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ABSTRACT

Protein expression profiles following

radiation in a rat cirrhotic model

Sook In Chung

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Kwang-Hyub Han)

Hepatocellular carcinoma (HCC) is one of the mosbmmon
malignancies in Asia as well as worldwide. It hasp@or prognosis due
to its rapid progression and the complicating liverrhosis. Radiation
therapy (RT) is one of several treatments for H@MChas been tried to
HCC in mild-to-moderate degree of associated liearhosis. However,

information is insufficient on the tolerance of Rifi liver cirrhosis. The



aim of this study is to assess radiation effect amhotic liver and to
identify common proteins in liver tissue and serdollowing radiation
exposure in rats with thioacetamide (TAA)-inducéekd cirrhosis.

Male Wistar rats were treated with 0.3 g/L TAA tiheir drinking
water for 9 weeks. To determine if radiation wasoasted with hepatic
injury, two experimental groups were examined: TAlAne and
TAA-plus-radiation, with three rats in each grouphe livers of the
cirrhotic rats were subjected to 10 Gy radiationd ahhe animals were
killed 3 weeks later. The development of liver loirsis was observed
histologically. Proteins from liver tissue and saruvere analyzed using
two-dimensional electrophoresis and identified gsiguadrupole time of
flight (Q-TOF) mass spectrometry (MS). Identifiedoyeins were validated
using Western blotting.

Histological examination showed that hepatic diis more increased
following radiation in TAA-induced liver cirrhosis.In the proteomic
analysis of liver tissue and serum, 57 proteinsfetkd significantly
between the TAA-alone and TAA-plus-radiation graupghe identified
proteins had functions in the immune response, asigransduction,
apoptosis, proliferation/differentiation,and  reaeti oxygen  species
metabolism. Common proteins in liver tissue and urser following
radiation were the heparanase precursor and thatdwpe growth factor
receptor. Expression of the heparanase precursoeased twofold in the
TAA-plus-radiation group compared to the TAA-alormgp, while the
expression of the hepatocyte growth factor recepiecreased twofold in

the TAA-plus-radiation group. The expression of lifecating cell nuclear



antigen (PCNA) decreased following radiation, ju#te the hepatocyte
growth factor receptor. However, hematoxylin andsireostaining showed
that apoptotic cells increased following radiation.

In conclusion, radiation induced hepatic fibrosend apoptosis in
TAA-induced liver cirrhosis. The heparanase premursncreased and
hepatocyte growth factor receptor decreased bothlivier tissue and
serum, suggesting that these proteins may be udafutletecting and

monitoring radiation-induced hepatic injury.

Key words : liver cirrhosis, radiation, proteomidsepatic injury
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[. INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the mosbmmon
malignancies worldwide, especially in Adia.It has a poor prognosis
because of its rapid progression and the compfigativer cirrhosis,

Although the most effective treatment is surgicagésection, such



procedure is still limited even for small tum8fs.Furthermore, resection
is impossible at diagnosis in more than 80% paiebecause of the
advanced stage of the disease at the time of alirpcesentation or poor
hepatic functional reserve associated with liverhaisis™*

For the majority of patients with HCC who are teically unresectable
or medically inoperable, various treatments havenbased, which include
transcatheter arterial chemoembolization (TACE)cuyganeous ethanol injection

ﬁ,4,9—1l

therapy, microwave coagulation therapy, and livandplantatio However,

none of these nonsurgical modalities has been sergessful’

Radiation therapy (RT) has been tried for HCCceinthe 1970%
Although RT is one of the most effective modalitider treating
malignant neoplasms in general, RT has rarely bessd to treat HCC.
A major reason for this limited use is the low itin tolerance of the
whole liver, as low as 35 Gy, which is typically wler than the
therapeutic dose needed for tumor coritréf*

However, some reports suggest that the tolerabke dor the liver also
depends on the irradiated liver volume, indicatthgt a small volume of
liver can tolerate a high dose without causing cgeyi hepatic problems.
Consequently, the application of RT in managemehthepatic tumors
has been increasingly recogniZéd.

Unfortunately, the frequent association of conentr liver disease, such
as liver cirrhosis, poses a major challenge in yogs the therapeutic
goal of tumor control with minimum toxicitf® However, with a
mild-to-moderate degree of associated liver cindjosadiotherapy can still

be applied to the treatment of HCE.

In a previous study, a thioacetamide (TAA)-indiiceat liver cirrhosis



model showed expression of a repertoire of proteilGF{31, TIMP-1
and MMP-9 have been reported to be significantlyevaied in
hepatocytes, and the extent of fibrosis is coreelavith the magnitude of

these increaséd®

However, insufficient information exists on thelerance of RT in
cirrhotic liver, even though RT is one of the treants for HCC. Thus,
it is necessary to have a good model and paramé#tatscan be used to
test treatment regimend.Specifically, this requires that new technologies,
including proteomic analysis and gene expressioofilimg, be used to

identify diagnostic markers and therapeutic andvgméve targets?

In this study, we first made an animal model dfe teffects of
radiation in rats with TAA-induced liver cirrhosidAfter the length of
time until development of liver cirrhosis was detéred, another set of
experimental animals was irradiated to assess ieegajury in this
TAA-induced liver cirrhosis model. Second, to exaenithe influence of
radiation in liver cirrhosis, we identified protsircommonly expressed in
liver tissue and serum following radiation expostume TAA-induced liver

cirrhosis using a proteomic analysis.



. MATERIALS AND METHODS

1. Animals

Male Wistar rats weighing 200 = 25 g were usedeyl were supplied
by the Division of Laboratory Animal Medicine, Cefle of Medicine,
Yonsei University. Animals were cared in a specifiathogen-free (SPF)
barrier area at the Division of Laboratory Animalediicine, College of
Medicine, Yonsei University. The temperature (2 and humidity (55%)
were controlled constantly. Water (RO water) anddfo(PMI) were
supplied ad libitum. The care and use of laboratory animals in these
experiments were based on the Guidelines and Remdafor the Use

and Care of Animals at Yonsei University.

2. Induction of liver cirrhosis

Rats were treated with thioacetamide (TAA; Sign®&, Louis, MO,
USA), which was dissolved in the rats' drinking erafit a concentration
of 0.3 g/L. The rats were given TAA in their watlor 9 weeks. Also,
liver cirrhosis was induced by intraperitoneal .ji.administration of TAA
at a dose of 300 mg/kg twice a week for 16 weelse Bnimals were
killed after treatment, and the extent of liverrloosis was assessed by

histological examination.



3. Experimental groups

For the analysis of hepatic injury from radiatiotwo experimental
groups were established: TAA-alone and TAA-plusatdn groups, with
three rats in each group. The cirrhotic rats weeated with partial liver
radiation. For radiation, the rats underwent a &mn, a process to
determine the determining radiation field, undertramuscular (i.m.)
anesthesia, with mixture of ketamine and xylaziriehe partial liver,
which was estimated as one-third of the whole Jiveas treated with a
single dose of 10 Gy using a linear acceleratorriévia Co., Milpitas,
CA, USA). Then the rats were closely observed forw8eks after the

radiation treatment.

4. Histological analysis

(1) Picro-Sirius red staining

The liver was sampled and fixed in 10% neutrdfdred formalin. The tissues
were embedded in paraffin blocks angmlsections were then cut and stained.
The tissue sections were deparaffinized in xyléhe 0 min) and rehydrated
through a series of graded alcohols (100%, 95%,, ®0%0, 70%) to diluted
water. The deparaffinized sections were washea ttimees with PBS, and then
soaked in 0.1% picro-sirius red solution for 45 mifter washing twice with
100% ethanol, sections were dipped in xylene.

For the quantitative analysis of liver fibrosisgetliver fibrosis area with

picro-sirius red staining was quantified using acroscope (Olympus, Tokyo,



Japan) equipped with a CCD camera. Briefly, theawsdh, considered fibrotic,
was assessed by computer-assisted image analyisig the Meta-Morph
software (Universal Imaging Corporation, DowningipwPA, USA) at a
magnification of x40. The mean value from two ramdio selected areas per

sample was used as the percentage area of fibrosis.

(2) Immunohistochemical staining

Immunohistochemical staining was performed witlam4 formalin-fixed,
paraffin-embedded tissue samples. After incubatimg slide sections on a
silane-coated slide overnight at ‘37 tissue sections were deparaffinized
in xylene (3x10 min) and rehydrated through a sené graded alcohols
(100%, 95%, 90%, 80%, 70%) to diluted water. Thepadaffinized
sections were then heated and boiled (2x10 min)migrowaving in 0.01
M citrate buffer (pH 6.0) to retrieve the antigens.

The antibody used was a mouse monoclonal antibamlyainst
proliferating cell nuclear antigen (PCNA; PC10; bakd/S, Glostrup,
Denmark) at & for overnight. Antibody was used at the dilution
recommended by the manufacturer. After washingethimmes with PBS,
sections were incubated with a biotinylated link&ySAB2; Dako A/S,
Glostrup, Denmark) for 20 min. They were then washieree times with
PBS, treated with streptavidin-HRP (LSAB2; Dako A/SSlostrup,
Denmark) for 20 min, and washed again with PBS ehtanes. The
peroxidase binding sites were detected by stainiitp diaminobenzidine
(DAB; Dako A/S, Glostrup, Denmark), and the sediiowere finally
counterstained with Mayer's hematoxylin and obsgrvuender a light
microscope.

Quantitative analysis of immunohistochemical stajnfor PCNA at a



magnification of x400 was determined. The PCNA indeas determined
by counting the number of positive cells among edst 1000 cells, and

was indicated as percentage.

5. Biochemical parameters

Measurement of albumin, total bilirubin, aspataBminotransferase
(AST), alanine aminotransferase (ALT) and alkalipposphatase (ALP)
was conducted by Seoul Clinical Laboratories usistgandard clinical

methods.

6. Proteomic analysis

(1) Two-dimensional electrophoresis (2-DE)

A proteomic analysis was conducted in liver tissand serum. The
proteins from  frozen liver tissue and serum wepdragted in lysis
buffer (7 M urea, 2 M thiourea, 4.5% CHAPS, 40 mMisT 100 mM
dithiothreitol (DTT), 0.002% bromophenol blue) fdr h at 4C. Proteins
(500 pg) were precipitated with three to five times withetme for a
further more 2 h at -Z0 and then centrifuged (20 min, 14,000 rpm).
After the supernatants were removed, the pelletse wair-dried for 30
min. Lysis buffer (125u¢) supplemented with 0.5% carrier ampholyte
(Bio-rad, Hercules, CA, USA) was then added. SampMere incubated

10



overnight at 4C. After samples had spread immobilized pH gradient
(IPG) strips (pH 3-10 NL; nonlinear, 17-cm long;oB&ad, Hercules, CA,
USA) were applied to the samples and incubated Xorh at room
temperature. Mineral oil (1 mL) was added to tlGI strips, and they
were rehydrated for more than 16 h to passive.ldstree focusing (IEF)
was initiated at 100 V for 2 h and then gradualhcréased. After IEF,
the IPG strips were equilibrated with 10 mL buff@@ M urea, 50 mM
Tris-HCI (pH 8.8), 20% glycerol, 2% SDS), suppletseh with 0.1 g
DTT, and then 10 mL buffer supplemented with 0.1@5iodoacetamide
for 15 min in a shaker. After gently washing witbhnning buffer, SDS
PAGE was performed on a 9-18% gradient gel. The wa$ fixed and

stained with Coomassie brilliant blue G-250.

(2) In gel digestion

Gel spots were randomly selected and acquiredh weitd-cut yellow
tips. Spots were washed three times with deionineder (dHO), and
after incubation with 100 mM ammonium bicarbonate PO min, they
were gently vortexed in 100% acetonitrile (SIGMAail® Louis, MS,
USA). This process was repeated. Gel spots werglried for 10 min
and incubated with 100t of 100 mM ammonium bicarbonate,
supplemented with 1z of 1 M DTT, for 30 min at 5&. A solution
(100 ) containing 10 mg iodoacetamide per 1 mL and 100 m
ammonium bicarbonate was added to the gel spotstteemd incubated for
30 min at room temperature, protected from lighheTgel spots were
vortexed in 30 100% acetonitrile for 3 min and then 5@ 100%

acetonitrile. After air-drying for 10 min, gel spotwere incubated with
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10 pg/mL trypsin (Promega, Madison, WI, USA) afC4for 30 min and
then in 50 mM ammonium bicarbonate overnight atC3in a shaking
incubator. They were then sonicated for 30 min, d@hd supernatants

were removed and dried under vacuum.

(3) Quadrupole time of flight (Q-TOF) mass spectetryn (MS) and data

processing

Nanoflow LC separation was carried out with a Gaplevice from Waters
(Milford, MA, USA). The analytical column (150 cm75 mm) was prepared.
The tip at the end of the capillary tubing (75 mi.Ix 360 mm O.D.) from
Polymicro Technology LLC (Phoenix, AZ, USA) was ledl in a flame to a tip
diameter of around 10 mm. Then, the pulled tip ltayi with an end frit (~1
mm in length) was packed with a methanol slurnbehm 100 Magic GAQ
(Michrom BioResources Inc., Auburn, CA, USA) atanstant pressure (1000
psi). The analytical column was connected via aREtcrocross, and a gold
wire was used as an electrode to supply an elgecapsonization voltage of 2.3
kV. To separate the peptide mixtures extracted ftbengel spots, a binary
gradient RPLC separation was carried out by varyihg mobile phase
composition of (A) 2% acetonitrile (ACN) in watend (B) 98% ACN. Both
mobile phases contained 0.1% (v/v) formic acid.e Tnadient began with an
increase to 5% B (from 2% B at default) over 4 @i ramped to 20% for 60
min, and to 32% B for 20 min. Then, it was raited80% B for 2 min,
maintained for 20 min, reduced to 2% B over 3 raim] maintained for at least
20 min for column reconditioning. The flow raterithg the gradient separation
was kept at 200 nL/min and the eluted peptides vedzetrosprayed directly

into the mass spectrometer.

12



A Q-TOF mass spectrometer model (Waters; Milford, \USA) was used.
Peptide ions were detected in a data-dependentsi;mahode. The acquisition
method involved one MS precursor scan from 3008001lamu, followed by
three data dependent MS/MS scans (35% normalizési@o energy).

The acquired MS-MS spectra were analyzed using Mlascot Search
program and then compared with the Swiss-Prot hupnatein database. The
mass tolerance between the measured monoisotoms ara the calculated
mass was 1.0 u for the molar mass of a precurgaideeand 1.0 u for the mass
of peptide fragment ions. Only those peptides yigjch Mascot score above 40
were selected, indicating identification at the 98#nfidence level for this

search.

7. Western blot analysis

Proteins identified were validated by Westerritislg. Liver tissues and serum
were collected from TAA-treated rats and irradiatats with TAA-induced
liver cirrhosis. Small pieces of liver tissue wevashed three times in ice-cold
phosphate-buffered saline (PBS), and lysed in @ looffer containing 100 mM
HEPES, 200 mM NaCl, 20% glycerol, 2% NP40, 2 mM BDRO mM B
-glyceraldehyde-phosphate, 2 mM sodium fluoridepN! DTT, 1 mM sodium
orthovanadate, 0.2 mM phenylmethyl sulfonyl fluexi® xg/mL leupeptin, and
2 pg/mL aprotinin for 1 h. The samples were centrifugét’, 20 min) and
supernatants were transferred into new tubes. iswds were then denatured
at 100C for 5 min in the presence of 5% mercaptoethandl laaded onto
polyacrylamide gels. Proteins applied to each lah¢he polyacrylamide gel

were adjusted to equal concentrations using a Bid-Rotein assay (Bio-Rad,

13



Hercules, CA, USA). Proteins were fractionated gsi8DS-PAGE and
transferred onto a nitrocellulose membrane (Milip@orporation, Bedford,
MA, USA) in a transfer buffer consisting of 48 mMig base, 20% methanol,
0.04% SDS, and 30 mM glycine. After gentle washim@ris-buffered saline
(TBS), the membrane was blocked in 3% BSA for 1t hoam temperature.
Rabbit anti-HPA 2/3 (H-100) (Santa Cruz Biotechmglo Santa Cruz, CA,
USA) and rabbit anti-Met (C-28) (Santa Cruz Bioteglogy, Santa Cruz, CA,
USA) were diluted both 1:200 in 0.5% skim milk, amgre then incubated
overnight at 4°. The membrane was washed three times using TB50nie6
Tween 20 (TBST) for 10 min and incubated with homdésh peroxidase
(HRP)-conjugated secondary antibodies for 1 h atrvdemperature. It was
washed three times with TBST for 10 min. Detectatntiteins were quantitated
using densitometry (Amersham Pharmacia Biotecltafasvay, NJ, USA) after
chemiluminescent detection (Fuji Photo film, Toky#gpan) and the ECL
Western blotting detection system (Amersham PhaarBiotech, Piscataway,
NJ, USA).

8. Statistical analysis
The results are expressed as the mean = SE. dfopagison of means,

a t-test was used. All tests were two-sided, ang-\walue less than 0.05

was deemed to indicate statistical significance.

14



[ll. RESULTS

1. Optical examination of TAA-induced liver cirrhissin rats

Male Wistar rats were treated with 0.3 g/L TAA their drinking
water for 9 weeks. Another set of rats was paytiatradiated. Optical
examination of rat livers showed little differené®m the initial cirrhotic
features after 9 weeks of treatment with TAA. Afteradiation, a gross

photograph of the liver with a little nodular suéawas taken (Fig. 1).

A TAL alone ETAA+ET

Figure 1. Photographs of rat liver with TAA-inducedrrhosis (A) and
TAA plus partial radiation treatment (B). Opticatagination showed slight
differences between the TAA-alone (A) and TAA-piasiation groups (B).

15



2. Measurement of liver weight

Body and liver weights were measured after thetrreat (Table 1).
Although the liver weight of the TAA-plus-radiatiogroup showed a
mild increase compared to the TAA-alone group, thgo of liver/body
weight showed a slight, but statistically nonsig@int, increase p( >
0.05).

Table 1. Comparison of liver/body weight ratio beeém TAA-alone group
and TAA-plus-radiation group

TAA alone TAA + radiation p value”
Body weight (g) 386 + 10.2 378 £ 8.51 0.043
Liver weight (g) 172+ 092 20t 132 0.115
The ratio of liver/body weight 0.04 = 0.002 0.05 = 0.003 0.100

* {-test.

16



3. Histological assay and measurement of fibroteaa

At 3 weeks following TAA administration for 9 wegkthe livers were
examined. Liver sections of TAA-treated rats andadrated rats with
TAA-induced liver cirrhosis were stained with Masso trichrome and
Picro-sirius red. The histological feature showdthtt liver of normal
control had no specific alterations. However, thegrde of liver fibrosis
in TAA-treated rats had increased. At 9 weeks afi&A administration,
liver fibrosis was observed. Masson's trichrome aicto-sirius red stain
specifically for collagen I/lll-containing fibers ewe applied. The staining
showed a normal distribution of fibrous tissuesuar vascular structures
in the normal control group, while significant fisis was seen in the
TAA-alone group. After irradiation, more fibrosisaw seen than in the
TAA-alone group (Fig. 2).

The percent area of liver fibrosis was calculatesing picro-sirius red
staining as described in the Materials and Meth&dfly, the red area,
considered fibrotic, was assessed by computertedsimage analysis using the
Meta-Morph software at a magnification of x40. Tpercent area of liver
fibrosis was approximately 23% in the TAA-alone wypo(Fig. 3); in the
TAA-plus-radiation group, it was 32%, corresponditgg mildly enhanced

liver fibrosis (Fig. 3).
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Normal control TAA alone TAA+RT

Figure 2. Histological analysis of liver sectionsing (A) Masson's

trichrome and (B) picro-sirius red stain (origimalagnification, x40).
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Figure 3. Quantitative analysis of liver fibrosissassed by computer-assisted
image analysis in the TAA-alone and TAA-plus-radiat groups. Percent
area of liver fibrosis was calculated using pidrass red staining, as
described in the Materials and Methods. Percent avé liver fibrosis

increased almost 1.4-fold following radiation expes
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4. Assessment of biochemical parameters in expetahegyroups

Liver injury is generally assessed using histolagicanalysis and
biochemical parameters in serum. Thus, various npaters of liver injury
including albumin, total bilirubin, AST, ALT, and L& were analyzed in
serum by intraperitoneal administration of TAA imrAA-alone and TAA-
plus-radiation groups.

Albumin, ALT and ALP decreased in the TAA-plus-i@ibn group
compared to the TAA-alone group. The difference atbumin was
statistically significant § < 0.05); however, the difference in ALT and
ALP was not f > 0.05). The value of total bilirubin increased fhe
TAA-plus-radiation group f < 0.05). No significant difference in AST
was noted between the groups ¥ 0.05).

Table 2. Biochemical parameters in serum by intigresal administration
of TAA

TAA alone TAA + radiation p value*
Albumin (gAdL) 313 £ 0.17 28+ 013 0.015 ¢
Total bilirubin {(mg/dL) 0.02 £ 0.01 0.05 £ 0.00 0.030 t
AST (UL) 11733 £ 21.22 1135 + 1291 0.890
ALT (UL) 8733 £ 1216 6025 + 9.62 0.256
ALP (UL) 289 + 26.01 206 * 33.51 0.243

* t-test.

t p < 0.05, the value was statistically significant.

20



5. Proteomic analysis and validation

In the proteomic analysis of liver tissue and seruime expression
pattern of proteins differed significantly betwedhe TAA-alone and
TAA-plus-radiation groups (Fig. 4). In 2-DE, protei spots were
separated: about 800 in serum and about 1700 &r lissue. Screening
of serum showed that 6 protein spots were up-régmilaand 9 protein
spots were down-regulated in the TAA-plus-radiatigroup compared to
the TAA-alone group by a factor of at least two mach case.
Additionally, screening of liver tissue showed tHz protein spots were
up-regulated and 20 protein spots were down-regglah the TAA-plus-
radiation group compared to the TAA-alone group @yactor of at least
two in each case. These protein spots were pratessing in gel
enzymatic digestion and Q-TOF, allowing their idfcdtion.

The identified proteins had functions in the immumesponse, signal
transduction, apoptosis, proliferation/differeritat and reactive oxygen
species metabolism. Proteins commonly seen in Hothr tissue and
serum following radiation included the heparanaseecyrsor and
hepatocyte growth factor receptor. Expression @& keparanase precursor
increased more than twofold in the TAA-plus-radiatigroup compared to
the TAA-alone group, while expression of the hepgt® growth factor
receptor decreased more than twofold in the TA/syhdiation group
(Table 3).

These proteins were validated using Western ibgpttThe expression
of the heparanase precursor increased in the TAB-@diation group
compared to the TAA-alone group, while the exprssbf hepatocyte

growth factor receptor decreased in the TAA-pldiagon group (Fig. 5).
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TAA alone TAA+RT
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Liver tissue

3 pl

Figure 4. Differential expression of proteins betwethe TAA-alone and

103 pl 10

TAA-plus-radiation groups in liver tissue. Serumotgins also showed

differential expression.



Table 3. Proteins that were altered by radiation
Pattern:
;ﬁ ilgl; - Proteins in serum Proteins in liver tissue
+ Ceruloplasmin precursor (Ferroxidase) ¢ Tumor necrosis factor, alpha-induced
 Collagen alpha-1 (XI) chain precursor ~ Protem 3
Twofold  + Heparanase precursor + Thioredoxin reductase 2, mitochondrial
nerease . Apolipoprotem E precursor precursgr
* Proteasome subunit alpha type 4 * Catenn alphe-]
+ Stress-70 protein, mitochondrial precursor
+ Cytochrome P450 2C12
* Heparanase precursor
+ Interleukmn-4 receptor alpha chamn precurser
+ Caspase recruitment domain-containing
protem 15
+ Tumor necrosis factor receptor superfamily
member 6 precursor
+ Transforming growth factor beta-1
precursor
* T-cell surface glycoprotemn CD35 + Adenomatous polyposis coli protein
Twofold ~ precursor » Cytochrome P450 2B11
decrease  * Activation signal cointegrator 1 » Hepatocyte growth factor receptor

complex subunit 1
* Retnoblastoma-like protemn 1

+ Hepatocyte growth factor receptor
precursor

+ Ras GTPase-activating protem 2
+ Plasminogen precursor

precursor
+ Coagulation factor 7 precursor
+ Metallothionemn-1F

+ Transformation/transcription domain
assoctated protemn

+ Ubiquitin-protein ligase E3 Mdm?2

+ Platelet endothelial cell adhesion molecule
precursor

+ Collagen alpha-1{I1T) chamn precursor

+ Metallothionem-1 A

* Increase and decrease: approximate twofold differchange of protein.
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Tissue Serum

TAA alone TAA+RT TAA alone TAA+RT

" PRATANGSG PO _

Tublin | S ——

HGFR

Tublin

Figure 5. Common proteins in both liver tissue aserum following
radiation included the heparanse precursor and tbeyae growth factor

receptor; these were validated using Western hiptti
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6. Immunohistochemical staining for PCNA and hemyin and eosin

(H&E) staining for apoptosis

To determine if irradiation was associated with thdecreased
hepatocyte growth factor receptor, paraffin-embdddirer tissues were
immunohistochemically stained with an anti-PCNA ilaody (Fig. 6).
PCNA was expressed primarily in the nuclei of hepgtes. When
TAA-induced cirrhotic rats were radiation-treatgtle expression of PCNA
decreased compared to the TAA-alone group. Thenistai of PCNA
showed a similar pattern to that of the hepatogytmvth factor receptor.
Liver injury was evaluated in sections embeddedparaffin and stained
with H&E (Fig. 7). Radiation treatment of cirrhotiover induced extensive
micronodular and macronodular cirrhosis, with sigok cell damage in
hepatocytes. In addition, nuclei in hepatocyteswsltb that apoptosis was
induced in irradiated liver tissue.

The PCNA and apoptotic indices were determinedctwynting the number
of positive cells among at least 1000 cells, ané amdicated as a
percentage (Fig. 8). The percentage of PCNA-peasitiells decreased
markedly, about 1.8-fold, in the TAA-plus-radiatiogroup compared to
the TAA-alone group. The percentage of apoptotidlscesignificantly
increased, by almost 5-fold following radiation amment. These data
suggest that radiation enhanced the hepatic injaryTAA-induced liver

cirrhosis.
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A TAA alone B. TAA+RT

Figure 6. Immunohistochemical staining for PCNA liver sections.
PCNA-positive cells decreased markedly in the TAAspradiation group
(B) compared to the TAA-alone group (A) (originalagmification, x200).

A. TAA alone B. TAA+RT

Figure 7. Hematoxylin and eosin stained liver sadti after TAA treatment
(A) and TAA-plus-radiation (B) showed increased m@ptc cells (arrows),

identified by histological criteria (original maifjpation, x400).
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radiation treatment (B).
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V. DISCUSSION

In the present study, liver cirrhosis was establishby TAA
administration, and proteins were identified comiyotihat were expressed
both in liver tissue and serum following radiatiarsing a proteomic
analysis. Histological analysis of liver tissuesdabiochemical parameters
of serum revealed that the degree of hepatic injugs increased by

irradiation in the TAA-induced rat cirrhotic model.

Proteomic analysis of liver tissue and serum &tbwthat the
expression pattern of proteins following radiation liver cirrhosis
differed significantly. Proteins commonly seen imtlb liver tissue and
serum following radiation included the heparanaseecuyrsor and

hepatocyte growth factor receptor.

Expression of the heparanase precursor increasedoth liver tissue
and serum following radiation in TAA-induced livesirrhosis. Heparanase
activity has been reported to be correlated witle #xtravasation and
progression of cancer cells in an animal model hnchan cancet:? In
addition, heparanase contributes to metastasis aagiogenesis in cancer
cells?®* A characteristic of cancer cells is invasion irfte surrounding
matrix>® To degrade the extracellular matrix, cells expreeparanase, an
endoglycosidase, which is a cell surface- and esfitdar matrix-degrading
enzyme > It cleaves heparan sulfate proteoglycans (HSP@8) heparan
sulfate side chains and core proteoglycdnis.However, little is known

about the regulation of heparanase expression.
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To investigate hepatic injury following radiation liver cirrhosis, liver

tissue was assessed after H&E staining. Nuclei épatocytes showed that
apoptosis was induced following radiation. Thus,omptic hepatocytes,
identified by histological criteria, markedly inased following radiation
in liver cirrhosis. These data suggest that ramhiatenhanced the hepatic

injury in TAA-induced liver cirrhosis.

In the proteomics and Western blot analyses, theression of
hepatocyte growth factor receptor (HGFR, c-MET)ngigantly decreased
in the radiation-treated animals. Additionally, H&Fdecreased in both
liver tissue and serum.

Hepatocyte growth factor (HGF), a ligand for th&FR proto-oncogene
product, is the most potent stimulator of hepatecytroliferation. HGF
exerts multiple biological properties in the livancluding antifibrotic and
cytoprotective activitie®>>® It is also a major mitogen in early liver
regeneration after liver injury. HGFR is a recepfor HGF and scatter
factor, and has tyrosine kinase activity. HGF amsl $pecific receptor,
HGFR, play a pivotal role in hepatocyte prolifeoat?®>°
These results indicate that the proliferating cépa of hepatocytes
following radiation in cirrhotic livers may be inded by decreased
HGFR. Accordingly, the proliferating capacity of gatocytes is severely
impaired and extracellular matrix components argodited to retrieve
space lost by the destruction of hepatocytes, tieguin the progression
of liver cirrhosis®™***

An important cause of liver cirrhosis appears te the impaired
proliferating capacity of hepatocytes caused by tinapus hepatic
damagé® To estimate the proliferating capacity of hepatesy liver

tissue was stained immunohistochemically for PCNMhe number of
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PCNA-positive cells decreased markedly followingliation in TAA-induced
cirrhotic liver. The decreased expression of PCMMofWing radiation was
similar to that of HGFR.

The expression of HGFR and PCNA both decreasedwiolg radiation,
suggesting that radiation reduced proliferating ac#ty of hepatocytes in

TAA-induced liver cirrhosis.

Few specific biomarkers of hepatic injury followgi radiation in liver
cirrhosis, can be wused for diagnostic criteria. @&btmer, single
measurements of biochemical markers in serum, @lasbn even urine,
are presently not sufficiently valid to replace eliv biopsies. Thus, it
would be helpful necessary biological indicatorattiprovide information
about hepatic injury caused by radiation in livémrhosis.

The present study identified protein biomarkenst tcould be detected
commonly in serum and liver tissue following radhat in a rat cirrhosis
model. Proteins are suitable biomarkers becausagelsain protein levels
are often more pronounced than changes in mRNA esgmn. These
proteins may be useful markers for predicting andnitoring of
radiation-induced hepatic injufy:*

More detailed experiments are required to estamient these proteins as

biomarkers for clinical diagnosis and therapy.
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V. CONCLUSION

In conclusion, radiation induced hepatic fibrosisida apoptosis in
TAA-induced liver cirrhosis. Proteomic analysis ntiéed proteins with
various functions that were altered by the radmtiGpecifically, the
heparanase precursor increased and the hepatooytghgfactor receptor
decreased both in liver tissue and serum, suggestimt radiation
worsened the liver cirrhosis. The results of thisdg show that radiation
should be applied with extreme caution in patiemdth cirrhosis.
Hopefully, these proteins may be useful in detgctiand monitoring
radiation-induced hepatic injury and ultimately improving therapeutic

outcome in these patients with cirrhosis.
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