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Abstract

We previously described a selective bile duct ligation model to elucidate the process of hepatic fibrogenesis in children with

biliary atresia or intrahepatic biliary stenosis. Using this model, we identified changes in the expression of alpha smooth muscle
actin (a-SMA) both in the obstructed parenchyma and in the hepatic parenchyma adjacent to the obstruction. However, the

expression profiles of desmin and TGF-b1, molecules known to be involved in hepatic fibrogenesis, were unchanged when

analyzed by semiquantitative polymerase chain reaction (RT-PCR). Thus, the molecular mechanisms involved in the

modulation of liver fibrosis in this experimental model are not fully understood. This study aimed to evaluate the molecular

changes in an experimental model of selective bile duct ligation and to compare the gene expression changes observed in RT-

PCR and in real-time quantitative PCR (qRT-PCR). Twenty-eight Wistar rats of both sexes and weaning age (21-23 days old)

were used. The rats were separated into groups that were assessed 7 or 60 days after selective biliary duct ligation. The

expression of desmin, a-SMA and TGF-b1 was examined in tissue from hepatic parenchyma with biliary obstruction (BO) and

in hepatic parenchyma without biliary obstruction (WBO), using RT-PCR and qRT-PCR. The results obtained in this study

using these two methods were significantly different. The BO parenchyma had a more severe fibrogenic reaction, with

increased a-SMA and TGF-b1 expression after 7 days. The WBO parenchyma presented a later, fibrotic response, with

increased desmin expression 7 days after surgery and increased a-SMA 60 days after surgery. The qRT-PCR technique was

more sensitive to expression changes than the semiquantitative method.
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Introduction

The mechanisms leading to increased collagen

production and liver parenchyma fibrosis are poorly

understood (1). These phenomena are commonly

observed in children with biliary atresia, in whom the

evolution to biliary cirrhosis and hepatic failure creates a

need for liver transplantation in the majority of patients,

even after a successful Kasai portoenterostomy (2).

Similarly, pediatric liver transplantation presents with

biliary complications in 20 to 30% of cases in the

postoperative period (3). Intra- or extra-hepatic stenosis

of the bile ducts is frequent and may lead to secondary

biliary cirrhosis and the need for retransplantation (3,4). It

is unknown whether biliary stenosis involving isolated

segments or lobes can affect the adjacent unobstructed

lobes by paracrine or endocrine signaling, leading to

fibrosis in the neighboring parenchyma (5-7). In order to

investigate this possibility, we developed a selective bile

duct ligation model in weaning rats. In that model, we

observed that biliary proliferation and portal fibrosis

occurred in both the cholestatic and the unobstructed

lobes of the liver in response to biliary obstruction (1).

During liver fibrogenesis, hepatic stellate cells or Ito

cells are activated and differentiate into myofibroblasts

(8). In rats, the activation and proliferation of stellate cells

correlates with a high expression of desmin (9), while

alpha smooth muscle actin (a-SMA) is considered a

myofibroblast marker because it is expressed after the

differentiation of these cells (8). Desmin and a-SMA are

structural intermediate filament proteins present in the

cytoskeleton of smooth muscle cells and other cell types

(8,9). These cells are responsible for the increased type I

collagen synthesis observed in liver fibrogenesis (10).

Another important profibrogenic cytokine involved in this

process is transforming growth factor beta (TGF-b1)
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(8-10), which transcriptionally regulates type I collagen

expression in stellate cells (11).

Molecular analyses performed by conventional semi-

quantitative polymerase chain reaction (RT-PCR) in our

rat model revealed increases in only a-SMA gene

expression, in both obstructed and unobstructed liver

parenchyma; the expression of desmin and TGF-b1
genes was unchanged (1).

On the other hand, real-time quantitative polymerase

chain reaction (qRT-PCR) has previously been described

as a more precise and sensitive method for molecular

analysis than conventional RT-PCR. Therefore, the objec-

tives of the present study were to evaluate the molecular

changes in an experimental model of selective bile duct

ligation and to compare the gene expression changes

observed with the RT-PCR and qRT-PCR methods.

Material and Methods

Animals
Twenty-eight Wistar rats of weaning age (21-23 days

of age and weighing 30-50 g) were used. All animals

received care according to the criteria outlined in the

Guide for the Care and Use of Laboratory Animals

prepared by the National Academy of Sciences (12).

The protocol for this study was approved by the animal

Ethics Committee of Faculdade de Medicina,

Universidade de São Paulo, São Paulo, Brazil.

The weaned rats were maintained on a standard

laboratory diet and tap water ad libitum throughout the

experiment.

Surgical procedures
The surgical procedures were performed under sterile

conditions using isofurane anesthesia. Animals were

submitted to selective ligation of the biliary ducts as

previously described (1). The bile ducts of the median, left

lateral, and caudate liver lobes were ligated, and biliary

drainage of the right lateral lobe was left intact (Figure 1).

Rats were euthanized 7 or 60 days after the operation

(7 animals per group) under isofurane anesthesia. A

midline abdominal and thoracic incision was performed to

harvest the liver lobes. The median and left lateral lobes

with biliary obstruction (BO) and the right lateral lobe

without biliary obstruction (WBO) were harvested sepa-

rately. Liver tissue from age-matched rats (28 and 81

days of age, 7 per group) not subjected to ligation surgery

was used as a control.

Liver tissues were snap frozen at ––1706C in liquid

nitrogen for subsequent molecular analyses. The expres-

sion of desmin, a-SMA, and TGF-b1 was assessed using

both RT-PCR and qRT-PCR.

Total RNA isolation and reverse transcription
Total RNA was isolated from frozen liver samples using

TRIZOL (Invitrogen, USA) according to the manufacturer’s

protocol. Total RNA was quantified with spectrophotometry

using a Biophotometer (Eppendorf AG, Germany) at an

absorbance of 260 nm, and the purity was assessed using

the 260/280 nm absorbance ratio. This value ranged from

1.8 to 2 for all samples. The integrity of the isolated RNA

samples was determined by agarose gel electrophoresis

and ethidium bromide staining of the 18S and 28S

ribosomal RNA bands.

Complementary DNA (cDNA) was prepared from 2 mg
total RNA by reverse transcription using 200 U of

SuperScript III RNase H-RT (Invitrogen) and oligo (dT)

primers. The resulting cDNA was stored at ––206C.

Primers specific for desmin, a-SMA, and TGF-b1 were

designed based on the rat messenger RNA sequences

from the GenBank database using the Primer3 software

(http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3

plus.cgi/). As an internal reference, primers for cyclo-
philin and hypoxanthine phosphoribosyl transferase

were used. The primer sequences and size of the

amplified products are listed in Table 1.

RT-PCR
Semiquantitative RT-PCR was performed in a total

volume of 25 mL containing 100 ng cDNA, 20 pmol of each

primer, 200 mmol dNTPs, 1.5 mM MgCl2, 2.5 mL of 106
PCR buffer (Invitrogen), and 2 units Taq polymerase

(Invitrogen). The reaction was carried out in a PTC 200

thermocycler (MJ Research, USA), accompanied by a

control reaction to identify contamination. The thermal cycler

reaction conditions were as follows: initial denaturation for

5 min at 946C; followed by 28 (a-SMA) or 33 (desmin and

TGF-b1) cycles, consisting of 60 s of denaturation at 946C,

60 s of annealing at 606C (a-SMA and TGF-b1) or 60 s at

556C (desmin), and 60 s of extension at 726C; and a final

extension of 5 min at 726C. Each reaction was repeated

three times to ensure consistent data.

The amplified products were analyzed by electrophor-

esis on 2% agarose gels containing ethidium bromide and

Figure 1. Photograph showing the ligation and section of the

median, left lateral, and caudate liver lobe ducts. Note that the

bile duct of the right lateral lobe was left intact (black arrow).
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visualized with an ultraviolet transilluminator (Gibco BRL,

Life Technologies, USA). Gel images were captured with

the Kodak Gel Logic 100 Imaging System (Kodak, USA).

The density of the amplified bands was determined with

the Kodak Molecular Imaging Software (version 4.0.5)

and reported in arbitrary units (AU).

qRT-PCR
qRT-PCR was performed using the Rotor-Gene Q

5plex HRM thermal cycler (Qiagen, Germany). Each 15-mL

reaction contained 100 ng cDNA, 0.3 mL gene-specific

forward and reverse primers (10 mM), and 7.5 mL Platinum

Sybr Green qRT-PCR SuperMix-UDG kit (Invitrogen). The

cycling conditions were as follows: initial template denatura-

tion for 5 min at 956C, followed by 40 cycles of denaturation

at 956C for 20 s, annealing at 606C for 30 s, and extension

at 726C for 30 s. Fluorescence detection was performed

during each cycle at 726C to identify the positive samples.

Each sample was assessed in triplicate, and controls

without template were included in parallel for each reaction.

Amplification was followed by a melting curve analysis to

check PCR product specificity. The fold changes in gene

expression relative to the levels obtained in healthy rats,

which were set equal to 1, were analyzed and calculated

using the 2-DDct method (13).

Detection thresholds of RT-PCR and qRT-PCR
To compare the sensitivity and detection threshold of

both methods, we measured a-actin levels in serial

dilutions. A cDNA pool from all of the BO samples was

serially diluted (1:10, 1:100, 1:1000, 1:10,000, 1:100,000)

using the same reagents as previously described for each

method.

Statistical analysis
Statistical analyses were performed using the SPSS

software 18.0 for Windows (SPSS, USA). The Shapiro-

Wilk test was used to determine whether groups of data

had a Gaussian distribution. The significance of between-

group differences was examined using one-way analysis

of variance (ANOVA) and the Tukey multiple comparison

post hoc test or a Kruskal-Wallis test and the Dunn post
hoc test. P values ,0.05 (two-tailed) were considered to

be significant. The results are reported as the 25th and

75th percentiles, medians, and minimum and maximum

values in box plots.

Results

Desmin, a-SMA, and TGF-b1 expression in control,

BO, and WBO parenchyma 7 days and 60 days after

surgery are illustrated in box plots (Figure 2). The ordinate

axis values represent the relative density of the RT-PCR

bands and the values obtained by qRT-PCR. Semiquanti-

tative RT-PCR analysis of the desmin gene showed no

significant differences between the groups. However, the

qRT-PCR evaluation of the same gene revealed an

increase in desmin expression in the WBO parenchyma

7 days (P=0.002) and 60 days (P=0.018) after surgery

compared with the control group.

The semiquantitative and quantitative analyses of a-

SMA expression in the control, BO and WBO parenchyma

7 and 60 days after surgery are shown in Figure 3.

Semiquantitative RT-PCR detected an increase in expres-

sion levels in the BO parenchyma 7 days after surgery

(P=0.004). After 60 days, the same method detected an

increase in a-SMA expression in both the BO (P=0.008)

and WBO (P=0.029) parenchyma. Analysis by qRT-PCR

confirmed these findings, showing an increase in expres-

sion level 7 days after surgery in the BO parenchyma

(P=0.003) and 60 days after surgery in both the BO

(P=0.017) and WBO (P=0.023) parenchyma.

The qRT-PCR analysis revealed increased expression

of TGF-b1 in the BO parenchyma 7 days after surgery

compared with the control group (P=0.015). However,

evaluation by RT-PCR detected no differences between

the groups. No significant differences were observed by

either method 60 days after surgery (Figure 4).

Evaluation of the detection threshold of each method

indicated that RT-PCR was less sensitive at detecting

small amounts of genetic material compared to qRT-PCR

(Figure 5). Using serial dilutions of the cDNA, the semi-

quantitative method was only capable of detecting genetic

material in dilutions with higher concentrations of cDNA

(1:10 to 1:1000), whereas the qRT-PCR method allowed

the visualization of real-time amplification in more dilute

samples (1:10 to 1:100,000). Therefore, the high speci-

ficity of the qRT-PCR method was demonstrated even in

samples with low concentrations of genetic material.

Discussion

The role of paracrine and endocrine mechanisms in

Table 1. Primers used for the semiquantitative polymerase chain reaction (RT-PCR) and the real-time quantitative PCR (qRT-PCR).

Gene Forward primer 59-39 Reverse primer 59-39 Size (bp)

Desmin CCA ACT GAG AGA AGA AGC AGA G CTT ATT GGC TGC CTG AGT CAA G 259

a-SMA GTT TGA GAC CTT CAA TGT CCC CGA TCT CAC GCT CAG CAG TGA 334

TGF-b1 ATA CGC CTG AGT GGC TGT CT TGG GAC TGA TCC CAT TGA TT 153

Cyclophilin GGG AAG GTG AAA GAA GGC AT GAG AGC AGA GAT TAC AGG GT 211

HPRT CTC ATG GAC TGA TTA TGG ACA GGA C GCA GGT CAG CAA AGA ACT TAT AGC C 123
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liver fibrosis progression has been proposed by many

investigators (5-7). The evolution to cirrhosis, even after a

successful Kasai portoenterostomy, and the fact that

segmental biliary stenosis after liver transplantation may

lead to cirrhosis of the whole organ, is most likely

explained by paracrine/endocrine factors. In fact, in our

model of selective biliary ligation, obstruction of the biliary

ducts responsible for drainage of the median, left lateral,

and caudate lobes was followed by biliary proliferation

and portal fibrosis in the whole liver, including the

unobstructed right lobe (1). In the present study, we

evaluated the molecular events involved in the liver

fibrogenic process in a model of selective biliary ligation

using two methods of gene expression analysis (RT-PCR

and qRT-PCR).

Comparison of the results obtained from each

expression analysis method showed heterogeneity.

These findings are of considerable interest in clinical

and experimental research, as these methods are both

commonly used, and can thus lead to different results

between studies. The use of gene expression analysis to

study experimental models of liver fibrosis is still

infrequent, although these data may identify early

pathophysiological changes involved in disease develop-

ment (14,15). In our experimental model, the utilization of

gene expression analysis techniques enabled the eluci-

dation of the dynamic alterations in liver parenchyma

driven by selective obstruction of the bile duct.

In the classical model of common bile duct ligation,

activation and transdifferentiation of stellate cells into

myofibroblasts are observed a few days after the obstruc-

tion of bile flow (9,16,17). Using the current model of

selective bile duct ligation, qRT-PCR revealed an increase

in desmin expression in the WBO parenchyma, whereas

there were no differences in the BO parenchyma. These

data support the hypothesis that the development of

fibrosis occurs via endocrine or paracrine mechanisms

(5-7). The process of transdifferentiation of cells into

myofibroblasts is observed in the early stage of liver

fibrogenesis. During activation and proliferation, hepatic

stellate cells show a significant increase in the levels of

desmin (15,16). Few studies have demonstrated a role for

desmin in liver fibrogenesis, probably because of the

increased levels of desmin in the initial phase of fibrogen-

esis (9,18,19). This hypothesis is supported by the results

obtained in our animal model because desmin expression

was unchanged in the obstructed parenchyma. This result

is most likely related to the fact that the evolution of hepatic

fibrogenesis was more intense in the BO parenchyma,

assuming that the peak of desmin expression occurred

before the 7th day of surgery, and that these hepatic

stellate cells had most likely already differentiated into

myofibroblasts 7 days after biliary obstruction.

The a-SMA expression levels in animals subjected to

surgery also corroborate this hypothesis. Both molecular

analysis methods showed an increase in the expression

of a-SMA in the BO parenchyma 7 days after selective

ligation, whereas the response in the WBO parenchyma

was delayed, and the levels of a-SMA increased only 60

days after surgery. a-SMA is expressed by myofibro-

blasts, which are a heterogeneous population of highly

pro-fibrogenic cells, and high levels indicate the progres-

sion of fibrosis with collagen deposition and a consequent

alteration of parenchymal architecture (20,21). In experi-

mental studies of fibrosis, this myofibroblast marker is

highly expressed a few days after induction of fibrosis. In

experimental models of common bile duct ligation and

those induced by hepatotoxic drugs, application of a

fibrogenic stimulus is followed within a few days by a rapid

evolution and high levels of a-SMA (15,16).

The model of selective bile duct ligation demonstrated

a progressive development of fibrosis, and similar to the

classic experimental models, the presence of myofibro-

blasts in the first week of surgery in the BO parenchyma

indicated a rapid evolution of fibrosis in the hepatic

parenchyma. This observation was also supported by the

gene expression profile of TGF-b1. The results obtained

using qRT-PCR identified high levels of TGF-b1 7 days

Figure 2. Gene expression profile of desmin from control rats,

BO and WBO parenchymas. A, C, Semiquantitative analysis (RT-

PCR) of the relative density at 7 days (A) and 60 days (C) after
selective ligation of the bile duct. B, D, Quantitative analysis

(qRT-PCR) at 7 days (B) and 60 days (D) after selective ligation

of the bile duct. The gene expression values were obtained

by relative quantification using the 2-DDct method. BO: biliary

obstruction; WBO: without biliary obstruction. One-way ANOVA

was used for the statistical analyses.
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after surgery in cholestatic liver parenchyma. TGF-b1 is

the main fibrogenic cytokine produced by myofibroblasts,

and its expression is related to cell differentiation,

particularly the stimulation of collagen synthesis (22-25).

Furthermore, elevated levels of TGF-b1 have been

suggested to inhibit the proliferation of stellate cells,

acting as an inducer of apoptosis and a negative feedback

mechanism (26-28). Elevated levels of TGF-b1 suggest

that the responses to fibrogenic mechanisms were more

intense in the liver parenchyma with biliary obstruction, in

which the presence of this cytokine is closely related to

the deposition of type I collagen by myofibroblasts. After

60 days, stellate cell proliferation was suppressed by

TGF-b1, and myofibroblast cytokine production also

returned to control levels.

In our investigation, the semiquantitative results from

RT-PCR were unable to describe the molecular mechan-

isms involved in the modulation of hepatic fibrogenesis. We

found that the observed differences for a-SMA using the

semiquantitative method were similar to the results

obtained using qRT-PCR. When TGF-b1 levels were

evaluated using the two different methods, the semiquanti-

tative method detected an increased, but not significantly

different, expression level in the BO parenchyma (P=0.09).

These findings were further refined using qRT-PCR, which

showed that the BO liver parenchyma was significantly

different from the control group (P=0.015). As previously

stated, desmin is an acute-phase protein that is expressed

at high levels during the activation and proliferation of

hepatic stellate cells (15,16). In our study, we examined the

process of fibrogenesis in its initial phase. It was not

possible to identify differences between the groups using

RT-PCR. However, qRT-PCR detected changes in desmin

expression levels in liver parenchyma with biliary drainage

normal. The discrepancies between the different methods

can be explained by the higher sensitivity of qRT-PCR in

detecting small changes in transcript level (29). In fact, in

evaluating the cDNA detection limit using RT-PCR and

qRT-PCR, Dagher et al. (30) demonstrated that the real-

time quantitative method is 10-fold more sensitive than the

semiquantitative method for detection of low sample

concentrations.

To compare the effectiveness of both methods in

distinguishing small amounts of genetic material, we

performed serial dilutions of cDNA and qualitatively

Figure 3. Gene expression profile of alpha smooth muscle actin
(a-SMA) from control rats, BO and WBO parenchymas. A, C,
Semiquantitative analysis (RT-PCR) of the relative density at 7

days (A) and 60 days (C) after selective ligation of the bile duct.

B, D, Quantitative analysis (qRT-PCR) at 7 days (B) and 60 days

(D) after selective ligation of the bile duct. The gene expression

values were obtained by relative quantification using the 2-DDct

method. One-way ANOVA was used for the comparisons of the

semiquantitative method and the Kruskal-Wallis test was used for

the qRT-PCR statistical analyses.

Figure 4. Gene expression profile of TGF-b1 from control rats,

BO and WBO parenchymas. A, C, Semiquantitative analysis (RT-

PCR) of the relative density at 7 days (A) and 60 days (C) after
selective ligation of the bile duct. B, D, Quantitative analysis

(qRT-PCR) at 7 days (B) and 60 days (D) after selective ligation

of the bile duct. The gene expression values were obtained by

relative quantification using the 2-DDct method. One-way ANOVA

was used for the statistical analyses.
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compared the ability of the methods to amplify cDNA in

each dilution. Using this experimental design, the detec-

tion limit for the semiquantitative method was shown to be

lower, and the amplified product was not detectable in

samples diluted more than 1:1,000. In contrast, qRT-PCR

showed higher levels of sensitivity and was capable of

detecting cDNA in samples containing smaller amounts

than the other method, including in dilutions of 1:100,000,

as well as demonstrating a high specificity as assessed by

the melting curve.

These findings can also be compared with previous

results of the gene analyses in our experimental model. From

the scale of the graphs of the levels of alpha-actin gene

expression, it is possible to see that the results obtained from

the qRT-PCR showed higher values that are easy to

distinguish from one another. In the semiquantitative method,

the scale of gene expression values was smaller, although

statistically significant. In addition, no significant differences in

desmin and TGF-b1 expression were observed in BO and

WBOparenchymas using the semiquantitativemethod, but in

graphical scale qRT-PCR low values were revealed.

By examining the results obtained using both gene

expression analysis methods, we elucidated the molecular

mechanisms involved in liver fibrogenesis in an experi-

mental model of selective bile duct ligation. In summary, we

demonstrated an increase in desmin expression at the

beginning of the fibrogenic process that is involved in the

proliferation of hepatic stellate cells. The liver parenchyma

subjected to bile duct ligation showed a more intense

fibrogenic response, with cells differentiating into myofi-

broblasts a few days after surgery, as identified by the

increase in a-SMA expression. As fibrogenesis in the liver

parenchyma with an obstruction of bile flow occurs, an

endocrine or paracrine mechanism promotes activation of

the fibrogenic process in the WBO-adjacent hepatic

parenchyma. These findings were confirmed by the

expression of desmin early in the process and the delayed

expression of a-SMA, demonstrating a slower progression

of hepatic fibrogenesis in the WBO parenchyma. The

increased levels of TGF-b1 expression were correlated

Figure 5. Comparison of the detection limit of

alpha smooth muscle actin (a-SMA) cDNA using

semiquantitative PCR (RT-PCR) and quantitative

real-time PCR (qRT-PCR). cDNA from all of the

samples was 10-fold serially diluted. A,
Amplification curve generated by plotting SYBR

Green I fluorescence data (y-axis) collected at

each cycle (x-axis) during the extension phase of

the PCR. cDNA copy number per sample: (105,

104, 103, 102, 101). B, Melting curve analysis

obtained by plotting the negative derivative of

fluorescence over temperature (-dF/dT) (y-axis)

vs temperature in degrees Celsius (6C) (x-axis)
showing the specificity of the PCR assay for

samples with a small amount of genetic material.

C, Samples amplified using RT-PCR and ana-

lyzed with gel electrophoresis. Note that only

three dilutions of cDNA were detected (105, 104,

103). D, Graphical representation of the detection

efficiency of the diluted samples by the methods

of RT-PCR and qRT-PCR. NC: negative control.
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with collagen deposition in the cholestatic liver parenchyma

(BO). During the process of hepatic fibrogenesis, the role of

TGF-b1 is complex because it is related to cell differentia-

tion, collagen deposition, and inhibition of hepatic stellate

cell proliferation (24,25,28,31). Our results agree with the

theoretical basis found in the literature, because the

inhibition of stellate cell proliferation by TGF-b1was related

to low levels of desmin expression in the liver parenchyma

with cholestasis, even early in the fibrogenic process.

In conclusion, our data support the hypothesis that the

fibrogenic stimulus from a hepatic segment with biliary

obstruction causes subsequent development of fibrosis in

the adjacent parenchyma. Using gene expression analy-

sis, we established the molecular dynamic changes

involved in the fibrogenic process in this experimental

model, allowing its inclusion in studies of alterations of

segmental cholestasis such as intrahepatic biliary steno-

sis and biliary atresia.
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