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Treatment with pirfenidone for two years
decreases fibrosis, cytokine levels and enhances
CB2 gene expression in patients with chronic
hepatitis C
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Abstract

Background: The aim of this study was to assess whether two-years treatment with Pirfenidone influences
necroinflammation, fibrosis and steatosis, serum levels of TGF-β1, IL-6, TNF-α and CB1 and CB2 gene expression,
in patients with chronic hepatitis C (CHC).

Methods: Twenty-eight patients out of 34 with CHC virus infection were enrolled in the study and received
Pirfenidone (1200 mg/day) for 24 months. Six patients dropped out after 12 months of PFD. Liver biopsies and
serum samples were obtained at the beginning and end of treatment. Modified HAI was calculated. CB1 and
CB2 gene expression was correlated with fibrosis progression alongside with necroinflammation and steatosis.
TGF-β1, IL-6, TNF-α and liver transaminases were measured in serum at two-months intervals. HCV genotype and
viral load were also assessed. Quality of life was evaluated by SF36 questionnaires and the prognosis of disease
was assessed with Child-Pugh score. The Wilcoxon test matched-pair signed ranks were used to analyze the
outcomes.

Results: Intention to treat analyses were performed for biochemistry and clinical parameters. At the end of
treatment, necroinflammation grading was reduced in an average of 3.2 points in 82% of patients (p < 0.05) and Ishak’s
fibrosis stage decreased 2-points average in 67% of patients (p < 0.05). Steatosis decreased in 61% of patients. IL-6 and
TGF-β1 serum levels decreased significantly in 93% and 67% of patients (p < 0.05), respectively, while TNF-α
diminished in 47% of patients. ALT and AST tended to normalize in 81% of patients; CB2 mRNA levels increased
in 86% and CB1 expression diminished in 29% of patients. Both, quality of life and Child-Pugh score improvements
were reported in all patients.

Conclusions: Pirfenidone for two years benefits CHC patients and improves inflammation, fibrosis and steatosis in
higher number of patients as previously shown for 12-months treatment with PFD. Additionally, PFD improved TGFβ1
and IL-6 levels and diminished liver expression of anti-fibrogenic receptor CB2.
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Background
Chronic hepatitis C (CHC) is one of the most common
etiologies for liver fibrosis and will eventually progress
to cirrhosis or even to hepatocellular carcinoma [1,2].
Nowadays, it is estimated that up to 3% of the world
population is affected by CHC, thus, a great deal of
drugs designed to clear the liver from the infectious viral
component in this disease, have been developed [2-6].
Nevertheless, fibrotic sequels eventually leading to dys-
functional liver activity in these patients are far from
being resolved. In this frame of mind, pirfenidone (PFD)
(5 methyl-1-phenil-2 (1H)-pyridone) has proved anti-
fibrotic and anti-inflammatory properties in a wide number
of animal models of fibrosis. PFD effects are mediated in
part through inhibition of NF-κ-B activation, these mecha-
nisms included inhibition of PDGF, hepatic stellate cells
(HSC) proliferation, reduction of TNF-α and IFN-α levels
and decrease in iNOS/NO induction [7,8]. Also, PFD
down-regulates TGF-β1, TIMP-1, MMP-2 mRNA and col-
lagen deposition [9,10]. Previously, our group demonstrated
that one-year treatment with 1200 mg/day of oral PFD to
patients with established liver fibrosis, decreased liver
necroinflammation, steatosis and at less extent, fibrosis.
Collagen I, TGF-β1 and TIMP-1 mRNAs were also down-
regulated [11]. Among the many factors known to influence
hepatic fibrosis progression (gender, age at HCV-infection,
alcohol consumption), cannabinoids consumption has also
been studied [12-14]. Recently, Zampino and cols. have
highlighted that HCV-related clinical conditions like fibro-
sis, cirrhosis and hepatocellular carcinoma are the result of
liver and systemic chronic inflammation [15]. On the other
hand, cannabinoids signal through a G protein-coupled re-
ceptors called CB1 and CB2 which are absent or expressed
in low levels in non injured livers, but strongly up-
regulated in fibrotic-liver, especially in hepatic myofibro-
blasts and vascular endothelial cells [16-18]. Several studies
have shown that endogenous and exogenous cannabinoid
ligands and their receptors play a key role in the pathogen-
esis of chronic liver injury [19-21]. Based in our previous
report [11], we aimed in this work to implement a
24 months clinical protocol with 1200 mg/day of oral PFD
to analyze its effect in CB1 and CB2 cannabinoid receptors
expression, serum levels of IL-6, TNF-α, TGF-β1 and
necroinflammation and fibrosis scores. We reasoned that fi-
brosis stage in liver tissue from patients with CHC reported
in this communication deserved further consideration,
since an extended period with PFD treatment could result
in an enhanced resolution of fibrosis as determined by liver
biopsy. Furthermore, a couple of interesting articles re-
cently published on the use of PFD in the treatment of two
fibrotic diseases as diabetic nephropathy and pulmonary fi-
brosis suggest that PFD improves organ functionality dem-
onstrating a benefit when it is used to treat fibrotic human
pathologies [22,23]. Specifically, this very interesting study
entitled “A Phase 3 Trial of Pirfenidone in Patients with
Idiopathic Pulmonary Fibrosis” deserves a further and care-
ful consideration [23].

Methods
Patients
Consecutive patients seen in our department were enrolled
if they met the following criteria: (1) patients with estab-
lished advanced liver disease caused by hepatitis C virus
chronic infection defined by a positive test for anti-HCV
antibodies and detectable serum HCV RNA (Amplicor
HCV 2.0 PCR test system; Quest Diagnostic, San Juan
Capistrano, CA, USA) (2) signing of an informed consent
form to allow collection of liver biopsies before and after
(3) no anti-fibrotic, antiviral or immunosuppressive drugs
for at least 6 months before starting pirfenidone therapy;
and (4) no alcohol intake and non-smokers of cannabis for
at least 6 months before nor during PFD treatment. The
baseline period was defined as an observational period
before pirfenidone therapy and each patient was used
as its own control.
The no-inclusion criteria were the following: (1) evi-

dences for other forms of liver diseases (2) co-infection with
hepatitis B virus or HIV; (3) post-transplant patients; (4)
known intolerance to pirfenidone; (5) pregnancy or breast-
feeding; (6) gastrointestinal bleeding; (7) malignancy; and
(8) patients with concomitant disease such as heart failure,
coronary artery disease, diabetes or cancer.

Study design
This is an open-label, non-controlled and non-randomized
clinical trial, designed to be carried out for 24 months in
patients with chronic hepatitis C (CHC). The trial site was
Institute of Molecular Biology in Medicine and Gene
Therapy, University of Guadalajara, Mexico.
In this study 34 patients older than 18 years of age

were enrolled, which had not previously participated in
any other clinical protocol. Enrolled patients provided a
medical history; complete physical examination was per-
formed and intravenous blood was collected to assess
liver function, liver fibrosis markers, complete blood
count, blood coagulation profile, urinalysis, electrolytes
status and serology (HCV, HBV, and HIV). HCV geno-
type was determined by LIPA (Quest Diagnostic, San
Juan Capistrano, CA, USA) and HCV viral load was mea-
sured by PCR Quant (Amplicor HCV 2.0 PCR test system
of Quest Diagnostic, San Juan Capistrano, CA, USA).
Results were expressed as log10 IU/mL. Abdominal ultra-
sonography with Doppler assessment and computed tom-
ography scan were performed to assess ascites and liver
disease and portal system. Child-Pugh score was used to
evaluate the severity of liver disease in all patients. Age at
HCV infection, source of contamination and body mass
index (BMI) were determined. Duration of HCV infection
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was estimated as the difference between the date of infec-
tion and the date of baseline liver biopsy. Two liver biopsies
were obtained; one at baseline and a second one after two
years of treatment.
Pirfenidone was administered three times a day in the

form of 400 mg capsules manufactured according to stand-
ard good manufacturing practices (GMPs); good laboratory
practices (GLPs) and sanitary regulations enforced by the
Federal Commission for Protection against Sanitary Risks
(COFEPRIS).
During the study, patients had twelve medical visits

during a 24 months period, in which patients were phys-
ically examined, adverse event story was collected and
laboratory testing was realized. Patients also completed
the 36 item Short-Form Health Survey (SF-36). Health
survey was applied to evaluate quality of life in patients
before and after PFD treatment with their own initial
data as control.
This safety/efficacy, nonrandomized, self-monitored,

open phase study was approved by Ethical Committee from
Hospital Civil de Guadalajara with registration number
505/05 and the COFEPRIS (Mexican Ministry of Health)
with registry number 05330020020126. Furthermore,
the protocol was registered in ClinicalTrials.gov identi-
fier: NCT02161952.
Also, this study was undertaken in accordance with

the Declaration of Helsinki and with local laws and regu-
lation applicable to the use of drugs in Mexico, and all
patients gave informed consent.

Medication
Pirfenidone was supplied orally in 400 mg gel capsules
three times daily (every 8 hours) for a full dosage of
1200 mg daily. All patients were instructed to take pirfe-
nidone 20 minutes after meals to minimize gastrointes-
tinal symptoms during 24 months. Patient’s compliance
of drug intake was assessed using specifically designed
drug registration sheets.

Biomarker analysis
Biomarkers were analyzed in plasma from samples col-
lected at baseline visit and end of study visits. Blood
biomarkers measured were IL-6, TNF-α and TGF-β1.
Cytokine analysis was measured using a conventional au-
tomated analyzer (Sincron-Cx7 analyzer) and pre-coated
ELISA assay (R & D Systems, Minneapolis, MN, USA). All
ELISA kits were utilized as described by the manufacturers.

Liver histopathology
Liver biopsy was obtained before starting treatment with
pirfenidone and second liver biopsy after two years
of treatment using Color Doppler Sonography Needle-
Guided. Liver biopsy specimens were fixed in formalin, em-
bedded in paraffin, and stained with hematoxylin-eosin
(H&E) and trichromic Masson. Fibrosis and necroinflam-
mation were analyzed according to the Modified histo-
logical activity index (HAI) of Ishak scoring system [24].
Hepatic steatosis was measured according to the percentage
of fat vacuoles in 20 random fields using a computer-
assisted automated image analyzer (Image Pro-Plus 5.0,
Media Cybernetics, Inc, Bethesda, MD, USA). Necroinflam-
mation was scored by the activity index on a scale of 0 to
18. Fibrosis was staged on a scale of 0 to 6 (F0 or F6, F6 de-
fining cirrhosis) with fibrosis stage of 4 or 5 defined as se-
vere or advanced fibrosis. The 50% of patients enrolled in
this study displayed advanced liver fibrosis (stage 4-5); 30%
of patients had cirrhosis (stage 6) at the beginning of the
trial and the 20% of them displayed mild or moderate liver
fibrosis (stage 1-3).
RT-PCR analysis
A portion of liver biopsy was frozen for RT-PCR ana-
lysis. Total RNA from liver biopsy was extracted using
Trizol reagent according to the manufacturer instruc-
tions (Invitrogen, Carlsbad, CA, USA). RNA was quanti-
fied using spectophotometry. Reverse transcription was
performed with 2 μg of total RNA for all genes with the
cDNA synthesis kit (Cat. 4368814). Using 240 ng of
random primer, 2U RNAse inhibitor, 5 mM of DTT,
1 mM of dNTPs and 200U of transcriptase, PCR was
performed using the following protocol: 65°C/5 min,
4°C/5 min, 25°C/5 min, 50°C/60 min, 70°C/15 min and
4°C/5 min.
Quantitative real time PCR was performed using a Rotor

Gene 3000 Termocycler (Corbett Research, Cambridge
shire, UK) under the following conditions: 1 hold for
2 min at 50°C,1 hold for 5 min at 94°C, and 45 cycles of
30 sec at 94°C and 40 sec at 60°C. Specific primers for
CB1 and CB2 were acquired from Applied Biosystems,
NJ, USA. GAPDH was used as housekeeping gene.
For the reaction, 2 μl of cDNA was used in 5 μl of
Mix, 0.5 μl of TaqMan probe and primers for CB1
(Cat#:Hs00275634_m1), CB2 (Cat#:Hs00361490_m1)
and GAPDH (Cat#:Hs99999905_m1). Gene expression
was calculated with the 2−ΔCT method according to
Livak et al [25].
Statistical analysis
Because values in baseline and treatment periods did not
follow a parametric distribution, the Wilcoxon matched-
pair signed ranks test was used to analyze the outcomes.
Intention to treat analysis (ITT) was also performed.
Data are presented as mean ± SD for parametric data.
Statistical analysis was performed using Prism software
(GraphPad Prism, CA, USA) Significance was defined as
a P value <0.05.



Table 2 Secondary effects associated with pirfenidone
treatment for two years

Symptoms *n = 28 % **n = 34 %

Gastritis 17 81% 23 67%

Nausea 10 48% 12 35%

Rash 10 48% 10 29%

Photosensitivity 3 14% 3 9%

Headache 3 14% 4 12%

Vomiting 1 5% 1 3%

Dizziness 2 10% 2 6%

Weakness 2 10% 2 6%

Insomnia 1 5% 1 3%

Somnolence 1 5% 1 3%

*Data in the 28 patients that conclude the study. Some patients presented
more than one secondary effect.
**The most common side secondary effect in the 34 enrolled patients
including the 6 drop-out patients were gastritis, nausea and rash, these effects
disappeared after 3 months of treatment.
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Results
Study group characteristics
34 patients enrolled with chronic hepatitis C tolerated
fairly well a dose of 1200 mg/day of PFD. During this
latter period, 6 of 34 patients (17% drop-outs) were ex-
cluded from study for non-compliance or death (Table 1).
These patients attended the protocol a range of 13 to
18 months. Therefore, the intention to treat analysis in-
cludes all of the 34 patients with CHC, although only 28
patients ended treatment for 24 months. None of the pa-
tients dropped out from the study due to severe side
effects of PFD (Table 2). Mean age for patients was 56 ±
10 years and, as reported in other studies, females
seemed more susceptible to be chronically infected with
HCV (62%) [26]. Median body mass index was 28 ± 7;
while 36% of patients presented overweight and 43%
were obese according to WHO criteria [27]. Median age
at HCV exposure was 27 years old and 32 years was the
mean infection period. Predominant HCV transmission
route was blood transfusion since 30 out of 34 patients
underwent one before 1989. Main HCV genotype was 1a
y 1b (70%), followed by genotypes 2a y 2c (12%), and 3a
(6%). Serum HCV viral load remained without signifi-
cant changes throughout the study, since values did not
modify more than one log, indicating no noticeable ef-
fect of PFD treatment in HCV replication. Patient char-
acteristics are summarized in Table 3.
Table 3 General characteristics of patients

Characteristics n = 34

Sex Male, n (%) 13 (38%)

Female, n (%) 21 (62%)

Age at exposure (yr) Mean ± SD 27 ± 9

Age at liver biopsy before
treatment (yr)

Mean ± SD 56 ± 10

Age at liver biopsy after
treatment (yr)

Mean ± SD 58 ± 10

Route of transmission Blood transfusion, n (%) 29 (85%)
Characteristics of dropping-out patients
As previously stated, of the initial 34 patients enrolled,
six patients stopped therapy after at least 1 year of ther-
apy due to non-compliance or death. Reason for death
and non-compliance were not related to pirfenidone sec-
ondary effects. Deaths were due to advance liver disease
complications like hepato-renal syndrome (1 patient,
Child-Pugh C), hepatocarcinoma (1 patient, Child-Pugh
B), esophagic varices bleeding (1 patient, Child-Pugh B)
or non-related to liver disease like heart attack (1 patient,
Child-Pugh A). Two patients stop attending the trial since
they were from out state Jalisco (Child-Pugh A) (Table 4).
Table 1 Causes of Death in patients enrolled in the study

Number of patients

Duration of treatment < 1 year >1 year

Treatment-related mortality - -

Hepatocarcinoma - 1

Hepato-renal syndrome - 1

Esophagic varices bleeding - 1

Heart attack - 1

Percent of enrolled patients death 0% 9%

Note: 2 patients were excluded from the study due to lack of monitoring.
Effect of PFD on liver biochemistry and clinical data
AST and ALT and bilirubins in serum showed elevated
values at enrollment suggesting active hepatic damage.
All biochemical parameters tend to decrease after treat-
ment. 81% of patients (28) who completed treatment for
two years reduced enzyme values compared to their
own initial data. Statistically significant reduction was
achieved in AST (94 ± 55 versus 75 ± 38 UI/mL; p < 0.05)
while ALT reduced from 85 ± 71 to 65 ± 34 UI/mL; the
levels of total bilirubin diminish from 1 ± 0.8 to 1 ± 0.5
Nosocomial, n (%) 5 (15%)

Duration of HCV exposure (yr) Mean ± SD 32 ± 10

HCV genotype Genotype 1, n (%) 24 (70%)&

Genotype 2, n (%) 4 (12%)&

Genotype 3, n (%) 2 (6%)

ND, n (%) 5 (15%)

Change in HCV viral load
after treatment

Increase 1 log, n (%) 1 (4%)

Unchanged*, n (%) 27 (96%)

Body mass index (Kg/m2) Mean (±SD) 28 ± 7**

&A patient presented co-infection with two genotypes of VHC. *Unchanged:
modification less than 1 log in viral load; * *Overweight according to OMS;
ND: not determined. HCV: Hepatitis C virus.
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and indirect bilirubin 0.8 ± 0.7 to 0.6 ± 0.4 between initial
mean values and after treatment mean values of all pa-
tients (Table 5).

Child-Pugh score in enrolled patients
Child-Pugh score was measured in order to indirectly
assess the prognosis of chronic liver disease and to cor-
relate with patient survival at two years [28]. The 28 pa-
tients that concluded the two-year treatment showed an
improved score at the end of the study (Table 4). Hepatitis
C patients with established liver fibrosis after PFD
treatment had improved Child-Pugh score compared
to initial values as seen in Table 4. Treatment allowed
patients to remain in a compensated status, since 20
out of 28 patients experienced no change in Child-Pugh A
or B score, 5/28 improved their score and only 3 patients
decreased Child-Pugh score indicating most severe liver
damage. However, when drop-out patients were included,
no statistical significance was achieved in this score.

Intention to treat analysis for quality of life
SF-36 is one of the questionnaires most recognized to
monitor quality of life. The intention to treat analysis for
the quality of life showed scores in SF-36 significantly
higher in all enrolled patients compared at the end and
baseline of treatment, demonstrating that quality of life
improved in 97% of them as described in Table 6. Data
for the diverse domains of the questionnaire in the 34
patients enrolled were as follows: physical function 82 ±
23, physical role 86 ± 31, body pain 82 ± 19, general
health 73 ± 18, vitality 73 ± 22, social role 81 ± 23, emo-
tional role 83 ± 38, and mental health 83 ± 17. All pa-
rameters improved at the end of the treatment.

Secondary effects
Pirfenidone was well tolerated. All patients tolerated the
dosage of 1200 mg/day from the beginning of the treat-
ment; seven patients did not develop any secondary
Table 4 Severity of disease according to child-pugh score

Treatment No. patients Statistics

< 2 years 6 Minimum

Median

Maximum

2 years 28 Minimum

Median

Maximum

Intention to treat 34 Minimum

Median

Maximum
effect. Table 2 summarizes secondary effects known to
be associated with pirfenidone for 27/34 patients that
showed any or several of them. Patients developed negli-
gible secondary effects, like gastritis (23/34 patients; 64%
%), nausea (12/3 patients; 35%) among others. These
secondary effects disappeared 3 months after initiating
PFD intake. None of patients dropped out of the study
due to side effects of treatment. All patients that con-
clude the study adhered to treatment (they received
≥80% of scheduled doses).

PFD effect in liver histopathology
At the end of 24 months of treatment, necroinflamma-
tion score was reduced an average of 3.2 points in 82%
of patients (p < 0.01) and fibrosis decreased in 67% of pa-
tients by 2-point average according to Ishak’s staging.
Representative photographs of liver biopsy from one pa-
tient before and after treatment are shown in Figure 1.
Initially, hepatic fibrosis with regenerative nodules and
necroinflammation was observed, while after two-year
PFD treatment H&E staining indicates that necroinflam-
mation decreases since inflammatory cells infiltration is
reduced along with an improvement in tissue morph-
ology (Figure 1A). Necroinflammation grading graph
shows reduction in the mean value obtained from all
patients after PFD treatment compared to initial data
(Figure 1C). Before treatment, patient necroinflammation
grading ranged between 8 and 16 and after PFD treatment,
classifications reduced to 6-11 points. Liver fibrosis was
markedly attenuated after PFD treatment in 67% of patients
compared to their own initial scores (Figure 1B). In these
patients, quantitative analysis of fibrosis demonstrated a
significant reduction from 4.8 ± 1.1 to 2.8 ± 0.7 points in
the median fibrosis Ishak stage (p < 0.05). Patients with
reduced fibrosis showed mild fibrosis after treatment
as observed in trichromic Masson staining that dis-
played a noticeable diminution in fibrotic septums
where extracellular matrix is reduced in thickness
Child-pugh score

Before After P value

5 (A) 6 (A) 0.2

6.5 (A) 9 (B)

10 (C) 9 (B)

5 (A) 5 (A) 0.8

5.5 (A) 6 (A)

10 (C) 12 (C)

5 (A) 5 (A) 0.6

6 (A) 6 (A)

10 (C) 9 (B)



Table 5 Biochemical measurements of patients

Treat < 2 years 2 years Intention to treat

No. patients 6 28 34

Biochemical data Before After P value Before After P value Before After P value

ALT (mean ± SD) 67 ± 25 59 ± 20 0.63 85 ± 71 65 ± 34 0.13 82 ± 68 64 ± 32 0.23

AST (mean ± SD) 95 ± 38 87 ± 38 1.0 94 ± 55 75 ± 38 0.02* 94 ± 54 78 ± 38 0.02*

Total Bilirubin (mean ± SD) 2 ± 1.7 3.1 ± 1.5 0.16 1 ± 0.8 1 ± 0.5 0.04* 1.4 ± 0.9 1.4 ± 1.1 0.46

Direct Bilirubin (mean ± SD) 0.8 ± 0.5 1.5 ± 0.9 0.03* 0.4 ± 0.3 0.4 ± 0.2 0.63 0.5 ± 0.3 0.6 ± 0.6 0.46

Indirect Bilirubin (mean ± SD) 1.3 ± 0.9 1.6 ± 0.9 0.56 0.8 ± 0.7 0.6 ± 0.4 0.05* 0.9 ± 0.7 0.8 ± 0.6 0.31

ALT: Alanine transaminase; AST: Aspartate transaminase. *p< 0.05.
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(Figure 1D). Besides, steatosis was detected in thirteen
patients. Steatosis has been associated with progres-
sion of liver fibrosis. Figure 1E shows representative
images of steatosis improvement achieved in represen-
tative patient number eleven. Steatosis was quantita-
tively measured showing a significant reduction in
most patients evaluated. In these patients, a significant
reduction in steatosis was achieved (p < 0.01) from
4.9% to 1.24% after treatment. In Figure 1F steatosis
data for each patient is presented as percentage of total
stained area. Previously, we reported that one-year
treatment with PFD rendered reduced necroinflamma-
tion and fibrosis, as well as, steatosis in patients with
advanced established liver fibrosis. Now, in this study
we demonstrated that two year-treatment with PFD is
more effective achieving a major decrease in necroin-
flammation, fibrosis and steatosis.

Effects of PFD on biomarkers
In order to correlate our histologic results with serum
markers, pro-inflammatory cytokines IL-6 and TNF-α
were analyzed. Figure 2A shows that IL-6 serum levels
decreased significantly in 93% of patients from 4.7 ±
4.9 pg/mL before treatment to 2.0 ± 3.9 pg/mL after
treatment (p < 0.01). In Figure 2B TNF-α serum levels
are shown. Unexpectedly, we did not find changes after
PFD treatment. This might be due to the sensitivity of
the methodology used. Experiments are undergoing to
overrule this possibility. TGF-β1, the emblematic pro-
Table 6 Intention-to-treat analysis for quality of life

Domains (mean ± SD) SF-36* before SF-36* after P value

Physical function 69 ± 30 82 ± 23 0.00**

Role physical 61 ± 47 86 ± 32 0.02**

Body pain 70 ± 26 81 ± 19 0.00**

General health 55 ± 21 73 ± 18 0.00**

Vitality 62 ± 24 73 ± 22 0.02**

Social functioning 73 ± 29 81 ± 23 0.03**

Role emotional 68 ± 45 83 ± 38 0.17

Mental health 75 ± 20 83 ± 17 0.00**

*SF-36: Short-Form Health Survey with 36 questions. **p < 0,05.
fibrogenic cytokine showed a trend to diminish in 67%
of patients as seen in Figure 2C. TGF-β1 values were
down regulated from 501.9 ± 442.4 pg/mL before treat-
ment to 204.5 ± 174.2 pg/mL after treatment showing
statistical significance against initial levels (p < 0.05).

PFD effect on CB1 and CB2 receptors gene expression
Real time PCR was used to detect gene expression of
key molecules involved in fibrosis progression. CB1 and
CB2 dynamically participate in liver fibrosis, CB1 is
considered pro-fibrogenic and its blockade has shown fi-
brosis reduction, while inducing CB2 signaling leads to
anti-fibrogenic effects [19,29]. We detected cannabinoid
receptors CB2 and CB1 mRNA levels in liver samples in
order to analyze any possible effect of PFD treatment
over these molecules. Expression of cannabinoid recep-
tors CB1 and CB2 was detected in all patients analyzed.
CB1 gene expression demonstrated a tendency to dimin-
ish at the end of treatment in 28.5% of patients with 4.7-
fold decrease (Figure 3A). Although the statistic test
used did not allow us to conclude significance on this
issue, tendency of CB1 to decrease is clear. On the other
hand, CB2 receptor gene expression augmented a 5.4
fold-increment in 85.7% of patients after treatment
(Figure 3B). In these patients, statistical significance
reached a p < 0.05 compared to initial values.

Discussion
Our group has demonstrated that PFD is an anti-
inflammatory and anti-fibrogenic agent in experimen-
tal models of cirrhosis [9] and in humans affected with
hepatic fibrosis caused by different etiologies [11,30-32].
Moreover, PFD has shown to improve necroinflammation,
steatosis and liver regeneration in a sub-set of patients with
established advanced liver fibrosis caused by HCV infection
[11]. It had also been demonstrated that PFD has an
anti-fibrogenic action inhibiting capsular contracture in
mammary implants and an antioxidant role in different
experimental models of cirrhosis [31-33]. Moreover, two
randomized, double-blind, multicentre studies recently
published; used PFD in the treatment of pulmonary fibrosis
and diabetic nephropathy, pointing out the relevance of



Figure 1 (See legend on next page.)
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(See figure on previous page.)
Figure 1 Pirfenidone treatment decreases necroinflammation grade, fibrosis stage and steatosis. Representative photomicrographs of
liver biopsy were stained with H&E showing necroinflammation (A) and trichromic Masson staining for fibrosis (B) before and after of treatment.
In (A) arrows indicate that inflammatory cell infiltrate is reduced post-treatment. In (B) collagen fibers clearly are reduced after PDF treatment.
(C) Graph indicates mean ± SD initial and final values for necroinflammation grade that reduced an average of 2.6 points in 81.8% of patients (p < 0.01).
Mean ± SD initial and post-treatment fibrosis stage is represented in (D); stage decreased 2 points as average in 67% of patients (p < 0.05) by the end of
treatment. (E) Representative sections of liver tissue were stained with H&E to determine steatosis area. Representative microphotographs (patient 05)
showed before treatment macro-steatosis and micro-steatosis, and an obvious decline in steatosis is evident by the end of treatment. (F) Individual data
for percentage of steatosis indicates decrease in liver fat-area in 8/13 patients, while in 5/13 patients steatosis remains.
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PFD in the clinical scenario when it comes to treat patients
with these fibrotic illnesses [22,23]. Moreover, in the
present study we evaluated the effect of 24 months treat-
ment with 1200 mg/kg of PFD in HCV chronically-infected
patients to elucidate whether PFD therapy has an effect on
serum expression of fibrogenic and pro-inflammatory mol-
ecules as well as other markers. At the molecular level,
PFD possess a potent anti-TNF-α and anti-TGF-β1 action
and on other pro-inflammatory cytokines [34-36]. It has
been confirmed in this two-years follow-up trial that IL-6
experienced a significant decrease in serum levels in most
of patients as well. This fact indicates that the inflammatory
pathway IL-6/TNF-α is being affected by PFD treatment.
According to this, necroinflammation score also reduces in
82% of patients after treatment; a number that is significant
greater than the 53.3% achieved with one-year treatment.
Interestingly, we showed that 2-year PFD treatment com-
pared to 1-year treatment augments the number of patients
Figure 2 TGF-β1 and cytokines serum levels in CHC patients before
was determined before and after PFD treatment. (A) After treatment IL-6
In (B) graph indicates TNF-α mean ± SEM in patients before and after tre
treatment (p < 0.05).
that achieved fibrosis reduction (30% in the one-year follow
up vs. 67% in the two-year study). This improvement in
liver fibrosis was histologically monitored using Ishak score,
and a considerably 2-point decrease (mean value) in liver fi-
brosis score was achieved at the end of treatment compared
with patients-initial data. This information correlates with
observed reduction on serum levels of hepatic enzymes and
bilirubin that reflects a functional restoration in the liver
due to PFD treatment.
As known, steatosis is the result of the accumulation

of fat in hepatocytes and it has been associated with
rapid progression of liver fibrosis [37,38]. The percent-
age of patients that reduced fat-occupied liver area with
2-year treatment was roughly the same as those in the
one-year period (60% vs 61.5%). It is important to keep in
mind, that studies have reported that agonist of CB1 recep-
tor promotes steatosis and strong evidence argues for a
steatogenic role of the cannabinoid system [14,39-41].
and after treatment with PFD. Quantitative analysis of cytokines
mean ± SEM decreased reaching statistical significance (p < 0.05).
atment. (C) TGF-β1 mean ± SEM concentration of all patients after



Figure 3 Gene expression of CB-1 and CB-2 in CHC patients.
Messenger RNA levels of CB1 and CB2 receptors were analyzed by
Real Time-PCR. In (A) mean ± SD values of all patients analyzed for
CB1 receptor are presented with no statistical change, in (B) a
decrease after treatment was evident, CB2 receptor mRNA was
significantly up-regulated (p < 0.05) in patients after treatment.
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Therefore, histological findings in steatosis reduction can
be related with diminution in CB1-mRNA levels observed
in this study. In this framework, the endocannabinoid sys-
tem plays an important role in liver fibrosis. In murine
models of chronic liver-injury, CB1 receptor antagonism by
pharmacological or genetic mechanisms reduced fibrotic
area, TGF-β1 expression and accumulation of fibrogenic
cells [29]. In opposition to CB1 receptor antagonism effects,
CB2 receptor agonist counteracts liver fibrosis and induces
inhibition and apoptosis of hepatic myofibroblasts and stel-
late cells [19]. Thus, we looked at the effects of PFD therapy
in the expression of these molecules. To our knowledge,
this report is the first attempt to search for a possible rela-
tion between PFD and CB1 and CB2 mRNA expression.
After treatment, patients showed CB1 mRNA reduced to
almost half of the initial level (even when no statistical dif-
ference was obtained) demonstrating benefits of treatment
associated with steatosis decline; while CB2 mRNA levels
were over-expressed approximately by 50% which corre-
lates with the improvement in fibrotic score and necroin-
flammation. In this context, results from Coppola et al.
related to rs35761398 variant of CB2 receptor gene (CNR2)
in Italian HCV-chronic infected patients, demonstrated that
QQ allele is associated with more severe inflammation and
hepatocellular necrosis. The influence of this polymorphism
in the response to pirfenidone in Hispanic patients could
be evaluated in future studies [42].
As reported, CBs liver expression can be detected mainly

in hepatocytes and stellate cells [19,29,43]. In this protocol,
CBs mRNAs were detected in liver homogenates. Thus, we
believe this reflects the organ microenvironment that in-
duces liver improvement. As observed, PFD was satisfactor-
ily tolerated for the two-years period at 1200 mg/day, given
that 7/28 patients did not develop any secondary effect and
21 patients developed just negligible side effects like gastri-
tis, nausea and rash. Several limitations of the study must
be recognized, though our findings strongly support that
PFD reduces liver fibrosis, necroinflammation and steatosis.
Also, treatment for a period of two years is well-tolerated
and increasing time of treatment renders enhanced benefits
as observed in this HCV-liver fibrosis patient cohort, i.e. re-
covering in hepatic markers, TGF-β1 and pro-inflammatory
cytokines serum levels reduction as well as, mRNA levels of
CB2 mRNA increase.

Conclusion
In conclusion, there is an evident advantage of two-years
treatment over the one-year period and administration
of PFD induced only minor side effects, which were re-
solved after 2/3 months of PFD intake. In addition, his-
topathologic results showed improvement in terms of
the progression of fibrosis and stage of inflammation, as
well as decrease in the percentage of steatosis after two
years of treatment with PFD. Also, this study is the first
to show that PFD decreases serum levels of TGF-β1 and
IL-6 and gene expression increases anti-fibrogenic CB2
receptor. However, it is important to remember that
viral clearance is indispensable to cure the disease and
to resolve liver damage. In this context, direct antiviral
agents (DAA) and immune system boosters (some of
them with proven efficacy) are the standard of care for
chronic HCV infected patients. However, these treat-
ments are not available for general population who is
not covered under the social services (i.e. regular health
care in North-America) in developing countries like
Mexico. This is due to the elevated cost of such a treat-
ments, which make them inaccessible to non-affiliated
patients. Then, in this majority of untreated patients
with DAA, an alternative anti-fibrogenic therapy could
impact their health and quality of life. Besides, the
combination of pirfenidone with DAAs can be useful in
patients infected with genotypes that can be hardly
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eliminated with standard therapies and can also be eval-
uated in other liver diseases.
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