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ABSTRACT

Aims: Colorectal cancer syndrome has been one of the greatest concerns in the world. Although several epi-
demiological studies have shown that hepatic low lipoprotein lipase (LPL) mRNA expression may be associated
with dyslipidemia and tumor progression, it is still not known whether the liver plays an essential role in hy-
perlipidemia of Apc™™/*
Main methods: We measured the expression of metabolic enzymes that involved fatty acid uptake, de novo
lipogenesis (DNL), B-oxidation and investigated hepatic triglyceride production in the liver of wild-type and
ApcM™* mice.

Key findings: We found that hepatic fatty acid uptake and DNL decreased, but there was no significant difference
in fatty acid B-oxidation. Interestingly, the production of hepatic very low-density lipoprotein-triglyceride
(VLDL-TG) decreased at 20 weeks of age, but marked steatosis was observed in the livers of the ApcMW *
To further explore hypertriglyceridemia, we assessed the function of hepatic glycosylphosphatidylinositol-an-
chored high-density lipoprotein binding protein 1 (GPIHBP1) for the first time. GPIHBP1 is governed by the
transcription factor octamer-binding transcription factor-1 (Oct-1) which are involved in the nuclear factor-xB
(NF-kB) signaling pathway in the liver of Apc™™ ™ mice. Importantly, it was also confirmed that sn50 (100 pg/
mlL, an inhibitor of the NF-xB) reversed the tumor necrosis factor a (TNFa)-induced Oct-1 and GPIHBP1 re-
duction in HepG2 cells.

Significance: Altogether, these findings highlighted a novel role of GPIHBP1 that might be responsible for hy-
pertriglyceridemia in Apc¥™* mice. Hypertriglyceridemia in these mice may be associated with their hepatic
lipid metabolism development.

mice.

mouse.

1. Introduction

Cachexia is a metabolic syndrome characterized by severe losing of

adenomatous polyposis coli (APC) function induces intestinal polyp
development with activating of the Wnt/[-catenin signaling pathways
[5,6]. In addition, severely cachectic ApcM‘“/ * mice have elevated le-

muscle mass and adipose tissue, is a common complication of end-stage
cancers, especially colorectal cancer [1]. It is therefore important to
study the effect of cachexia progression not only on body weight but
also on underlying ailment events such as chronic inflammation, insulin
resistance, increased gut permeability, dyslipidemia, anorexia, spleno-
megaly and disrupted metabolism [2].

ApcMi™/* mouse is an animal model for human familial adenoma-
tous polyposis (FAP). It has been reported that an age-dependent hy-
perlipidemia state is associated with the loss of body weight and im-
paired adipogenesis in Apc™™* mice [3,4]. Mutation of normal
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vels of serum endotoxin and increased gut permeability that is ac-
companied by inflammation and hyperlipidemia, which can also affect
the liver [7].

In the present study, the downregulated expression of free fatty
acids uses genes in the white adipose tissue (WAT) of Apc™™ * mice is
much lower than that of WT mice. The changed gene expression may
lead to the inability of serum lipid being catabolized and stored at WAT,
which in turn leads to reduced adipogenesis, but elevated serum lipid
level [8]. Moreover, It is commonly associated with the increase of
acute phase proteins and pro-inflammatory cytokines in plasma,
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Fig. 1. Age-dependent increase of serum lipid level in Apc¥™ * mice. 4-5 weeks old Apc™™* (Min, n = 20) and wild-type (WT, n = 20) mice were housed in plastic
cages (<5 mice per cage). (A and B) Food intake and body weight were monitored from the point at which the diet was initiated until the end of the experiment
(n = 5). (C) After fasting, serum TGs were measured from 5 to 20 weeks in ApcMW * mice (n = 5). (D) Lactescent serum of the ApCMW * mouse (right picture) and the
normal serum of WT mouse (left picture) at 20 weeks (n = 5). (E) H&E stain showing cachexia (black arrow) in the intestine at 14 and 20 weeks of age in ApcMi"/ *
mice (n = 3, respectively). Magnification, X100 and X200, Scale bars: 50 um. Error bars represent the standard deviation. **p < 0.01; ***p < 0.001; ns, not

significant.

notably IL-6 and MCP-1 in the progression of cachexia. IL-6 and MCP-1
related to the increased tumor burden may have an important role in
the intense inflammatory response during cachexia [9]. Cachexia is
inhibited in an IL-6 knockout (IL-6 ~/~-Apc™™ *) mouse. Interestingly,
the cachectic response can be restored by systemic IL-6 over-expression
in the IL-6 ~/~-Apc™™* mouse, while IL-6 over-expression in C57BL/6
mice does not induce cachexia. Therefore, It is necessary but not suf-
ficient for IL-6 to induce cachexia in mice [10]. Furthermore, increase
of intestinal adenomas and hyperlipidemia were detected in C57BL/
KsJ-db/db-Apc™™ * (db/db-Min/ +) mouse, an animal model of obe-
sity and colorectal cancer, compared to db/m-Min/+ and m/m-Min/ +
mouse. It is indicated that obesity is also a risk factor of Apc™™ * mice
intestinal adenocarcinomas development [11].

Epidemiological studies indicated that serum levels of triglycerides
(TGs) and total cholesterol (TC) have presented a positive risk of colon
cancer with hyperlipidemia [12-14]. As Naoko Niho notes [3], the low
level of hepatic lipoprotein lipase (LPL) mRNA expression may be
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associated with hyperlipidemia and involved in the progression of
adenoma developing to carcinoma, but the function of hepatic lipid
metabolism in Apc™™* mice of hyperlipidemia is not well known.
Since liver governs systemic energy demands by regulating metabolic
pathways, which involve hepatic uptake of plasma non-esterified free
fatty acid (NFFA), de novo lipogenesis (DNL), fatty acid 3-oxidation and
secretion in low-density lipoprotein-triglyceride (VLDL-TG) [15,16]. It
is likely that the liver is a pathological target of cachexia progression in
ApcM™™ ™ mice.

DNL is a metabolic pathway catalyzed by several rate-limiting en-
zymes and transcription factors including acetyl-CoA carboxylase 1
(ACC1), fatty acid synthase (FAS), ATP Citrate Lyase (ACLY) and sterol
regulatory element binding protein (SREBP-1c), which participate in
hepatic lipid metabolism [17,18]. DNL up-regulation is able to induce
fatty accumulation through an increase in fatty acid synthesis. In fact,
ACC1 was confirmed which is a rate-limiting enzyme of hepatic DNL
[19,20]. In addition, carnitine palmitoyl transferase 1 (CPT1) is
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Fig. 2. Change of metabolic enzyme expression in the liver of Apc™™ * mice. (A and B) Srebp-Ic, Accl, Acly, Fas, Scd1, Elovl6, Fatp2, Fatp5, CD36, Cact, Cpt1, and Cpt2
were measured by qRT-PCR in the liver of ApcMi"/ * and WT mouse (n = 3). (C) ACC1, ACLY, FAS, SCD1, ELOVL6 and SREBP-1c proteins were measured by Western
Blot with specific antibodies in the liver of Apc™™ * and WT mice (n = 3). (D and E) AMPK pathway related proteins expression were determined using Western Blot.
The densities of AMPK, p-AMPK, and p-ACC1 bounds were measured and their ratio was calculated (WT: wild-type mice, Min: Apc™™ * mice). Error bars represent

the standard deviation. *p < 0.05, **p < 0.01 and ***p < 0.001.

responsible for mitochondria fatty acid B-oxidation [21]. VLDL-TG is a
triglyceride-rich lipoprotein (TRL), which contains a hydrophobic core
mainly composed of TG and TC. The secretion of hepatic VLDL-TG
particles was transmitted to peripheral tissues for energy expenditure
and/or storage [22]. It is reported that LPL is the main of plasma lipid
metabolism in the TRLs catabolism processes, which disintegrates VLDL
to higher-density and smaller-sized particles, including low-density li-
poproteins (LDL) and intermediate density lipoproteins (IDL) [23].

Recently, glycosylphosphatidylinositol-anchored high-density lipo-
protein binding protein 1 (GPIHBP1) was identified to have a critical
role in lipolysis; GPIHBP1 was found to be responsible for the trans-
portation of LPL into capillaries, which is involved in TGs metabolism
[24,25]. Previous research illustrated LPL mislocalization with
GPIHBP1 defect and LPL or GPIHBP1 mutations resulted in increased
TG accumulation [26]. Additionally, GPIHBP1 plays a crucial role in
the lipolytic process of the ApoB100 and ApoB48 lipoproteins in the
GPIHBP1 ™/~ mice [27,28]. Therefore, we hypothesized that GPIHBP1
may be one key factor contributing to hypertriglyceridemia in Apc™™*
mice.

The purpose of this study is to investigate if hepatic lipid metabo-
lism affects the progression of hyperlipidemia in Apc™™* mice. We
examined whether heterozygous mutations in the mice APC gene lead
to dramatic changes in serum TG and NFFA level. Moreover, we in-
vestigated the expression of mRNAs encoding metabolic enzymes that
involved fatty acid uptake, DNL, and B-oxidation in the liver of Apc™™
* mice. Furthermore, we also performed GPIHBP1 gene expression
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analysis and identified several relative mechanism changes in the gene.
On the basis of these data, possible regulation of hypertriglyceridemia
in intestinal polyp formation is proposed in Apc™™ * mice.

2. Materials and methods
2.1. Animals

Wild-type male C57BL/6J (WT, n = 20) and mutant male C57BL/
6J-Apc™™'* (ApcM™*, Min, n = 20), 4-5week-old mice were pur-
chased from the Nanjing Biomedical Research Institute of Nanjing
University (Nanjing, China). The mice were housed in an air-condi-
tioned room maintained at 22 *+ 2°C and 40%-60% humidity with a
12-h dark-light cycle. The mice were provided with water and food ad
libitum and housed in plastic cages (5 mice per cage) in a specific pa-
thogen-free animal facility. All animal welfare and experimental pro-
cedures were performed strictly according to the guidelines from the
National Institutes of Health Guide for the Care and Use of Laboratory
Animals (NIH Publications No. 8023, revised 1978). Additionally, the
procedures were approved by the Institutional Animal Care and Use
Committee of Jilin University under the approved protocol number
201707025.

2.2. Hepatic Triglyceride Production Tests (HTPTs)

As previously reported [7], the mice were sacrificed at 7-8 weeks of
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Fig. 3. Hepatic triglyceride production decreased in
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age (non-cachectic), 13-14weeks of age (pre-cachectic) and inhibitor, 100 pg/mL, MedChem Express Inc., China) for 2 h and treated

18-20 weeks of age (severely cachectic). The mice were fasted starting
at 05:00 for 4 h prior to undergoing a HTPT (n = 5). For the HTPT, the
mice were intraperitoneally injected with poloxamer-407 (p-407, BASF
Inc., Germany, 1000 mg/kg) from a solution (100 mg/mL) prepared by
mixing the appropriate amount of room-temperature p-407 and saline
under sterile conditions. Blood was collected via a tail vein nick at
baseline and 1, 2, and 6h post injection and then centrifuged at
2000 x g for 10min at 4°C. The serum was stored at —80 °C until
analysis. As previously reported, the postabsorptive TG levels normal-
ized approximately 5-7 days post HTPT [29]. One week following
HTPT, overnight-fasted mice were euthanized for tissue collection.
Blood was collected via an eyeball pick at 8, 14 and 20 weeks of age.
The fasting serum TG, TC and NEFA levels were determined using
commercial kits from BioSino (Beijing, China).

2.3. Cell culture and treatment

HepG2 cells, obtained from Keygen Biotech (Nanjing, China, ATCC
HB-8065), were maintained in Dulbecco's-modified Eagle's medium
(DMEM, Gibco, USA) containing 10% FBS and antibiotics (100 unit/mL
penicillin and 100 pg/mL streptomycin). The cells were incubated at
37 °C in the presence of 5% CO, (Thermo Scientific, CO, incubator). To
induce an inflammatory response in the HepG2 cells, the cells were
treated with media containing 10% FBS supplemented with TNFa (O,
2.5, 5, 10ng/mL) for 24 h to investigate the regulation of Oct-1 and
GPIHBP1 expression. HepG2 cells were treated with sn50 (an NF-kB
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with TNFa (0, 5 and 10ng/mL) for an additional 24 h to investigate
which NF-kB pathways were involved in the TNFa-induced regulation
of Oct-1 and GPIHBP1 expression and to investigate the total NF-xB p65
level and the phosphorylated NF-kB p65 level. All of the experiments
were performed in triplicate.

2.4. Knockdown of Oct-1 and GPIHBP1 by siRNA

Oct-1 or GPIHBP1 siRNA and control siRNA were transfected into the
HepG2 cells. The siRNA targeting the human Oct-1 (5-ACAGAGGUGC
UAGAAAAUUAUU-3’), GPIHBP1 (5-AUCCUCAUCUUCCUCGUCGUA
GTT-3’) and the negative control (5-UUCUCCGAACGUGUCACG
UTT-3") were synthesized by Genepharma (Shanghai, China). The cells
were cultured in six-well plates and transfected with 3 uL of 10 uyM
SiRNA per well using 9 pL Lipofectamine RNAiMAX (Invitrogen, USA).
After a 24 h incubation, the HepG2 cells were processed and collected
for quantitative real-time PCR and Western blot analysis. Additionally,
the cell-free supernatants were harvested from the culture plates by
centrifugation. The TG and NEFA levels were determined using com-
mercial kits from BioSino (Beijing, China).

2.5. H&E staining and oil red O staining

Intestinal cachexia was measured by an H&E staining Kit (Boster
Inc., Beijing, China) following the manufacturer's instructions. The liver
was isolated and fixed in 4% neutral-buffered formalin (Carl Roth
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Min/+ mouse at 14 and

20 weeks of age (n = 3, respectively). Magnification, X200 and X 400. Scale bars: 50 um. (For interpretation of the references to color in this figure legend, the

reader is referred to the web version of this article.)

GmbH, Vienna, Austria). Serial sections (8 um) of the liver were cut and
stained with oil red O. Microscopic images were taken using a Nikon
Eclipse E600 equipped with a Nikon Digital Sight DS-U1 unit (Spach
Optics Inc., New York, USA).

2.6. Quantitative RT-PCR analysis

Total RNA from the liver of the mice was extracted by using the
TRNzol (Tiangen, Beijing, China) reagent according to the manufac-
turer's instructions. Reverse transcription reactions were performed
using the FastQuant RT kit (Tiangen, Beijing, China) to synthesize the
complementary DNA (cDNA), and qRT-PCR was performed on a Bio-
RadiQ5 instrument (BioRad, America) with SurperReal PreMix
(Tiangen, Beijing, China) reagents using the respective gene specific-
primers [30]. The primers used for gene amplification are presented in
Table S1.

2.7. Western blot analysis

Protein from the liver and HepG2 cells was extracted using cell lysis
buffer with inhibitors for Western blot analysis and the protein content
of the supernatants was determined by using a BCA Protein Assay Kit
(Beyotime, Beijing, China). Equal amounts of the protein samples were
loaded into each lane of an SDS-PAGE gel followed by transfer of the
protein onto a nitrocellulose membrane (Boster, Beijing, China). The
membranes were incubated with primary antibodies (Table S2). Next,
the membranes were incubated with a secondary antibody and imaged

using a BeyoECL Plus kit (Beyotime, Beijing, China). A GAPDH and/or
B-actin primary antibody (Beyotime, Beijing, China) was used as the
loading control [31]. To confirm the reproducibility of the results, at
least three mice per group were used in each stage or treatment of this
study.

2.8. Statistical analysis

Data from the mice experiments were expressed as the
means + SEM and were analyzed using one-way ANOVA followed by
Bonferroni's post hoc tests with GraphPad Prism 7.0. Data from the cells
experiments were expressed as the means * standard errors of the
means (SEM) and were analyzed using one-way ANOVA followed by
Tukey's post hoc tests with GraphPad Prism 7.0. p < 0.05 was con-
sidered statistically significant.

3. Results

The livers that were examined in our study were taken from Apc™™
mice and classified as non-cachectic (8 weeks of age), pre-cachectic
(14 weeks of age) and severely cachectic (20 weeks of age).

+

Min/ + mice

3.1. Severe hypertriglyceridemia exists in Apc

Consistently with a previous report [7], the neonatal Apc™™ * mice
appear normal, but the Apc™™ * mouse displays sustained weight loss
spanning approximately 5 weeks (from 16 to 20 weeks) when fed with a
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Fig. 5. GPIHBP1 plays an essential role in hypertriglyceridemia of Apc™™ * mice. (A-C) HepG2 cell was infected with GPIHBP1-specific siRNA or scrambled siRNA.
GPIHBP1 expression was examined as judged by Western blot. The amount of NEFAs and TGs were measured by commercial kits (Con: indicated scrambled siRNA,
NC: negative control). (D-F) LPL and GPIHBP1 expression, as judged by qRT-PCR and Western blot in the liver between the two groups at 8, 14 and 20 weeks of age

(n = 3). All measurements were performed in triplicate. Error bars represent the standard deviation. **p < 0.01,

chow diet (Fig. 1A). Meanwhile, the food intake of Apc™™ * mice de-
creased by approximately 50% from 16 to 20 weeks of age (Fig. 1B).
The increased triglyceride (TG) level was not present until 14 weeks of
age, and severe hypertriglyceridemia was present at 20 weeks of age
(Fig. 1C). A remarkable lactescence in Apc™™ * mice indicated that the
mice had suffered from severe hyperlipidemia (Fig. 1D). Hematoxylin
and eosin (H&E) staining revealed intestinal cachexia in ApcMi"/ * mice
at 14 and 20 weeks of age (Fig. 1E).

3.2. Change of metabolic enzyme expression in the liver of Apc™™'* mice

We investigated gene expression levels of hepatic metabolic en-
zymes: fatty acid uptake, including fatty acid transport polypeptide
(FATP2, FATP5) and cluster of differentiation 36 (CD36) [32]; De novo
lipogenesis, including SREBP-1c, ACC1, ACLY, FAS, stearoyl CoA de-
saturase 1 (SCD1) and long-chain fatty acid elongase 6 (ELOVL6) [33];
fatty acid fB-oxidation, including carnitine-acylcarnitine translocase
(CACT) and carnitine palmitoyltransferase 1/2 (CPT1, CPT2) [34]. Our
findings presented that hepatic Fatp2, Srebp-1c, Accl, and Acly mRNA
expression was significantly decreased in Apc™™ * mice, but there was
no significant difference in the CD36, Fatp5, Scd1, Fas, Elovl6, Cact, Cpt1
and Cpt2 expression in WT mice compared to that at 20 weeks of age in
ApcM™* mice (Fig. 2A, B). Furthermore, western blot demonstrated
that the expression of SREBP-lc, ACCl, ACLY and SCD1 was
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*p < 0.001 and ns, not significant.

significantly decreased and there were no significant differences in the
expression of FAS and ELOVL6 between the two groups at 20 weeks
(p > 0.05, Fig. 2C). In our study, total hepatic AMPK protein and
phosphorylated AMPK protein was down-regulated and phosphorylated
ACC1 was up-regulated in Apc™™* mice at 20 weeks (p < 0.05,
Fig. 2D, E).

3.3. Abnormal hepatic lipid metabolism occurs during the progress of
hypertriglyceridemia in Apc™™ * mice

In our study, at 8, 14 and 20 weeks of age, the mice were fasted for
4 h prior to undergoing a HTPT (Fig. 3A). We examined the levels of
serum TGs in Apc™™* and WT mice at 0-, 1-, 2- and 6-h time points at
8, 14 and 20 weeks, respectively. TG was higher in Apc™®™ * mice than
in WT mice at the 2- and 6-h time point at 8 weeks (p < 0.01 and
p < 0.001, respectively), the 0-, 1- and 2-h time point at 14 weeks
(p < 0.001,p < 0.01 and p < 0.01, respectively) and the 0- and 1-h
time point at 20 weeks (p < 0.001 and p < 0.001, respectively).
However, TG was lower in Apc¥™ * mice than in wild-type (WT) mice
at 6-h time point at 20 weeks (p < 0.01). Additionally, there was no
significant difference between the WT and Apc™™* mice 0- and 1-h
time point at 8 weeks, the 6-h time point at 14 weeks and the 2-h time
point at 20 weeks (Fig. 3B). Although TG was higher in Apc™®™* mice
than in WT mice at some time points, the change of TG concentration
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data at 0-, 1-, and 2h time points were used to calculate hepatic TG
production slopes as previously reported [29]. TG production was
lower in Apc™™* mice than in WT mice at 20 weeks (Apc™™'* group
versus WT group: R? = 0.3206 versus R = 0.9965, p < 0.001) and at
14 weeks (ApcM™'* group versus WT group: RZ = 0.7829 versus
R%2 = 0.9861, p < 0.01), but there was no significant difference at
8 weeks between the two groups (Apc™™ ™ group versus WT group:
R? = 0.9998 versus R? = 0.9817, p > 0.05, Fig. 3B and Fig. S1). A
schematic of hepatic fatty acid DNL, B-oxidation and fatty acid secre-
tion in VLDL-TG in the mouse is shown in Fig. 3C. Moreover, hepatic Oil
Red O staining revealed numerous fatty droplets exist in hepatocytes,
indicating that centrilobular-restricted steatosis was observed in the
livers of aged Apc™™* mouse (Fig. 4). Therefore, we may reasonably
reach the result that abnormal hepatic lipid metabolism occurs during
the progress of hypertriglyceridemia in Apc™™* mice.

Min/ +

3.4. GPIHBPI1 plays an essential role in hypertriglyceridemia of Apc
mice

To evaluate whether GPIHBP1 is involved in serum TG metabolism.
We aimed to select small interference RNA (siRNA) that could effi-
ciently inhibit GPIHBP1, which was designed specifically to the RNA
genome of GPIHBP1 and introduced into HepG2 cells by lipofection
transfection. 24 h post-transfection, about 50% knockdown efficacy of
siRNA-GPIHBP1 for inhibiting GPIHBP1 was determined by RT-PCR
and further confirmed by Western blotting (Fig. 5A). We found that
siRNA- GPIHBP1 could efficiently reduce NEFA and TG production
(Fig. 5B, C). Additionally, hepatic GPIHBP1 mRNA and protein levels
were lower in Apc™™ ¥ mice than in WT mice at 14 weeks (p < 0.05)
and 20 weeks (p < 0.001). In contrast, the hepatic LPL mRNA and
protein expression were lower in Apc™™* mice at 20weeks

(p < 0.001), but there was no significant difference at 14 weeks be-
tween the two groups (p > 0.05) (Fig. 5D-F). Subsequently, we ex-
amined many lipid metabolism genes (APOC2, APOA5, LMF1 and
APOE) that lead to hypertriglyceridemia [35-39]. There was no sig-
nificant difference between the WT and Apc™™* mice groups at
20 weeks (Fig. S2). Collectively, these results showed that GPIHBP1
may be one key factor contributing to hypertriglyceridemia in Apc™™ *
mice.

3.5. TNFa regulates Oct-1 activity affecting GPIHBP1 expression via the
NF-«B signaling pathway

Next, we explored the molecular mechanisms that explain why the
Apc™™/* mice have impaired GPIHBP1 function. Our investigated the
mRNA and protein expression of three transcription factors in the
promoter region of GPIHBP1 including: SRY-related high mobility
group-box gene 9 (Sox9) which expressed more highly in Apc™™ * mice
than in WT mice; cartilage oligomeric matrix protein (Comp) of which
the expression was not significantly different in the liver between the
two groups of mice; and Oct-1 which decreased in the liver of Apc™™ *
mice at 20 weeks (Fig. 6A, B). Previous research demonstrated that Oct-
1 could be regulated by nuclear factor-xB (NF-kB)-dependent gene ex-
pression [40]. Moreover, hypertriglyceridemia dramatically inducing
the increase of TRLs is associated with an inflammatory state which
activates the NF-xB pathway [41]. Based on the observation, to de-
termine whether Oct-1 is related to the regulation of GPIHBP1, We
aimed to select small interference RNA (siRNA) that could efficiently
inhibit Oct-1, which was designed specifically to the RNA genome of
Oct-1 and introduced into HepG2 cells by lipofection transfection. 24 h
post-transfection, about 60% knockdown efficacy of siRNA-Oct-1 for
inhibiting Oct-1 was determined by RT-PCR and further confirmed by
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Western blotting (Fig. 6C, D). mice (Fig. 7E). Our results showed that the NF-kB pathway may be
Subsequently, treatment with various concentrations (0, 2.5, 5 and involved in the TNFa-regulated Oct-1 activity affecting GPIHBP1 ex-
10 ng/mL) of tumor necrosis factor o (TNFa) for 24 h was used to de- pression in Apc™™'* mice and in HepG2 cells.

termine whether TNFa induces the NF-kB pathway and regulates Oct-1
expression in HepG2 cells. As expected, a synchronous decrease in Oct- 3.6. p38-MAPK/PPARa pathway may be activated in the liver of Apc™™ *+

1 and GPIHBP1 expression occurred in a dose-dependent manner of mice

TNFa treatment (Fig. 7A-C). Furthermore, we pretreated HepG2 cells

with sn50 (100 pg/mL), an inhibitor of the NF-xB pathway, for 2 h prior The p38 mitogen-activated protein kinase (p38-MAPK) is an im-
to TNFa stimulation for 24 h [42,43]. Here, sn50 increased TNFo-in- portant regulator of a broad range of genes involved in lipid metabolism
duced NF-kB p65 phosphorylation, Oct-1 and GPIHBP1 expression, with [44,45]. PPARa predominantly expresses in the liver and intestinal
no significant differences in the total NF-kB p65 expression in the mucosa, with high catabolic rates of fatty acids and peroxisomal me-
HepG2 cells (Fig. 7D). Furthermore, we used Western Blot analysis to tabolism [46]. Moreover, proliferator-activated receptor-y coactivator-

Min/ +

identify that the Oct-1 is involved in the NF-«B pathway in Apc la (PGC-1a) is a pivotal coactivator of PPARa and a target gene of the
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p38-MAPK pathway [47,48]. Peroxisome proliferator-activated re-
ceptor-a (PPARa) and retinoid X receptors (RXRs) form a heterodimer,
which binds to PPAR response elements (PPREs) in the promoter re-
gions of target genes encoding lipid metabolic enzymes, such as LPL
gene [49]. Furthermore, according to the previous report, the low ex-
pression of LPL may be associated with hyperlipidemia and involved in
the progression of adenoma developing to carcinoma [3]. We used
Western blot analysis to identify that the activated phosphorylated p38-
MAPK activates PGC-1a and PPARa in the liver of Apc™™* mice
(Fig. 8A, B). Collectively, our data indicated that p38-MAPK/PPARa
pathway may be activated in the liver of Apc™™ * mice.

4. Discussion

Cachexia is a common complication observed during end-stage
cancer, and significantly affects health and vitality of life in patients.
Cachexia is a metabolic syndrome characterized by severe wasting of
muscle mass and adipose tissue. Thus, focusing on the complication of
cachexia, i.e. the mechanisms involved in chronic inflammation and
dyslipidemia is pivotal for increasing patient survial [2].

In humans, colorectal cancer is regarded as a multistep event which
often involves the activation of oncogene and the loss of several tumor
suppressor genes, such as APC, K-ras and p53 [50]. However, the loss of
APC function has been recognized as an early event and an essential
role in colorectal cancer. The Apc™™ ™ mouse is a classical model of
colorectal cancer cachexia in which age-dependent hyperlipidemia
state appearing in the mice is associated with the process of polyps.
Development of cachexia was accompanied by the development of gut
barrier dysfunction (permeability to FD4), insulin resistance and en-
dotoxemia [9]. Interestingly, p53 and K-ras mutations, which are ob-
served frequently in human colon cancers, are not detectable in colon
tumors of Apc™™'* mice. Therefore, it remains unclear which event is
mainly responsible for the transition from adenomas to tumors in
Apc™™* mice.

In the present study, we demonstrated that the Apc mice ex-
hibit intestinal cachexia accompanied by associated with a loss of body
weight and hypertriglyceridemia. We have found that the Apc™™™*
mice consumed greatly less food than those of the WT group. Less food
intake by Apc™™'* mice may partially account for their body weight
loss. Moreover, several pro-inflammatory cytokines are considered as
mediators of the cachectic process. TNF-a increases the corticotrophin-
releasing hormone (CRH) level and decreases food intake and body
weight [51]. Recent studies have confirmed that leukemia inhibitory
factor (LIF) plays an essential role in lipolysis of adipocytes. LIF com-
bining with its cognate receptor, LIFR-a, forms a coreceptor subunit
gp130 which activates the JAK/STAT pathway. According to the lit-
erature, increased LIF circulating level leads to decreased adipose and
body weight in mouse cancer models, which is related to cachexia [52].
Although these results strongly indicate a link between LIF and ca-
chexia, the exact mechanism of the LIF in the cachexia to induce the
loss of adipose tissue remains to be explored. Therefore, it is necessary
to identify that increased LIF circulating level may account for the loss
of adipose tissue in Apc™™ * mice.

Interestingly, in other (non-APC) colorectal cancer models, studies
have shown that there are no change of serum TG in rats with colon
tumors induced by 1,2-dimethylhydrazine and no increase in serum
lipid levels in C57BL/6 mice with colon tumors induced by dextran
sodium sulfate (DSS)/azoxymethane (AOM) [53]. Therefore, tumor
development itself may not cause hyperlipidemia and it remains un-
clear which event is mainly responsible for the hyperlipidemia in
Apc™™* mice.

Since severely cachectic Apc mice have elevated level of serum
endotoxin that is accompanied by inflammation and hyperlipidemia,
which can also affect the liver [7]. To further explore and characterize
hyperlipidemia, our study focused on exploring the hepatic lipid me-
tabolism of Apc™™ * mice. Interestingly, as previously reported that the
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transcription factor Srebp-Ic is an upstream target of phosphorylated
AMPK leading to decreased Accl, Fas and Acly [54]. In this study, our
results suggested that the Srebp-1c-regulated genes (Accl, Acly, Fas) in
the DNL pathway were declined in the liver of Apc™™ * mice. More-
over, our findings presented that reduced phosphorylated AMPK and
total AMPK result in the decreasing of ACC1 expression in Apc™™*
mice, which agrees with those reported by Fabbrini, E. and Kim, M.K.
et al., who presented that the activity of the AMPK is connected with
DNL in the liver [16,55,56].

Recent evidence suggests that hepatic LPL mRNA expression may be
associated with hyperlipidemia and involved in the progress of in-
testinal polyp formation in Apc™™ * mice [3,4]. In our study, we fur-
ther assessed the function of hepatic GPIHBP1 for the first time in
Apc™™ ™ mice. Decreased GPIHBP1 expression in the capillaries may be
governed by the cis-acting regulatory elements within the GPIHBP1
gene [26]. Our result indicated that NF-kB pathway regulates Oct-1
activity which affects GPIHBP1 expression in hyperlipidemia of Apc™™
* mice. Despite a large number of studies showing that the expression
of GPIHBP1 can be a risk factor for the hyperlipidemia, the mechanisms
by which GPIHBP1 induces hyperlipidemia still remain unclear in
Apc™™ ™ mice.

Here, we were further interested in the mechanisms whereby
GPIHBP1 induced hyperlipidemia. We used TNFa supplementation in
HepG2 cell to examine the relationship between the changes of TNFa
concentration and Oct-1 expression and to explore the possible under-
lying mechanisms. TNFa has been significantly shown to aggravate
inflammatory response which is one of the pro-inflammatory cytokines.
In cancer cachexia condition, TNF-a is responsible for the increase in
gluconeogenesis, loss of adipose tissue, while causing a decrease in
protein, glycogen and lipid synthesis [57]. In addition, some other in-
flammatory factors such as MCP-1 and IL-6, etc. can induce an in-
flammatory response and have an important effect in cachexia devel-
opment of ApcMi“/ * mice [9]. Indirect evidence for the chronic
inflammatory state in cachectic mice includes a number of pathological
changes that are characteristic of hypertriglyceridemia and insulin re-
sistance [58]. Therefore, to evaluate and discuss the role of the chronic
inflammatory state in different metabolic alterations and muscle
wasting in cancer cachexia is necessary.

Collectively, our findings suggested that TNFa as a risk factor effects
Oct-1 and GPIHBP1. This elucidates a possible mechanism for the hy-
perlipidemia, which may explains abnormal hepatic lipid metabolism in
Apc™™™* mice and provides insights into studying the metabolic dis-
orders of FAP patients.

5. Conclusion

In conclusion, our study demonstrated that disordered hepatic lipid
metabolism plays an essential role in hypertriglyceridemia.
Additionally, the transcription factor Oct-1 influences the GPIHBP1
expression, which is involved in hypertriglyceridemia in Apc™®™* mice
via the NF-kB pathway.
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