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Abstract 

Pirfenidone (PFD) is a non-peptide synthetic molecule issued as a broad-spectrum anti-fibrotic 
drug with the ability to decrease TGF-β1, TNF-α, PDGF and COL1A1 expression, which is highly 
related to prevent or remove excessive deposition of scar tissue in several organs. Basic and 
clinical evidence suggests that PFD may safely slow or inhibit the progressive fibrosis swelling after 
tissue injuries. Furthermore, a number of evidence suggests that this molecule will have positive 
effects in the treatment of other inflammatory diseases. This review contains current research in 
which PFD has been used as the treatment of several diseases, and focus mainly in the outcomes 
related to improve inflammation and fibrogenesis. Therefore, the main goal of this review is to 
focus on the novel findings of PFD efficacy rather than deepen in the chemical aspects of the 
molecule. 
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Introduction 
This review intends to draw the attention of the 

reader on the updated and current knowledge of the 
use of Pirfenidone (PFD) in the treatment of several 
fibrotic diseases. It is structured in such a way that the 
reader will be able to grasp easily the actual concept 
on PFD action on different organs. Each section is 
divided in the basic preclinical studies, followed by 
the most recent findings in the clinical scenario. 

PFD is being investigated for therapeutic profits 
to patients suffering from fibrosis conditions such as 
Hermansky-Pudlak Syndrome (HPS), associated 
pulmonary fibrosis and idiopathic pulmonary fibrosis 
(IPF). PFD has also been studied to analyse pharma-
cologic effects in preventing, or even stopping, scar-
ring process found in fibrosis in injured tissues in-
cluding those of lungs, skin, joints, kidneys, prostate 
glands and liver [1]. 

Research suggests that PFD may safely slow or 
inhibit the progressive enlargement of fibrotic lesions, 
and prevent formation of new lesions following tissue 

injuries. PFD is provided for oral administration in 
capsules or tablets. Different formulations have been 
tested and implemented in clinical trials, additional 
research and experiments. There are a number of re-
views available regarding the action and pharmaco-
kinetics of PFD [2-5]. The main goal of this review is to 
focus on the novel findings of PFD efficacy rather than 
deepen in the chemical aspects of this molecule. 

Role of pirfenidone in the regulation of 
fibrosis 

Fibrosis is the state resulting from excessive ac-
cumulation of extracellular matrix components such 
as collagen and fibronectin secreted by myofibroblasts 
in response to cellular damage. Parenchyma replace-
ment by extracellular matrix excess during chronic 
fibrosis damage eventually leads to organ failure [2,5]. 
In addition, fibrosis is a condition arising from chronic 
state of various diseases such as scleroderma, rheu-
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matoid arthritis, Crohn's disease, ulcerative colitis, 
systemic lupus erythematosus and idiopathic pul-
monary fibrosis (IPF). These events fall into three 
main mechanisms: cell damage, inflammation and 
eventually fibrosis. These pathologies cause organ 
dysfunction, through permanent scar tissue accumu-
lation, and many even lead to death [6,7]. PFD has 
been tested as an anti-fibrotic drug in lung, liver, 
kidney and myocardium, although other studies have 
proposed it as a therapeutic adjunct in the prevention 
of allografts [8]. It has also been shown that PFD re-
duces keloid formation in an animal model and our 
own clinical data has demonstrated that a scar reduc-
tion with 8% PFD gel (KitoscellTM; Cell Therapy and 
Technology, Mexico City, Mexico) topically adminis-
tered during a 6-month period, led to resolution of 
hypertrophic scars acquired after burns in pediatric 
patients [2]. 

Lung 
The use of PFD in lung tissue has been exten-

sively studied, which has led to describe several 
therapeutic targets, especially those related to an-
ti-inflammatory and anti-fibrogenic actions directing 
attention to research development in conditions that 
compromise pulmonary tissue architecture, mainly in 
IPF. This chronic and progressive disease is charac-
terized by a progressive decline in lung function. The 
prevalence of IPF is estimated at 20/100,000 for males 
and 13/100,000 for females with a greater incidence in 
individuals aged over 50 years; approximately 
two-thirds are over the age of 60 years old at the time 
of disease beginning [9,10]. The etiology of IPF re-
mains unclear and the only risk factors associated 
with the disease onset are smoking, exposure to toxic 
gases, genetics and environmental factors [11-17]. 

IPF pathophysiology has not been fully defined 
but is attributed to organ damage, specifically, epi-
thelial damage with consequent activation of alveolar 
cells that secrete a cascade of pro-inflammatory mol-
ecules activating fibroblast proliferation and myofi-
broblast differentiation with a reduced apoptosis rate. 
Therefore, the main therapeutic target for IPF is the 
decrease of extracellular matrix accumulation [11-17]. 
IPF is characterized by irregular scattered fibrotic ar-
eas, fibroblast proliferation and epithelial to mesen-
chymal transition, where cells in turn are the major 
source of profibrogenic mediators such as platelet 
derived growth factor (PDGF), fibroblast growth fac-
tor (FGF) and TGF-β1, which has been shown to in-
crease mRNA expression of collagen type I and heat 
shock protein 47 (HSP47), a collagen-specific chaper-
one, located in the endoplasmic reticulum which is 
engaged in processing, assembly and secretion of 

procollagen during fibrotic processes.  
It has also been demonstrated that PFD inhibits 

TGF-β1-induced over-expression of collagen type I, 
and heat shock protein 47 in A549 cells. These mech-
anisms are summarized in figure 1 [13]. 

Effect of pirfenidone in IPF  
PFD has been tested in experimental and clinical 

models of IPF with favorable results. In phase II and 
III clinical trials, PFD has shown to improve the de-
crease of functional vital capacity (FVC) of patients at 
32 and 52 weeks respectively up to 44% compared to 
placebo, improving survival (p=0.0280) rate. This 
phase III trial, has shown that basal FVC ≥ 70 % and 
oxygen saturation < 90 % (measured by pulse oxime-
try (SpO2)) during the 6MET, low doses of PFD (1800 
and 1200 mg/day) provide more benefits to patients 
in terms of FVC and progression- free survival (PFS) 
changes, but also in subjective symptoms such as 
cough and dyspnea compared to placebo patients 
[10]. Studies as CAPACITY 004 and 006 have also 
shown reduction in FVC decline at 72th week of 
treatment, improving parameters in the test results of 
6-minute walk test (6MWT) at the standard dose of 
2403 mg/day [18]. 

In other multicenter phase III trial, the efficacy of 
PFD was analyzed in patients with IPF and results 
shown in this trial suggested that, when 5 % change in 
VC was used as an index instead of the 10 % change, 
the efficacy of PFD could be evaluated with higher 
sensitivity and robustness over the 12-month study. It 
was also suggested that 5 % change in FVC at month 3 
is clinically useful and a significant promising prog-
nostic factor of IPF [19]. 

Systematic reviews has been conducted in order 
to investigate effectiveness of available IPF treat-
ments, Loveman E (2015) analyzed fourteen studies of 
clinical effectiveness, one evaluated azathioprine, 
three N-acetylcysteine (NAC) (alone or in combina-
tion), four pirfenidone, one BIBF 1120, one sildenafil, 
one thalidomide, two pulmonary rehabilitation, and 
one a disease management program. Authors ob-
served that these studies were generally good, with 
low risk of bias, and that some treatments appear to 
be clinically effective. The model base-case results 
showed increased survival for five pharmacological 
treatments, but general recommendations cannot be 
made due to cost-effectiveness and to limitations in 
the evidence base [20]. 

Also, a phase II study (WJOG 6711L) has been 
developed to validate effectiveness and the safety of 
perioperative administration of PFD to lung cancer 
patients with IPF, trying to analyse whether PFD re-
duces lung injury after lung resection [21]. 
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Figure 1. Pirfenidone targets. Different targets in vivo and in vitro for PFD have been described, the most prominent being inhibition of TGF-β1 and TNF-α. 
However, it has also been shown that PFD has either direct or indirect action on other molecules such as collagen I, PDGF, IL-6, IL-1β, IL-13, IL-12p40, 
fibronectin, HSP47 and ICAM-1. 

 

Adverse effects of pirfenidone 
In the vast majority of the clinical protocols car-

ried out to date, the most common adverse effects of 
PFD have been shown to be photosensitivity and rash 
as dermatological issues; gastrointestinal: nausea, 
diarrhea, and dyspepsia; neurological: fatigue, in-
somnia and dizziness [22].  

It is important to notice the efforts of Onoue et al. 
in the sense to device an alternative delivery of PFD as 
an inhalable powder. By using this pharmaceutical 
preparation they reduced phototoxicity in an experi-
mental model with favorable results. This kind of 
findings calls for the design of new forms of PFD de-
livery to reduce sensitivity and dosing required 
achieving therapeutic levels increasing bioavailability 

in nasal mucosa [23]. Eventually, this type of strategy 
will have to be assayed in human beings under the 
scrutiny of controlled clinical trials. However, more 
studies should be carried out since treatment effec-
tiveness is related to the time and concentration of the 
drug at the site of damage. In the case of IPF, PFD 
would have to be not only in the nasal mucosa but 
reach the alveoli for better diffusion in the lung tissue. 

Another trial named CAPACITY, rendered data 
that only 1% of patients discontinued treatment due 
to nausea and another 1% due to rash [10,11]. The 
extension phase of the study CAPACITY named 
RECAP, evaluated the safety of PFD after phase III 
studies to confirm the tolerability of PFD in patients 
who were treated for a mean of 2.9 years [12] though 
safety and tolerability of PFD treatment has been 
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questioned by other authors [21,24]. On the other 
hand, a prospective, double-blind, randomized, pla-
cebo-controlled trial that included 35 patients with 
type 1 Hermansky-Pudlak syndrome (HPS-1), inves-
tigated the safety and efficacy of PFD in mild to 
moderate HPS-1 (NHGRI protocol 97-HG-0085). 
During the trial there were 10 severe adverse events 
(SAE) and several non-serious adverse events in-
cluding 3 deaths, considered to be part of the natural 
course of the lung disease, chest pain (2 subjects), el-
evated CPK (2 subjects), deep vein thrombosis, hem-
atochezia and otitis with vertigo on one subject each 
one. Furthermore, the most commonly reported 
non-serious adverse events include dyspepsia and 
heartburn in approximately 50% of the subjects in 
placebo and PFD groups, and almost all patients re-
quired anti-acid therapy. Other adverse events in-
cluded photosensitivity rash. There was no evidence 
of bone marrow (hemoglobin, total leucocyte count), 
renal (serum creatinine), hepatic toxicity (alanine 
aminotransferase) or cardiac toxicity [25,26]. 

Among the broad spectrum of PFD actions, it has 
been suggested the use of this molecule to treat pul-
monary fibrosis in patients previously poisoned by 
mustard gas, since the intermediate products origi-
nated by this molecule tend to permanently alkylate 
guanine from DNA, preventing cellular division and 
inducing cell death. Tissues exposed to this agent 
could present side effects even years after gas expo-
sure, developing for example abnormal skin pigmen-
tation, eye problems, cancer and pulmonary fibrosis. 
Therefore, the use of PDF could be helpful to treat 
exposed soldiers or workers to this hazardous mate-
rial in the attempt to reduce signs and symptoms of 
pulmonary fibrosis [27]. 

Other drugs for IPF treatment  
Some therapies have been developed to treat IPF, 

such as corticosteroids, azathioprine, azathioprine 
and prednisolone, cyclophosphamide, everolimus, 
anticoagulants, endothelin inhibitors I (ET), Sildenafil, 
Interferon, Etanercept, Imatinib, CC-930, 
N-acetylcysteine (NAC), monoclonal antibodies, an-
giotensin receptor blockers as losartan A1, somatosta-
tin analogues such as Octreotide, etc. [15,16,24,28]. 
However some of these strategies did not produce 
significant benefits, or even were more harmful for 
disease treatment. Besides the side effects of different 
therapies, correct stratification of patients according 
to degree of pulmonary function is a limitation that 
reduce the application of specific dose of many drugs, 
for example the triple therapy with NAC, azathio-
prine and prednisone, which unfortunately have 
shown an increased death rate and hospitalization 
compared with placebo [12,15]. However other ther-

apies such tyrosine kinase inhibitors as BIBF 1120 
(Nintedanib) have been approved for application in 
patients with IPF in January 2015 based on results 
from the replicate Phase III INPULSIS trials. This 
therapy slowed disease progression by reducing the 
annual rate of decline in lung function by 50% in a 
broad range of IPF patients [29]. 

Regardless of the armamentarium available as 
potential candidates to be used to treat this 
life-threatening disease, the relatively positive results 
in various tests of lung function enabled PFD as one of 
the main approved drug to treat mild to moderate IPF 
in Japan, China and India in 2008 [21] and in February 
2011 it was also approved by the European Commis-
sion for the treatment of the same lung condition. 

The ASCEND clinical trial (PIPF-016) was a 
randomized, double-blind, placebo controlled, phase 
3 study of the efficacy and safety of PFD in patients 
with IPF aiming to confirm the PFD-treatment effect 
on change in predicted forced vital capacity (%FVC), 
and to confirm the safety of PFD treatment. This clin-
ical trial enrolled 555 patients from 127 sites in 9 
countries, mostly in the U.S., 278 were assigned to 
receive PFD, and 277 were assigned to receive place-
bo. Subjects had clinical-radiographic or biop-
sy-confirmed IPF, and mild to moderate restrictive 
lung disease (FVC, forced vital capacity 50-90% pre-
dicted) with diffusion impairment on pulmonary 
function testing, and were randomized 1:1 to PFD or 
placebo one-year treatment. After 52 weeks, patients 
receiving PFD had a significant decline in FVC (≥10% 
predicted) compared to placebo patients (16.5% vs. 
31.8%), which emerged early and increased during 
the course of the trial. Also, the 6-minute walk dis-
tance test increased 27 m (Relative difference 44.2%; 
P=0.04) in subjects taking PFD. The highly significant 
finding was supported by the encouraging effect on 
rates of death from any cause (4.0% vs. 7.2%) and 
from IPF (1.1% vs. 2.5%), since progression-free sur-
vival (PFS) was reduced with PFD (HR 0.57; 95% CI 
0.43-0.77; P<0.001). As mentioned before in many 
clinical trials, it is difficult to reconcile results ob-
tained from tested groups with all established stages 
in a disease, since these observations were obtained 
from enrolled patients with mild-to-moderate physi-
ological impairment, results from population of pa-
tients with advanced disease are therefore uncertain. 
Based on this evidence authors conclude that PFD as 
compared with placebo reduced disease progression 
in patients with IPF, treatment was generally safe 
with an acceptable side-effect profile, and was associ-
ated with fewer deaths by slowing the rate of IPF 
worsening. Therefore, evidence shown in this re-
search is positive for patients with IPF who have a 
very poor prognosis [18]. Based in this evidence, PFD 
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was approved by FDA for use in IPF [30]. 

Kidney 
Renal fibrosis is a common pathway resulting 

from chronic renal damage leading to end-stage renal 
disease (ESRD) and organ dysfunction. Renal fibrosis 
is a dynamic, interactive process initiated by cellular 
damage, characterized by loss of cellular differentia-
tion phenotype and accumulation of extracellular 
matrix proteins. Any type of cell damage leading to 
secretion of pro-inflammatory cytokines and its con-
sequent chronic inflammatory process culminates in a 
fibrotic process [30]. The treatment of renal fibrosis is 
limited and largely ineffective because many patients 
progress to diabetic nephropathy, which is one of the 
most common complications of diabetes mellitus, and 
progress to ESRD. PFD has been show to significantly 
reduce renal fibrosis in several pilot studies. However 
more research is needed to understand in a compre-
hensive manner the mechanism, indications and con-
traindications in appropriate candidate patients 
[31,32]. 77 patients with diabetes reduced glomerular 
filtration rate (eGFR) and proteinuria were included 
randomly into three groups (placebo, 1,200 mg of PFD 
and 2,400 mg of PFD daily) of study. After 54 weeks of 
treatment, 1,200 mg of PFD treated group, improved 
eGFR with an increase of 3.3 ml/min/1.73 m2. Group 
treated with 2,400 mg of PFD group achieved mild 
eGFR change, which was not significant compared to 
placebo. However, urine TGF-β1 protein levels 
measured by ELISA were not significantly affected by 
PFD. Therefore, this results show that PFD is a drug 
that can prevent renal failure and even improve renal 
function in patients with diabetic nephropathy 
[32,33,34].  

Heart 
In heart disease, there are several ailments that 

can lead to fibrosis development and cardiac compli-
cations, such conditions include hypertension, myo-
cardial infarction and heart failure, which could con-
stitute stimulus for causing cardiac fibroblasts prolif-
eration, transformation into myofibroblasts, extracel-
lular matrix synthesis and migration with consequent 
fibrosis driving to complications as atrial fibrillation 
(AF). It has been shown in cultured cardiac fibroblasts 
that PFD inhibits α-SMA expression this molecule is 
involved in morphologic transformation of fibroblasts 
into myofibroblasts, proliferation, migration and se-
cretory capacity of these cells. Moreover, PFD inhibits 
the expression of extracellular matrix metalloprotein-
ase MMP-9 and increases expression of TIMP-1 and 
IL-10 while reducing the synthesis and secretion of 
TGF-β1 [35,36], these features have been associated 
with the establishment of AF in subjects with essential 

hypertension, since these mediators are highly asso-
ciated to the onset of atrial fibrosis which in term, 
could be lowered with PFD administration [37]. 

Furthermore, PFD could be used as an antifi-
brotic treatment for ventricular hypertrophy second-
ary to hypertension, which has been shown in an ex-
perimental model of left ventricular hypertrophy in-
duced by angiotensin II, it was observed that PFD 
treatment reduce heart weight and decreased left 
ventricular hypertrophy, inhibits perivascular and 
interstitial tissue fibrosis, and reduce atrial natriuretic 
peptide, brain natriuretic peptide and TGF-β1 mRNA 
gene expression in mice cardiac tissue [38]. 

Different studies have been conducted to analyse 
PFD effect to treat Hypertrophic Cardiomyopathy 
(NCT00011076) and Heart Function and Exercise Ca-
pacity in Patients With Hypertrophic Cardiomyopa-
thy (NCT00354328), but no information regarding 
outcomes of these trials have been published yet. 
Whether it was the case that such protocols were un-
successful, even so results should be published, so it 
would greatly reduce speculation about drug effects 
in this ailments [39,40]. 

Eye 
As described in other organs in which PFD had 

an inhibitory effect on proliferation, migration and 
collagen synthesis by fibroblasts, human orbital fi-
broblasts (Tenon capsule fibroblast) are not exempted 
from these effects. Zhong et al. tested in a rat model, 
topical PFD as an antifibrotic postoperative treatment 
for glaucoma filtration surgery (such as trabeculoto-
my), since postoperative scar represents the major 
barrier in the long-term control intraocular pressure 
since it can block the exit (outflow) of the aqueous 
humor, leading to optic nerve damage. In this study, 
favorable results were obtained at a dose of 0.5% of 
PFD, groups with PFD and reference (mitomycin C, 
MMC) treatment developed mild fibrosis and colla-
gen deposition in subconjunctival space. However, it 
is known that MMC has some degree of toxicity, 
therefore PFD based treatment is a promise in pre-
venting postoperative scar formation, since PFD 
showed no toxicity in cornea, retina ciliary body, or 
may be a safer drug than MMC. Subsequent studies 
have shown that therapeutic doses can be achieved up 
to 2 hours, since PFD can be internalized into con-
junctiva, and vitreous and aqueous humor, sclera and 
cornea after topical administration, opening the door 
for future research to evaluate whether PFD is useful 
in diabetic retinopathy and proliferative vitreoreti-
nopathy [41,42]. 

A common eye disease is cataract lens opacity 
which conventional treatment is surgery, however 
posterior camera opacity (PCO) complication due to 
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fibrosis is common after excision. PFD has been tested 
in vitro as a possible treatment for PCO prevention. 
Previous studies have shown that PFD prevented fi-
brogenesis by inhibiting nuclear translocation of 
Smad 2/3, which in term regulates TGF-β1 protein 
phosphorylation resulting in down-regulation of 
mesenchymal markers in human retinal pigment ep-
ithelial cell line (ARPE-19) [43], beside these observa-
tions PFD also inhibits cell proliferation, migration 
and epithelial-mesenchymal transition (EMT) in hu-
man lens epithelial cell line SRA01/04 (HLECs) [44]. 
Another study has compared PFD antifibrotic effects 
with dexamethasone in cultured fibroblasts isolated 
from thyroid-associated ophthalmopathy (TAO) pa-
tients subjected to orbital decompression surgery, 
PFD proved to be more effective than dexamethasone 
in reducing TIMP-1 protein measured by ELISA and 
hydroxyproline in orbital fibroblasts of TAO patients. 
Thus, PFD might represent a promise as future anti-
fibrotic agent in thyroid ophthalmopathy [45]. 

Liver 
Evidence of PFD treatment in humans with liver 

injury is limited. Nonetheless, our own studies [46,47] 
have shown that PFD might be of use in the treatment 
of established advanced liver fibrosis caused by 
chronic infection with hepatitis C virus. We have car-
ried out two different protocols, which have rendered 
promising data on the use of this antifibrotic drug in a 
functional compromised liver. 

Chronic hepatitis C (CHC) is one of the most 
common etiologies for liver fibrosis and will eventu-
ally progress to cirrhosis or, in a less extent, to hepa-
tocellular carcinoma. 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. Nevertheless, fibrotic sequels 
eventually leading to dysfunctional liver activity in 
these patients are far from being resolved. It is well 
known that PFD has proved anti-fibrotic and an-
ti-inflammatory properties in a wide number of ani-
mal models of fibrosis. PFD effects are mediated in 
part through inhibition of NF-κB protein activation 
[48], reduction of TNF-α and IFN-α levels and de-
crease in iNOS/NO induction in the liver of rats [49]. 
Also, PFD down-regulates TGF-β1, TIMP-1, MMP-2 
mRNA and collagen deposition in a rat experimental 
model of cirrhosis induced by CCl4 [50,51]. 

Previously, our group demonstrated that 
12-month treatment with 1200 mg/day of oral PFD in 
patients with established liver fibrosis, decreased liver 
necroinflammation, steatosis and at less extent, fibro-
sis. Liver collagen I, TGF-β1 and TIMP-1 mRNAs 
were also down-regulated [46]. Recently, we have re-

ported data of an additional study aimed to assess a 
24-month treatment with PFD and its influence in 
necroinflammation, fibrosis and steatosis, serum lev-
els of TGF-β1, IL-6, TNF-α and liver CB1 and CB2 
gene expression, in CHC patients. Twenty-eight pa-
tients out of 34 with CHC virus infection were en-
rolled in the study and received PFD (1200 mg/day) 
for 24 months. Liver biopsies at the end of treatment 
demonstrated that 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). Serum samples 
did show that IL-6, TGF-β1 and TNF-α levels de-
creased significantly in 93%, 67% and 47% of patients 
respectively and increased liver CB2 mRNA levels in 
86% and diminished CB1 expression in 29% of pa-
tients. Finally, quality of life and Child-Pugh score 
improvements were reported in all patients [47]. This 
new piece of evidence demonstrated that PFD for two 
years treatment benefits CHC patients and improves 
inflammation, fibrosis and steatosis in higher number 
of patients as previously shown with 12-month 
treatment with PFD. 

Role of PFD in the regulation of inflam-
mation 

This final section will attempt to describe the 
other side of PFD, the anti-inflammatory efficacy. The 
response to tissue injuries usually involves a large 
number of changes both local and distant from the site 
of damage. Inflammation takes place at the very be-
ginning of the entire process to protect host, returning 
whether damaged is paled to normal functions. Dur-
ing inflammation, mainly circulating macrophages 
and neutrophils together with endothelial cells secrete 
TNF-α, IL-1β, and IL-6 pro-inflammatory cytokines. 
The order of secretion is important, since each cyto-
kine fulfills a precise role in up-regulating or 
down-regulating the expression of others. These cy-
tokines induce a number of local and systemic re-
sponses leading to more bloodstream inflammatory 
cell recruitment to the inflammation site. Sometimes 
the “tree must be cut to save the fruit”, this happens in 
the inflammatory process, which develops a violent 
response in trying to reduce the damage of harmful 
agent, but when it becomes chronic, alterations pro-
duced during tissue repair are often accomplished at 
the cost of “collateral damages”, such as large de-
struction of tissues. This is the reason why several 
physiological processes may also have an-
ti-inflammatory activity. Therefore, the use of drugs 
that tackle at any point the inflammatory signaling 
pathway is of great importance for treatments aimed 
to reduce inflammation and its consequences. 

There have been several studies in animal mod-
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els of fibrosis where PFD immune modulation activi-
ties of have been evaluated. Macrophages are effector 
cells of innate response they are involved in the initi-
ation and regulation of adaptive responses. Activated 
macrophages, can be divided into a M1 (inhibits cell 
proliferation and causes tissue damage exhibiting a 
Th1-like phenotype) and M2 macrophages (promotes 
cell proliferation and tissue repair exhibiting a 
Th2-like phenotype). Research has been conducted to 
analyse the effect of PFD in macrophages infiltration, 
where PFD has shown protective effects. Nephrecto-
mised rats showed an increase in various molecules 
such as TNF-α, IL-6, and nitric synthase-2 oxide (ex-
pressed by macrophages M1), which decreased sig-
nificantly their expression after PFD treatment. Also, a 
diminishment of arginase-1, dectin-1, CD206, and 
CD86 (expressed on macrophages M2) was observed. 
So it is proposed that, PFD efficacy is observed in 
both, early and late periods of fibrosis [52].  

Other studies have shown that PFD alters T cell 
proliferation and cytokine release in response to T cell 
receptor (TCR) activation, regulating T cells (CD4+ 
CD25+) suppressive effects using an in vitro assay. 
Additionally, PFD effects on alloantigen-induced 
T-cell proliferation in vivo were assessed by adoptive 
transfer of carboxyfluorescein diacetate succinimidyl 
ester-labeled T cells across a parent->F1 major histo-
compatibility complex mismatch, as well as using a 
murine heterotopic cardiac allograft model 
(BALB/c->C57BL/6). PFD was found to inhibit the 
responder frequency of TCR-stimulated CD4+ cell 
total proliferation in vitro and in vivo, whereas both 
CD4 and CD8 proliferation index was reduced by 
PFD. Additionally, PFD inhibited TCR-induced pro-
duction of multiple proinflammatory cytokines and 
chemokines [8]. Chen, JF et al. (2013), found that 
treatment with PFD prevents cytochrome C translo-
cation from mitochondria and excluding in cytosol, 
resulting in the inhibition of caspase-9 and caspase-3 
in kidney cortex of partial nephrectomised rats. PFD 
inhibits apoptosis by maintaining stability of the mi-
tochondrial membrane, as observed in rat renal 
proximal tubular cells and human renal proximal 
tubular epithelial cell line (HK2), by inhibiting mito-
chondrial pathway of apoptosis signaling [53]. Also, 
acute injury becomes most evident at the time of 
nonspecific, chemokine-mediated amplification infil-
trate recruitment of neutrophils [54]. PFD inhibited 
increases of inflammatory cytokines and cyto-
kine-induced neutrophil chemoattractant (CINC) and 
iNOS in part by inhibition of NF-κB activation (Fig. 1) 
[45]. Therefore, among the main properties of PFD, 
reduction of inflammatory mediators is one of the 
most relevant. 

Several questions relating PFD effects on the 

control of transcription factors and cytokine network 
remain unanswered. The knowledge of these complex 
processes and its regulatory pathway are essential in 
order to develop safe and effective anti-inflammatory 
therapies against pathologies where inflammation 
induced damaged is relevant. Currently, a phase II 
clinical trial is on-going in order to analyse PFD ef-
fects on Systemic Sclerosis−Related Interstitial Lung 
Disease (NCT01933334) [55]. Thus, this type of studies 
will provide solid evidence for a better understanding 
of mechanisms involved in the effects of an-
ti-inflammatory and anti-fibrotic drugs. 
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