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Hepatic Mcpip1 regulates adaptation to food restriction in mice
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Monocyte-chemoattractant protein-induced protein 1
(MCPIP1, or Regnase-1) is an endoribonuclease that de-
grades translationally active mRNA molecules. MCPIP1
is mostly known for its anti-inflammatory actions, but
it is also an important regulator of adipogenesis and li-
pid metabolism. Its overexpression impairs adipogen-
esis by reducing mRNA levels of C/EBPB and PPARy, key
transcription factors regulating this process. Although
adipocytes overexpressing MCPIP1 are characterised
by impaired glucose uptake, the function of MCPIP1 in
hepatocyte metabolism remains unknown. In this study,
conditional deletion of Zc3h72a in murine liver epithe-
lial cells was used to characterise the role of Mcpip1 in
adaptation to 24-hour food restriction. We found that
Mcpip1 deficiency in liver epithelial cells (Mcpip1%1Albcre
mice) resulted in higher blood glucose levels in response
to fasting in comparison to Mcpip1%® counterparts. He-
patic proteome analysis showed 26 down-regulated and
117 up-regulated proteins in Mcpip11fAlbcre animals that
were involved in cellular adhesion, extracellular matrix
and metabolic processes. In conclusion, our studies pro-
vide new insight into the hepatic function of Mcpip1 and
its involvement in metabolic control.
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INTRODUCTION

Both humans and animals adjust their metabolism
to an excess or deficiency of food and the liver plays a
central role in these processes. During the shift from a
feeding to a fasting state, hepatic production of glucose
and ketone bodies increases, with concomitant glycogen
depletion and triacylglycerol accumulation (Goldstein
& Hager, 2015). In contrast, a meal containing carbo-
hydrates stimulates hepatic glucose uptake and glycoly-
sis and repletes glycogen stores. Fatty acid synthesis is
induced, while B-oxidation and ketogenesis are inhibited
(Moore et al., 2012). As a result, high-energy stores atre
replenished both in hepatocytes and adipocytes, main-

taining metabolic homeostasis during periods of feeding
and fasting (Geisler ez al., 2016).

Monocyte-chemoattractant protein-induced protein 1
(MCPIP1), encoded by the ZC3H72A4 gene, is mostly
known for its anti-inflammatory properties. It is an en-
doribonuclease that degrades mRNA, pre-miRNA, and
viral RNA molecules. The broad spectrum of MCPIP1
targets includes IL-18 (Mizgalska ez 4/, 2009), IL-6 (Mat-
sushita ez al, 2009) and 1L-2 (Li e al, 2012). MCPIP1
was also shown to regulate glucose and lipid metabolism
and its hepatic levels are reduced in humans suffering
from Non-alcoholic fatty liver disease (NAFLD) (Pydyn
et al., 2023). MCPIP1 inhibits adipogenesis 7 vitro by re-
ducing the levels of key transcription factors, including
C/EBPB (Lipett ¢t al, 2017). Additionally, adipocytes
that overexpress the MCPIP1 protein are characterised
by a lower level of the insulin receptor Glut4 and im-
paired glucose uptake (Losko ez al., 2020).

In this study, we aimed to analyse the role of hepatic
Mcpipl in murine adaptation to fasting. We performed
mass spectrometry analysis of whole-liver lysates from
Mcpip1#/# and Mcpip1#/8Albce mice that were fasted for
24 h, followed by functional annotation and enrichment
analysis of differentially expressed proteins. We dem-
onstrated that Mcpipl is involved in the regulation of
metabolic pathways, including glyoxylate and dicarboxy-
late metabolism or the pentose phosphate pathway. Our
studies provide new insight into the hepatic function of
Mcpipl and its involvement in metabolic control.

MATERIAL AND METHODS

Animals and genotyping

The study used 10-week-old female control Zc3h12a-
lov/lox mice (designed as Mcpipl?T) and Mcpipl liver epi-
thelial cell-specific knockout mice (designed as Mcpip1?/
1AIbCe). Deletion of Mcpipl protein in Mcpipl#/TAIbCre
mice was present in liver epithelial cells (hepatocytes and
cholangiocytes). Its level in whole liver tissue was only
partially reduced (Kotlinowski ez @/, 2021). The animals
were genotyped as previously described (Kotlinowski ez
al., 2021). In brief, DNA was extracted from tail tissue
using a KAPA Mouse Genotyping Kit (IKAPA Biosys-
tems) according to the manufacturer’s instructions. Gen-
otyping for loxP insertion was performed by PCR using
the following primers: GCCTTCCTGATCCTATTG-
GAG (wild-type), GAGATGGCGCAGCGCAATTAAT
(knockout), and GCCTCTTGTCACTCCCTCCTCC
(common). Genotyping for AlbCre tg/+ was conducted
with the following primers: TGCAAACATCACATG-
CACAC  (wild-type), GAAGCAGAAGCTTAGGAA-
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GATGG (mutant), and TTGGCCCCTTACCATAACTG
(common). The animals were housed under SPF condi-
tions in ventilated cages in a temperature-controlled en-
vironment with a 14-h light/10-h datk cycle. The mice
were randomly divided into ‘fed’ and ‘fasted’ groups at
10 weeks of age. Mice from the fed group received food
and water ad libitum, whereas the animals entolled in the
‘fasted’ group were placed into cages containing only
water for 24 hours. On the following day, all animals
were sacrificed, and blood and liver were collected. All
animal procedures were conducted in accordance with
the Guide for the Care and Use of Laboratory Animals
(Ditective 2010/63/EU of the European Patliament)
and carried out under a licence from the 2nd Tocal In-
stitutional Animal Care and Use Committee in Krakow
(study no. 272/2017).

Blood analysis

All blood tests were measured by an automated ana-
lyser (Arkray) according to the manufacturet’s instruc-
tions.

Protein isolation and western blot

Liver samples were lysed using RIPA buffer (25 mM
Tris-HCI; pH 7.6; 150 mM NaCl, 1% sodium deoxycho-
late and 0.1% SDS) with Complete Protease Inhibitor
Cocktail (Roche) and PhosSTOP Phosphatase Inhibitor
Cocktail (Roche). A bicinchoninic acid assay was used
to assess protein concentration, and 25 pg of proteins
were separated on a 10% SDS/PAGE polyactylamide
gel. After wet transfer to PVDF membranes (Millipore),
the membranes were blocked in 5% skim milk and then
incubated overnight with primary antibodies at 4°C. On
the following day, the membranes were washed and in-
cubated with a secondary antibody for 1 h at room tem-
perature. Chemiluminescence was detected after 5 min
of incubation with ECL™ Select Western Blotting De-
tection Reagent (GE Healthcare) in a ChemiDoc chemi-
luminescence detector (Bio-Rad). The following antibod-
ies were used: rabbit anti-MCPIP1 (1:2000; GeneTex),
rabbit anti-PPARy (1:1000; Cell Signaling), mouse anti-
B-actin (1:4000; Sigma), peroxidase-conjugated anti-rabbit
(1:30000; Cell Signaling) and peroxidase-conjugated anti-
mouse (1:20000; BD).

LC-MS/MS analysis and data processing

Liver fragments were homogenised in lysis buffer (7TM
urea, 2M thiourea, 4% CHAPS and 30 mM Tris; pH 7.5)
using a CTFE/stainless steel pestle. Then, dithiothreitol
was added at a concentration of 50 mM and the tissue
homogenates were sonicated in a Bioruptor Pico (Di-
agenode) (15 cycles of 30 s ON/30 s OFF). After this
step, the samples were centrifuged and supernatants were
collected. Protein concentration was measured by Brad-
ford assay and the samples (100 ug) were prepared for
LC-MS/MS analysis using a filter-aided sample prepara-
tion (FASP) protocol (Wisniewski ez al., 2009). The LC-
MS/MS analysis was performed on a Q Exactive mass
spectrometer (Thermo Fisher Scientific) coupled with a
nanoHPLC (UltiMate 3000 RSLCnano System, Thermo
Fisher Scientific), as previously described (Zacchini ef
al., 2021). The acquired data were processed using Max-
Quant software (version 1.6.7.0) (Tyanova ez al., 2016a)
and searched with the integrated Andromeda search en-
gine (Cox ef al., 2011) against the SwissProt database re-
stricted to Mus musculus taxonomy (17038 sequences;
downloaded on 7 July 2020). The false discovery rate

(FDR) for the peptide and protein identification was set
to 1%. The match between runs algorithm was enabled,
and label-free quantification (LFQ) was carried out. The
MaxQuant output table was further processed with the
use of Perseus (version 1.6.5.0) (Tyanova e al, 2016b).
The protein groups identified in the decoy database,
contaminants and proteins only identified by site were
filtered out. The LFQ intensities were log2-transformed.
Student’s t-test with the permutation-based FDR set to
1% was used to reveal changes between the mutant and
wild-type mice. The statistical analysis was performed
for the protein groups that had a minimum of 4 valid
LFQ intensity values in both animal groups. The final
list of differences contained proteins identified based on
at least 2 peptides with a significance threshold ¢ value
of <0.01 and fold change cutoffs of 1.3 and -1.3.

All proteins selected from mass spectrometry analysis
are named according to UniProt nomenclature. A PCA
graph, volcano plot and hierarchical clustering were pre-
pared with the Perseus platform (version 1.6.5.0) (Tyano-
va e/ al., 2016b). Functional annotation was performed
using either the Database for Annotation, Visualization
and Integrated Discovery (DAVID) (Huang ez al., 2009a;
Huang et al., 2009b) tools or STRING tools (Szklarczyk
et al., 2023). The results were further visualised using a
free online platform for data analysis and visualisation:
https:/ /www.bioinformatics.com.cn/en.

The mass spectrometry data were deposited to the
ProteomeXchange Consortium (Vizcaino es al, 2014)
via the MassIVE repository with the dataset identifier
PXD041676.

RNA isolation and real-time PCR

Total RNA from livers was isolated using Fenozol
(A&A Biotechnology), followed by spectrophotometric
measurement of RNA concentration using a NanoDrop
1000 (Thermo Fisher Scientific). For reverse transcrip-
tion, 1 pg of total RNA, oligo(dT) 15 primer (Promega)
and M-MLV reverse transcriptase (Promega) were used.
Real-time PCR was carried out using SYBR Green Mas-
ter Mix (A&A Biotechnology) and a QuantStudio Real-
Time PCR System (Applied Biosystems). Gene expres-
sion was normalized to Ef2, and then the relative tran-
script level was quantified by the 2”deltaCt method. The
primer sequences (Sigma) are listed in Table S1 in the
Supplementary Material at https://ojs.pthioch.edu.pl/in-
dex.php/abp/.

Statistical analysis

The results are expressed as means = SEM. One-way
ANOVA with Tukey’s post hoc test was applied for
the comparison of multiple groups, and Student’s t-test
for two-group comparisons. The p-values are marked
with asterisks in the charts (¥p<0.05, **»<0.01 and
#%p<0.001).

RESULTS

Biochemical characterisation of ‘fed’ and ‘fasted’
Mcpip1%iAlbce mice

Deletion of Mcpipl in liver epithelial cells leads to
hepatomegaly, previously described in male mice (Kot-
linowski e al, 2021). As shown in Table 1, the female
Mcpip1#8AlbCe animals were also characterised by larger
livers and higher liver/body ratios in compatison to the
Mcpip1®f controls (Table 1). There were no differenc-
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Table 1. Biochemical characteristics of Mcpip1¥f and Mcpip1¥1Albce mice

Fed Fasted

Mcpip1f Mcpip1¥1AlbCcre Mcpip1®f Mcpip17Albcre
Animal mass (g) 21.92+0.33 21.96+0.60 18.50+0.79##* 18.23+0.39###
Liver mass (g) 0.969+0.023 1.229+0.113* 0.774£0.035p=009 0.985+0.018%*#
Liver/body ratio 0.045+0.001 0.056+0.004** 0.042+0.001 0.054+0.001**
Cholesterol (mmol/L) 1.70+0.14 1.77+0.16 1.70+0.10 1.68+0.10
HDL (mmol/L) 0.86+0.07 0.93+0.09 0.82+0.05 0.78+0.02
LDL (mmol/L) 0.20+0.02 0.24+0.02 0.16+0.01 0.14+0.01##
Triglycerides (mmol/L) 0.89+0.09 0.71+0.05 0.81+0.07 0.88+0.16
AST (U/L) 73.3+12.7 77.5£9.1 97.2+13.2 124.5+20.7
ALT (U/L) 30.3+6.6 35.2+5.0 21.9+3.2 31.8+6.9
Glucose (mmol/L) 6.53+0.37 6.49+0.49 3.36+0.23## 4.22+0.31%##

Data are presented as means + S.E.M. Data were compared using one-way ANOVA with Tukey’s post hoc test, *p<0.05, **p<0.01 vs Mcpip1¥" and
#p<0.05, ##p<0.01, ###p<0.001 vs counterparts from the fed group.

es in serum biochemical markers — cholesterol, HDL,,
LDL, triglycerides, AST, ALT and glucose — between
the two groups. After 24 h of food restriction, all mice
lost weight and had lower serum glucose concentrations
in comparison to their fed counterparts. In the fasted
group, the Mcpipl”TAIb®e animals had higher glucose
concentrations than the age-matched Mcpip1#/f controls,

which may suggest better adaptation to food restriction

(Table 1).
Proteomic analysis revealed metabolic pathways to be
affected by the lack of Mcpip1 in fasted mice

In order to investigate how Mcpipl deletion in liver
epithelial cells affects murine adaptation to fasting, we
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Figure 1. Metabolic pathways are affected by fasting conditions in the Mcpip1"1Albce animals compared to the control animals

(A) Substantial experimental group separation visualised by principal component analysis (PCA); (B) Differentially expressed proteins pre-
sented on volcano plot (shows the relationship between the fold changes (log2(FC)) and the level of significance (-log10(p-value)). Sig-
nificance was marked (green — down-regulated proteins, red - up-regulated proteins) using a g-value of <0.01 and a fold change (FC) of
>1.3 or <-1.3; (C) Bubble chart plotted by https://www.bioinformatics.com.cn/en showing enriched themes within KEGG metabolism-re-
lated pathways (results from DAVID functional annotation tool; default settings); the colour of the dots represent the significance of the
enrichment; size is related to the number of changed proteins; the y-axis is the fold enrichment parameter; (D) Bar chart representing
fold change for the differentially expressed protein related to metabolic processes (plotted by https://www.bioinformatics.com.cn/en); (E)
Chord diagram showing the most enriched biological processes (GO terms/ KEGG pathways) with their differentially expressed proteins.
green-red scale represents the fold change (plotted by https://www.bioinformatics.com.cn/en).
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Figure 2. Levels of transcription factors regulating metabolism in livers

(A) Western blot analysis and (C) Densitometric quantification of Mcpip1, Ppara, Ppary and C/ebpf levels in the livers collected from
Mcpip1¥ control and Mcpip1"1Albce knockout animals fed ad libitum; (B) Western blot analysis and (D) densitometric quantification of
Mcpip1, Ppara, Ppary and C/ebpp levels in the livers collected from Mcpip1% control and Mcpip1¥AAlbce knockout animals after 24 h of

fasting; graphs show the means + S.E.Ms; n=6-7; *p<0.05.

performed a mass spectrometry experiment utilising
the label-free (LF) method. The analysis showed satis-
factory separation of the groups and 143 differentially
expressed proteins (Fig. 1A, Table S2 at https://ojs.
ptbioch.edu.pl/index.php/abp/), 26 and 117 of which
were potently down-regulated and up-regulated, respec-
tively, in the Mcpipl1#/#Alb¢e animals (Fig. 1B, Table S2
at  hteps://ojs.ptbioch.edu.pl/index.php/abp/). Among
the most down-regulated proteins in Mcpip1#/#AIbCre
mice, we identified perilipin 2 (PLINZ2), pyrethroid hy-
drolase Ces2e (EST2E), 40S ribosomal protein S6 (RS0),
acyl-CoA synthetase short-chain family member 3, mito-
chondrial (ACSS3) and glutathione S-transferase theta-3
(GSTT3) (Fig. 2B, green dots). Cytoglobin (CYGB),
transforming growth factor-beta-induced protein ig-h3
(BGH3), laminin subunit beta-2 (LAMB2), laminin subu-
nit gamma-1 (LAMC1) and nidogen-1 (NID1) were the
most up-regulated upon Mcpipl deletion (Fig. 2B, red
dots).

In the next step, we used DAVID bioinformatics re-
sources for functional annotation and enrichment analy-
sis of differential proteins. We were able to distinguish
several enriched biological themes among gene ontology
terms and KEGG pathways (Supplementary Fig. 1A at
https://ojs.ptbioch.edu.pl/index.php/abp/). A substan-
tial number of the identified processes were related to
cellular adhesion, the cytoskeleton and the extracellular
matrix. Among the less affected, but still significant, we
observed themes such as angiogenesis, glutathione me-
tabolism, cell migration and proliferation. Interestingly,
we also showed several processes related to the metabol-
ic pathways that were enriched, including glyoxylate and
dicarboxylate metabolism, the pentose phosphate path-
way and carbon metabolism (Fig. 1C). The hierarchical
clustering of proteins associated with metabolism con-
firmed the observed differences (Supplementary Fig. 1B
at  https://ojs.ptbioch.edu.pl/index.php/abp/), which
were then demonstrated on the bar graph using the cor-
responding fold change (FC) (Fig. 1D). Fourteen and
11 proteins were significantly down-regulated and up-

regulated, respectively, with an FC higher than 2 for 5
proteins: UDP-N-acetylhexosamine pyrophosphorylase-
like protein 1 (UAP1L), creatine kinase B-type (IKCRB),
glycogen phosphorylase, brain form (PYGB), glucose-
6-phosphate 1-dehydrogenase (G6PD1) and glutathione
peroxidase 3 (GPX3). A more thorough analysis of
those 25 proteins using the STRING software tool for
known and predicted protein—protein interactions was
performed and visualised on a chord diagram (Fig. 1E).
As a result, we graphically demonstrated the distribu-
tion of the proteins significantly changed in our analysis
within several metabolism-related themes, including the
primary metabolic process, carbon and pyruvate metabo-
lism, the glucose metabolic process, the pentose phos-
phate pathway, the tricarboxylic acid metabolic process
and mitochondrion localisation.

Evaluation of metabolic pathways that regulate glucose
and lipid turnover in the livers of Mcpip1% and
Mcpip1¥iAlbcre mice

It was already shown, that the MCPIP1 protein in-
fluences lipid metabolism by regulating C/ebpf and
Ppary transcription factors (Lipert ef al., 2014). Since the
turnover of lipids is a key adaptation to fasting, we also
tested these proteins in the livers of control and food-
restricted animals. The Mcpip1?/#Alb%¢ mice in the fed
group were characterised by lower hepatic Mcpipl in
comparison to their Mcpipl?¥/1 counterparts, but there
wete no differences in the levels of Ppato, Ppary or C/
ebpf (Fig. 2A, C). Upon fasting, hepatic Mcpipl dele-
tion led to a reduction of Ppara, but the other protein
levels did not change (Fig. 2B, D). In the next step, we
tested whether changes in protein levels resulted from
different amounts of their transcripts, which might be
directly regulated by Mcpipl zia its RNase activity. Un-
der fed conditions, Mcpipl deletion did not affect gly-
colysis (Pkmz) — neither glycogenolysis (Pygb, Pgn2), fatty
acid metabolism (Cptla, Fabp4, Acox? and Lcad) nor
keton bodies production (Hmges2) (Fig. 3A—F). There
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Figure 3. Hepatic Mcpip1 deletion in Mcpip17MAlbce mice impairs g

luconeogenesis after 24 h of fasting

Expression of key enzymes regulating (A) glycolysis (Pkm - pyruvate kinase), (B) glycogenolysis (Pygb - glycogen phosphorylase; Pgm2

- Phosphoglucomutase-2), (C) gluconeogenesis (Pck1 — phosphoeno

Ipyruvate carboxykinase 1; G6pc - glucose-6-phosphatase), (D) fatty

acid transport (Cptla - carnitine palmitoyltransferase 1A; Fabp4 - fatty acid binding protein 4), (E) B-oxidation (Acox1 - peroxisomal acyl-

coenzyme A oxidase 1; Lcad - acyl-CoA dehydrogenase, long chain)

and (F) ketone body production (Hmgcs2 - 3-hydroxy-3-methylglu-

taryl-CoA synthase 2); graphs show the means + S.E.Ms; n=6-7; *p<0.05; **p<0.01; ***p<0.001

was only a reduction in Pek7 expression in the livers of
Mcpip1#8AlbCe mice that were fed ad /libitum (Fig. 3C).
After 24 h of fasting, Mcpipl deletion led to increased
expression of Pjgh-encoding glycogen phosphorylase,
which catalyses the phosphorolysis of glycogen to yield
glucose 1-phosphate (Fig. 3B). In the livers of Mcpip1®/
TAIbCe mice, the expression of Pek? and G6pe-encoding
phosphoenolpyruvate carboxykinase 1 and glucose-
6-phosphatase, respectively, was reduced in compatison
to the Mcpipl#® animals in the fasted group (Fig. 3C).
Similatly to fed conditions, there were no changes in the
expression of the other genes tested (Fig. 3).

DISCUSSION

The demonstration that Mcpipl?4Alb®e mice have
higher serum glucose levels after food deprivation, is a
major finding of this study. During fasting, hepatic glu-
cose production relies on either glycogen breakdown or
gluconeogenesis from glycerol, amino acids or TCA cy-
cle intermediates. According to a study by Geisler ef al,
for the first 8 hours of fasting, the serum glucose level
is balanced by depletion of the hepatic glycogen content.
When the duration of fasting exceeded 8 h, the research-
ers observed increases in hepatic gluconeogenic potential
(phosphoenolpyruvate carboxykinase activity and mRNA
expression) from TCA cycle intermediates (Geisler e7 al,
2016). In line with these data, after fasting we observed
increased expression of phosphoenolpyruvate carboxyki-
nase 1 (Pck7) and glucose-6-phosphatase catalytic subunit
(G6pe) — key gluconeogenic enzymes — in the livers of
Mcpip1#f mice. Although fasting did not induce Pe&7 or
G6pe in Mcpipl1#/8AlbCe livers, these mice had a higher
serum glucose level than their Mcpip1%/f counterpatts.

According to the literature, glycogenolysis is the first
adaptation to fasting and is followed by a metabolic shift
toward gluconeogenesis, B-oxidation and ketogenesis —
which were all observed in our experimental model. For

example, the activation of B-oxidation and ketogenesis,
mediated #a induction of Cptl and Hmgces2, respec-
tively, was detected after only 12 h of food deprivation
(Vila-Brau ez al., 2011; Monsénégo ¢f al, 2012). In line
with these results, Hmges2 knockdown completely elimi-
nates the increase in serum 3-OH butyrate upon fasting
(Hepler ez al., 2016). Although proteomic analysis did not
give us a clear answer as to why Mcpip1#4Albce mice
adapt better to fasting than Mcpip1¥® mice, we detected
a few differentially expressed proteins involved in met-
abolic control. As shown in Fig. 1, the liver proteome
of Mcpip1ViAIb®e mice significantly differed from their
Mcpip1#f counterparts when it comes to proteins in-
volved in carbon, pyruvate and glucose metabolism,
together with the pentose phosphate pathway and the
tricarboxylic acid process. Perilipin 2 (PLIN2) was the
most strongly down-regulated liver protein among them
in the knockout animals.

Perilipin 2 belongs to a family of lipid droplet coat
proteins that have emerged as physiological regulators
of lipid accumulation in many tissues, including adipose
and liver tissue (Ducharme & Bickel, 2008). It is consti-
tutively located on the lipid droplet surface and has no
lipolytic function, but it can block lipases, limiting tri-
glyceride hydrolysis. Thus, the low level of perilipin 2
in Mcpip1#/8AlbCe livers might facilitate triglyceride ca-
tabolism (LL e# al, 2007; Bell ¢ al., 2008). It was also
shown that PLIN2 is the predominant lipid droplet coat
protein in hepatocytes in humans and rodents subjected
to NAFLD induced by a high-fat diet (Imai ez a/., 2007).
Mice with whole-body PLIN2 knockout are resistant to
obesity, adipose tissue inflammation and liver steatosis
when fed a high-fat diet for 12 weeks (McManaman e7
al., 2013). Similarly, PLIN2 liver-specific ablation in mice
alleviates diet-induced hepatic steatosis, inflammation,
non-alcoholic steatohepatitis and liver fibrosis (Najt ez a/,
2016; DJ et al, 2019). Thus, perilipin 2 is a potentially
valuable molecular target for future studies.
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A growing body of evidence shows that MCPIP1 is
involved in the regulation of metabolism. Its overexpres-
sion impairs adipogenesis by reducing mRNA levels of
C/EBP and PPARy, key transcription factors regulating
this process (Lipert ¢/ al, 2014). Later studies showed
that MCPIP1-overexpressing adipocytes exhibit lower
levels of the proteins involved in lipid and carbohydrate
metabolism, and up-regulation of the proteins involved
in cellular organisation and movement (Losko e/ al,
2018). Adipocytes overexpressing MCPIP1 are addition-
ally characterised by impaired glucose uptake due to a
lower level of insulin receptor, reduced insulin-induced
Akt phosphorylation and depleted Glut4 (Losko ¢ al,
2020). The level of MCPIP1 is also lower in the adipose
tissue of obese subjects and in patients suffering from
NAFLD (Losko ez al., 2018; Pydyn ez al., 2023). In line
with these data, fatty liver disease induced by a high-fat
diet in C57BL/6] mice was followed by a reduced hepat-
ic level of Mcpipl (Pydyn ez al, 2019). However, quite
surprisingly, Mcpipl1®¥/TAlb®e mice on a high-fat diet for
12 weeks were not susceptible to the development of
fatty liver disease. Liver fat content did not change sig-
nificantly in compatison to age-matched Mcpip1?/1 con-
trols (Pydyn ez al., 2021).

Mcpipl was recently described as an important regu-
lator of hepatic homeostasis, in both physiological and
pathophysiological conditions. Sun and others (Sun e af.,
2018) described the protective role of Mcpipl in mice
subjected to liver ischemia/reperfusion injury. Hepato-
cyte-specific Mcpipl gene knockout and transgenic mice
demonstrated that Mcpipl functions to ameliorate liver
damage, reduce inflammation, prevent cell death and
promote regeneration. As we previously reported, the
deletion of Mcpipl in Mcpipl#/#AIbe mice led to the
development of primary biliary cholangitis symptoms. In
the livers of these animals, intrahepatic bile ducts dis-
played proliferative changes with inflammatory infiltra-
tion, bile duct destruction and fibrosis leading to chol-
estasis (Kotlinowski e a/, 2021). Massive fibrosis was
already detected in young, 6-week-old Mcpip1#/#AIbCre
mice. Thus, the high amount of fibrosis-related or extra-
cellular matrix proteins in the liver upon fasting was not
surprising to us. Since Mcpipl is an endoribonuclease,
it is possible that some of the mRNAs encoding these
proteins are direct targets of Mcpipl. In the future, it
would be interesting to test whether Mcpipl binds and
digests transcripts encoding the proteins involved in the
remodeling of the ECM other than MMP9 (Szukala ef
al., 2021).

Out of 10 the most strongly up-regulated proteins, 9
were related to fibrosis. Cytoglobin (Cygb) was induced
13.1 times. In 2001 cytoglobin was discovered in hepatic
stellate cells (HSCs), and it was later demonstrated to be
an important regulator of HSC O, homeostasis under
hypoxic conditions (Kawada e¢# 4/, 2001; Yoshizato et al.,
2016). Upon deletion of the Cygh gene in mice, hepatic
O, homeostasis was disrupted, leading to the activa-
tion of HSCs and liver fibrosis (Yoshizato e¢# al., 2016).
Cytoglobin inhibits HSC activation by maintaining its
quiescent state. However, its induction in Mcpip1?/fTA-
IbCre livers does not reduce liver fibrosis in these mice,
which is demonstrated by the significant overexpression
of ECM-related proteins. On the contrary, in our model
cytoglobin induction may result from disturbed liver ho-
meostasis, i.e. fibrosis or inflammatory infiltration, which
are both characteristic of Mcpipl1™#AlbCe mice (Kot-
linowski ez al, 2021). In fact, cytoglobin induction was
already reported after long-term thioacetamide-induced
liver fibrosis (Thi Thanh Hai e al., 2018).

In summary, we demonstrated that hepatic deletion
of Mcpipl led to higher serum glucose concentration in
mice subjected to fasting. For future studies, it would be
interesting to concentrate on the liver and serum metab-
olome to better understand the role of Mcpipl in meta-
bolic homeostasis.
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