of PRMT1 inhibitor
TC-E 5003 to lower NAFLD and atherosclerosis susceptibility in vivo.

Methods: Male low-density lipoprotein receptor knockout mice were fed a
Western-type diet and injected intraperitoneally 3x/week with 10 mg/kg TC-E
5003 or solvent control for 8 weeks.

Results: TC-E 5003 treatment was associated with a 42% decrease (P<0.01) in he-
patic mRNA expression levels of fatty acid synthase. In accordance, liver triglyc-
eride stores were 33% (P<0.05) lower upon PRMT1 inhibition, without a change in
tissue cholesterol levels. Concomitant 33% to 40% reductions (P<0.05) in plasma
cholesterol and triglyceride levels, respectively, were detected in TC-E 5003-treated
mice, which could be attributed to a decrease in very-low-density and low-density li-
poprotein levels. PRMT1 inhibition was associated with a trend towards a reduction
in aortic root Oil red O+ area (-25%; P=0.11) and a significant decrease in CD68+
macrophage content (-57%; P<0.05). This coincided with shifts in splenic monocyte

low

and T cell polarization towards the anti-inflammatory Ly6C*" and pro-inflammatory
effector memory phenotypes, respectively.

Conclusions: We have shown that PRMT]1 inhibition is associated with reduced he-
patic triglyceride accumulation, hyperlipidemia and splenic monocyte activation in
the context of increased T cell activation, resulting in an overall decrease in athero-
sclerosis susceptibility in Western-type diet-fed LDL receptor knockout mice.
KEYWORDS: protein arginine methyltransferase 1; lipoprotein; lipid metabo-

lism; atherosclerosis; inflammation; fatty liver disease
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INTRODUCTION

Cardiovascular disease and its underlying pathology, atherosclerosis, are re-
garded as the most common causes of death worldwide"’. Higher levels of lipids
in plasma, i.e. high very-low-density lipoprotein (VLDL)-triglyceride and low-
density lipoprotein (LDL)-cholesterol levels, are strongly associated with an in-
creased risk for developing atherosclerosis °. Since the liver plays an important
role in the maintenance of plasma lipid homeostasis, dysfunction of liver lipid
metabolism can affect plasma lipid levels. People with non-alcoholic fatty liver
disease (NAFLD, characterized by triglyceride accumulation in hepatocytes,
display an increased chance of developing hyperlipidemia and a higher risk of
atherosclerosis *,°. Mechanistically, NAFLD patients exhibit an over-activated
hepatic de novo lipogenesis, subsequently leading to a hyperactive production
and secretion of pro-atherogenic VLDL particles by the liver. Therefore, we hy-
pothesize that targeting hepatic lipogenesis in NAFLD is a therapeutic strategy
to prevent the consequent hyperlipidemia and atherosclerosis susceptibility.

The study by Park et al. suggested that protein arginine methyl transferase
1(PRMT1)is a potential therapeutic target for the treatment of NAFLD and its
correlated diseases. More specifically, their human study indicated that PRMT1
exhibits an elevated expression level in livers of NAFLD patients compared to
healthy livers. In addition, both their in vitro and in vivo studies showed that
PRMTI is involved in hepatic lipogenesis as an transcriptional modulator °. In
further support, another study by Choi et. al. found that hepatocyte-specific
knockdown of PRMTI1 in mice downregulates the mRNA expression levels of
lipogenic genes FASN and SREBP1C. However, the functional effect of a di-
minished PRMTI function on NAFLD and its co-morbidities is currently not

yet known.
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TC-E 5003 was discovered and verified as a specific inhibitor for PRMTI to
investigate its physiological roles in vitro and in vivo . Previous studies have
shown that the atherogenic diet-induced hypercholesterolemia and associated
susceptibility for atherosclerosis in LDL receptor knockout mice are driven by
hyperactive hepatic lipogenesis *. To verify our hypothesis that PRMTI inhibi-
tion can lower triglyceride synthesis in liver and thereby correct dyslipidemia,
in the current study we therefore investigated the effect of long-term TC-E 5003
treatment on hepatic and plasma lipid levels and atherosclerosis susceptibility

in LDL receptor knockout mice.
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MATERIALS AND METHODS

Experimental animals

Twenty-two 10-week-old male LDL receptor knockout mice, obtained from The
Jackson Laboratory and bred at Gorlacus Laboratories, were fed a Western-type
diet containing 0.25% cholesterol and 15% cocoa butter (SDS, Sussex, UK) to in-
duce the development of atherosclerotic lesions. The mice were randomly allocat-
ed to two different treatment groups receiving intraperitoneal injections of either
the control solvent DMSO (Control; 10 uL (=350 mg/kg); N = 11) or TC-E 5003
(TC-E; 10 mg/kg in DMSO; N = 11; Tocris Biosciences) three times per week.
Over the course of the experiment, two of the mice belonging to the TC-E group
were found dead in their cage in treatment week 2 and week 5, respectively. In
addition, one TC-E-treated mouse had to be sacrificed in week 6 as it had lost
more than 15% of its original body weight (primary human endpoint). All data
gathered from these 3 mice up to this point were eliminated from further analy-
sis. At the 8-week mark, a fourth mouse belonging to the TC-E group started
to lose weight and it was therefore decided to terminate the study early so as to
maintain a large enough group size to measure treatment-specific effects. Hence,
the 19 remaining mice were anesthetized through a subcutaneous injection with
100-150 pl of a ketamine (100 mg/kg), xylazine (12.5 mg/kg), and atropine (125
png/kg) mixture. Subsequently, orbital blood was collected and a whole-body
perfusion was performed using phosphate buffered saline (PBS). Organs were ex-
cised and parts were fixed for 24 hours in a 3.7% formalin solution for subsequent
histological analysis or stored at -20°C for following biochemical analysis.

All experimental protocols were approved by the Animal Welfare Body of
Leiden University under the project license AVD1060020185964 issued by the
Central Authority for Scientific Procedures on Animals (CCD). The study was
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executed according to the principles of laboratory animal care and regulations
of Dutch law on animal welfare, the Directive 2010/63/EU of the European
Union, and the ARRIVE guidelines.

Blood glucose measurements
Blood glucose levels were measured after 5 weeks of treatment by tail bleeding

using a Bayer Contour TS glucose meter (Leverkusen, Germany).

Plasma lipid measurements

Plasma specimens were isolated from orbital blood samples, collected at sacrifice,
after 5-minute centrifugation at 6000 rpm. Plasma concentrations of free choles-
terol, cholesterol esters, and triglycerides were determined using enzymatic colo-
rimetric assays (Roche Diagnostics). The distribution of cholesterol over the dif-
ferent lipoproteins was analyzed through fractionation of a pooled plasma sample
from the control and treatment groups using fast protein liquid chromatography
by AKTA go (GE Healthcare) with a Superose 6 column. For each colorimetric

assay, precipath (Roche Diagnostics) was used as internal calibrator.

Liver tissue lipid extraction and quantification

Triglyceride and cholesterol were extracted from ~50 mg of liver per mouse. For
triglyceride extraction, the liver pieces were homogenized in 500 pl 5% Nonidet™
P 40 Substitute. The solution was heated at 90°C and cooled on ice for 2 minutes
each. Subsequently, insoluble material was removed from the solution through
centrifugation and triglycerides in the supernatant were measured using an en-
zymatic colorimetric assay (Roche Diagnostics). Cholesterol was extracted using
the protocol of Bligh and Dyer ’ and quantified using an enzymatic colorimetric
assay. The concentration of triglycerides and cholesterol in liver samples was cor-

rected for the amount of tissue protein and expressed as pg lipid / mg protein.
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Gene expression analysis through real-time quantitative PCR

RNA was isolated using the standard phenol / chloroform extraction method. The
concentration of the obtained RNA was determined using a Nanodrop Spectro-
photometer (Nanodrop Technologies, Wilmington, DE, USA). cDNA was syn-
thesized from the RNA using Maxima H Minus reverse transcriptase (Thermo
Scientific). Analysis of gene expression was accomplished through an ABI PRSM
7500 machine (Applied Biosystems, Foster City, CA) using SYBR Green tech-
nology. The genes B-actin, ribosomal protein L27 (RPL27), acidic ribosomal
phosphoprotein PO (36B4) and peptidylpropyl isomerase A (PPIA) were used as

housekeeping genes. The sequences of the primers used can be found in Table 1.

Table 1: Nucleotide sequences of primers used for RT-PCR
GENBANK AC-
GENE FORWARD PRIMER REVERSE PRIMER
CESSION NO.
PPIA NM_008907.2 | AGGATTTGGCTATAAGGGTTCCTCC | ATTTCTCTCCGTAGATGGACCTGC
RPL27 | NM_011289.3 CGCCAAGCGATCCAAGATCAAGTCC | AGCTGGGTCCCTGAACACATCCTTG
36b4 NM_007475.5 | CTGAGTACACCTTCCCACTTACTGA | CGACTCTTCCTTTGCTTCAGCTTT
MYH7 |NM 0807283 | AATGCAGAGTCAGTGAAGGGCATG | CTTGTAGGCCTTCACCTTCAGCTG
NPPA |NM_008725.3 | AAAAGCAAACTGAGGGCTCTGCTC | TGCCTTTTCCTCCTTGGCTGTTATC
NPPB | NM 008726.6 CTTTGGGCACAAGATAGACCGGATC | AGGCAGAGTCAGAAACTGGAGTCTC
SREBP! |NM 0114804 | TCTGAGGAGGAGGGCAGGTTCCA GGAAGGCAGGGGGCAGATAGCA

FASN | NM_007988.3 GGCGGCACCTATGGCGAGG CTCCAGCAGTGTGCGGTGGTC
SCD1 | NM_009127.4 GGAAAGTGAGGCGAGCAACTGACTA | CAGGACGGATGTCTTCTTCCAGGTG
ACACA |NM_133360.2 GGAAGATGGCGTCCGCTCTGTG GTGAGATGTGCTGGGTCATGTGGAC

Histological analysis

Formalin-fixed hearts were embedded in OCT compound (Optimum Cutting
Temperature; Sakura Finetek Europe B.V., Alphen aan de Rijn, The Nether-
lands). Cryosections of 10 um of the aortic root as well as the middle part of the
heart were collected on Menzel Gldser SuperFrost® Plus slides (Thermo Sci-
entific; USA). Sections were routinely stained for the presence of neutral lipids

using Oil Red O and hematoxylin (Sigma-Aldrich, Zwijndrecht, The Nether-
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lands). For identification of macrophages in sections containing atherosclerotic
lesions, a primary monoclonal rat-anti-mouse Cd68 antibody (FA-11; ab53444;
Abcam, Cambridge, UK) was used at a 1:1000 dilution in blocking buffer. A
secondary AP-conjugated goat-anti-rat IgG (A8438, Sigma-Aldrich, Zwijndrecht,
The Netherlands) was used at a dilution of 1:100 in blocking buffer. The ready-
to use BCIP®/NBT liquid substrate system (sigma-Aldrich, Zwijndrecht, The
Netherlands) was used for signal detection. Sections were stained using Masson’s
Trichrome (Sigma-Aldrich) to show the presence of collagen. Mean atheroscle-
rotic lesion areas and macrophage areas (in pm”) were quantified using pictures
generated with a digital slide scanner (PANNORAMIC 250 Flash 11, 3dHistech)

and image J software. Quantification was performed blinded.

Flow Cytometry

Splenocytes were stained with antibodies directed against the cell markers CD4
and CD8 (T cells), CD19 (B cells), F4/80 (macrophages), Ly6G (neutrophils),
Ly6C (monocyte/macrophages) and the T cell and macrophages polarization
makers CD44, CD62L, MHCII, CD206 (eBioscience) in PBS containing 2%
fetal bovine serum. Cell populations were also stained with efluor-780-viability
(eBioscience) to identify viable cells. Flow cytometric analysis was performed

on a Beckman Coulter Cytoflex S with FlowJo software.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 8.0 (GraphPad Soft-
ware Inc., San Diego, CA, USA). A Grubbs’ test was used to test for outliers
within groups. Two-tailed unpaired Student’s t-test was used to calculate the
significance of differences between single groups. A P-value below 0.05 was
considered statistically significant for all tests. Data are presented in graphs as

means + SEM or individual points with respective group averages.
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RESULTS

To test the hypothesis that the development of hypercholesterolemia and athero-
sclerosis can be restricted by inhibiting PRMT1-mediated hepatic lipogenesis,
we treated LDL receptor knockout mice for 3 times per week with 10 mg/kg
bodyweight TC-E or the solvent control DMSO by intraperitoneal injection,
while feeding an atherogenic high cholesterol/high fat Western-type diet. Two
and five weeks into the experiment, two TC-E-treated mice were unexpectedly
found dead in their cage. We bled the remaining 11 control-treated and 9 TC-
E-treated mice at the end of week 5 and found that blood glucose levels and
body weights were not different between TC-E-treated mice and control mice
(Fig. 1B & 1C). At week 6, another TC-E-treated mouse displayed signs of
pathology, i.e. it had significantly lost weight and presented with a hard belly,
which required early sacrifice. Given that the difference in survival rate almost
reached significance (Fig. 1A; P=0.07 for survival curve comparison), we de-
cided to terminate the study after 8 weeks of diet feeding and compound treat-
ment to keep a sufficient sample size for statistical analysis. At this point, the
two groups of mice still did not significantly differ in weight (Fig. 1B). During
sacrifice we noted that the organs in the peritoneal cavity of TC-E-treated mice
were sticking to each other, possibly due to in vivo compound insolubility and
associated mucous membrane irritation '°. Notably, Murata et al. found that
mice with cardiomyocyte-specific PRMT1 depletion exhibit cardiac dysfunc-
tion and fibrotic heart disease and as a result die within 60 days after birth "'. To
investigate whether cardiac dysfunction contributed to the observed mortality
in TC-E-treated mice, we performed histological staining on heart tissue sec-
tions. No obvious collagen accumulation was observed in TC-E-treated mice or

in control mice (Fig. 1D). In addition, mRNA expression levels of cardiac dys-
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Figure 1: TC-E 5003 treatment does not alter body weight, induce cardiac collagen disposition,
or change basal gene expression levels in heart, while it reduces plasma cholesterol levels.

The survival rates (4) and body weights (B) of male LDL receptor knockout mice treated with DMSO
solvent control (Control; white) or 10 mg/kg TC-E 5003 (TC-E; black) for 8 weeks under Western-type
diet feeding conditions. (C) After 5 weeks of treatment, blood glucose were measured by tail bleeding.
(D) Heart tissue cryosections were stained with Masson’s Trichrome to visualize collagen. Scale bar
=200 um. (E) Relative mRNA expression levels of MYH7, NPPA, and NPPB were measured in hearts.
Data are expressed as means + SEM. * P <0.05 (Two-tailed unpaired Student’s t-test)

function marker genes Myh7, NNPA, and NNPB in heart were not affected by
TC-E treatment (Fig. 1E; t-test: P>0.05). As such, a negative effect of chronic
TC-E treatment on cardiac function can likely be excluded.

To verify the potential ability of TC-E to prevent hyperlipidemia, we meas-
ured plasma lipid levels at sacrifice. TC-E-treated mice display a reduction in
plasma cholesterol levels. More specifically, both plasma free cholesterol (-37%;
P<0.05) and cholesteryl ester (-40%; P<0.01) levels were lower as compared to
DMSO-treated control mice after 8 weeks of Western-type diet feeding (Fig.
2A). Measurement of specific lipoprotein fractions showed that mainly VLDL-

35




36

Chapter 2

cholesterol and LDL-cholesterol levels were decreased by TC-E treatment. The
amount of cholesterol transported by HDL particles remained at similar levels
in both groups of mice (Fig. 2B). Given that VLDL particles contain high levels
of triglycerides, TC-E treatment also significantly lowered the concentration of
plasma triglycerides (-33%; t-test: P<0.05) (Fig.2A).

To understand the mechanism behind the TC-E treatment-mediated lowering
of the hyperlipidemia extent, livers were isolated and analyzed biochemically.

The mRNA expression levels of the lipogenic gene SREBP-1 (-31%; P<0.001)
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Figure 2: TC-E 5003 treatment reduces the mRNA expression levels of genes involved in he-
patic lipogenesis and lowers liver triglyceride accumulation and the hyperlipidemia level.

(A) Plasma triglyceride (TG), free cholesterol (FC) and cholesteryl ester (CE) levels in male LDL recep-
tor knockout mice treated with DMSO solvent control (Control; white) or 10 mg/kg TC-E 5003 (TC-E;
black) for 8 weeks under Western-type diet feeding conditions. (B) The distribution of very low-density
lipoprotein (VLDL), low density lipoprotein (LDL) and high-density lipoprotein (HDL) fractions. (C)
Relative mRNA expression levels of key genes involved in hepatic de novo lipogenesis. (D) Hepatic tri-
glyceride and total cholesterol (TC) levels. (E) Liver weights. Data are expressed as means + SEM. * P
<0.05, ** P <0.01, *** P <0.001 (Two-tailed unpaired Student’s t-test).
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and FASN (-42%; P<0.01) were both downregulated by TC-E treatment (Fig.
2C), suggesting a reduced hepatic lipogenesis rate after PRMT1 inhibition. The
difference in liver SCD1 (-27%) and ACACA (-12%) relative mRNA expression
levels between treatment and control did not reach statistical significance (Fig.
2C). In line with previous data of Bieghs et al., fatty livers of our Western-type
diet-fed LDL receptor knockout control mice contained ~600 pg of triglycerides
per mg protein ">. As anticipated from the decrease in FASN expression, TC-E
treatment also significantly lowered triglyceride accumulation in liver (-30%;
P<0.05) without a parallel change in hepatic total cholesterol levels (Fig. 2D).
However, no change was observed in total liver weight (Fig. 2E).

To confirm that the decreased fatty liver disease and lower serum cholesterol
levels also translated into a reduced atherosclerosis development, sections of
the aortic root were stained with Oil red O to identify neutral lipid stores. Both
groups had developed stage III atherosclerotic lesions, characterized by areas
of lipid-laden macrophage foam cells and the development of an early fibrous
cap . Quantification of the Oil red O lipid staining showed an average athero-
sclerotic lesion area of 20.5 + 7.6 x 10" pm” in control mice, while TC-E-treated
mice contained average lesion areas of 15.3 + 4.8 x 10* um” (Fig. 3A & 3B). The
atherosclerotic lesions consisted mostly of CD68" macrophages and had a low
amount of collagen as judged from the Masson’s Trichrome staining (Fig. 3A).
In further support of a decreased atherosclerotic lesion development, we ob-
served that the total aortic macrophage area was around 2-fold lower in the TC-
E-treated group as compared to the control group (Fig. 3C; P<0.05).

In addition to lipids, inflammation is a key mechanism involved in the patho-
genesis of atherosclerosis '*. For example, the splenic monocyte population is a
driver of atherosclerotic macrophage/foam cell accumulation "°. Since PRMT1
has been shown to also play a role in immunosuppression and immune cell pro-

16 17 18

liferation , potential immune effects of TC-E treatment were investigated
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Figure 3: TC-E 5003 treatment reduces atherosclerosis susceptibility.

(A) Representative pictures of aortic root cryosections from male LDL receptor knockout mice treated
with DMSO solvent control (Control; white) or 10 mg/kg TC-E 5003 (TC-E; black) stained with Oil Red
O (neutral lipids; red), an anti-CD68 antibody (macrophages; brown) or Masson’s Trichrome (collagen;
blue). Scale bar = 200 um. Quantification of the total lesion areas (B) and lesional macrophage areas (C).
Data are shown as individual points with the group average as horizontal lines. * P <0.05 (Two-tailed

unpaired Student’s t-test).

in spleen. Ten to 15% of all splenocytes were identified as Ly6C" monocytes in
both groups of mice using flow cytometry. Within this monocyte population,
the Ly6C"¢"/Ly6C"" cell ratio — a measure for the inflammatory activation " -
was significantly decreased in TC-E-treated mice (Fig. 4A; t-test: P<0.01). No
differences were found in the splenic relative F4/80" macrophage population nor
in their mean expression values of the pro-inflammatory macrophage marker
MHCII and the anti-inflammatory macrophage marker CD206 (Fig. 4B). CD19"
B cell and Ly6G " neutrophil numbers in the spleen were also not changed by
TC-E treatment (data not shown). Interestingly, we observed that TC-E treat-
ment decreased the number of CD4" T lymphocytes by 10% (P<0.01; Fig. 4C).
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However, the activation state of these T cells was increased. As shown in figure
4C, TC-E treatment was associated with a shift in the CD4" T cell population
from naive (N), resting cells (-16%; t-test: P<0.001) to more activated effector
memory (EM) cells (+27%; t-test: P<0.05) in the context of an unchanged cen-
tral memory fraction. The same change in T cell activation was observed for
CDS’ cells, since the relative amount of naive CD8" T cells was also significant-
ly decreased by TC-E treatment (-12%; t-test: P<0.001) and the fraction of CD8"

effector memory T cells tended to increase (+57%; Fig. 4D).
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Figure 4: TC-E 5003 treatment reduces monocyte activation and increases T cell activation.

(4) Relative numbers of monocytes (left) and the Ly6Chi / Ly6Clow ratio (right) within the Ly6C+
monocyte fraction in spleens of male LDL receptor knockout mice treated either with DMSO sol-
vent control (Control; white) or 10 mg/kg TC-E 5003 (TC-E; black). (B) Relative numbers of splenic
F4/80+ macrophages (left) and their mean intensities of the pro-inflammatory marker MHCII (middle)
and the anti-inflammatory marker CD206 (right). Splenic relative numbers of (C) CD4+ T cells and (D)
CD8+ T cells (left panels) and their distribution over the naive (N), effector memory (EM), and central
memory (CM) subtypes (right panels). Data are expressed as means £+ SEM. * P <0.05, ** P <0.01, ***
P <0.001 (Two-tailed unpaired Student’s t-test).
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DISCUSSION

Here we have shown that the PRMT1 inhibitor TC-E 5003 effectively decreases
hepatic triglyceride accumulation during high fat diet-induced fatty liver devel-
opment and lowers the hyperlipidemia extent in LDL receptor knockout mice,
resulting in a reduction in atherosclerotic lesion susceptibility.

We found that the TC-E treatment-induced reduction in liver triglycerides was par-
alleled by a decrease in the mRNA expression levels of SREBP1 and FASN, genes
involved in hepatic fatty acid synthesis. These findings support our working hy-
pothesis, originally derived from the findings of Park et al. °, that PRMT! is func-
tionally involved in the transcriptional control of hepatic lipogenesis and thereby
contributes to the development of NAFLD in mice. Notably, human patients with
NAFLD exhibit 3-fold elevated hepatic de novo lipogenesis rates as compared to
healthy individuals [3][17]. It can therefore be suggested that PRMT1 may possibly
also be a therapeutic target to prevent the development of NAFLD in humans.

In line with the assumption that the hyperlipidemia in LDL receptor knockout
mice is mainly attributed to highly activated hepatic de novo lipogenesis "> '
**the inhibition of PRMTI effectively reduced the hyperlipidemia extent, i.e.
VLDL/LDL levels, in our current experimental setup. However, since we did
not measure food intake, it cannot be excluded that the reduction in plasma lip-
id levels was also, in part, due to an effect of TC-E treatment on general well-
being and associated food consumption.

A previous study by Van der Laan et al. has shown that VLDL levels in plasma best
predict the atherosclerotic plaque size in the aortic root of LDL receptor knockout
mice *. Accordingly, the observed decrease in VLDL and LDL levels also trans-
lated into a reduction in the atherosclerotic lesion area in our TC-E-treated LDL

receptor knockout mice. Hyperlipidemia in atherosclerotic LDL receptor knockout
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mice has previously also been associated with an increase in pro-inflammatory
monocyte numbers **. In line, we also observed a decrease in the inflammatory
state of the monocytes within the spleen, as evident from a decrease in the Ly6C"/
Ly6C"" monocyte ratio. Given that Ly6C" monocytes are precursors of infiltrated

151 .
> it can be assumed

foam-macrophages accumulating in atherosclerotic plaques
that the decrease in atherosclerotic lesion size is not only related to the lower hyper-
lipidemia, but also secondary to the lower pro-inflammatory monocyte activation.
Importantly, a recent in vitro study from Kim et al. showed that TC-E significantly
reduces the NO production and the expression of inflammatory genes like induc-
ible NO synthase, tumor necrosis factor-a, and interleukin-6 in lipopolysaccharide-
stimulated RAW 264.7 monocytes/macrophages . As such, the beneficial effect on
the overall monocyte activation status can possibly also be attributed to inhibition
of PRMTT1’s pro-inflammatory actions locally in monocytes.

In addition to the anti-inflammatory effect of TC-E treatment in monocytes, we
observed that PRMTI1 inhibition decreased CD4+ T cell numbers and shifted
the polarization of CD4+ and CD8+ T cells from the naive towards the more
pro-inflammatory effector memory phenotype. In accordance with a potential
role for PRMTI in activating T cell proliferation, Sen et al. showed that phar-
macological inhibition of PRMT1 by TC-E also decreases the amount of CD4"
T cells in central nervous system in a mouse model of experimental autoim-
mune encephalomyelitis '*. Kagoya et al. showed that PRMTI interacts with
forkheard box transcription factor 3 (FOXP3), which plays a crucial role in the
differentiation of regulatory T cells that suppress CD4" and CD8" T cell activa-
tion . The TC-E-mediated increase in T cell activation in our current study may
thus perhaps be due to an impaired T regulatory cell function. Ait-Oufella et al.
showed that regulatory T cells can suppress atherosclerosis development in LDL
receptor knockout mice *°. In addition, Olson et al. also showed that a shift in T

cell polarization from the naive to the memory phenotype is associated with high-
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er cardiovascular disease risk in humans *’. Combined, these findings suggest that
the effect of TC-E treatment on T cell activation may have diminished the overall
atheroprotective hypolipidemic effect of PRMT1 inhibition.

In conclusion, we have shown that PRMT]1 inhibition is associated with reduced
hepatic triglyceride accumulation, hyperlipidemia and monocyte activation in
the context of increased T cell activation, resulting in an overall decrease in

atherosclerosis susceptibility in Western-type diet-fed LDL receptor knockout
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Figure 5: Proposed mechanism behind the anti-atherogenic effect of PRMT1 inhibitor TC-E
5003 treatment in Western-type diet-fed LDL receptor knockout mice.

Inhibition of PRMTI activity by TC-E 5003 reduces hepatic triglyceride accumulation and thereby
lowers the non-alcoholic fatty liver disease (NAFLD) susceptibility, which is accompanied by a re-
duction in pro-atherogenic hyperlipidemia and, as a result, a reduced pro-inflammatory monocyte
activation. In addition, TC-E 5003 treatment directly inhibits pro-inflammatory monocyte development
through inhibition of NF-KB activity. Furthermore, TC-E 5003 treatment inhibits regulatory T cell dif-
ferentiation, resulting in a higher pro-atherogenic T cell activation that is apparently not sufficient to

overrule the overall anti-atherogenic effect of TC-E 5003.
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mice. Our study highlights (1) that PRMT]I influences both inflammatory and
metabolic process in vivo (Fig. 5) and (2) that blocking specifically hepatocyte
PRMTI1 may be a valuable therapeutic approach to inhibit NAFLD, hyperlipid-

emia and atherosclerosis development.
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