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Abstract

may in turn activate the Hepatic Fibrosis Signaling

Elevated levels of free fatty acids have been

Pathway. Our analysis also identified the shortest

suggested as the main factors contributing to the

paths from PA to collagen accumulation and found

development of non-alcoholic steatohepatitis. This

that elevated level of PA may increase the activities

study conducted network meta-analysis using the

of

QIAGEN Ingenuity Pathway Analysis (IPA) to

cytokines/chemokines/growth factors, such as TNF,

examine the roles of saturated fatty acids (SFAs) and

IL6, CCL2, CCN2, LEP, and TGFβ1, which may in

n-3 unsaturated fatty acids (UFAs) in the activation

turn increase the accumulation of collagens. In

of Hepatic Fibrosis Signaling Pathway and collagen

contrast, the increased levels of n-3 UFAs inhibited

accumulation. Our analysis identified the shortest

the activities of PDGFA, PDGFB, TNF, IL1, and

paths from palmitic acid (PA), a SFA, to the Hepatic

CCL2. Our analysis also identified seven PA- and

Fibrosis Signaling Pathway, and found that elevated

liver fibrosis-associated molecules mapped to the

level

of PA may increase the activities of

shortest paths from PA to Hepatic Fibrosis Signaling

transcription factors, such as CEBPβ, JUN/FOS,

Pathway and from PA to collagens. Mapping of these

NFκB, and PPARγ, cytokines/chemokines/growth

seven molecules, TNF, IL1A, CCL2, TGFβ1, CCN2,

factors, such as TNF, IL1, CCL2, CCN2, LEP, and

LEP, and SERPINE1, to the Hepatic Fibrosis

TGFβ1, oxidative stress mediators, such as NOX, and

Signaling Pathway showed that these molecules may

fibrinolysis regulators, such as SERPINE1, which

lead to proinflammatory response in the liver,
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reduced ECM degradation, and enhanced ECM

and free fatty acids (FFAs) including saturated fatty

accumulation. Our studies shed light on the

acids (SFAs) [10,11]. Obesity is strongly associated

molecular mechanisms by which PA contributes to

with increased risk of insulin resistance, diabetes, and

liver fibrosis and the key mediating molecules that

NAFLD

may be used for further research and therapeutic

lipogenesis in the liver [13]. Insulin resistance may

intervention.

increase lipolysis from the adipose tissue, thereby

[1,12].

Obesity

stimulates

de

novo

increasing the amount of FFAs delivered to the liver

Keywords: Liver fibrosis; Palmitic acid; n-3

[14,15]. Hepatic FFAs may also come from the diet

unsaturated fatty acids; Collagen; Saturated fatty

[16]. The serum levels of total fatty acids are

acids

significantly higher in mice fed a high fat diet [17].
Elevated levels of FFAs may increase the formation

Introduction

of ceramides, which may lead to oxidative stress,

Liver plays many important functions including

inflammation, liver injury, and development of

metabolism, glycogen storage, detoxification, and

NAFLD [14,18-20]. Excessive SFAs, especially PA,

bile production. Non-alcoholic fatty liver disease

have been shown to cause cellular injury, promote

(NAFLD), characterized by excess accumulation of

cell death, and contribute to the development of liver

triglycerides in the liver, has become a very common

fibrosis, NAFLD [21] and Type 2 diabetes [22]. PA-

chronic liver disease worldwide with a prevalence of

enriched diet reportedly induces hepatic steatosis and

37.1% [1,2]. NAFLD includes a spectrum of chronic

injury in adult Zebrafish [23]. In contrast, n-3 UFAs

liver

such

disorders

without

significant

alcohol

as

docosahexaenoic

acid

(DHA)

and

consumption, ranging from simple liver steatosis to

eicosapentaenoic acid (EPA) are reportedly inversely

non-alcoholic steatohepatitis (NASH), which may

associated with NAFLD risk in US adults [24], and

accumulate fibrosis and can evolve to cirrhosis [3,4].

attenuate NAFLD by inhibiting oxidative stress and

Fasting serum levels of free fatty acids (FFAs) are

inflammation [5,25].

reportedly considerably higher in NAFLD patients
than controls [4]. Studies have suggested that FFAs,

Previously

not triglycerides accumulated in lipid droplets, are

Analysis of biological molecules associated with PA

the main factors contributing to the development of

using Ingenuity Pathway Analysis (IPA),

NASH [5-7]. Patients with advanced liver fibrosis

bioinformatic tool from QIAGEN, and found that PA

also exhibit higher level of palmitic acid (PA), stearic

was strongly associated with the Hepatic Fibrosis

acid (SA), monounsaturated fatty acid (MUFA) and

Signaling Pathway (p < 2.48E-40), only second to the

insulin [8].

Neuroinflammation Signaling Pathway (p < 3.59E46)

[26],

we

conducted

which

Canonical

suggests

that

Pathway

the

besides

The number of people with obesity has nearly tripled

neuroinflammation, PA may be strongly associated

worldwide since 1975 with 38% of adults aged 18

with

years or older being overweight and 13% being obese

mechanisms by which different FFAs affect hepatic

[9]. About two-thirds of obese patients have

fibrosis are not clearly defined. Therefore, this study

dyslipidemia with increased circulating levels of

used IPA to examine the molecular mechanisms

triglycerides, very-low-density lipoprotein (VLDL),

underlying PA-induced hepatic fibrosis. Molecules
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affected by PA and liver fibrosis were obtained from

biological molecules, and then the shortest +1 paths

QIAGEN Knowledge Base (QKB), a repository of

were selected to examine the paths from PA or n-3

over 13 million manually curated biological findings

UFAs to liver fibrosis or collagens production via

and more than 7 million curated relationships

one intermediate molecule [26]. The “Molecule

between

Inc.,

Activity Predictor (MAP)” tool was used to simulate

https://www.qiagenbioinformatics.com/products/inge

the increased or decreased levels of PA or n-3 UFAs

nuitypathway-analysis), and used for IPA Core

and predict their effects on the intermediate

Expression Analysis. Differential impacts of PA and

molecules and, in turn, on liver fibrosis or collagen

n-3 UFAs on the Hepatic Fibrosis Signaling Pathway

production [26]. Data retrieval and analysis was

and collagen accumulation were also examined using

conducted between November 15, 2020 and July 31,

the “Path Explorer” tool and the “Molecule Activity

2021.

different

entities

(QIAGEN

Predictor (MAP)” tool in IPA.

3. Results
2. Materials and Methods

3.1 Overlapping of molecules associated with PA

2.1. Ingenuity Pathway Analysis (IPA) Software

and those associated with liver fibrosis

The license for Ingenuity Pathway Analysis (IPA), a

Molecules associated with PA were retrieved from

web-based bioinformatics tool, was purchased from

QIAGEN Knowledge Base (QKB) using IPA’s

QIAGEN (Germantown, MD, USA). IPA provides

“Grow” tool. After chemicals were trimmed from the

insightful data analysis building on comprehensive,

dataset, 400 biological molecules and complexes

manually curated information in the QIAGEN

were identified. Molecules associated with liver

Knowledge Base (QKB). QKB includes more than 13

fibrosis were retrieved from QKB. After chemicals

million biological findings and is constantly updated

were trimmed from the dataset, 449 biological

with newest findings.

molecules and complexes were identified. These two
datasets were then compared, and 61 molecules were

2.2. IPA Analysis

found to be overlapped between PA- and liver

IPA Core Expression Analysis was used to identify

fibrosis-associated molecules (Figure 1A). Among

the most significant biological Canonical Pathways

these 61 molecules, 11 molecules were involved in

that the molecules in the dataset were involved in.

liver function; 18 molecules were involved in

Molecules associated with PA and liver fibrosis were

transcription regulation; 9 molecules were involved

retrieved from QKB with chemicals trimmed from

in signaling; 6 molecules were involved in stress

the dataset. The dataset of molecules associated with

response;

PA was expanded using the “Grow” tool in IPA with

cytokines/chemokines/growth factors/hormones; and

chemicals trimmed to focus on biological molecules

5 molecules were enzymes or enzyme regulators. The

[26]. The “Path Explorer” tool was used to examine

6 molecules in stress response include DNA damage

the

molecules

inducible transcript 3 (DDIT3), glutamate-cysteine

including PA and n-3 UFAs and liver fibrosis or

ligase catalytic subunit (GCLC), heme oxygenase 1

collagen production. After these terms were added to

(HMOX1), neutrophil cytosolic factor 1 (NCF1),

the new pathway, “Path Explorer” tool was then

nitric oxide synthase 2 (NOS2), and X-box binding

selected, and chemicals were trimmed to focus on

protein 1 (XBP1), suggesting that excess PA may

relationships

between

different
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increase oxidative stress and endoplasmic reticulum

2 hormones, namely insulin (INS) and leptin (LEP),

(ER) stress in liver. The overlapped molecules also

suggesting that PA may affect inflammation and

include 6 cytokines, namely interleukin (IL)10, IL1A,

hormonal

IL6, transforming growth factor beta 1 (TGFβ1),

enzymes/enzyme

tumor necrosis factor (TNF), and TNF superfamily

aminotransferase (ALT), serine protease inhibitor

member 10 (TNFSF10); 3 chemokines, namely C-C

Family E member 1 (SERPINE1), sirtuin 1 (SIRT1),

motif chemokine ligand 2 (CCL2), CCL4, and C-X-C

patatin-like phospholipase domain-containing protein

motif chemokine ligand 8 (CXCL8); 1 growth factor,

3 (PNPLA3), and stearoyl-CoA desaturase (SCD)

cellular

(Figure 1B).

communication

network

factor

2

regulation

of

metabolism.

regualtors

include

The

5

alanine

(CCN2)/connective tissue growth factor (CTGF); and

Figure 1: Identification and comparison of PA-associated and liver fibrosis-associated molecules. A. Flowchart for
the identification and comparison of PA- and liver fibrosis-associated molecules. B. 61 biological molecules were
found to be overlapped between PA- and liver fibrosis-associated molecules, including those involved in liver
function,

stress

response,

cytokine/chemokine/growth

factor,

signaling,

transcription

regulation,

and

enzyme/enzyme regulation.

3.2 Shortest paths from PA to hepatic fibrosis

CCN2,

CCAAT/enhancer-binding

protein

signaling pathway

(CEBPβ), cannabinoid receptor 1 (CNR1), CXCL8,

Since the second most significant pathway associated

IL1A, INS, JUN, LEP, mitogen activated protein

with molecules impacted by PA is the Hepatic

kinase (MAPK)14, MYD88, NCF1, nuclear factor

Fibrosis Signaling Pathway, we examined the

kappa B (NFκB) complex, NFκB1, peroxisome

potential paths by which PA may affect the Hepatic

proliferator-activated receptor

gamma

beta

(PPARγ),

Using the “Path

SERPINE1, TGFβ1, toll-like receptor (TLR)4, and

Explorer” tool in IPA, 68 shortest paths were

tumor necrosis factor (TNF). Then the “Molecule

identified from PA to Hepatic Fibrosis Signaling

Activity Predictor (MAP)” tool was applied to predict

Pathway (Figure 2). 19 of the 61 molecules

the effects of increased PA level on the Hepatic

associated with both PA and liver fibrosis were

Fibrosis Signaling Pathway. As shown in Figure 2,

identified on the shortest paths, including CCL2,

simulated increase in the level of PA enhanced the

Fibrosis Signaling Pathway.
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activities of transcription factors, such as activating

and TNF while attenuating the activities of INS.

transcription

FOXO1,

Simulated increase of PA also increased the activities

JUN/FOS, NFκB1, NFκB complex, RELA, SP1, and

of oxidative stress mediators, such as NADPH

peroxisome proliferator activated receptor gamma

oxidase (NOX) and NCF1 and augmented the

(PPARγ) while attenuating the activities of cAMP

activities of SERPINE1 (Figure 2). Moreover,

response

(CREB),

simulated increase of PA level enhanced the activities

hepatocyte nuclear factor (HNF)1A, mothers against

of caspase 3 (CASP3) while attenuating the activities

decapentaplegic

signal

of anti-apoptotic B-cell lymphoma 2 (BCL2).

transducer and activator of transcription (STAT)3,

Therefore, elevated level of PA may promote

and yes-associated protein (YAP)1. Increased PA

inflammation, oxidative stress, and apoptosis, leading

level

to the activation of the Hepatic Fibrosis Signaling

factor

(ATF)4,

element-binding

also

homolog

augmented

CEBPβ,

protein

(SMAD)4,

the

activities

of

cytokines/chemokines/growth factors, such as CCL2,

Pathway.

CCL5, CCN2, CXCL8, IL1B, IL1RN, LEP, TGFβ1,

Figure 2: The shortest paths from PA to Hepatic Fibrosis Signaling Pathway were established using the “Path
Explorer” tool in IPA, and the effects of increased level of PA was simulated and explored using the “MAP” tool in
IPA.
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3.3 Effects of n-3 UFAs on the shortest paths

predicted to increase the activities of IL1B, TNF,

from PA to hepatic fibrosis signaling pathway

CCL2,

Considering that n-3 UFAs have been reported to

(PDGF)A, PDGFB, and protein kinase C beta

exhibit protective activities against NAFLD, we

(PRKCB), and decrease the activities of insulin

examined the effects of n-3 UFAs on the Hepatic

receptor substrate (IRS)2 and phosphoinositide-3-

Fibrosis Signaling Pathway.

Using the “Path

kinase regulatory subunit 1 (PIK3R1). Increased level

Explorer” tool in IPA, 12 shortest paths from n-3

of PA and decreased levels of n-3 UFAs altogether

UFAs to Hepatic Fibrosis Signaling Pathway were

significantly augmented the activation of the Hepatic

identified. The “MAP” tool was then used to predict

Fibrosis Signaling Pathway (Figure 3A). In contrast,

the effects of increased levels of n-3 UFAs on the

increased levels of n-3 UFAs together with decreased

Hepatic Fibrosis Signaling Pathway. As shown in

level of PA significantly attenuated the activation of

Figure 3A, decreased levels of n-3 UFAs were

the Hepatic Fibrosis Signaling Pathway (Figure 3B).

NFkB,

platelet-derived

growth

factor

Figure 3: The shortest paths from PA and n-3 FAs to the Hepatic Fibrosis Signaling Pathway were established using
the “Path Explorer” tool, and the effects of altered levels of n-3 UFAs and PA on these paths were simulated and
explored using the “MAP” tool in IPA. (A) Simulated increase in the level of PA and decrease in the levels of n-3
UFAs were predicted to activate the Hepatic Fibrosis Signaling Pathway using the “MAP” tool in IPA. (B)
Simulated decrease in the level of PA and increase in the levels of n-3 FAs were predicted to inhibit the Hepatic
Fibrosis Signaling Pathway using the “MAP” tool in IPA.
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3.4 PA modulation of collagen accumulation

(NOS)2, nuclear receptor subfamily 4 group A

Considering that liver fibrosis features excessive

member 1(NR4A1), SERPINE1, sirtuin (SIRT)1,

accumulation of extracellular matrix (ECM) proteins

TGFβ1, and TNF. Simulated increase in the level of

such as collagens [27], we examined the effects of

PA was predicted to increase the activities of CCN2,

excessive PA on collagen accumulation. Using the

CCL2, extracellular signal‑regulated protein kinase

“Path Explorer” tool in IPA, 39 shortest paths were

(ERK)1/2, F2R Like Trypsin Receptor 1 (F2RL1),

identified from PA to collagens (Figure 4). 17 of the

IL6, LEP, oxidized low density lipoprotein receptor

61 molecules associated with both PA and liver

(OLR)1, p38MAPK, SERPINE1, TGFβ1, and TNF,

fibrosis were identified on the shortest paths,

which in turn increased the accumulation of

including apolipoprotein E (APOE), arrestin beta 2

collagens. Simulated increase in the level of PA was

(ARRB2),

B(CTSB),

also predicted to inhibit the activities of IL10, which

fibronectin (FN)1, IL10, IL1A, IL6, low density

may also, in turn, lead to increased accumulation of

lipoprotein (LDL), LEP, nitric oxide synthase

collagens (Figure 4).

CCL2,

CCN2,

cathepsin

Figure 4: The shortest paths from PA to collagens were established using the “Path Explorer” tool in IPA, and the
effects of increased level of PA were simulated and explored using the “MAP” tool in IPA.

3.5 Effects of n-3 UFAs on the shortest paths from

Explorer” tool in IPA and identified 8 shortest paths

PA to collagens

from n-3 UFAs to collagens, and then used the

We also examined the effects of n-3 UFAs on the

“MAP” tool to predict the effects of n-3 UFAs on

paths from PA to collagens. We used the “Path

collagen accumulation. Decreased levels of n-3 UFAs
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were predicted to increase the activities of CCL2,

5A). In contrast, increased levels of n-3 UFAs

IL1, PDGFB, prostaglandin-endoperoxide synthase 2

together with decreased level of PA were predicted to

(PTGS2), and TNF. Increased level of PA and

significantly attenuate the accumulation of collagens

decreased levels of n-3 UFAs altogether significantly

(Figure 5B).

augmented the accumulation of collagens (Figure

Figure 5: The shortest paths from PA to collagens were established using the “Path Explorer” tool, and the effects
of altered levels of n-3 UFAs and PA on these paths were simulated and explored in IPA using the “MAP” tool. (A)
Increased level of PA and decreased levels of n-3 UFAs were predicted to enhance collagen accumulation using the
“MAP” tool in IPA. (B) Decreased level of PA and increased levels of n-3 UFAs were predicted to attenuate
collagen accumulation using the “MAP” tool in IPA.

3.6 Mapping of key molecules onto the hepatic

Fibrosis Signaling Pathway, and the “MAP” tool was

fibrosis signaling pathway

used to predict the effects of increased activities of

Among the 61 biological molecules that overlapped

these molecules on different processes involved in

between PA- and liver fibrosis-associated molecules

the Hepatic Fibrosis Signaling Pathway. As shown in

retrieved from QKB, 19 were mapped to the shortest

Figure 6A, simulated increase in the activities of TNF

paths from PA to Hepatic Fibrosis Signaling

and IL1 increased the activities of other inflammatory

Pathway, and 17 were mapped to the shortest paths

mediators,

from PA to collagens with 7 molecules mapped to

chemokines, and the production of collagen type I,

both. These 7 molecules were TNF, IL1A, CCL2,

leading

TGFβ1, CCN2, LEP, and SERPINE1. These

accumulation of ECM in the liver. Simulated increase

including

to

ERK1/2,

proinflammatory

NFκB,

response

and

and

molecules were then identified on the Hepatic
in the activities of TGFβ increased the activities of
Journal of Food Science and Nutrition Research
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ERK1/2, NOX4, and transcription factors including

ERK1/2, STAT3, TIMP1, and SERPINE1, leading to

NFκB, CEBPβ, and SMADs, leading to enhanced

increased production of collagen type I alpha 1 chain

production of collagen type I, collagen type III,

(COL1A1), increased deposition of ECM and

chemokines, tissue inhibitor of metalloproteinase

decreased

(TIMP)1, SERPINE1, CCN2, and proinflammatory

Simulated increase in the activities of CCN2 was

response in the liver. Increased production of

predicted to increase the activities of such molecules

collagen type I and collagen type III increased the

as

accumulation of ECM while increased activities of

proliferation of hepatic stellate cells (HSC), increased

TIMP1 and SERPINE1 inhibit the degradation of

production of COL1A1, and enhanced deposition of

ECM (Figure 6C). Simulated increase in the activities

ECM (Figure 6D).

degradation

ERK1/2,

JNK,

of

and

ECM

STAT3,

(Figure

leading

6C).

to

of LEP increased the activities of such molecules as

Figure 6: Mapping of TNF, IL1, TGFβ, CCL2, LEP, and CCN2 onto the Hepatic Fibrosis Signaling Pathway and
the effects of simulated increase in the activities of TNF (A), IL1 (A), CCL2 (A), TGFβ (B), LEP (C) and CCN2 (D)
on different processes in the Hepatic Fibrosis Signaling Pathway using the “MAP” tool.

4. Discussion

fibrosis. We found that increased level of PA may

Liver plays a key role in the uptake of serum FFAs

activate the Hepatic Fibrosis Signaling Pathway by

and the transport, metabolism, and storage of lipids

promoting inflammation via a number of mediators,

[4]. Many chronic liver diseases including NASH

including cell surface receptors, such as TLR4,

may develop fibrosis characterized by excessive

signaling mediators, such as MAPKs, transcription

accumulation of collagens and other ECM proteins

factors, such as NFκB, JUN, CEBPβ, and PPARγ,

[28]. This study was undertaken to examine the

and cytokines and chemokines, such as TNF and

molecular mechanisms by which PA affected liver

CCL2. Our analysis also showed that PA may

Journal of Food Science and Nutrition Research

increase the accumulation of collagens via mediators
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including

CCN2,

and

vivo administration of LEP leads to suppression of

chemokines, such as IL1A and CCL2. We also found

lipogenesis, enhanced hydrolysis of triglycerides, and

that n-3 UFAs may attenuate the activation of the

increased FFAs [41]. Obese patients have been

Hepatic

reported to exhibit higher circulating level of LEP

Fibrosis

SERPINE1,

DOI: 10.26502/jfsnr.2642-11000081

Signaling

cytokines

Pathway and

the

accumulation of collagens.

and LEP resistance [42]. PA treatment has been
shown to increase LEP expression in 3T3-L1

Obesity is well-recognized to be associated with

adipocytes [43]. LEP also acts as a proinflammatory

chronic low-grade inflammation [29]. The increased

adipokine, stimulating the production of pro-

production of chemokines, such as CCL2, and

inflammatory

cytokines, such as TNF and IL1, during adipose

intracerebroventricular administration of PA induces

tissue inflammation contributes to local insulin

central

resistance and increased release of FAs from the

expression of TNF, IL1B, and IL-6 in the

adipose tissue, which, in turn, induce the production

hypothalamus [45]. Consistently, IPA analysis of PA-

of inflammatory mediators and insulin resistance in

associated molecules identified Neuroinflammation

other organs [30-33]. Elevated fasting serum levels of

Signaling Pathway as the most significant Canonical

FFAs are strongly associated with advanced fibrosis

Pathway associated with PA [26].

cytokines

[40,44].

LEP resistance as well

Indeed,

as increased

in NAFLD patients [4]. Treatment with a mixture of
PA/oleic acid (OA) at a 1:2 molar ratio increases the

CCN2 is an important player in fibrogenic pathways

mRNA expression of IL6 and IL8 in hepatocytes

and consistently upregulated in human liver cirrhosis

[34]. PA has been reported to increase the production

of various etiologies. Serum level of CCN2 has been

of IL1B and IL18 in mouse Kupffer cells [35], and

proposed as an indicator of fibrogenic progression

stimulate the activation of NLRP3 inflammasome

[46]. Expression of CCN2 is directly correlated with

through the TLR4-NFkB signaling pathway in HSCs

fibrotic changes in the liver [47], and knockdown of

[36,37]. Activated HSCs represent a major source of

CCN2 considerably attenuates experimental liver

collagens in fibrotic liver [27]. PA is also reported to

fibrosis [48]. PA treatment increases the mRNA

cooperate

the

expression of TGFβ1, CCN2, tissue inhibitor of

development of NASH through inflammasome

metalloproteinase-1 and procollagen type I and

activation in

In contrast, dietary

activates HSCs [37]. Our study found that increased

supplementation of EPA, a n-3 UFA, has been

activities of TGFβ1 and CCN2 may contribute to PA-

reported to improve hepatic inflammation and

induced activation of the Hepatic Fibrosis Signaling

fibrosis [39], which is consistent with our study that

Pathway

increased levels of n-3 UFAs attenuated the activities

Consistently,

of IL, TNF, and PDGF, and inhibited the activation

proliferation and collagen production in HSCs [49].

of Hepatic Fibrosis Signaling Pathway and collagen

Chronic exposure to TGFβ1 increases the expression

accumulation.

of collagen and induces cytoskeletal rearrangement

with

TLR2

to

mice [38].

contribute

to

and

accumulation
exogenous

of

collagens.

CCN2

promotes

that resembles the epithelial-mesenchymal transition
LEP is a pleiotropic hormone and an activator of

of hepatocytes to collagen-producing mesenchymal

inflammation. As a hormone, LEP plays a key role in

cells [50]. Circulating level of TGFβ1 is associated

the regulation of lipolysis and lipogenesis [40]. In

with hepatic fibrosis severity [51]. Moreover, TGFβ
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has been shown to enhance the expression of CCN2

molecules. The paths involving those molecules were

in HSCs [49,52].

beyond the scope of analysis of this study. Thirdly,
IPA analysis attributes all the molecules in the

Our analysis found that PA increased the activity of

pathway an equal weight even though different

SERPINE1, which in turn contribute to PA-induced

molecules make vary in their significance in the

activation of Hepatic Fibrosis Signaling Pathway and

interactions and relationships [26,59]. Finally, this

accumulation of collagens. SERPINE1 codes for

study focused on the analysis of PA and n-3 UFAs on

Plasminogen activator inhibitor 1 (PAI1), which

liver

inhibits the activities of tissue-type plasminogen

disturbances, oxidative stress, endoplasmic reticulum

activator (tPA), a serine protease that initiates

(ER) stress, insulin resistance, dyslipidemia, and

fibrinolysis. PAI1 and tPA together help to maintain

pathologies in multiple tissues and organs [60-62]

tissue homeostasis [28]. Obesity is associated with

may further complicate liver fibrogenesis, are worthy

increased plasma levels of tPA and PAI1 with

of further studies.

fibrosis.

Obesity-associated

metabolic

reduced fibrinolysis via inhibition of tPA by PAI1
[53]. Similarly, PA treatment leads to an increase in

5. Conclusions

tPA and a larger increase in PAI1, leading to a net

Our study investigated the molecular mechanisms by

decrease in tPA activity in the culture medium of

which PA affects liver fibrosis using IPA. We found

human primary hepatocytes [54]. Inflammatory

that increased level of PA, a SFA, activated the

cytokines such as TNFA has been shown to induce

Hepatic

the expression of PAI in a number of cells including

accumulation of collagens by multiple mechanisms,

hepatocytes [55-57]. Administration of TGFB in

including enhancing inflammation, as indicated by

mice causes activation of PAI-1 and progression of

increased activities of proinflammatory molecules

steatohepatitis [58]. These results, therefore, further

such as NFkB, FOS, JUN, TNF, and CCL2, and

support the significant roles of PAI-1 in PA-induced

increasing the production of growth factors, such as

liver fibrogenesis by inhibiting the degradation of

TGFB

collagens.

adipokine, and SERPINE1, suggesting that PA may

Fibrosis

and

Signaling

CCN2,

LEP,

a

Pathway

and

proinflammatory

not only increase the production of collagens but also
Several limitations of this study may potentially

decrease the degradation of collagens. Furthermore,

affect the findings. First, as more progress is made on

our study found that increased levels of n-3 UFAs

the understanding of liver fibrosis and actions of PA,

inhibited the activities of PDGFA, PDGFB, TNF,

more molecules and relationships will be identified,

IL1, and CCL2. Decreased level of n-3 UFAs

which will improve the comprehensiveness of liver

augmented the activation of

fibrosis- and PA-associated molecules in QIAGEN’s

Signaling Pathway and accumulation of collagens

QKB database for IPA analysis. Secondly, only the

induced by increased level of PA. Our results shed

shortest paths with one intermediate molecule from

light on the molecular mechanisms by which PA may

FA to the Hepatic Fibrosis Signaling Pathway or

contribute to liver fibrosis and provide key mediating

collagen accumulation were explored. PA may affect

molecules that may be used for further research and

the Hepatic Fibrosis Signaling Pathway or collagen

therapeutic intervention.

Hepatic Fibrosis

accumulation via more than one intermediate
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