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Abstract

Background: Liver fibrosis is a reversible response to wound-healing that occurs in most forms of chronic liver damage, beginning
with the activation of hepatic stellate cells (HSCs). The increased expression of genes, such as beta-converting growth factor (TGF-3)
and actin-alpha smooth muscle (a-SMA) indicates the activation of HSCs. During liver damage, HSCs are activated and converted
to myofibroblasts. As a result, the expression of TGF-3 and «SMA genes in HSCs increases and leads to liver fibrosis. High fructose
intake is known to have harmful effects on human health. Due to the persistent increase in high fructose intake via many beverages
and foods in industrialized countries, much concern has been raised about the effect of fructose on liver damage, but its role in
activating human HSCs has not been studied.

Objectives: We aimed to investigate the effect of high fructose concentration on human HSCs activation by measuring the level of
mRNA expression of TGF-/3 and a-SMA genes involved in liver fibrosis.

Methods: Human HSCs were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) plus 10% Fetal Bovine Serum (FBS) at 37°C
in 5% CO,. Cells were incubated in media containing 25 and 30 mM fructose for 48 h. The control group was incubated in DMEM
without fructose. The cells were serum-starved for 24 h before treatment. Then, the total RNA was extracted, reversely transcribed
into cDNA, and underwent Quantitative Real-time PCR (qRT-PCR).

Results: The results indicated that the mRNA expression of TGF-5 and aSMA genes significantly increased by treating with 25 and
30 mM fructose in HSCs when compared to the control group (P < 0.05).

Conclusions: The increase in the mRNA of TGF-3 and aSMA genes is used as a standard marker for HSC activation, leading to liver
fibrosis. The results demonstrated that high fructose concentration could activate HSCs and increase the levels of TGF-3 and aSMA
in these cells. Thus, controlling fructose consumption and identifying the mechanism of fructose action is important to treat and
reduce liver injury.
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1. Background

Liver fibrosis is a wound-healing reaction that occurs
after chronic liver injury due to the activation of Human
Stellate Cells (HSCs). The causes of liver fibrosis in indus-
trialized countries are chronic viral hepatitis, alcohol toxi-
city, nonalcoholic fatty liver disease, and autoimmune dis-
eases, which can lead to cirrhosis, liver carcinoma, or even
death (1,2). Human stellate cells are the main mediators of
liver fibrosis that significantly proliferate and produce sev-
eral pathogens extracellular material during liver fibrosis
(3). During the injury, HSCs undergo a transition to prolif-
erate, profibrogenic, and contractile myofibroblasts, dur-
ing which they lose their normal stellate shape and pro-
duce excessive Transforming Growth Factor-beta (TGF-3)

and actin-alpha smooth muscle («-SMA) (1, 4). Transform-
ing growth factor-beta is a proinflammatory factor whose
expressed increases with the activation of HSCs, which, in
turn, further increases the activation of HSCs and initiates
liver fibrosis (1, 5). Transforming growth factor-beta is a
cytokine in the liver that indirectly induces a-SMA expres-
sion by increasing the activation of HSCs (6). It is impor-
tant to know the factors that activate HSCs and progress to
liver fibrosis.

There is ample evidence that fructose acts as a proin-
flammatory agent. [t may cause liver damage by producing
reactive oxygen species, saturated fatty acids, mitochon-
drial damage, and endoplasmic reticulum stress. Fatty
acids made from fructose are completely saturated and are
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produced when the cell has enough energy, so they are
not physiologically oxidized and are more likely to dam-
age liver tissue (7). Researchers speculate that fructose, at
the molecular level, induces changes in tissue and carti-
lage and disrupts normal tissue function. In previous stud-
ies, high fructose intakes in rats have been shown to cause
overweight and lead to a fatty liver (8). Therefore, a more
accurate study of the effects of fructose can help in prevent-
ing many metabolic and diseases that are common in the
world. According to these studies, our attention was drawn
to the role of fructose in hepatic fibrosis. Due to the persis-
tent increase in high fructose intake via many beverages
and foods in industrialized countries, much concern has
been raised about the effect of fructose on liver damage,
butits role in activating human HSCs has not been studied.

2. Objectives

We aimed to investigate the effect of high fructose con-
centrations on human HSC activation by measuring the
level of mRNA expression of TGF-3 and a-SMAD genes in-
volved in initiating liver fibrosis.

3. Methods

3.1. Materials

Cell culture-specific fructose was purchased from
Sigma-Aldrich Company, Fetal Bovine Serum (FBS) from
Gibco Company, and Dulbecco’s Modified Eagle Medium
(DMEM), penicillin, and streptomycin from Bio-Idea
Company. The ethics code for the research project is
IR.AJUMS.MEDICINE.REC.1398.041.

3.2. Cell Culture

The human hepatic stellate cell line 1x2 (a immor-
talized human hepatic stellate cell line) was kindly pro-
vided by Dr.Scott L.Friedman (Mount Sinai School of
Medicine,New York.NY,USA). This cell line was cultured in
DMEM containing 10% FBS, penicillin, and streptomycin
(100 mg/ml each) in an incubator at 37°C with 5% carbon
dioxide (Figure 1).

3.3. Fructose Preparation

Fructose was obtained as a powder in sterile packag-
ing for the culture medium. Then, the concentrations of
25 and 30 mM fructose were prepared to be added to the
culture medium (8-10).
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Figure 1. Human hepatic stellate cells before treating with fructose (magnification
10X).

3.4. Cell Viability Assay

After incubation with treatment medium for 48 h, cells
were washed with PBS and then incubated with 200 Lof 0.5
mg/mLMTT for 4 h at 37°C in the dark. The supernatant was
removed, and 100 L of DMSO was added to completely solu-
bilize formazan. A microplate reader was used to read the
absorbance of the reduced intracellular formazan prod-
uct. Theresults were expressed as the percentages of viable
cellsrelative to control cells. The cell survival percentage at
concentrations of 35 and 40 Mm fructose significantly was
reduced when compared to the control group, so the con-
centrations of 25 and 30 Mm fructose were selected (Figure
2).

3.5. Treatment of Hepatic Stellate Cells with Different Concen-
trations of Fructose

To investigate the effect of high fructose concentra-
tion on mRNA expression of TGF-3 and a-SMA genes, cells
were treated with fructose. For the experiments, cells were
seeded in a six-well plate (1 x 10° cells/well) and incubated
in an incubator at a temperature of 37°C and 5% carbon
dioxide until a density of 70 to 80% reached. Then, cells
were serum-starved for 24 h before treatment. In the next
step, cells were treated with concentrations of 25 and 30
mM fructose for 48 h in an incubator at a temperature of
37°C and 5% carbon dioxide. The control group was cul-
tured in DMEM without fructose (Figure 3).

3.6. Primers Used

The GAPDH gene was used as an internal control to cor-
rect the expression of target genes.

The primers used, purchased from Sinaclon (Iran),
were as follows:

Jentashapir ] Cell Mol Biol. 2020; 11(3):e110136.



Shakerian E et al.

A 48h
1004
1

75
&
2

= 50-
=
8
=

2541

0-

|
0 5 10 15

20 25 30 35 40

Concentrations of Fructose (mM)

B 48h
100
IC,, =36.46 (mM)
2=0.922
75 -
&€
z
= 50
i
: 0
25 o
0 T T T T T T T 1

0 5 10 15 20 25 30 35 40

Concentrations of Fructose (mM)

Figure 2. A and B, MTT assay results showing cell viability under different fructose concentrations over 48 h. Results are represented as a mean == SD. Statistical analysis was
performed using Graph Pad Prism 8 software and a one-way ANOVA test. Statistical significance was assumed for P-values < 0.05: (*P < 0.05, **P < 0.01, **P < 0.001).

Figure 3. Human hepatic stellate cells after treating with a high concentration of
fructose (magnification 10X)

TGE-3 gene sequence: 5'-
GCGCTCCAAATGCGGTGTGTAG-3'

TGF-{3 gene return sequence: 5- AATAGTGCAGCCAGT-
GTGAG -3/

A-SMA gene sequencing: 5’
CGTGGGATCCATCAAAGTCT-3/
A-SMA gene return sequence: 5'-

Jentashapir | Cell Mol Biol. 2020; 11(3):e110136.

GCAATACTCGAACTGGAAT-3/
GAPDH gene sequence: 5'-CGTGGATCACTCAAAGTCT-3’
GAPDH gene return sequence: 5'-
CGCGTAACTCGACTCCAAT-3’

3.7. Evaluation of Gene Expression by Total RNA Extraction and
cDNA Synthesis with Real-Time PCR

After collecting the cells, the total RNA was extracted
by using the kit from Yekta Tajhiz Azma Company (Iran)
according to the manufacturer’s instructions and using a
NanoDrop device. An acceptable ratio of 260/280 was con-
sidered for pure RNA. Then, the synthesis was performed
using the Yekta Tajhiz Azma cDNA kit according to the man-
ufacturer’s instructions with pre-designed primers. The
next step was to determine the mRNA expression of TGF-3
and o-SMA genes using the RealQ Plus 2x Master Mix Green
"low Rox" kit (Amplicon, Denmark) by Applied Biosystems
QuantStudio. Finally, real-time PCR was done.

3.8. Statistical Analysis

All experiments were performed in triplicate. All data
are presented as Mean =+ Standard Derivation (SD). The
statistical significance was determined using the one-way
Analysis of Variance (ANOVA), followed by a multiple post
hoc test (LSD). Differences were considered statistically sig-
nificant at P values of < 0.05.
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4. Results

4.1. Expression of TGF-B Gene After Treatment of Cells with Fruc-
tose

To investigate the effect of high fructose concentration
on mRNA of the TGF-0 gene, cells were treated and incu-
bated with concentrations of 25 and 30 mM fructose for 48
h. Theresults showed that the mRNA expression of the TGF-
[ gene increased significantly after 48 h when compared to
the control group (Figure 4).
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Figure 4. Diagram of TGF-3 gene expression in fructose-treated human hepatic stel-
late cells at concentrations of 25 and 30 mM fructose after 48 h of incubation (*P <
0.05 for fructose-treated groups compared to the control group).

4.2. The Expression of A-SMA Gene After Treatment of Cells with
Fructose

To investigate the effect of high fructose concentration
on mRNA of the a-SMA gene, cells were treated and incu-
bated with concentrations of 25 and 30 mM fructose for
48 h. The results showed that the expression of the a-SMA
gene increased significantly after 48 h when compared to
the control group (Figure 5).

5. Discussion

When liver tissue is exposed to damage and inflamma-
tion for various reasons such as chronic consumption of
alcohol, hepatitis virus, nonalcoholic fatty liver disease, ge-
netic disorders, inherited metabolic diseases, and vitamin
A deficiency, it eventually becomes injured (2). The liver
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Figure 5. Diagram of a-SMA gene expression in fructose-treated human hepatic stel-
late cells at concentrations of 25 and 30 mM fructose after 48 h of incubation (** P <
0.01 for fructose-treated groups compared to control group).

first heals the injury, but if the injury and inflammation be-
come chronic, the liver does not heal and becomes fibrotic,
and it no longer functions normally. One of the impor-
tant reasons for liver fibrosis in advanced and industrial
societies is the use of unhealthy food. Thus, changing the
lifestyle and eating healthy foods play significant roles in
the prevention of this disease (11).

The only way to treat advanced liver fibrosis or cirrho-
sis is currently liver transplantation. Transplantation of
the whole or part of the liver tissue is the sole treatment for
patients with acute liver cirrhosis. It has its own problems
and complications, so it is important to know the factors
that activate the genes that are involved in and facilitate
liver fibrosis. In this disease, by activating the TGF-{3 signal-
ing pathway, due to inflammatory factors and cytokines,
hepatic stellate cells are also activated, and the expression
of TGF- and aSMA genes increases; thus, liver fibrosis oc-
curs (12). The role of fructose in the expression of genes in-
volved in liver fibrosis, including TGF-B and o« SMA, has not
been studied in human HSCs and whether fructose can ac-
tivate human HSCs is unknown. To answer this question,
HSCs were cultured in the laboratory and treated with con-
centrations of 25 and 30 mM fructose for 48 h. The study
showed that fructose at the concentrations of 25 and 30
mM activated human HSCs and increased the mRNA ex-
pression of TGF-B and a-SMA genes.

High concentrations of fructose could significantly in-
crease the mRNA expression of TGF-B, and o-SMA genes in
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HSCs, so a high concentration of fructose can be a factor
to activate HSCs. In previous studies, TGF-3 and ethanol
have been shown to activate HSCs and increase the genes
involved in hepatic fibrosis, and thus, they have been used
in the laboratory to make the liver fibrosis model (13, 14).
According to the results, we again emphasize the role of
healthy nutrition in the prevention of diseases. Everyone,
especially those with metabolic diseases such as patients
with diabetes and fatty liver, should be careful about the
amount of fructose they consume in their diets and limit
their intake.

In general, the present study showed that high concen-
trations of fructose could activate HSCs and increase the
mRNA expression of TGF-3 and a-SMA.

Footnotes

Authors’ Contribution: NM and HY designed the study.
ES performed all assays and data analyses. NM wrote the
first draft. ESrevised the manuscript. The authors read and
approved the final manuscript.

Conflict of Interests: The authors declare that they have
no competing interests.

Ethical Approval: IR AJUMS.MEDICINE.REC.1398.041.

Funding/Support: This study was supported by the Ah-
vaz Jundishapur University of Medical Sciences (Grant No.
HLRC-9806). The funding source had no role in the design
of the study, analysis, and interpretation of data, and pub-
lication of the manuscript.

References

1. Zhoul, Liu S,Han M, MaY, Feng S, Zhao ], et al. miR-185 inhibits fibro-
genic activation of hepatic stellate cells and prevents liver fibrosis.
Mol Ther Nucleic Acids. 2018;10:91-102. doi: 10.1016/j.0mtn.2017.11.010.
[PubMed: 29499960]. [PubMed Central: PMC5735261].

2. Liu Z, Li C, Kang N, Malhi H, Shah VH, Maiers JL. Transforming
growth factor beta (TGFbeta) cross-talk with the unfolded pro-
tein response is critical for hepatic stellate cell activation. ] Biol
Chem. 2019;294(9):3137-51. doi: 10.1074/jbc.RA118.005761. [PubMed:
30610118]. [PubMed Central: PMC6398135].

3. Yuan B, Chen Y, Wu Z, Zhang L, Zhuang Y, Zhao X, et al. Pro-
teomic profiling of human hepatic stellate cell line LX2 responses
to irradiation and TGF-betal. | Proteome Res. 2019;18(1):508-21. doi:
10.1021/acs.jproteome.8b00814. [PubMed: 30489086].

Jentashapir ] Cell Mol Biol. 2020; 11(3):e110136.

10.

11.

12.

13.

. Huang B, Cheng X, Wang H, Huang W, la Ga Hu Z, Wang D, et al. Mes-

enchymal stem cells and their secreted molecules predominantly
ameliorate fulminant hepatic failure and chronic liver fibrosis in
mice respectively. | Transl Med. 2016;14:45. doi: 10.1186/512967-016-0792-
1. [PubMed: 26861623]. [PubMed Central: PMC4746907].

. Le CT, Nguyen G, Park SY, Choi DH, Cho EH. LY2405319, an analog of

fibroblast growth factor 21 ameliorates alpha-smooth muscle actin
production through inhibition of the succinate-G-protein couple re-
ceptor 91(GPR91) pathway in mice. PLoS One. 2018;13(2). €0192146. doi:
10.1371fjournal.pone.0192146. [PubMed: 29444136]. [PubMed Central:
PMC5812602].

. QuY,ZhangQ,CaiX,LiF,MaZ,XuM,etal. Exosomes derived from miR-

181-5p-modified adipose-derived mesenchymal stem cells prevent
liver fibrosis via autophagy activation. ] Cell Mol Med. 2017;21(10):2491-
502. doi: 10.1111/jcmm.13170. [PubMed: 28382720]. [PubMed Central:
PMC5618698].

. Neuschwander-Tetri BA. Carbohydrate intake and nonalcoholic fatty

liver disease. Curr Opin Clin Nutr Metab Care. 2013;16(4):446-52. doi:
10.1097/MCO.0b013e328361c4d1. [PubMed: 23657151].

. Zhao L, Guo X, Wang O, Zhang H, Wang Y, Zhou F, et al. Fruc-

tose and glucose combined with free fatty acids induce metabolic
disorders in HepG2 cell: A new model to study the impacts of
high-fructose[sucrose and high-fat diets in vitro. Mol Nutr Food Res.
2016;60(4):909-21. doi: 10.1002/mnfr.201500635. [PubMed: 26763130].

. Mukai Y, Hoshi F, Sato S. Effect of fructose on the phosphorylation of

AMP-activated protein kinase and acetyl-CoA carboxylase in HepG2
cells stimulated with placental lactogen. Birth Defects Res B Dev Re-
prod Toxicol. 2016;107(4-5):206-10. doi: 10.1002/bdrb.21186. [PubMed:
27669115].

Hoang NA, Richter F, Schubert M, Lorkowski S, Klotz LO, Steinbren-
ner H. Differential capability of metabolic substrates to promote hep-
atocellular lipid accumulation. Eur | Nutr. 2019;58(8):3023-34. doi:
10.1007/s00394-018-1847-2. [PubMed: 30368556].

Dietrich P, Hellerbrand C. Non-alcoholic fatty liver disease, obe-
sity and the metabolic syndrome. Best Pract Res Clin Gastroenterol.
2014;28(4):637-53. doi: 10.1016/j.bpg.2014.07.008. [PubMed: 25194181].
Luo L, Li DQ, Doshi A, Farley W, Corrales RM, Pflugfelder SC. Experi-
mental dry eye stimulates production of inflammatory cytokines and
MMP-9 and activates MAPK signaling pathways on the ocular surface.
Invest Ophthalmol Vis Sci. 2004;45(12):4293-301. doi: 10.1167/i0vs.03-
1145. [PubMed: 15557435].

Kohli R, Kirby M, Xanthakos SA, Softic S, Feldstein AE, Saxena V, et
al. High-fructose, medium chain trans fat diet induces liver fibro-
sis and elevates plasma coenzyme Q9 in a novel murine model of
obesity and nonalcoholic steatohepatitis. Hepatology. 2010;52(3):934-
44. doi: 10.1002/hep.23797. [PubMed: 20607689]. [PubMed Central:
PM(C2932817].

. TeeJK,Peng F, Tan YL, Yu B, Ho HK. Magnesium isoglycyrrhizinate ame-

liorates fibrosis and disrupts TGF-beta-mediated SMAD pathway in
activated hepatic stellate cell line LX2. Front Pharmacol. 2018;9:1018.
doi: 10.3389/fphar.2018.01018. [PubMed: 30319402]. [PubMed Central:
PMC6167412].


http://dx.doi.org/10.1016/j.omtn.2017.11.010
http://www.ncbi.nlm.nih.gov/pubmed/29499960
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5735261
http://dx.doi.org/10.1074/jbc.RA118.005761
http://www.ncbi.nlm.nih.gov/pubmed/30610118
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6398135
http://dx.doi.org/10.1021/acs.jproteome.8b00814
http://www.ncbi.nlm.nih.gov/pubmed/30489086
http://dx.doi.org/10.1186/s12967-016-0792-1
http://dx.doi.org/10.1186/s12967-016-0792-1
http://www.ncbi.nlm.nih.gov/pubmed/26861623
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4746907
http://dx.doi.org/10.1371/journal.pone.0192146
http://www.ncbi.nlm.nih.gov/pubmed/29444136
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5812602
http://dx.doi.org/10.1111/jcmm.13170
http://www.ncbi.nlm.nih.gov/pubmed/28382720
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5618698
http://dx.doi.org/10.1097/MCO.0b013e328361c4d1
http://www.ncbi.nlm.nih.gov/pubmed/23657151
http://dx.doi.org/10.1002/mnfr.201500635
http://www.ncbi.nlm.nih.gov/pubmed/26763130
http://dx.doi.org/10.1002/bdrb.21186
http://www.ncbi.nlm.nih.gov/pubmed/27669115
http://dx.doi.org/10.1007/s00394-018-1847-2
http://www.ncbi.nlm.nih.gov/pubmed/30368556
http://dx.doi.org/10.1016/j.bpg.2014.07.008
http://www.ncbi.nlm.nih.gov/pubmed/25194181
http://dx.doi.org/10.1167/iovs.03-1145
http://dx.doi.org/10.1167/iovs.03-1145
http://www.ncbi.nlm.nih.gov/pubmed/15557435
http://dx.doi.org/10.1002/hep.23797
http://www.ncbi.nlm.nih.gov/pubmed/20607689
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2932817
http://dx.doi.org/10.3389/fphar.2018.01018
http://www.ncbi.nlm.nih.gov/pubmed/30319402
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6167412

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Materials 
	3.2. Cell Culture
	Figure 1

	3.3. Fructose Preparation
	3.4. Cell Viability Assay
	Figure 2

	3.5. Treatment of Hepatic Stellate Cells with Different Concentrations of Fructose
	Figure 3

	3.6. Primers Used
	3.7. Evaluation of Gene Expression by Total RNA Extraction and cDNA Synthesis with Real-Time PCR
	3.8. Statistical Analysis

	4. Results
	4.1. Expression of TGF-Β Gene After Treatment of Cells with Fructose
	Figure 4

	4.2. The Expression of Α-SMA Gene After Treatment of Cells with Fructose
	Figure 5


	5. Discussion
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

