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Abstract Cytoglobin, generated using genetic engineer-

ing method, is a kind of recombinant human stellate cell

activation-associated protein. We speculate that it could

influence the development of hepatic fibrosis like Sellate cell

activation-associated protein which was discovered by

Kawada et al. Therefore, we investigated its anti-fibrosis

effect on liver both in vivo and in vitro. During our research,

we found that cytoglobin showed obvious effect compared

with the control group on Thioacetamide-induced liver

fibrosis in SD rats, including significantly decrease in

aspartate aminotransferase, Hyaluronic acid, laminin and

collagen I(Col I) levels in serum and hydroxyproline in

livers, which are the important indices reflecting the degree

of hepatic fibrosis. Meanwhile, the viability of rat hepatic

stellate cell line T6 (HSC-T6) cells was inhibited by cyto-

globin and the apoptosis induced by cytoglobin in HSC-T6

cells was detected by Annexin V/PI double staining. Acti-

vation of the caspase cascade including caspase-3 for the

intrinsic pathways was demonstrated. The results also

showed that the expression of Bcl-2 protein decreased

whereas that of Bax protein increased, leading to an increase

of the Bax/Bcl-2 ratio. Our results demonstrated that cyto-

globin exhibited anti-fibrosis activity on livers in vivo and in

vitro, involving apoptosis induction.
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Abbreviations

AST Aspartate aminotransferase

Caspases cysteine aspartate-specific proteases

Col I Collagen I

ECM Extracellular matrix

HA Hyaluronic acid

hCyt Human cytoglobin

HE Hematoxylin-eosin

HPLC High performance liqid chromatography

HSCs Hepatic sellate cells

HSC-T6 rat hepatic stellate cell line T6

HYP Hydroxyproline

LN Laminin

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenytetrazoliumbromide

PS Phosphatidylserine

SD rat Sprague dawley rat

STAP Sellate cell activation-associated protein

TAA Thioacetamide

TEM Transmission Electron Microscope

1 Introduction

Hepatic fibrosis occurs as the response to a variety of

sustained damage to the liver such as the abuse of alcohol,
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drug toxicity and viral infection [4, 14, 19]. At the same

time, hepatic fibrosis is the pathological foundation of all

the chronic hepatic diseases [26, 31] and could eventually

lead to irreversible cirrhosis, even liver failure.

Presently, many studies have indicated that hepatic

fibrosis is due to excessive deposition of the extracellular

matrix (ECM) proteins in the liver [4]. Several kinds of

cells including hepatic sellate cells (HSCs) [26] are

reported to be involved in the deposition of fibrillar ECM

during the process of hepatic fibrosis.

Hepatic stellate cells (HSCs), liver-specific pericyte,

reside in sinusoids, and maintain a quiescent phenotype

[22, 24]. When activated, HSCs proliferate, migrate, con-

tract, and generate a large amount of ECM materials, which

participated in septum formation of the chronically dam-

aged liver. Therefore, molecular analysis of HSC activation

is currently one of the therapeutic targets to counteract

hepatic fibrosis [15, 21].

A novel protein named STAP (sellate cell activation-

associated protein) was discovered by Kawada et al. [17]

when they researched the activation process of rat hepatic

stellate cells at the protein level and it is markedly up-

regulated during the course of HSC activation. STAP thus

could play a critical role in the development of hepatic

fibrosis. Human STAP shows 94 amino acid sequence

homology to rat STAP by homology blasting [2]. Then, we

generated recombinant human STAP (cytoglobin) by our-

selves using genetic engineering and believe it could also

influence the development of hepatic fibrosis like STAP.

Here, we evaluated its therapeutic potential and mechanism

of action in the inhibition of hepatic fibrosis.

2 Materials and Methods

2.1 Reagents

Dnase I and lysozyme were obtained from sigma. HYP,

serum AST assay kits were purchased from Nanjing

Jiancheng Institute of Biology. HA, LN and CollELISA

assay kits were obtained from SenXiong Co., Ltd.

(Shanghai, China). Primary antibodies were purchased

from Santa Cruz (anti-caspase-3, anti-Bax and anti-Actin

antibodies) and Cell Signaling Technology (anti-Bcl-2

antibody). IRDyeTM 800 conjugated anti-mouse and anti-

rabbit second antibodies were obtained from Rockland Inc.

(Philadelphia,PA). MTT (3-(4, 5-dimethylthiazol-2-yl)-

2,5-diphenytetrazoliumbromide) was from Fluka chemical

corp (Ronkonkoma, NY) and was dissolved in 0.01 M

PBS. Annexin V-EGFP/PI Apoptosis Detection kit and

BCA assay kit was purchased from KeyGene (Nanjing,

China). All other chemicals were of the highest pure grade

available.

2.2 Human Cytoglobin Preparation

Human cytoglobin (hCyt) cDNA was obtained from

HepG2 cells by Reverse Transcription-PCR. Recombinant

pET28a-hCyt/BL21 (DE3) expression vector was con-

structed and transformed into E. coli BL21 (DE3). Acti-

vated engineering strain PET28a-hCyt/BL21 (DE3) was

then inoculated into LB medium (with Kan) under the

condition of pH 6.6, while shaking at the speed of 180 rpm.

After 5 h, IPTG was added to induct for 5 h with a final

IPTG concentration of 0.5 mmol/L.

After induction, the collected thalli was first washed

with buffer A (20 mM Tris–HCl pH 8.0, 50 mM NaCl),

followed by mixing with 5 mL/g buffer C (20 mM Tris–

HCl pH8.0, 1 mmol/L EDTA, 50 mM NaCl, 0.5%Triton

X-100) and 80 lL lysozyme (10 mg/mL). Bacterial sus-

pension was achieved by stirring for 3 h until the suspen-

sion became sticky. 20 lL Dnase I (1 mg/mL) was then

added and continuing being stirred for 6 h to lyses the

sample. The inclusion body was collected after centrifug-

ing the above obtained solution at 12,000 rpm for 15 min,

and then washed first with buffer B (20 mM Tris–HCl pH

8.0, 50 mM NaCl, 0.1% Triton X-100) for 3 times in the

solid–liquid ratio of 1:5 followed by washing with buffer A

for 3 times to completely remove the TritonX-100. The

resulting solution which contained the inclusion body was

again centrifuged at 12,000 rpm for 15 min to get the

precipitation, which was then dissolved in buffer D (1 g/

10 mL), and stirred at 4 �C for 6 h. After that, centrifu-

gation was applied with the same condition for the third

time, and the supernatant was collected to be purified.

Sephadex G-50 (GE healthcare, USA) affinity chromatog-

raphy column (1.6 cm 9 100 cm) was used to purify

rhSTAP included in the above collected supernatant, with

renaturation buffer E (20 mM Tris–HCl pH 8.0, 50 mM

NaCl, 1 mM EDTA) as the mobile phase, at the flow rate

of 0.3 ml/min under 2–10 �C.

SDS–PAGE (12%) and HPLC were both used to detect

the sample purity (Fig. 1a, b). The HPLC system used was a

Waters ultraviolet detection system (280 nm). A TSK-GEL

G-2000SW performance gel column (7.8 mm 9 300 mm)

was purchased from TOSOH (Japan). Mobile phase was

0.1 M PBS (pH 7.4). The flow rate was 1 mL/min, and the

sample injection volume was 50 lL.

2.3 Animals

Adult male Sprague–Dawley rats (180 ± 10 g) were

obtained from Shanghai Slac Labortory Animal Co. Ltd.

(shanghai, China, ID: SCXK: 2007-0005). All animals

were housed individually under constant temperature

(20 ± 2 �C) and humidity (70%) with a 12 h light/dark

cycle and had free access to chew and water. The
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experimental procedures were approved by the institutional

Animal Ethics Committee.

2.4 Thioacetamide-Induced Rat Hepatic Fibrosis

and Administration

The modeling method is according Imanishi [15] and

Kuriyama et al. [18]. Sixty adult male SD rats

(180 ± 10 g) were subcutaneously injected with 6% TAA

(200 mg/kg), three times per week for continuous 8 weeks,

except for the normal control rats (n = 15). The rats were

randomly divided into 5 subgroups (n = 15): (I) model

group, (II) positive control group (Transmetil 200 mg/kg),

(III) low dose group (cytoglobin 5 mg/kg), (IV) high dose

group (cytoglobin 10 mg/kg), (V) normal control group

(normal saline). After modeling, all groups were adminis-

tered 6 days per week by intraperitoneal injection (i.p.) for

continuous 4 weeks.

2.5 Specimen Collection and Histopathologic

Examination

After 24 h of the final administration, Blood samples were

collected and serum was separated by centrifugation at

4 �C and kept at -20 �C for assay. Then, all rats were

sacrificed and the liver was washed with cold saline, then a

part of the right hepatic lobular was removed and stored in

liquid nitrogen for content detection of hydroxyproline.

The remaining part of the right hepatic lobular was made

slices for pathological and submicroscopic structure

diagnosis.

The liver tissues were fixed in 10% neutral-buffered

formalin, and then embedded in paraffin. Sections were

stained with hematoxylin-eosin (HE staining) for routine

histology and Masson’s trichrome for collagen. Serial

sections were examined under an microscope (Olympus

Co. Ltd., Tokyo, Japan) and photographed.

2.6 Examination of Liver Cell Submicroscopic

Structure

After fixation using 2.5% glutaraldehyde overnight, sample

was dehydrated through series of alcohol and prepared by

the conventional electron microscopy sample preparation

method, followed by electron staining. Changes of the

submicroscopic structure of liver cells were examed by

Transmission Electron Microscope (TEM).

2.7 Biochemical Parameters Determination

The content of HYP in liver, serum levels of HA, LN, Col

and AST were measured by ELISA kits or kits according to

the manufacturer’s instructions.

2.8 Cell lines and Culture

The rat hepatic stellate cell line (HSC-T6 cells) was pur-

chased from Cell Bank of Shanghai Institute of Biochem-

istry and Cell Biology and cultured in 90% DMEM medium

(GIBCO, Invitrogen Corporation, NY) supplemented with

10% fetal bovine serum (GIBCO, Invitrogen Corporation,

NY), 100 U/ml penicillin sulfate and 100U/ml streptomycin,

pH 7.4, in a CO2 incubator (Thermo Electronic, USA) with a

humidified atmosphere of 5% CO2 at 37 �C.

2.9 Cell Viability Assay

The MTT assay is based on the protocol described for the

first time by Mossmann (1983). The HSC-T6 cells were

plated in the appropriate medium on 96-well plates in a

100 lL total volume at a density of 103 cells per well.

Cytoglobin was diluted with culture media to a series of

concentrations (40, 80, 160, 240, 320, 480 lg/mL). After

HSC-T6 cells being exposed to cytoglobin for 48 h, 20 lL

MTT (5 mg/mL) was added to each well and then cells

(B)

95.00  

%Area 

421945 15911734 

Height Area 

97.2KD 

66.4KD 

44.3KD 

29.0KD 

14.3KD 

Cytoglobin
20.1KD 

(A) Fig. 1 Purity detection of

cytoglobin. a 12% SDS–PAGE.

b HPLC (280 nm)
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were incubated for 4 h. Hundred microliter of DMSO was

added in each well and shaken for 10 min to ensure the

formazan product dissolve completely. The absorbance

(A) was measured at 570 nm using an automated micro-

plated reader (Thermo) [7, 10, 29]. Inhibition ratio (%) was

determined using the following formula: Inhibitory rate

(%) = (AControl - ATreated)/AControl 9 100.

2.10 Annexin V/PI Double-Staining Assay

After HSC-T6 cells were exposed to cytoglobin (0, 50, 100,

200 lg/mL) for 48 h. Cells were washed with PBS, dis-

persed in a 0.25% trypsin solution and resuspended in PBS.

Annexin V/PI double-staining assay was performed using

the Annexin V–EGFP/PI Apoptosis Detection Kit (Key-

Gene, China) according to the instructions of the manu-

facturer. The samples were analyzed by flow cytometric

analysis within 1 h and data acquisition and analysis were

performed in a Becton–Dickinson FACSCalibur flow

cytometer (BD Biosciences, Franklin Lakes, NJ) using

CellQuest software. This assay is carried out three times.

The left lower section of fluorocytogram (An-, PI-) was

regarded as normal healthy cells, while right lower section

of fluorocytogram (An?, PI-) was taken as early and

median apoptosis cells, right upper section of fluorocyto-

gram (An?, PI?) represents late apoptosis cells [13, 32].

2.11 Western Blot Analysis

HSC-T6 cells were incubated with cytoglobin as described

in 2.8, and then cells were collected and lysed in lysis

buffer (50 mM Tris–HCl, pH 7.6, 150 mM NaCl, 1 mM

EDTA, 1% (m/v) NP-40, 0.2 mM PMSF, 0.1 mM NaF and

1.0 mM DTT). Lysates were clarified by centrifugation at

12,000g for 30 min at 4 �C.The concentration of total

proteins was measured by the BCA assay method with a

Varioskan multimode microplate spectrophotometer

(Thermo, Waltham, MA) at 562 nm.

Protein samples were separated with 12% SDS–PAGE

gel and transferred onto the PVDF membranes (Millipore,

Billerica, MA), which were saturated with 5% nonfat milk

in PBS for 1 h and incubated with the following primary

antibodies: anti-caspase-3, -Bcl-2, -Bax, and –b-actin

overnight at 4 �C. Blots were then washed and incubated

for 1 h with IRDyeTM800 conjugated anti-goat and anti-

mouse second antibodies. Immunoreactive protein bands

were detected with an Odyssey Scanning System (Li-COR

Inc., Superior St. Lincoln, NE) [20, 27, 29].

2.12 Statistical Analysis

The results were expressed as mean ± SEM. Statistical

analyses were performed using one-way ANOVA followed

by Dunnett’s test for multiple group comparisons or Stu-

dent’s t test for two group comparisons. p value \ 0.05 was

considered as statistically significant.

3 Results

3.1 Histopathologic Examination After Treatment

Routine histological analysis and collagen fiber examina-

tion of the livers in SD rats were used by hematoxylin-

eosin and Masson’s trichrome staining, respectively. As

shown in the figures, there was hardly visible fibrosis and

collagen fiber (blue) in normal group (Figs. 2a, 3a),

whereas, it was found that severe collagen fiber was present

with thickening of the partial compartments and frequent

pseudo lobe formation in model control group (Figs. 2b,

3b). Simultaneously, it was found that mild collagen fiber

was present that extends to peripheral region without

compartment formation in positive control and cytoglobin

treated groups (Figs. 2c–e, 3c–e) and the anti-fibrosis effect

was more significant with dose increasing. Therefore, the

histopathologic results indicated that the anti-fibrosis effect

of cytoglobin on TAA-induced liver fibrosis SD rats.

3.2 The Submicroscopic Structure of Liver Cell

Inspection

As shown in Fig. 4a, normal liver cells are oval-shaped

with normal morphology: nuclei is round or oval-shaped;

nuclear membrane is clear and without any retraction;

cytoplasm is rich in well-distributed endoplasmic reticu-

lum, round or oval-shaped mitochondria. Cells in model

group is degenerated with blurred cell structure: nuclear

membrane is expanded outward; cytoplasmic mitochondria

is swelling or even in necrosis, most of the mitochondrial

outer membrane and cristae are not clear; Disse’s cavity

filled between sinusoidal endothelial cells and liver cells is

deposited fully of collagen fibers, which also can be found

in liver cell gaps (Fig. 4b). In treatment groups, the nuclei

is not deformed; nuclear membrane is not retracted; col-

lagen fiber deposition in Disse’s cavity was less than that of

model group (Fig. 4c, d).

3.3 The Change on Biochemical Parameters in SD Rats

After Treatment

Table 1 shows the changes in the five indirect biomarkers

of liver fibrosis such as AST, HA, LN, Col I, Hyp in

cytoglobin treated SD rats. As seen in Table 1, the con-

centrations of AST, HA, LN, Col I, Hyp in cytoglobin

treated groups decreased remarkedly with respect to model

control group. Moreover, the statistic results demonstrated
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that the difference between the treatment and model control

group was significant (p \ 0.05).

3.4 Viability Inhibition of Cytoglobin in HSC-T6 Cells

To assess the inhibitory effect of cytoglobin on HSC-T6

cells, MTT assay was used. As shown in Fig. 5, cell

viability reduced gradually with increasing concentrations

of cytoglobin compared with normal control for the same

treatment time. The inhibitory rates for cells exposed to

various concentrations of cytoglobin (20, 80, 160, 240,

320, 480 lg/mL) were 16.97, 22.55, 18.40, 29.26, 38.08

and 49.62%, respectively. Therefore, results demonstrated

that cytoglobin could significantly inhibit the viability of

the HSC-T6 cells and had potential anti-fibrosis activity.

(A) Normal (B) TAA 200mg/kg

(C) TAA + Transmetil 200mg/kg (D) TAA + Cytoglobin 10mg/kg

(E) TAA + Cytoglobin 5mg/kg

Fig. 2 Effect of cytoglobin on

the histopathology of TAA-

induced liver fibrosis in SD rats

by HE staining. a Normal liver

(9100). No visible fibrosis.

b Model control group (9100).

Severe collagen fiber present

and frequent pseudo lobe

formation. c Positive control

group (9100). Mild collagen

fiber present with extension

without compartment formation.

d High dose group (9100).

Similar to positive control

group. e Low dose group

(9100). Moderate collagen fiber

present with extension without

compartment formation
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3.5 Apoptosis Detection by Annexin V and PI Double-

Staining Assay

Apoptosis induced by cytoglobin was performed using

Annexin V/PI staining and results were shown in Fig. 6.

After treated with 100, 200, 300 lg/mL cytoglobin for

48 h, the early and median apoptotic cells (right low sec-

tion of fluorocytogram) were increased (from 0.2 to 4.6%,

26.4 and 37.1%, respectively) and the late apoptotic and

necrotic cells (right upper section of fluorocytogram) were

also increased strikingly (from 1.6 to 5.3%, 14.3 and

24.2%, respectively).

(A) Normal (B) TAA200mg/kg

(C) TAA+ Transmetil 200mg/kg (D) TAA+ Cytoglobin 10mg/kg

(E) TAA + Cytoglobin 5mg/kg

Fig. 3 Effect of cytoglobin on

the histopathology of TAA-

induced liver fibrosis in SD rats

by Masson’s trichrome staining.

a Normal liver (9100). No

collagen fiber present. b Model

control group (9100). A lot of

collagen fiber present. c Positive

control group (9100). Mild

collagen fiber present. d High

dose group (9100). A little of

collagen fiber present. e Low

dose group (9100). Moderate

collagen fiber present
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3.6 Expressions of Apoptosis-Related Proteins

in HSC-T6 Cells

To determine which apoptotic signaling pathway was

influenced by cytoglobin, the expression of caspase-3,

bcl-2, bax were examined. Compared with the control

group, the protein level of Bcl-2 gradually decreased

with increasing concentration of cytoglobin, whereas the

expression of bax and caspase-3 increased, and mean-

while leading a rise in the Bax/Bcl-2 ratio (Fig. 7).

4 Discussion

Increased expression, biosynthesis and accumulation of

connective tissue proteins are characteristic features of

hepatic fibrosis [8]. Therefore, more and more collagen is

present with gradually forming and thickening the partial

compartments and then frequent pseudo lobe formation

during hepatic fibrosis [30]. In the present investigation,

Figs. 2b and 3b showed a pattern of fibrosis with septa

(A) Normal (B) TAA 200mg/kg

(C) TAA + Cytoglobin 5mg/kg (D) TAA + Cytoglobin 10mg/kg

Fig. 4 Effect of cytoglobin on

proliferation of Collagen fibers

in TAA-induced liver fibrosis of

SD rats which were observed in

Disse’s cavity by transmission

electron microscope. a Normal

liver (920,000). No collagen

fibers present. b Model control

group (920,000). A lot of

collagen fibers filled in Disse’s

cavity. c Low dose group

(9100). Moderate collagen

fibers present in Disse’s cavity.

d High dose group (9100). A

small amount of collagen fiber

filled in Disse’s cavity

Table 1 Effects of cytoglobin on AST, HA, LN, Col I and Hyp of TAA-induced liver fibrosis SD rats (x ± SD, n = 8)

Group AST (IU/L) HA (ng/mL) LN (ng/mL) Col I (ng/mL) Hyp (lg/g)

Normal control 25.10 ± 10.55 6.90 ± 5.03 6.629 ± 2.67 17.55 ± 10.37 134.66 ± 23.90

Model control 51.91 ± 25.40 17.80 ± 5.65 18.22 ± 3.6 41.83 ± 6.22 212.46 ± 24.83

Transmetil (200 mg/kg) 26.79 ± 20.11* 5.79 ± 3.75** 10.85 ± 2.08DD** 24.95 ± 7.80* 211.41 ± 48.33DD

Cytoglobin (10 mg/kg) 27.23 ± 13.24* 5.70 ± 4.42** 6.73 ± 1.14 ** 19.71 ± 6.69** 181.94 ± 24.64DD*

Cytoglobin (5 mg/kg) 13.56 ± 8.76D** 7.89 ± 5.97** 10.81 ± 4.00D** 24.72 ± 8.21* 187.24 ± 21.43DD*

Compared with model control : ** p \ 0.01, * p \ 0.05

Compared with normal group: DD p \ 0.01, D p \ 0.05

control 20 80 160 240 320 480

Cytoglobin concentration (ug/ml)

0

10

20

30

40

50

60

In
hi

bi
to

ry
 r

at
e 

(%
) MTT assay

* * *

**

**

**

Fig. 5 Cytoglobin inhibits the viability of HSC-T6 cells which were

treated with different concentration of cytoglobin for 48. Cytoglobin

inhibited the viabilities of HSC-T6 cells effectively
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linking the centrolobular veins and sometimes pseudo lobe

formation. Thus, TAA-induced hepatic fibrosis in SD rats

is an excellent animal model for studying anti-fibrosis

effect of cytoglobin.

Liver fibrosis is characterized by the accumulation of

extracellular matrix proteins in the liver, including type I

collagen [28]. Hydroxyproline (HYP) was found almost

exclusively in collagen [9]. At the same time, some other

markers reflect ECM turnover (fibrogenesis and fibrolysis)

and/or fibrogenic cell changes, mainly of hepatic stellate

cells, such as Hyaluronic acid and laminin [12]. In addi-

tion, progression of liver fibrosis may reduce the clearance

of AST leading to increased serum AST levels [6].

Therefore, AST, HA, LN and Col I levels in serum and

HYP in liver were chosen here as key biomarkers reflecting

the degree of hepatic fibrosis.

In this research, HE and Masson’s trichrome staining

indicated that it could alleviate hepatic fibrosis after

Fig. 6 Cytoglobin induces

apoptosis in HSC-T6 cells

treated with100, 200, 300 lg/

mL for 48 h using annexin V/PI

double-staining assay.

a Annexin V/PI double-staining

assay of HSC-T6 cells. Y axis

shows PI labeled population and

X axis shows EGFP-labeled

Annexin V positive cells. b The

apoptotic rates of HSC-T6 cells

induced by cytoglobin. A large

of apoptosis in HSC-T6 cells

was shown
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treatment with cytoglobin (Figs. 2d, e, 3d, e). In addition,

the AST, HA, LN and Col I levels in serum and HYP

contents in liver of treated groups were much lower than

that of the model control group (Table 1). These results

suggested cytoglobin could show the effect of anti-fibrosis

in vivo.

Meanwhile, the results from examination of liver cell

submicroscopic structure revealed that cytoglobin could

reduce the amount of collagen deposition in Disse’s cavity

caused by TAA (Fig. 4c, d) compared with the model

control group (Fig. 4b). At the same time, Disse’s cavity

clung to sinusoidal endothelial cells and liver cells and

HSCs reside in sinusoids. Therefore, we guess liver dam-

age caused by TAA could activate HSCs which could

stimulate the amount of collagen deposition in Disse’s

cavity and then generated a large amount of ECM

materials.

Moreover, a number of studies have indicated HSCs

played a critical role in hepatic fibrogenesis and then

suppression of HSCs activation is one of the therapeutic

tools against hepatic fibrosis [7, 28]. From our date

(Fig. 5), we found that cytoglobin inhibited the growth of

HSC-T6 cells in vitro by MTT assay. Therefore, we guess

inducing the apoptosis of HSC-T6 cells could also be one

important mechanism which cytoglobin could alleviate the

degree of hepatic fibrosis.

Apoptosis is a particular type of cell death in which

defective and harmful cells are eliminated from a multi-

cellular organism so as to maintain its homeostasis [5, 11].

Data (Fig. 5) from flow cytometer show that cytoglobin

induced HSC-T6 cells loss of membrane phospholipid

asymmetry, with ranslocation of phosphatidylserine (PS)

from the inner leaflet of the phospholipid bilayer to the cell

surface. These results indicated that cytoglobin induced

apoptosis in HSC-T6 cells.

Resently, a lot of studies suggest that apoptosis in

HSCs cells can be initiated via two signal transduction

pathways: death receptor-mediated pathway and mito-

chondrion-mediated pathway [16, 25]. We studied that

apoptosis in HSC-T6 cells was initiated via mitochon-

drion-mediated pathway in this paper. Caspases (cysteine

aspartate-specific proteases) are a family of intracellular

proteins involved in the initiation and execution of

apoptosis. Activation of the execution caspases is often

referred to as the apoptotic commitment point [3]. The

mitochondrion-mediated pathway is initiated by activating

caspase-3 [5, 23]. Furthermore, one of the most important

regulators of the mitochondrion mediated pathway is the

Bcl-2 protein family and the apoptosis-inducing effect is

more dependent on the balance of Bcl-2 and Bax than on

Bcl-2 quantity alone [1, 3]. So the expression of caspase-

3, bcl-2 and bax in cytoglobin treated HSC-T6 cells were

detected here by Western blotting to find out relative

apoptosis pathway.

Our research results showed that the expression of Bcl-2

obviously decreased and that of bax slightly increased in

cytoglobin treated HSC-T6 cells compared with the control

group, which leading an outstanding rise in the Bax/Bcl-2

ratio. At the same time, the expression level of caspase-3

also slightly increased compared with the control group

(Fig. 7).

Based on the results above, we come to a conclusion that

cytoglobin may be a novel inducer of apoptosis in HSC-T6

cells and a hepatic fibrosis suppressor in vitro and in vivo,

and the mitochondrion-mediated pathway are seemed to

activate in cytoglobin-induced apoptosis. This indicates

that cytoglobin may be a promising novel anti-fibrosis drug

to liver. However, there are many problems in need to

explore in the following research. For example the content

of caspase-3 in 100 lg/ml cytoglobin treated HSC-T6 cells

rapidly increasing. Thus, the further molecular mechanisms

need to be investigated in details.
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Fig. 7 Western blotting analysis. a Western blotting analysis of

caspase-3, Bcl-2 and Bax of the HSC-T6 cells treated with 50, 100,

200 lg/mL for 48 h. The protein level of Bcl-2 gradually decreased

with increasing concentration of cytoglobin, whereas the expression

of bax and caspase-3 increased compared with the control group.

b The change of Bcl-2/Bax ratio. A remarkable Bcl-2/Bax ratio

increasing was demonstrated
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