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Potassium 5-cyano-4-methyl-6-oxo-1,6-dihydropyridine-2-olate (CPBMF65) is a potent inhibitor of the uridine
phosphorylase 1 (UPP1) enzyme. Its non-ionized analog has already demonstrated biological properties by
reducing adverse effects caused by the chemotherapeutic 5-fluorouracil (5-FU). In addition, it has been
demonstrated that uridine inhibits inflammation and fibrosis in bleomycin lung injury, decreasing collagen

production. The purpose of this study was to investigate the in vitro and in vivo effects of CPBMF65 on activated
hepatic stellate cells (HSC) and on carbon tetrachloride-induced liver fibrosis in mice. After incubation with
CPBMF65, decreased cell proliferation and phenotype reversion were observed in vitro. In addition, CPBMF65
promoted a protective effect on tetrachloride-induced liver fibrosis in mice, demonstrated by its antifibrotic and
anti-inflammatory actions. The results of the present study indicate that the UPP1 inhibitor (CPBMF65) may have
potential as a novel therapeutic agent for the treatment of liver fibrosis.

1. Introduction

Liver fibrosis is the pathologic result of inflammatory liver diseases,
characterized by activated hepatic stellate cells (HSC) proliferation,
inability to store vitamin A in cytoplasmic lipid droplets, and increased
expression of a-smooth muscle actin (a-SMA) and profibrotic genes
(Basso et al., 2019). It may be associated with chronic injuries, including
viral infection, alcohol abuse and steatosis, leading to accumulation of
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fibrotic matrix rich in collagen and, at later stages, to liver failure and
mortality (Barcena et al., 2019). However, as previously described, liver
fibrosis is potentially reversible (Shin et al., 2018).

Antifibrotic agents targeting HSC activation have been proposed as a
therapeutic target to liver fibrosis. Uridine phosphorylase is a key
enzyme in the pyrimidine salvage pathway, catalyzing the reversible
phosphorolysis of uridine (Urd) to uracil and ribose-1-phosphate. The
human uridine phosphorylase type 1 (UPP1) is a molecular target of
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inhibitors proposed to increase Urd levels to prevent adverse effects of
chemotherapeutic agents like 5- fluorouracil (Renck et al., 2010). The
therapeutic potential of Urd has also been assessed in disorders such as
cystic fibrosis and liver dysfunction (Weinberg et al., 2011). Moreover,
the study of Cicko et al. (2015) demonstrated that Urd presents
anti-inflammatory and anti-fibrotic effects in animal models of pulmo-
nary fibrosis. In addition, Urd treatment also inhibited the synthesis of
collagen, leading to a reduction in collagen deposition in the lung (Cicko
et al., 2015).

Selective inhibitors of UPP1 have been proposed to increase Urd
levels. Urd is one of the five standard molecules that comprise nucleic
acids, involved in cellular processes such as RNA synthesis. Exogenous
administration of Urd is not well tolerated, since higher doses would
have to be administered in order to obtain significant effects, due to the
rapid degradation caused by UPP1 (Pizzorno et al., 2002). The potas-
sium 5-cyano-4-methyl-6-oxo- 1,6-dihydropyridine-2-olate (CPBMF65)
is a new molecule synthetized and produced at the Pontificia Uni-
versidade Catolica do Rio Grande do Sul (PUCRS). It is an inhibitor of
UPP1 and has been tested to verify the 5-fluorouracil toxicity decrease in
SW-620 cells (Renck et al., 2013). The present study aimed to investigate
the effects of the UPP1 inhibitor, CPBMF65, on hepatic stellate cells
(GRX), and on carbon tetrachloride-induced liver fibrosis in mice. We
sought to demonstrate the possible potential therapeutic effect of
CPBMF65 on liver fibrosis.

2. Materials and methods
2.1. HSC cell culture

GRX hepatic stellate cell line is an immortalized lineage of liver cells
obtained from hepatic 18 granulomas of mice infected with Schistosoma
mansoni. This lineage of HSCs normally presents a myofibroblast tran-
sitional phenotype, between the quiescent (normal) and activated stages
(myofibroblast phenotype). GRX cell line was obtained from Rio de
Janeiro Cell Bank (Federal University, Brazil). The medium used for cell
culture was Dulbecco’s Modified Eagle Medium (DMEM), supplemented
with 5% fetal bovine serum (FBS) (Invitrogen, USA), 2 g/1 HEPES buffer,
3.7 g/1 NaHCO3, 1% penicillin and streptomycin (Invitrogen, USA), and
pH 7.4. Experiments were performed with cells between the fifth and
twelfth passages in 24-well tissue culture plates with density of 3 x 10°
cells per well (1,57 x 10° cells/cm?). Cells were incubated with
CPBMF65 for 120 h at 37 °C under a humidified atmosphere containing
5% CO,. All experiments were performed three times.

2.2. Invitro treatment with CPBMF65

Plates were incubated at 37 °C in a humidified atmosphere with 5%
CO5 for 120 h, aiming to perform a dose-response curve and also to
determine the cytotoxicity of CPBMF65. Different concentrations (7.5,
15, 45 and 90 pM) diluted in DMEM medium with 5% FBS were tested.
N-acetylcysteine (NAC; 400 pM, Farmashop, Brazil), was used as a
positive control. The control group consisted of GRX cells on culture
medium for all experiments. The 120-h treatment time was determined
after a previous time-curve was performed in our laboratory. As previ-
ous works of our group (Basso et al., 2019; De Mesquita et al., 2013)
reported that the process of GRX cell phenotype reversal (lipogenesis)
may take between 3 and 7 days to be observed in Oil red staining,
depending on the type of treatment. In the present work the process was
evidenced mainly after 5 days of treatment with CPBMF65 and for this
reason we chose this time to perform incubations. All experiments were
performed three times.

2.3. Evaluation of cellular proliferation

The Trypan Blue exclusion assay was used to assess viability and cell
growth/proliferation. Cells were seeded and treated as described above.
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After 120 h of incubation, the number of viable cells was determined by
mixing 25 ppl of cell suspension and 25 pl of 0.4% Trypan Blue (Sigma-
Aldrich, USA) using a Neubauer hemocytometer and optical microscope
(Nikon Optiphot, Japan). Blue cells were counted as dead cells and those
that did not absorb the dye, as living cells. The results were expressed as
the absolute number of cells per culture well.

2.4. Measurement of lactate dehydrogenase

The cytotoxicity of the treatments was evaluated by the presence of
the lactate dehydrogenase (LDH) enzyme in the external environment,
since its release (lactate dehydrogenase enzyme located in the cyto-
plasm) in the culture medium is considered evidence of cell membrane
rupture. Enzyme activity was measured in both (supernatants and ly-
sates) using the colorimetric lactate dehydrogenase kit (Labtest, Brazil).
As a control of cell lysis, we have used Tween 5% (Sigma-Aldrich,
Germany) in the culture medium. LDH release was calculated by
measuring the absorbance at 340 nm using an ELISA microplate reader.
All experiments were performed in triplicate and repeated three times.

2.5. Nuclear morphometric analysis (NMA)

The NMA is based on the evaluation of the size and shape of the
nucleus of eukaryotic cells in vitro. This technique enables the assess-
ment of the number of cells which present nuclear morphology pheno-
typically compatible with senescent or apoptotic cells. Cells were seeded
in 24-well plates with a cell density of 5 x 10* per well and treated with
the selected doses of CPBMF65 (7.5 and 90 pM). After 120 h of treat-
ment, the culture medium was discarded and four steps were performed:
(1) labeling of the nuclei with DAPI (4, 6- diamidino-2-phenylindole), a
fluorescent dye that binds strongly to the adenine-rich regions and
thymine in DNA sequences (Kim et al., 2012); (2) acquisition of images
by an inverted fluorescence microscope (Eclipse TE2000-S, Nikon,
Japan); (3) obtaining the morphometric data (Image Pro-Plus 4.5 soft-
ware, Media Cybernetics, USA); (4) data analysis (Excel, 2013), ac-
cording to the protocol previously described (Sperotto, 2014). As an
apoptosis positive control, 2.5 uM Cisplatin (CDDP) was used, and as a
senescence positive control, 150 pM hydrogen peroxide (H,O5) was used
(Zdanov, 2006).

2.6. Evaluation of cell death by apoptosis

Cell death by apoptosis was performed using Annexin V-FITC flow
cytometry kit (QuatroG, Brazil). After 120 h of treatment with selected
concentrations of CPBMF65 (7.5 and 90 pM), HoO3 (150 pM) and CDDP
(2.5 pM), the culture medium was discarded, cells were harvested and
washed with PBS. Then, cells were re-suspended in 100 pl of binding
buffer at a cell density of 1 x 10° cells/ml and incubated with 4 pl of
Annexin V- FITC and 4 pl of Propidium Iodide (PI) for 15 min at room
temperature protected from light. Fluorescence analysis was performed
by FACSCanto II Flow Cytometer (BD, Becton- Dickinson, USA) and data
were analyzed using FlowJo 7.6.5 software (Tree Star Inc., Ashland,
OR).

2.7. Evaluation of senescence

Senescence-associated (-galactosidase (SA-p-gal) activity can be
detected thought 5- dodecanoylaminofluorescein di-B-D-galactopyr-
anoside (C12FDG), a fluorogenic substrate for p-galactosidase
(Debacqg-Chainiaux et al., 2009). After 120 h of treatment with
CPBMF65 (7.5 and 90 pM), H202 (150 pM) and CDDP (2.5 pM) cells
were harvested, treated with a final concentration of 100 nM of Bafi-
lomycin Al to neutralize the acidic pH of lysosomes, and incubated at
37 °C, 5% COy. After 1 h, cells were stained with C;2FDG (Invitrogen,
Thermo Fisher, Inc., USA) diluted in fresh culture media at a final
concentration of 33 pM and incubate 1 h at 37 °C, 5% CO, Cells were
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washed in PBS and fluorescence was performed by FACSCanto II Flow
Cytometer (BD, Becton-Dickinson, USA) and data were analyzed using
FlowJo 7.6.5 software (Tree Star Inc., Ashland, OR).

Histone y-H2AX, a sensitive marker of double-stranded DNA breaks,
is increased in damaged and senescent cells (Sharma et al., 2012). After
120 h of treatment with CPBMF65 (7.5 and 90 pM), H20» (150 pM) and
CDDP (2.5 uM) cells were harvested, fixed with CytoFix Fixation Buffer
(BD, Becton-Dickinson, USA), and permeabilized with Perm/Wash 1X
(BD, Becton-Dickinson, USA) and Perm Buffer III (BD, Becton-Dickinson,
USA). After, cells were collected by centrifugation and resuspended in a
buffer solution (2% FBS diluted in PBS) with PE mouse anti-H2AX
(pS139) (BD, Becton-Dickinson, USA #562377) for 40 min. Cells were
washed in buffer and the fluorescence was performed by FACSCanto II
Flow Cytometer (BD, Becton-Dickinson, USA) and data were analyzed
using FlowJo 7.6.5 software (Tree Star Inc., Ashland, OR).

2.8. Detection of GRX cells lipid droplets

The estimation of lipid droplets accumulation in the cells was
observed using the Oil Red (ORO; Sigma Chemical Co., USA) assay. After
120 h of treatment with selected concentrations of CPMF65 (7.5 and 90
pM) and NAC 400 pM, cells were fixed with 10% formaldehyde for 1 h
and stained with ORO. Intracellular lipid accumulation was observed
after 30 min, using an inverted light microscope at a magnification of
400x. The ORO was extracted using isopropanol and the absorbance was
read at 340 nm using an ELISA microplate reader. Specific lipid content
was calculated as the ratio of absorbance value obtained for ORO and
the number of counted cells.

2.9. Assessment of GRX cell contraction by collagen gel analyses

Collagen from rat tail tendons was extracted and prepared as pre-
viously described (Rajan et al., 2006). Collagen gels (125 pl of four
time’s concentrated DMEM medium and 125 pl of 4 mg/ml rat tail
tendon collagen) were impregnated with 1 x 10° cells resuspended in
250 pl of PBS. Gels were added to a 24-well plate, left to polymerize for
30 min at 37 °C, detached and suspended in 600 pl of DMEM with 5%
FBS alone or with CPBMF65 and NAC. Images were obtained after 24 h
and the surface of the area of each gel was determined as the percentage
of well area, using the software Image-Pro Plus 4.5 (Media Cybernetics,
USA).

2.10. Animals

Male BALB/c mice (8-12 weeks old) were kept under standard
conditions of temperature (22 + 2 °C), light (12 h light-dark cycle) and
humidity (50-70%), in individually ventilated cages, receiving standard
rodent chow and tap water ad libitum. They were obtained from the
Central Animal House of the Pontificia Universidade Catélica do Rio
Grande do Sul (CeMBE; PUCRS; Brazil). The experimental protocol was
approved by the Animal Use Ethics Committee (CEUA) of Pontificia
Universidade Catolica do Rio Grande do Sul (PUCRS, CEUA 7088) and
maintained in accordance with the Guiding Principles in the Care and
Use of Animals approved by the Council of the American Physiological
Society.

2.11. Survival curve

The animals were randomly divided in two groups and treated dur-
ing the period of 15 days. The animals of the first group received
intraperitoneal (i.p.) injections of CPBMF65 dissolved in olive oil (50
mg/kg daily). Mice in the second group were divided according to the
dosage of CPBMF65 6, 12, 25 and 50 mg/kg (dissolved in olive oil) or
vehicle (olive oil), as a negative control, and received i. p. Injections
every other day (q.o.d.). After 15 days of treatment, mice were eutha-
nized, and serological tests were performed.
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2.12. Biochemical analyses

Whole blood was collected by cardiac puncture, placed in eppendorfs
and centrifuged for 10 min at 2000 g. Serum aspartate aminotransferase
(AST), alanine aminotransferase (ALT), total bilirubin, albumin, and
alkaline phosphatase were determined with a commercial assay kit ac-
cording to manufacturer’s instructions (Labtest, Brazil).

2.13. Carbon tetrachloride (CCly)-induced liver fibrosis and treatment
with CPBMF65 in mice

All drug administration was carried out at 1:00 p.m. to avoid a
possible influence of circadian cycle variation on UPP1 activity. Mice
received i. p. Injections of CCl, at the dosage of 1 ml/kg body weight (1:3
diluted in olive oil) or vehicle (olive oil) three times a week. For the
treated group, animals received i. p. CCls 1 ml/kg (1:3 diluted in olive
oil) three times a week and CPBMF65 2 mg/kg (dissolved in olive oil)
twice a week. After 10 weeks of treatment, all animals were euthanized,
and serum and liver sections were collected.

2.14. RNA isolation and quantitative PCR

Samples of total RNA from mouse liver tissues were extracted by
Trizol reagent (Invitrogen, Thermo Fisher, Inc., USA), according to
manufacturer’s instructions. cDNA was synthesized from 1 pg RNA using
Superscript III First-Strand Synthesis SuperMix (Invitrogen, Thermo
Fisher, Inc., USA) according to the manufacturer’s instructions. Primer
sequences used are describe in Table 1. A final concentration of 1.4
pmol/pl for each primer and SYBR Green I Master Mix (total volume of
10 pl) were used for the reaction mix. PCR amplifications were per-
formed in a Step One™ real-time PCR system (Applied Biosystems,
Thermo Fisher, Inc., USA) using a standard protocol with annel/extend
temperature of 60 °C. Reaction products were verified by melting curve
analysis. All PCR reactions were performed in duplicate, and water was
used as negative control. Data were analyzed with GAPDH as a reference
gene. Results are expressed as fold expression relative to the expression
of the control group using the AACt method.

2.15. Liver histopathology analysis

Liver samples were fixed in 10% buffered formalin, paraffin
embedded, and the tissue was cut into 5 pm sections. H&E-stained liver
sections (Cytological Products Soldan, Brazil) were assessed semi-
quantitatively: steatosis (0-3), inflammation (0-2), and ballooning
(0-2). To demonstrate fibrosis, liver sections were stained with Pic-
rosirius Red (Polysciences, Inc., USA) Liver fibrosis also was semi-
quantitatively determined: fibrosis (0-4). Images were captured
through BMX 43 microscope equipped with camera DP73 (Olympus,
Japan).

2.16. Statistical analysis

Results were presented using descriptive statistics (mean and stan-
dard deviation). Survival rate was analyzed by the Kaplan-Meier method
(Kishore et al., 2010). For the comparison of means between groups, we
have used a one-way analysis of variance (ANOVA) followed by the
Tukey post-hoc test for multiple comparisons. The significance level was
set at p < 0.05 with a 95% confidence interval. All data were analyzed
using SPSS (Statistical Package for Social Sciences) version 15.0. (SPSS
Inc., USA).

3. Results
3.1. Effect of CPBMF65 on GRX cell proliferation and LDH release

Firstly, we have assessed the antiproliferative effect of CPBMF65 at



E.F. Gongalves da Silva et al.

Table 1
Primer sequences for RT-qPCR.
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Genes Forward primer (5'-3') Reverse primer (5'-3')

GAPDH AGTGGCAAAGTGGAGATT GTGGAGTCATACTGGAACA
PPAR-y TGGAATTAGATGACAGTGACTTGG CTCTGTGACGATCTGCCTGAG
a-SMA ACTGGGACGACATGGAAAAG CATCTCCAGAGTCCAGCACA
Collagen 1 GAGCGGAGAGTACTGGATCG TACTCGAACGGGAATCCATC

11-6 TGGAGTCACAGAAGGAGTGGCTAAG CTGACCACAGTGAGGAATGTCCAC
TNF-o ATAGCTCCCAGAAAAGCAAGC CACCCCGAAGTTCAGTAGACA

doses of 7.5, 15, 45, 90 uM and NAC 400 pM (positive control) in GRX
cells. Fig. 1A shows decreased proliferation at all concentrations tested.
The membrane integrity of GRX cells treated with CPBMF65 was also
analyzed by measuring LDH in the cell supernatant and lysate. Cells
were treated with CPBMF65 (7.5 and 90 pM, the lowest and the highest
concentration with significant results from our previous experiment) in
order to determine its toxicity to cells. There were no significant dif-
ferences between treatments and control, indicating no significant in-
crease in cell death associated with necrosis in the treated groups as
compared to the control group (Fig. 1B).

3.2. Effect of CPBMF65 on GRX cells nuclear morphology

After 120 h, we have observed an increase of nucleus phenotypically
compatible with senescent cells (large and regular nuclei) in CPBMF65-
treated GRX cells (7.5 and 90 pM). As expected, large and regular nuclei
also increased in those cells treated with H202 (positive control)
(Fig. 2A). We have also investigated if the decrease in cell proliferation
was due to apoptosis. After 120 h, we have observed no significant
difference between the CPBMF65-treated and control groups. The pos-
itive control, CDDP 2.5 pM, increased the percentage of nuclei com-
patibles with the apoptotic process (Fig. 2B).

3.3. Effect of CPBMF65 on GRX cell apoptosis and senescence

To confirm which mechanisms are involved in the antiproliferative
effect of CPBMF65, specific analyzes for apoptosis and cell senescence
were performed. The flow cytometric analysis of CPCBMF65-treated cells
revealed that the treatment did not reduce the number of viable cells
(Fig. 3A), nor did it induce apoptosis-programmed cell death (Fig. 3B
and C). Corroborating with the result found in the LDH assay (Fig. 1B),
CPBMF65-treatment trigger its antiproliferative effects without causing
toxicity or inducing death by necrosis (Fig. 3D). Likewise, markers for
cellular senescence C12FDG (Fig. 3E) and y-H2AX (Fig. 3H) were not
found in cells treated with CPBMF65, indicating that the anti-
proliferative effect of the compound under study is not related to the

A
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400004 Fekk

200004

Cell number/well

induction of death by apoptosis, nor by the induction of senescence.
CDDP was used as positive control of apoptotic induction and Hy05 as a
positive control of senescence.

3.4. CPBMF®65 induces phenotypic reversion on GRX cells

The ability of CPBMF65 to revert activated HSC by inducing the
accumulation of lipids in the cytoplasm was investigated. GRX cells
treated with CPBMF65 showed to increase the ability of storing fat in the
cytoplasm. NAC treatment also showed a significant increase in fat
droplets (Fig. 4A and B). Lipid accumulation was quantified by the
absorbance at 492 nm and confirmed CPBMF65 results on GRX cell
storing lipids (Fig. 4B). We have also evaluated the PPAR-y gene
expression, a lipogenic intracellular factor, and found that cells treated
with CPBMF65 showed a significant mRNA expression increase. We
have used NAC as a control, as it is known not to increase PPAR-y, but
rather the nuclear receptor of PPAR-a.

3.5. Collagen gel contraction assay and a-SMA gene expression

After 24 h of treatment, it was possible to observe that the area
occupied by the collagen gel treated with CPBMF65 or NAC was larger in
comparison to the control group area. Therefore, all treatments were
able to decrease cell contraction, although a greater contraction was
detected in the control group, likely due to its activated phenotype
(Fig. 5A). In order to verify whether GRX cells treated with CPBMF65
decreased their activation state, we also evaluated collagen and a-SMA
gene expression. The a-SMA gene expression decreased significantly in
the groups treated with the study compound, as well as NAC, when
compared to the control group (Fig. 5B). However, collagen evaluation
did not show significant changes between the studied groups (Fig. 5C).

3.6. Evaluation of CPBMF65 toxicity in vivo

Using the Kaplan-Meier survival analysis, we have evaluated the
safety of CPBMF65 treatment for animals. The survival curve was

B
15

-
o
1

LDH release (%)
a
1

Fig. 1. Effects of CPBMF65 on GRX cells proliferation and LDH release. (A) GRX cells were treated with CPBMF65 (7.5-90 pM) and NAC 400 pM for 120 h and the
cell number was assessed by direct cell count. Cellular proliferation was assessed by Trypan blue exclusion. Data represent the mean =+ S.D. Results were expressed as
cell number/well. (*P < 0.05, ***P < 0.0001 vs control, n = 3); (B) Percent of LDH release in GRX cells after 120 h of treatment with CPBMF65 7.5 and 90 pM.
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Fig. 2. DAPI nuclei staining. Effect of CPBMF65 (7.5

A B and 90 pM), H,0, (150 pM) and CDDP (2.5 pM) on
404 401 s nuclear morphology of GRX cells. (A) Percentage of
;\2 . _ large and regular nuclei (nuclear morphology
< 304 2 304 phenotypically compatible with senescent cells). (B)
§ ™ ol 2 Percentage of apoptotic nuclei. (C) Images showing
3 20 2 5 large and regular nuclei (white arrow) and apoptotic
& % nuclei (red arrow). Cells were treated for 120 h and
.'g‘ 104 a 0. data presented as mean + S.D. (***P < 0.001 vs
g £ control, n = 3). CCDP was used as positive control of
5 apoptotic induction and H,0 as a positive control of

o o senescence.
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Control CPBMF65 7.5 yM CPBMF65 90 uM

H202 150 pM CDDP 2.5 M

performed using 2 treatment groups. The first group received 50 mg/kg
i. p. Injections daily. After 15 days, all animals died. The second group
received CPBMF65 6, 12, 25, or 50 mg/kg i. p. Injections every other day
(q.0.d.). All animal survived the period of 15 days of treatment (Fig. 6A).
To verify if the treatment with CPBMF65 was not toxic to the survival
animals’ group (CPBMF65 i. p. Injections), serological tests were per-
formed to evaluate the levels of ALT (Fig. 6B), AST (Fig. 6C), and Total
Bilirubin (Fig. 6D). The results showed that the treatment with 6-50 mg/
kg q. o.d. i. p. CPBMF65 does not appear to be toxic to the liver or
interfere with hepatic functions.

3.7. CCly model of liver fibrosis, CPBMF65 treatment and serum analyses

Based on a previous test, we have chosen to use 2 mg/kg i. p.
CPBMF65 injections, as a longer treatment period is necessary. After 10
weeks of treatment, all animals were euthanized, and serum collected
and tested for hepatic parameters (Alkaline phosphatase, Albumin, AST
and ALT). In the treated group (CCl4+CPBMF65), ALT had a significant
decrease in comparison to the induction group (CCly), showing a
possible protective effect of CPBMF65 (Fig. 7D). For the other parame-
ters, there was no significant difference between groups.

3.8. Expression of collagen I, a-SMA, IL-6 and TNF-a

The relative mRNA expression of fibrogenic genes Collagen I and
a-SMA, which are related to liver fibrosis, as well as anti-inflammatory
genes IL-6 and TNF-a were measured. The results show that the relative
expression of Collagen I (Fig. 8A) and a-SMA (Fig. 8B) are decreased in
the treated group (CCl4+CPBMF65) when compared to the induction
group (CCly). We have also evaluated whether CPBMF65 could decrease
inflammation. Results have shown that there was a significant reduction

in IL-6 (Fig. 8C), demonstrating a significant decrease in hepatic
inflammation. No statistical difference was found in the TNF-a gene
expression between the groups evaluated (Fig. 8D).

3.9. CPBMF65 attenuates CCly induced liver injury and fibrosis

Finally, we have examined the pathological features to confirm the
CPBMF65 beneficial effects. As shown in H&E staining, injection with
CCly induced extensive liver damage with an inflammatory cell infil-
tration, steatosis, and ballooning. Interestingly, the treatment with
CPBMF65 decreased extensive liver damage (Fig. 9B-D). Moreover, as
shown in Sirius red staining injection with CCly also induced fibrotic
areas in the liver tissue. Nevertheless, our results showed that CPBMF65
treatment is able to reduce this feature (Fig. 9E).

4. Discussion

Fibrosis is defined as the overgrowth, hardening, or scarring of tis-
sues that could be transformed in a major tissue damage, contributing to
a variety of diseases, such as cirrhosis. There is no standard treatment for
liver fibrosis, but several studies have revealed targets to prevent fibrosis
progression (Bataller and Brenner, 2005; Povero et al., 2010). In this
study, we evaluated the effect of CPBMF65, a synthetic UPP1 inhibitory
molecule, as a possible molecule with therapeutic use to liver fibrosis.
The UPP1 enzyme catalyzes the reversible phosphorolytic cleavage of
uridine. CPBMF65 is an inhibitor of UPP1, leading to a potential increase
of intracellular Urd. The Urd inhibits inflammation and fibrosis in a
bleomycin-induced model of lung injury, decreasing collagen produc-
tion (Cicko et al., 2015). Although Urd can have a protective effect, it is
known that exogenous administration of Urd is not well tolerated, since
higher doses would have to be administered in order to obtain
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significant effects, due to the rapid degradation caused by UPP1. Thus,
molecules target which inhibition of UPP1 enzyme, as CPBMF65, has
great therapeutic potential.

Once intracellular Urd increases, it is possible to reduce cell prolif-
eration, as this increase reflects the partial halt of the salvage pathway.
The salvage pathway operates to recover bases and nucleosides gener-
ated from the breakdown of DNA and RNA. The salvaged bases can be
then transformed into nucleotides and reincorporated into DNA.

Nucleotides and nucleosides are regenerated contributing to DNA for-
mation, thus reactivating cell proliferation and growth (Squadrito et al.,
2017). Previous studies showed an association between pyrimidine
metabolism and liver diseases, suggesting that Urd may have a protec-
tive effect in chronic liver diseases (Schofield et al., 2017). In hep-
atocarcinoma HepG2 cells, treatment with CPBMF65 increased the
intracellular uridine levels and reduced cancer cell proliferation through
cell cycle arrest, without causing toxicity (da Silva et al., 2020).
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Our findings have shown a reduced proliferation at doses 7.5-90 pM
in GRX cells when compared to control (cells that received no treat-
ment). NAC was used as a positive control. Reduction of proliferation in
GRX cells is usually caused by necrosis (cytotoxicity) or cell programed
death mechanisms. Therefore, aiming to demonstrate that this effect was
not due to cytotoxicity, LDH was measured and there was no correlation
between the ceasing of cell proliferation and death due to necrosis in

GRX cells. We have also used trypan blue, which demonstrated absence
of necrosis as well. Inhibition of cell proliferation and induction of
apoptosis are recognized as potent antiproliferative mechanisms to
block the activation of HSCs. Also, the induction of senescence is an
additional mechanism that may be involved in the reversion of activated
HSC preventing and treating liver fibrosis (Krizhanovsky et al., 2008).
Through the nuclear morphometric analysis, we verified that the cells
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submitted to treatment with CPBMF65 did not present nuclear
morphology compatible with apoptotic cells. This data was confirmed
through the evaluation of apoptosis by flow cytometry, demonstrating
that the antiproliferative effect of CPBMF65 in GRX cells was not due to
programmed cell death due to apoptosis. Even that nuclear cellular
morphology shows an increase in nucleus phenotypically compatible
with senescent cells (large and regular nuclei), we demonstrated by two
different markers (C12FDG and y-H2AX) that CPBMF65 does not induces
an irreversible cell cycle arrest by senescence.

GRX cells are an immortalized lineage of hepatic stellate liver cells
that present the myofibroblast transitional phenotype, being between
the quiescent and activated states (Herrmann et al., 2007). HSCs serve as
the main body storage compartment for vitamin A through lipid drop-
lets. In the presence of liver injury and profibrogenic cytokines, HSCs
acquire an activated phenotype, characterized by an elevated expression
of extracellular matrix, greater ability to contract, production of
collagen I and a-SMA fibers, associated to lipid droplets loss (Bobow-
ski-Gerard et al., 2018). On the other hand, some molecules, such as
retinol, retinoic acid, or drugs that modify lipid metabolism such as
indomethacin (anti-inflammatory) are able to revert the activated
phenotype to quiescent. The quiescent phenotype can be achieved by the
reorganization of actin cytoskeleton and accumulation of fat droplets in
the cytoplasm. (Guimaraes et al., 2006). In its quiescent state, besides
presenting lipid inclusions (droplets) containing retinol, HSCs have a
round and large nucleus (Passino et al., 2007). The increase in nucleus
size found in treated cells occurs because the CPBMF65 treatment
modulates the activated phenotype of HSCs (GRX) to the quiescent
phenotype.

When in an activated phenotype (myofibroblast-like), HSC cells can
proliferate and synthase profibrotic factors. On the other hand, in the
quiescent phenotype the GRX cells have a decrease of profibrotic factors
release. Our study revealed a significant increase of lipid droplets, evi-
denced by ORO staining, meaning that there was a deactivation of the
GRX cells. To better understand this phenotypic reversal, we have
evaluated gene expression of collagen and a-SMA, important molecules
involved in the transformation of quiescent stellate cells into the myo-
fibroblastic phenotype, and found a significant decrease in o-SMA
mRNA levels in cells treated with CPBMF65. We have also evaluated the

expression of PPAR-y, an important factor in the lipid synthesis
pathway, and observed a significant increase with treatment, as well as a
reduction of contraction assessed by the collagen gel assay.

In the first moment, we revealed the therapeutic effect of CPBMF65
in a lineage of GRX cells. However, to investigate the in vivo relevance of
our findings, we also investigate the effect of CPBMF65 treatment in a
mouse model of liver fibrosis. The i. p. Treatment with CPBMF65, on
alternate days, in BALB/c males proved to be safe for the animals, as
indicated by both the survival curve and the serological testes for liver
parameters. In an attempt to prevent the liver damage induced by CCl4
in mice, CPBMF65 2 mg/kg i. p. Injections were used over the period of
induction. The in vivo experiments demonstrated that CCl4 treatment did
not induce cholestasis, as assessed by serological measurement of alka-
line phosphatase, nor did it decrease its function, since serum albumin
concentrations did not change in any of the groups studied. We also did
not observe changes in AST serological levels, a marker of cell necrosis,
but a significant increase in ALT enzyme was seen, which means that
CCly damaged the liver, but did not cause necrosis, only increased the
cell membrane permeability. Similar results were found in the study of
D’Argenio et al., (2010) (D’Argenio et al., 2010). In our liver fibrosis
model, the levels of ALT are elevated, as a result of increased hepatic
injury caused by the CCly induction. Interestingly, the animals that
received CPBMF65 treatment have a decrease in levels of ALT, sug-
gesting a protective effect.

The inflammation plays a central role in tissue damage and is closely
related to hepatic fibrosis development. This inflammation is mediated
by proinflammatory cytokines, such as TNF-a and IL-6 (Koyama and
Brenner, 2017). Thus, we also explored the ability of CPBMF65 to
decrease inflammation. Although treatment with CPBMF65 demon-
strates a tendency to decrease TNF-a mRNA expression, we did not find
any significant difference after this treatment time. Nevertheless, the
IL-6 mRNA expression was reduced in animals treated with CPBMF65.
Since CPBMF65 was capable that attenuates the IL-6 mRNA expression
we also investigated its effects over profibrotic markers. Was observed
that the treatment with CPBMF65 reduced the mRNA expression of
collagen I and a-SMA. Furthermore, corroborating with our results, the
histopathologic analysis shows that animals that were submitted to the
model of liver fibrosis by CCl, injection feature an increase of steatosis,
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inflammation, ballooning, and fibrotic area. Meanwhile, the animals
that were treated with CPBMF65 reduces these parameters.

In summary, our data reveal that CPBMF65 does not induces cellular
death by apoptosis, or by senescence in activated hepatic stellates cells
(GRX cell line). The CPBMF65 treatment was able to induce phenotypic
reversion in GRX cells through the ability to induce the store fat in the
cell cytoplasm. In a model of liver fibrosis in mice, our findings showed
that treatment with CPBMF65 was capable to decrease pro-
inflammatory and profibrotic markers, improving the pathological fea-
tures in liver tissue. Taken together, our results revealed, for the first
time, that CPBMF65 should be considered in future studies as a potential
agent to treat liver fibrosis.
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