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Abstract
This study evaluated the relative mRNA expression levels of nerve growth factor (NGF)

and the p75 neurothrophin receptor (p75NTR) in different histological stages of human liver

disease. Fifty-one liver biopsy specimens obtained from patients with hepatitis B virus

(n = 6), hepatitis C virus (n = 28), and non-viral hepatitis – (n = 9) and standard histological

liver (n = 8) as controls (CT) were subjected to qPCR and histopathological exams. Our

data revealed a significant difference in the NGF expression levels between the three pa-

tient groups and the Control group. p75NTR expression levels in the HCV and NVH groups

were higher than those observed in the HBV and Control groups. In cases of liver cirrhosis,

higher p75NTR mRNA expression was observed, whereas NGF was expressed at higher

levels in patients with hepatic fibrosis. NGF expression was lower in the F1 liver fibrosis

stage, and p75NTR receptor expression continuously and proportionately increased com-

pared to the increase in the degree of fibrosis and was significantly higher in livers in fibrosis

stages 3 and 4. The hepatic levels of NGF and p75NTR were decreased and increased, re-

spectively, relative to the stage of inflammatory activity. A positive correlation between

p75NTR and NGF gene expression was observed in livers with mild to moderate fibrosis,

though not in cases of severe fibrosis and cirrhosis.

Conclusion

Our results demonstrate that the course of chronic liver disease can be regulated byNGF and

p75NTR, which function by decreasing or inhibiting hepatocyte regeneration and proliferation.
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Introduction
Viral hepatitis is one of the great pandemics of our time. Hepatitis B virus (HBV) and hepatitis
C virus (HCV) are responsible for the vast majority of chronic liver diseases worldwide; there-
fore, they are important public health problems [1]. Approximately 170 million people, 3% of
the world population, are carriers of chronic HCV infection, with different patterns of geo-
graphic distribution, while approximately 7% of the world population is chronically infected
with HBV [1,2]. Due to persistent liver inflammation, the entire liver tissue undergoes a high
rate of cellular destruction and regeneration, which results in an increased risk of developing
conditions such as cirrhosis and hepatocellular carcinoma [3]. Liver injury triggered by HBV
and HCV infection is primarily mediated by the host immune response to viral proteins ex-
pressed in infected hepatocytes and, to a lesser degree, the cytopathic effect directly caused by
the virus [4].

As a consequence of chronic liver injury, quiescent hepatic stellate cells (HSCs), which store
fat and vitamin A, undergo differentiation to an activated myofibroblastic phenotype under the
action of pro-inflammatory cytokines, increasing synthesis levels of extracellular matrix com-
ponents (i.e., collagens, elastin, proteoglycans and constituent proteins) [5,6]. This HSC activa-
tion is accompanied by a reorganization and expression of cytoskeletal proteins, such as α-
smooth muscle actin (α-SMA), that acquire pro-fibrogenic properties [7]. The excessive depo-
sition of extracellular matrix is the result of an imbalance between fibrogenesis and fibrolysis in
the liver, and the proportion of deposited extracellular matrix becomes greater than the
amount removed, especially collagen types I and II, proteoglycans, and glycoproteins [7].

Fibrosis is perceived as an initially beneficial physiological mechanism to limit the extent of
the inflammatory process; however, if the fibrosis persists and becomes aggressive, it becomes
pathological, leading to the distortion of the hepatic architecture [8]. Knowing the stage of liver
fibrosis is essential for prognosis and to determine the appropriate antiviral therapy [9]. Pa-
tients without fibrosis or who manifest it at a minimum degree seem to progress slowly, and
treatment could possibly be delayed or may be unnecessary. However, patients with significant
degrees of fibrosis (septal or bridging) almost invariably progress to cirrhosis; in such cases, an-
tiviral treatments should be strongly considered [10,11].

Nerve growth factor (NGF), discovered by Levi-Montalcini et al. in the 1950s, was originally
characterized according to its capacity to stimulate the growth, differentiation, survival and
maintenance of neurons during development and after injury [12,13]. NGF is a member of the
neurotrophin (NT) family, which also includes brain-derived neurotrophic factor (BDNF),
NT-3 and NT-4/5; NGF is the prototype and best-characterized member, both structurally and
functionally [14]. The cellular response to NGF is determined by the combination of receptor
expression: TrkA intermediates survival and differentiation, while p75 neurotrophin receptor
(p75NTR), in the absence of TrkA, generally indicates the start of apoptosis [14]. Studies have
shown that the components of the neurotrophin axis, NGF and p75NTR, are respectively ex-
pressed in hepatocytes and activated HSCs in normal and fibrotic liver in both humans and
rats [15–19]. Studies have demonstrated that HSCs express p75NTR and have undergone apo-
ptosis in tissue culture in response to stimulation with recombinant NGF, suggesting that
p75NTR is a new marker of activated HSCs and that signaling by binding of this receptor may
provide a selective apoptosis mechanism for HSCs [15–17].

Concerning the information already described about the involvement of NGF and P75NTR
as immunological components which target apoptosis and inflammatory processes, we won-
dered if NGF and P75NTR expression could have some influence on liver tissue of HCV and
HBV infected subjects. This study aimed to quantify NGF and P75NTR gene expression levels in
liver biopsy specimens of patients with chronic hepatitis by HBV, HCV, and non-viral causes
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(NVH—non-viral hepatitis) to relate their possible roles with the clinical development of these
infections and the various stages of the fibrosis process and hepatic inflammatory activity ac-
cording to the METAVIR classification.

Materials and Methods

Study population
The study group consisted of 51 individuals, consecutive cases of chronic carriers of HBV
(n = 6), HCV (n = 28) and NVH (n = 9) (including non-alcoholic liver disease, autoimmune
hepatitis, and primary biliary cirrhosis, among others), seen at the Hepatology Outpatient Ser-
vice of the Hospital of Holy House of Mercy Foundation of Pará (Fundação Santa Casa de Mis-
ericórdia do Pará—FSCMPA) and a Control group (n = 8) consisting of patients who
underwent conventional biliary cholecystectomy without necro-inflammatory liver changes at
the Surgery Service of João de Barros Barreto University Hospital (Hospital Universitário João
de Barros Barreto) at the Federal University of Pará (Universidade Federal do Pará—UFPA).

All selected patients were clinically evaluated and were subjected to further investigation
consisting of blood, biochemical, serological (HBsAg, HBeAg, anti-HBeAg, anti-HBctotal and
anti-HCV), and virological (quantitative HCV-RNA and genotyping) tests, ultrasound and en-
doscopy, in addition to liver biopsy. These data were transcribed from clinical records to the
study database. The criteria for inclusion of subjects in the study were 18 years of age or older,
both genders, HBsAg carriers for more than 6 months, positive HCV-RNA carriers, with or
without high values of alanine aminotransferase (ALT) and gamma-glutamyl transferase
(GGT). Subjects who did not meet the aforementioned requirements and those patients co-in-
fected with hepatitis D virus (HDV) and/or human immunodeficiency virus-1 (HIV-1) and pa-
tients who used or were using specific antiviral therapies against HBV or HCV were excluded
from the research. This study was submitted and approved by the Research Ethics Committee
of Holy House of Mercy Foundation of Pará, protocol Nos. 117/2009 and 684.432/2014, fol-
lowing the Guidelines and Rules for Research Involving Humans (Resolution 196 of the Na-
tional Council of Health [Conselho Nacional de Saúde]). All subjects who agreed to participate
in the study signed an Informed Consent Form (ICF).

Obtained samples
Liver biopsy specimens were obtained from patients with medical indications for investigation
of changes in the liver parenchyma. The biopsies were performed with a Tru-Cut needle and
were guided by ultrasound. Each sample was divided into two parts, one of which was subjected
to histopathological examination after hematoxylin-eosin (HE), chromotrope aniline blue
(CAB), Gomori’s reticulin and Shikata’s orcein staining at the Department of Anatomic Pa-
thology, UFPA. The diagnosis followed the classification of the Brazilian Society of Hepatology
[20] and the French classification METAVIR [21], scoring the activity of the portal and peri-
portal inflammatory infiltrates from 0 to 3 and any structural changes from 0 to 4. The other
part of each biopsy specimen was sent for genetic study at the Laboratory of Virology/ICB/
UFPA and was stored at −70°C until the time of use. Blood samples were also collected in vacu-
um tubes containing EDTA as an anticoagulant, and the plasma was separated by centrifuga-
tion and stored at −20°C until the time of use to assess ALT, aspartate aminotransferase (AST),
GGT, alpha-fetoprotein and viral markers.
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RNA extraction
The fragment of liver tissue was kept in 500 μL of RNA Later Tissue Collection solution for
RNA preservation and was subsequently extracted using a Norgen Biotek Corporation kit ac-
cording to the manufacturer's recommended protocol. The sample purity was determined by
the ratio between the absorbance measurements at 260 and 280 nm. A good extraction was
considered in which the absorbance ratio ranged from 1.6 to 1.8. To observe the RNA purity
and integrity, samples were loaded on 1% agarose gel in 1X TAE buffer stained with ethidium
bromide (0.5 μg/mL) and subjected to electrophoresis at 80 V for 90 minutes. The observed
bands correspond to the 28S, 18S and 5S rRNAs. The 28S and 18S major bands should appear
on the gel at a 2:1 ratio. The 5S band should appear as faint as possible, indicating a low level of
RNA degradation. To calculate the concentration, RNA was quantified by spectrophotometric
reading on a Qubit 2.0 Fluorometer using Qubit RNA Assay Kits according to the manufac-
turer's protocol. For each sample, the concentration was adjusted to 50 ng/μL, and the sample
was kept at −70°C until transcription.

Reverse transcription (cDNA)
RNA samples were transcribed into complementary DNA (cDNA) using the High-Capacity
cDNA Reverse Transcription kit (without inhibitor) (Life Technologies, Carlsbad, CA, USA).
The cDNA reaction was prepared with a final volume of 20.0 μL containing 4.2 μL H2O, 2.0 μL
buffer, 2.0 μL random primers, 0.8 μL dNTP Mix (100 mM), 1.0 μL reverse transcriptase (RT)
enzyme (provided in the kit), and 10.0 μL extracted RNA. Subsequently, the mixture was
placed in a Perkin-Elmer thermocycler machine (Cetus Corp., USA) and was submitted to cy-
cling at 25°C for 10 minutes, 37°C for 120 minutes and 85°C for 5 minutes.

mRNA quantification by Real-Time PCR (qPCR)
Real-time PCR (qPCR) was performed in 96-well plates using TaqMan reagents (Applied Bio-
systems, USA) in a Step One Plus machine (Life Technologies, Carlsbad, CA, USA). Expression
assays for the NGF and p75NTR genes, with (glyceraldehyde-3-phosphate dehydrogenase)
GAPDH as a reference gene, were performed in separate wells (singleplex) for both the patient
and Control groups with primers obtained commercially from Life Technologies (Carlsbad,
CA, USA). Each reaction consisted of 15 μL 2X TaqMan Universal PCR Master Mix, 1.5 μL
20X TaqMan Gene Expression Assay (NGF Hs00171458_m1 and p75NTR Hs00609977_m1),
3 μL cDNA and 10.5 μL RNase-free water. The GAPDH gene (P/N 4326317E, Life Technolo-
gies, CA, USA) was used as a reference gene (endogenous control) to normalize the qPCR
reactions.

The thermocycling conditions were 1 cycle of 2 min at 50°C followed by 10 min at 95°C,
40 cycles at 95°C for 15 sec and 60°C for 1 min. The relative expression level of each gene is
presented as a multiple of the respective gene normalized to the Control sample.

In the standardization of the qPCR reactions, cDNAs and probes (endogenous and target
genes) were titrated, aiming to calculate the amplification efficiencies of the reactions. For stan-
dardization, different cDNA concentrations were tested (neat and 4 dilutions of factor 2–1:2,
1:4, 1:8 and 1:16). All reactions were performed in triplicate. The same cDNA was simulta-
neously analyzed on plates (at different dilutions) with different probes to produce an efficien-
cy curve to validate the 2−ΔΔCT analysis method.

Relative quantification (RQ) of target genes and the calculation of the confidence interval
were performed using the Comparative CT (ΔΔCT) method or the 2−ΔΔ method, a method for
RQ comparison of the exponential phase threshold without using the standard curve, where
ΔΔCT = ΔCTsample- ΔCTreference (Life Technologies, Foster City, CA, USA).
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Statistical procedures
All expression results are depicted in median values, and serum dosages are shown as averages.
For statistical analysis, GraphPad Prism 5.0 [22] and BioEstat 5.0 [23] software programs were
used. The differences between the groups were analyzed with the Kruskal-Wallis test and the
Mann-Whitney U-test, as appropriate. Relationships between two variables were determined by
Spearman correlation analysis. The significance level was established at 5% (p-value� 0.05).

Results
In the three patient groups and the Control group, the ALT and GGT levels, the stage of liver
fibrosis, and inflammatory activity were assessed (Table 1). Mean ALT levels were higher in
thegroups of patients with HCV (89 IU/L) and NVH (97 IU/L); the same was observed for
GGT (78 IU/L and 179 IU/L, respectively). Comparisons of ALT values revealed significant
differences between HBV vs. HCV (p = 0.005), HBV vs. NVH (p = 0.012), HCV vs. NVH
(p = 0.033), HCV vs. Control (p = 0.004) and NVH vs. Control (p = 0.0007) groups.

Comparisons of GGT serum levels revealed significant differences among all groups (HBV
vs. HCV [p = 0.016], HBV vs. NVH [p = 0.0003], HCV vs. NVH [p = 0.003], HCV vs. Control
[p = 0.021] and NVH vs. Control [p = 0.0003]). Comparisons of ALT and GGT levels between
HBV and Control groups were not significant (p> 0.05).

Among HCV patients, 53.6% were classified as F0 and F1 stages according to fibrosis level.
Among patients with NVH, 50% were classified as F0 and F1 fibrosis stages and 50% were clas-
sified as stages F3 and F4, whereas among HBV patients, only 16.7% were classified in the F4
stage of fibrosis.

Table 1. Clinical and laboratory information study participants with and without HBV and HCV, with different degrees of disease.

Variables HBV chronic hepatitis HCV chronic hepatitis Non-viral chronic hepatitis Normal control

Study subjects (n) 6 28 9 8

Gender (F/M) 4/2 16/12 5/4 5/3

ALT (UI/L) Mean ± SD 35.8 ± 60.8 89 ± 97.1 97 ± 76.21 27 ± 8.11

Median 30.5 56 96 27

GGT (UI/L) Mean ± SD 30 ± 14.7 78 ± 98.8 170 ± 141.77 29 ± 10.74

Median 20.5 55 155 29

Fibrosis Stagea

F0 (%) 1 (16.7) 2 (7.1) 1 (16.7) 8 (100.0)

F1 (%) 4 (66.6) 13 (46.5) 2 (33.3) -

F2 (%) - 7 (25.0) - -

F3 (%) - 3 (10.7) 1 (16.7) -

F4 (%) 1 (16.7) 3(10.7) 2 (33.3) -

Inflammation Stageb

A0 (%) 1 (16.7) 4 (14.3) 1 (16.7) 8 (100.0)

A1 (%) 4 (66.6) 13 (46.4) 4 (66.6) -

A2 (%) 1 (16.7) 11 (39.3) 1 (16.7) -

ALT: alanine aminotransferase; GGT: gamma-glutamyl transferase;
aFibrosis Stages—F0: no fibrosis; F1: portal without septa; F2: portal with some septa; F3: many septa without cirrhosis; F4: cirrhosis;
bInflammation Stages—A0: absent; A1: mild; A2: moderate.

doi:10.1371/journal.pone.0121754.t001

NGF and P75NTR Gene Expression Is Associated with the Hepatic Fibrosis

PLOS ONE | DOI:10.1371/journal.pone.0121754 March 27, 2015 5 / 11



Evaluation of the degree of inflammatory response revealed that 83.3% of HBV and NVH
patients were in the A1 and A2 stages, similar to what was observed among HCV patients
(85.7%). In the Control group, 100% were classified as A0 stage (Table 1).

The NGF and p75NTR mRNA expression levels were measured, and the values are expressed
as fold changes relative to the reference calibrator.

Fig. 1A shows that NGFmRNA levels were significantly higher in patients with HBV, HCV,
and NVH when compared to the Control group. The same pattern was observed for p75NTR

mRNA expression (Fig. 1B). In the latter case, an increasing trend in mRNA expression was
observed (in the ascending order of HBV<HCV< NVH); the differences between the HCV
and NVH groups were statistically significant.

When mRNA levels were assessed according to the clinical conditions of liver fibrosis (with-
out cirrhosis) or cirrhosis (Fig. 1C and 1D), the NGFmRNA levels were higher in the group
with fibrosis than in the group with cirrhosis (p = 0.027 and p = 0040), whereas p75NTR expres-
sion levels were the opposite, with higher expression in patients with cirrhosis than in the
group with liver fibrosis; these differences were significant (p = 0.031 and p = 0.036), regardless
of viral or non-viral disease.

The grouping of all subjects (HBV, HCV and NVH) for the purpose of comparative analyses
of fibrosis stage and hepatic inflammation and NGF and p75NTR expression levels is depicted in
Fig. 2. Regarding the degree of fibrosis, NGF was most expressed in F1 to F3 fibrosis, with
lower expression in F0 and F4 groups (Fig. 1A). p75NTR had lower mRNA expression levels in
tissues without fibrosis (F0), with a sequential and a significant increase from F1 to F4 fibrosis
stages (Fig. 2B).

According to the inflammatory process, NGFmRNA expression levels were higher in tissues
at the A0 stage, and values decreased significantly to the A2 stage (Fig. 2C). Furthermore,

Fig 1. mRNA levels of NGF in the liver tissues. A: mRNA levels of NGF in the liver tissues of subgroups
with HBV, HCV and NVH and the Control group (CT). B: mRNA levels of p75NTR in the liver tissues of
subgroups with HBV, HCV and NVH and the Control group (CT). C, D: mRNA levels of NGF and p75NTR

between the groups with hepatic fibrosis and cirrhosis due to viral and non-viral causes.

doi:10.1371/journal.pone.0121754.g001
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p75NTR mRNA expression levels were higher in liver samples with A1 and A2 stage inflamma-
tory activities and lower in liver samples without inflammation (stage A0) (Fig. 2D).

Significant associations were observed between high ALT levels (p = 0.041) and normal
GGT levels (p = 0.028) with increased hepatic expression of NGF, while p75NTR was expressed
at higher levels (p = 0.012) in the livers of patients with high GGT levels (Table 2).

A positive correlation was observed between p75NTR and NGFmRNA expression levels in
liver tissue (Fig. 3A) with mild to moderate fibrosis (p<0.0001); however, this correlation was
not observed in tissues with severe liver fibrosis and cirrhosis (Fig. 3B).

Discussion
In this study, we found that the NGF and p75NTR mRNA expression levels in liver tissues in
chronic HBV, HCV and NVH carriers were significantly higher when compared with normal

Fig 2. mRNA levels of NGF according to the clinical conditions of liver. A-D: mRNA levels ofNGF and
p75NTR according to the stage of fibrosis (F0 to F4) and inflammatory activity (A0 to A2) in the livers of all
individuals with liver disease in the study population.

doi:10.1371/journal.pone.0121754.g002

Table 2. Comparison of median values of relativeNGF and p75NTR gene expression with serum levels of liver enzymes in individuals with and with-
out HBV and HCV, with different degrees of the disease.

Gene Normal ALT High ALT p Normal GGT High GGT p

(n = 26) (n = 17) (n = 19) (n = 24)

NGF 0.58 0.77 0.041a 0.80 0.55 0.028b

p75NTR 0.82 0.56 0.55c 0.62 0.81 0.012d

ALT: alanine aminotransferase (normal: 14 to 55 UI/L); GGT: gamma-glutamyl transferase (normal: < 50 UI/L);
aNGF (normal vs. high ALT);
bNGF (normal vs. high GGT);
c p75NTR (normal vs. high ALT);
d p75NTR (normal vs. high GGT).

doi:10.1371/journal.pone.0121754.t002
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liver biopsies. Our results partially disagree with in vitro studies and studies of experimentally
induced liver fibrosis [16,17,20], which showed the expression of these genes only in fibrous
liver tissue or after partial hepatectomy. Our results corroborate the findings of Trim et al. [15]
and Kendall et al. [19], who used immunohistochemistry in normal liver to identify perisinu-
soidal cells with morphologies consistent with HSCs and p75NTR positivity.

We observed that NGFmRNA expression was higher in subjects with hepatic fibrosis with-
out cirrhosis compared to the group with cirrhosis, suggesting that NGF is expressed by hepa-
tocytes in a state of regeneration and proliferation, while it is clear that NGFmRNA levels are
lower in cirrhotic liver, where this regeneration process is reduced or absent [24,25]. In contrast
to NGF, p75NTR mRNA expression was higher in subjects with cirrhosis compared to patients
with fibrosis only, with a correlation between p75NTR expression and the reactivity of activated
HSCs [26], similar to other in vitro experimental fibrosis studies [15–19].

As expected, there was an association between higher NGFmRNA expression levels and
high ALT and normal GGT serum concentrations, while p75NTR was associated with high GGT
concentrations. ALT is commonly high in chronic hepatocellular damage; however, with pro-
gression to fibrosis, ALT activity is typically reduced [27,28]. Although some patients with nor-
mal liver enzymes had severe fibrosis or even cirrhosis, most of them had a moderate liver
disease caused by HCV.

A common feature of the study population was chronic liver injury with the absence of any
prior drug therapy. Thus, we have evaluated the NGF and p75NTR mRNA expression levels in
relation to the degree of fibrosis and hepatic inflammatory activity, showing associations

Fig 3. Correlation of p75NTR andNGFmRNA levels with fibrosis and cirrhosis stages. A, B: Spearman correlation analysis with mild to moderate
fibrosis stages and severe fibrosis and cirrhosis stages.

doi:10.1371/journal.pone.0121754.g003
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between the expression levels of these two genes and the progression of liver injury. In the first
stage of liver fibrosis and inflammation (F1/A1), NGFmRNA levels were significantly higher
than in other liver injury stages, and p75NTRmRNA levels were lower. This result maybe is
due to the fact that in the early stages of liver fibrosis, activation of human HSCs which is medi-
ated by p75NTR stimulates the release of growth factors such as hepatocyte growth factor
(HGF), and stimulates hepatocyte regeneration and proliferation [25,29].

We observed a direct, progressive increase in p75NTR mRNA levels with the progression
from fibrosis to cirrhosis, demonstrating that activated HSCs, mediated by p75NTR expres-
sion, can mediate both the start and end of liver regeneration. In the early stages of liver re-
generation, activated HSCs contain high HGF levels; this strongly mitogenic growth factor
can substitute for the effects of transforming growth factor (TGF)-β1, the major hepatocyte
antiproliferative factor produced by these cells [30]. In contrast, in the terminal stages of liver
scarring, activated HSCs produce high TGF-β1 levels, triggering the start of an autocrine sig-
naling cycle that perpetuates the activation of HSCs and becomes a barrier to liver regenera-
tion [30].

Differing from our study, some results with experimental injuries induced by carbon tetra-
chloride (CCl4) and in vitro studies strongly suggest the pro-apoptotic role of NGF, directly
regulating apoptosis of activated HSCs and mediated by p75NTR, which would represent a po-
tential determining factor in liver fibrosis resolution. However, these results are best character-
ized only in self-limited injuries [16]. A positive correlation between p75NTR and NGF
expression was identified in the early stages of liver fibrosis, characterizing a likely paracrine
action of activated HSCs mediated by p75NTR in the compensatory regeneration of hepatocytes
via NGF; however, this association was not sustained under severe liver fibrosis and cirrhosis
conditions. In the livers of patients with cirrhosis caused by HCV, Novo et al. found that acti-
vated HSCs are resistant to most pro-apoptotic stimuli, including NGF neurotrophin due to
overexpression of the Bcl-2 anti-apoptotic marker present in liver tissue; this characteristic
may play a key role in the progression of fibrosis in chronic liver diseases [31].

Therefore, we suggest that, in accordance with the profile of the study population, our gene
expression results could be also the product of other stimuli in livers damaged by viral persis-
tence of HCV, HBV and other chronic infections because HSCs express receptors for HCV,
such as CD80 and LDL (low-density lipoprotein) receptor, allowing an increase in the viral in-
fection rate. The expression of non-structural proteins and core HCV proteins induces stellate
cell proliferation and the release of inflammatory signals [32,33]. In nonalcoholic fatty liver dis-
ease, adipokines may mediate hepatic fibrogenesis [34,35]. As an example of these adipokines,
leptin, a circulating adipogenic hormone, promotes fibrogenesis in HSCs [36–38]. Equally im-
portant for the development of liver fibrosis is insulin resistance, which is related to steatosis
[39,40] and oxidative stress, is associated with ethanol metabolism, and is an important stimu-
lus for hepatic fibrogenesis [41].

Taken as a whole, our results demonstrate that in the course of chronic liver disease in the
study population, activated HSCs are negatively regulated by p75NTR-mediated inhibition of
hepatocyte proliferation, which can be modulated by viral and non-viral components and sup-
ported by the persistence of aggression to the liver. The degree of histological fibrosis is an im-
portant marker of the disease stage [10,11], as the natural history of hepatitis B and C involves
the gradual progression of hepatic fibrosis, which can eventually lead to cirrhosis, where most
related complications occur [3]. In this context, the individual knowledge of p75NTR expression
levels would be a potent marker for the progression of hepatic fibrosis. However, we under-
stand that it would be necessary to understand the gene expression mechanisms of this neuro-
trophin and its receptor subsequent to already established antiviral therapies. Finally,
regarding the small number of subjects enrolled in the present study, specifically in the HBV
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group, which could not represent the molecular pathogenesis of the fibrotic transition to severe
stages, we suggest that a follow up study should be conducted with a large number of patients,
aiming to confirm our results.

Acknowledgments
We thank all of the individuals who participated in this research.

Author Contributions
Conceived and designed the experiments: ACRV RI MOGI ESGA. Performed the experiments:
ESGA STMG BBS FBF. Analyzed the data: ACRVMOGI RI. Contributed reagents/materials/
analysis tools: ACRVMOGI RI. Wrote the paper: ESGA ACRVMOGI RI. Selected the patients
and/or performed histopathological exams: MTFA SD GI SRSSC.

References
1. Aguilera Guirao A, Romero Yuste S, Regueiro BJ. Epidemiology and clinical manifestations of viral

hepatitis. Enferm Infecc Microbiol Clin. 2006; 24: 264–276. PMID: 16725087

2. Alter MJ. Epidemiology of hepatitis C virus infections. World J Gastroenterol. 2006; 13: 2436–2441.

3. Mita E, Hayashi N, Iio S, Takehara T, Hijioka T, Kasahara A, et al. Role of Fas ligand in apoptosis in-
duced by hepatitis C virus infection. Biochem Biophys Res Commun. 1994; 204: 468–474. PMID:
7980502

4. Guicciardi ME, Gores GJ. Apoptosis: a mechanism of acute and chronic liver injury. Gut 2005; 54:
1024–1033. PMID: 15951554

5. Malhi H, Guicciardi ME, Gores GJ. Hepatocyte death: a clear and present danger. Physiol Rev. 2010;
90: 1165–1194. doi: 10.1152/physrev.00061.2009 PMID: 20664081

6. Benyon RC, Iredale JP. Is liver fibrosis reversible? Gut 2000; 46: 443–446. PMID: 10716665

7. Gäbele E, Brenner DA, Rippe RA. Liver fibrosis: signals leading to the amplification of the fibrogenic he-
patic stellate cell. Front Biosci. 2003; 8: d69–d77. PMID: 12456323

8. Zaman A, Rosen HR, Ingram K, Corless CL, Oh E, Smith K. Assessment of FIBROSpect II to detect he-
patic fibrosis in chronic hepatitis C patients. Am J Med. 2007; 120: 280.e9–14. PMID: 17349453

9. Bedossa P. Intraobserver and interobserver variations in liver biopsy interpretation in patients with
chronic hepatitis C. The French METAVIR Cooperative Study Group. Hepatol. 1994; 20: 15–20.

10. Poynard T, Yuen MF, Ratziu V, Lai CL. Viral hepatitis C. Lancet 2003; 362: 2095–2100. PMID:
14697814

11. Ryder SD, Irving WL, Jones DA, Neal KR, Underwood JC, Trent Hepatitis C Study Group. Progression
of hepatic fibrosis in patients with hepatitis C: a prospective repeat liver biopsy study. Gut 2004; 53:
451–455. PMID: 14960533

12. Cohen S, Levi-Montalcini R, Hamburger V. A nerve growth-stimulating factor isolated from sarcomas
37 and 180. Proc Natl Acad Sci U S A. 1954; 40: 1014–1018. PMID: 16589582

13. Levi-Montalcini R, Hamburger V. Selective growth stimulating effects of mouse sarcoma on the sensory
and sympathetic nervous system of the chick embryo. J Exp Zool. 1951; 116: 321–361. PMID:
14824426

14. Sofroniew MV, Howe CL, MobleyWC. Nerve growth factor signaling, neuroprotection, and neural re-
pair. Annu Rev Neurosci. 2001; 24: 1217–1281. PMID: 11520933

15. Trim N, Morgan S, Evans M, Issa R, Fine D, Afford S, et al. Hepatic stellate cells express the low affinity
nerve growth factor receptor p75 and undergo apoptosis in response to nerve growth factor stimulation.
Am J Pathol. 2000; 156: 1235–1243. PMID: 10751349

16. Oakley F, Trim N, Constandinou CM, YeW, Gray AM, Frantz G, et al. Hepatocytes express nerve
growth factor during liver injury: evidence for paracrine regulation of hepatic stellate cell apoptosis. Am
J Pathol. 2003; 16: 1849–1858.

17. Passino MA, Adams RA, Sikorski SL, Akassoglou K. Regulation of hepatic stellate cell differentiation
by the neurotrophin receptor p75NTR. Science 2007; 315: 1853–1856. PMID: 17395831

18. Asai K, Tamakawa S, Yamamoto M, Yoshie M, Tokusashi Y, Yaginuma Y, et al. Activated hepatic stel-
late cells overexpress p75NTR after partial hepatectomy and undergo apoptosis on nerve growth factor
stimulation. Liver Int. 2006; 26: 595–603. PMID: 16762005

NGF and P75NTR Gene Expression Is Associated with the Hepatic Fibrosis

PLOS ONE | DOI:10.1371/journal.pone.0121754 March 27, 2015 10 / 11

http://www.ncbi.nlm.nih.gov/pubmed/16725087
http://www.ncbi.nlm.nih.gov/pubmed/7980502
http://www.ncbi.nlm.nih.gov/pubmed/15951554
http://dx.doi.org/10.1152/physrev.00061.2009
http://www.ncbi.nlm.nih.gov/pubmed/20664081
http://www.ncbi.nlm.nih.gov/pubmed/10716665
http://www.ncbi.nlm.nih.gov/pubmed/12456323
http://www.ncbi.nlm.nih.gov/pubmed/17349453
http://www.ncbi.nlm.nih.gov/pubmed/14697814
http://www.ncbi.nlm.nih.gov/pubmed/14960533
http://www.ncbi.nlm.nih.gov/pubmed/16589582
http://www.ncbi.nlm.nih.gov/pubmed/14824426
http://www.ncbi.nlm.nih.gov/pubmed/11520933
http://www.ncbi.nlm.nih.gov/pubmed/10751349
http://www.ncbi.nlm.nih.gov/pubmed/17395831
http://www.ncbi.nlm.nih.gov/pubmed/16762005


19. Kendall TJ, Hennedige SA, Aucott RL, Hartland SNN, Vernon MA, Benyon RC, et al. p75 Neurotrophin
receptor signaling regulates hepatic myofibroblast proliferation and apoptosis in recovery from rodent
liver fibrosis. Hepatol. 2009; 49: 901–910.

20. Gayotto LC. Comitê SBP-SBH. Visão histórica e consenso nacional sobre a classificação das hepatites
crônicas [Historical vision and national consensus on the classification of chronic hepatitis]. Project of
the Liver Pathology Club of the Brazilian society of pathology approved by the Brazilian Society of
Hepatology. GEDGastroenterol Endosc Dig. 2000; 19: 137–140.

21. Bedossa P, Poynard T. An algorithm for the grading of activity in chronic hepatitis C. The METAVIR Co-
operative Study Group. Hepatol. 1996; 24: 289–293.

22. Ayres M, Ayres M, Ayres DL, Santos AS. BioEstat 5.0: Aplicações estatísticas nas áreas de ciências
biológicas e médicas [BioEstat 5.0: statistical applications in biological and medical sciences]. Belém:
Sociedade Civil Mamirauá, 2008.

23. GraphPad Software Inc. Prism (data analysis software system), version 5. Software e Guia do Usuário,
2007.

24. Taub R. Liver regeneration: frommyth to mechanism. Nat Rev Mol Cell Biol. 2004; 5: 836–847. PMID:
15459664

25. Bataller R, Brenner DA. Hepatic stellate cells as a target for the treatment of liver fibrosis. Semin Liver
Dis. 2001; 21: 437–451. PMID: 11586471

26. Pinzani M. Novel insights into the biology and physiology of the Ito cell. Pharmacol Ther. 1995; 66:
387–412. PMID: 7667403

27. Williams AL, Hoofnagle JH. Ratio of serum aspartate to alanine aminotransferase in chronic hepatitis.
Relationship to cirrhosis. Gastroenterol. 1998; 95: 734–739.

28. Sheth SG, Flamm SL, Gordon FD, Chopra S. AST/ALT ratio predicts cirrhosis in patients with chronic
hepatitis C virus infection. Am J Gastroenterol. 1998; 93: 44–48. PMID: 9448172

29. Uyama N, Shimahara Y, Kawada N, Seki S, Okuyama H, Limuro Y, et al. Regulation of cultured rat he-
patocyte proliferation by stellate cells. J Hepatol. 2002; 36: 590–599. PMID: 11983441

30. Oakley F, Teoh V, Ching-A-Sue G, Bataller R, Colmenero J, Josson JR, et al. Angiotensin II activates I
kappaB kinase phosphorylation of RelA at Ser 536 to promote myofibroblast survival and liver fibrosis.
Gastroenterol. 2009; 136: 2334–2344.e.1. doi: 10.1053/j.gastro.2009.02.081 PMID: 19303015

31. Novo E, Marra F, Zamara E, Valfrè di Bonzo L, Monitillo L, Cannito S, et al. Overexpression of Bcl-2 by
activated human hepatic stellate cells: resistance to apoptosis as a mechanism of progressive hepatic
fibrogenesis in humans. Gut 2006; 55: 1174–1182. PMID: 16423888

32. Bataller R, Paik YH, Lindquist JN, Lemasters JJ, Brenner DA. Hepatitis C virus core and nonstructural
proteins induce fibrogenic effects in hepatic stellate cells. Gastroenterol. 2004; 126: 529–540.

33. Shin JY, Hur W, Wang JS, Jang JW, Kim CW, Bae SH, et al. HCV core protein promotes liver fibrogen-
esis via up-regulation of CTGF with TGF-beta1. Exp Mol Med. 2005; 37: 138–145. PMID: 15886528

34. London RM, George J. Pathogenesis of NASH: animal models. Clin Liver Dis. 2007; 11: 55–74, viii.
PMID: 17544972

35. Ikejima K, Okumura K, Kon K, Takei Y, Sato N. Role of adipocytokines in hepatic fibrogenesis. J Gas-
troenterol Hepatol. 2007; 22(Suppl 1): S87–S92. PMID: 17567476

36. Ikejima K, Takei Y, Honda H, Hirose M, YoshikawaM, Zhang YJ, et al. Leptin receptor-mediated signal-
ing regulates hepatic fibrogenesis and remodeling of extracellular matrix in the rat. Gastroenterol. 2002;
122: 1399–1410.

37. Lin S, Saxena NK, Ding X, Stein LL, Anania FA. Leptin increases tissue inhibitor of metalloproteinase I
(TIMP-1) gene expression by a specificity protein 1/signal transducer and activator of transcription 3
mechanism. Mol Endocrinol. 2006; 20: 3376–3388. PMID: 16931573

38. Leclercq IA, Farrell GC, Schriemer R, Robertson GR. Leptin is essential for the hepatic fibrogenic re-
sponse to chronic liver injury. J Hepatol. 2002; 37: 206–213. PMID: 12127425

39. Kamada Y, Tamura S, Kiso S, Matsumoto H, Saji Y, Yoshida Y, et al. Enhanced carbon tetrachloride-in-
duced liver fibrosis in mice lacking adiponectin. Gastroenterol. 2003; 125: 1796–1807.

40. Lonardo A, Adinolfi LE, Loria P, Carulli N, Ruggiero G, Day CP. Steatosis and hepatitis C virus: mecha-
nisms and significance for hepatic and extrahepatic disease. Gastroenterol. 2004; 126: 586–597.

41. Parola M, Robino G. Oxidative stress-related molecules and liver fibrosis. J Hepatol. 2001; 35: 297–
306. PMID: 11580156

NGF and P75NTR Gene Expression Is Associated with the Hepatic Fibrosis

PLOS ONE | DOI:10.1371/journal.pone.0121754 March 27, 2015 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/15459664
http://www.ncbi.nlm.nih.gov/pubmed/11586471
http://www.ncbi.nlm.nih.gov/pubmed/7667403
http://www.ncbi.nlm.nih.gov/pubmed/9448172
http://www.ncbi.nlm.nih.gov/pubmed/11983441
http://dx.doi.org/10.1053/j.gastro.2009.02.081
http://www.ncbi.nlm.nih.gov/pubmed/19303015
http://www.ncbi.nlm.nih.gov/pubmed/16423888
http://www.ncbi.nlm.nih.gov/pubmed/15886528
http://www.ncbi.nlm.nih.gov/pubmed/17544972
http://www.ncbi.nlm.nih.gov/pubmed/17567476
http://www.ncbi.nlm.nih.gov/pubmed/16931573
http://www.ncbi.nlm.nih.gov/pubmed/12127425
http://www.ncbi.nlm.nih.gov/pubmed/11580156


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


