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Table 1. Patient Characteristics in First and Second Analysis Groups

1st Analysis Group Tota! HCCS CLDSS P
Patients 79 35 44
Age 66.7 = 10.9588 727 +x47 60.3 + 13.3 0.007
PLT* (X10%/ulL) 96+53 115+ 59 7642 0.001
Albumin (g/dL) 3612 36+05 35+05 NS
ALT** (lU/L) 56.6 = 319 56.6 £ 255 56.7 + 35.6 NS
AFP*** (ng/mL) 209.4 +982.3 348 * 1307 26 + 25 NS
DCPt (mAU/mL) 1919 = 5385 299 * 686 42 * 43 NS
HAtt (ng/mL) 353.6 + 5385 412 + 480 293 + 265 NS
Diameter of the HCC {(mm) - 2312908 -
TMNstagettt (I/1i/11i/IV) . - 18/14/3/0 -
2nd Analysis Group Total HCCS CLDSS P
Patients 62 29 33
Age 72.2 = 8.4588 73659 71.1 £ 102 NS
PLT* (X10%/UL) 10.0 = 5.2 133 =68 76229 0.002
Albumin (g/dL) 40=0.7 39x10 40=x06 NS
ALT** (IU/L) 578 + 33.6 572 271 585 x 38.7 NS
AFP*** (ng/mL) 615+ 155.8 89.9 + 1899 19.2 £ 20.6 NS
DCPt (mAU/mL) 1005 + 271.4 163.4 = 396.6 31.2 £26.2 NS
HAtt (ng/mL) 461.6 + 522.6 286.7 + 224.1 561.6 = 615.2 NS
Diameter of the HCC (mm) - 251 + 105 -
TMNstagettt (/1I/51/V) - 15/8/5/1 -

NOTE. Data are shown as the means=SD, Gender: male, statistical differences were determined by the Mann-Whitney U test. Values of p < 0.05 were considered
to be statistical significant. NS indicates not significant. $55Although age differed between the 1% and 2" analysis group, none of the other factors described were not

different.

Abbreviation: *platelet count, **alanine aminotransferase, ** *alpha fetoprotein, tdes-y-carboxy prothrombin, }thyaluronic acid, 111 TMN; primary tumor/lymph

node/distant metastasis, Shepatoceliular carcinoma, 38chronic liver disease.

saturated SPA. The mass-to-charge ratio (m/z) of each the
proteins captured on the array surface was determined
according to externally calibrated standards.

Peak Detection, Data Analysis, and Decision Tree
Classification. Peak detection was performed using Ci-
phergen ProteinChip Software, version 3.0.2 (Ciphergen
Biosystems). Spectra between 1300 and 150,000 m/z
were selected for analysis. Smaller masses were not ana-
lyzed, because these were determined to-be artifacts of
energy absorbing molecules. Spectra were normalized to
total ion current intensity. In the preliminary examina-
tion, we observed significant noise in spectra with ranges

less than 3000 m/z. In addition, no differences were ap-
parentin the peaks of spectra at values greater than 10,500

- m/z between 4 serum samples from patients with HCC

and 4 samples from patients without HCC. Therefore,
after baseline subtraction, we performed automatic peak
detection in the optimized range of 3000 to 10,500 m/z,
using peak auto-detection set to cluster, a first-pass signal/
noise ratio of 5, a minimal peak threshold of 20% for all
spectra, and a cluster mass window of 0.3% mass.

Based on the peak intensities of the 55 signal clusters
obtained, a decision tree was constructed from the first
analysis group. For each sample, the intensity values for

Table 2. Patient Characteristics in the Third Analysis Groups

HCCttt Occurrence

No HCC Occurrence

3rd Analysls Group Within 1 Year Within 3 Years P

Patients 7 5 :

Age 728 = 41 758 £ 5.6 NS
PLT* (X10%/ub) 148 £ 48 8114 0.04
Albumin (g/dL) 41 * 0.6 40*+04 NS
ALT** (lU/L) 70.0 = 449 59.0 = 343 NS
AFP*** (ng/mb) 195.2 x 305.7 234224 NS
DCPt (mAU/mL) 139.5 = 226.6 172+ 46 0.01
HAtt (ng/ml) 310.6 + 3228 459.6 * 1148 NS

NOTE. Data are shown as the means*SD, Gender: male, statistical differences were determined by the Mann-Whitney U test. Values of p < 0.05 were considered

to be statistical significant.
Abbreviation: NS, not significant,

*platelet count, **alanine aminotransferase, ***alpha fetoprotein, 1des-y-carboxy prothrombin, tthyaluronic acid, t1thepatocellular carcinoma.
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each peak within the 3000-10,500 m/z range were input
into Biomarker Patterns Software (Ciphergen Biosys-
tems) and classified according to the tree analysis de-
scribed.1316 Decision trees classify spectrum patterns
through sequential questioning, in which the next ques-
tion asked depends on the answer.1” With a decision tree,
classification of patterns begins at the roof node, follow-
ing the appropriate links based on the answers obtained to
the questions posed at each node.

Peak Reproducibility. Reproducibility is critical for
reliable disease diagnosis and early detection. We exam-
ined the reproducibility of our assay system using pooled
normal sera from 2 individuals.!3 Four protein peaks ran-
domly selected over the course of the study were used to
calculate the coefficient of variance (CV) as described.18
We then determined the reproducibility of the SELDI
spectra, both within and between arrays (intra-assay and
interassay, respectively). The intra-assay (spot-to-spot)
CV was 10.2% for peak intensity and 0.25% for mass
accuracy. The interassay (chip to chip) CV was 15.9% for
peak intensity and 0.67% for mass accuracy. We also
observed minimal variation of day-to-day instrumenta-
tion (data not shown).

Statistical Analysis. Values shown are the means +
SD. Statistical differences, including laboratory data and
individual peaks in SELDI-TOF/MS, were determined
by the Mann-Whitney U test. Values of P < 0.05 were
considered statistically significant. The discriminatory
power for each putative marker was described via receiver
operating characteristics (ROC) area under the curve
(AUC). These statistical analyses were performed using
STATVIEW 4.5 software (Abacus Concepts, Berkeley,
CA), SPSS software (SPSS Inc., Chicago, IL), or Cipher-
gen ProteinChip Software, version 3.0.2.

Sample numbers for the first group used to develop the
decision tree were small. A cross-validation approach us-
ing multiple decision trees would be more suitable for the
construction of a final decision tree model.!® In this study,
we validated the models using a 10-fold cross-validation
approach to construct the final decision tree model as
described previously.'¢-18 The result of the biomarker pat-
terns software using this approach differed from the clas-
sification and regression tree analysis by univariate
analysis (Mann-Whitney U test).2°

Results

Detection of HCC (Data Analysis). We aimed to
identify a single peak protein or pattern of peaks that
could distinguish HCC patients from individuals without
HCC. Initially, we analyzed serum samples from the first
analysis group, a random 35 and 44 patients with and
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without HCC, respectively, using the SELDI Protein-
Chip system. Peaks were detected automatically after
baseline subtraction using Ciphergen ProteinChip Soft-
ware, version 3.0.2.'3 This analysis identified 55 signal
peak protein clusters, seen in the spectrum representa-
tions of the two groups (HCC and non-HCC) within the
3000 to 10,500 m/z range (Fig. 1). Eight protein peaks
were overexpressed, whereas 10 protein peaks were down-
regulated significantly in sera from HCC patients in com-
parison with those from patients without HCC. The
mean amplitudes of the peaks for the 2 patient groups are
shown in Table 3.

Structure of the Decision Tree. Decision trees are
flowchart-like tree structures that repeatedly split data sets
into subsets in accordance with the given cancer versus
noncancer classification task. Each classifier, a simple rule
applied to each patient, queries only one mass. Serum
samples isolated from 35 HCC patients and 44 chronic
liver disease patients without HCC served as the training
set. Using the normalized peak intensities of these 55
signal clusters, we constructed and evaluated decision
trees using the training set. Peaks with a high discrimina-
tory power were used to create 6 mass classifiers (m/z =
3444, 3890, 4067, 4435, 4470, and 7770) of differing
complexities. Although 2 of these classifiers did not differ
significantly between patients with and withoutr HCC
(m/z = 3444 and 3890), the decision tree generated using
the combination of these 6 protein peaks correctly classi-
fied 97% of HCC samples (Fig. 2, Table 3).

Testing the Decision Tree. To determine the accu-
racy and validity of the algorithm, we reevaluated the
decision tree (Fig. 2) that had been constructed using the
training set, using the first test set (second analysis group).
To evaluate the classification performance, we deter-
mined the sensitivity and specificity of the algorithm for
the differentiation between patients with and without
HCC. The decision tree algorithm correctly diagnosed
83% (24 of 29) patients with HCC and 76% (25 of 33)
patients without HCC. Although the ROC AUC of each
of the 6 mass classifiers were 0.70, 0.61,0.71, 0.64, 0.G6,
and 0.70, which individually were more discriminatory
than existing serum marker methods, the decision tree
algorithm had highest discriminatory power (Tables 3, 4).
Twenty-six healthy volunteers were all correctly identified
as free of HCC. The accuracy of the algorithm for HCC
diagnosis was higher than that of other known tumor
markers (Table 4).

Decision Tree Predicts HCC Occurrence. The most
fundamental requirement for serum-based marker detec-
tion is identification of carcinoma at an early stage when
treatment has the greatest impact on prognosis. We inves-
tigated the specificity of our classification system using a
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Fig. 1. Analysis of sera from patients with and without HCC (spectrum). Serum samples were applied to CM10 ProteinChip Arrays. Representative
spectra from patients in each of the 2 groups (HCC and non-HCC) are presented. The horizontal axis indicates protein mass to charge (m/z), whereas
the longitudinal axis designates the relative intensity. Lower highlight panels represent the peaks used in the classifier described in Fig. 2. Peaks of
(A) 3444, (B) 3890, (C) 4067, (D) 4435, (E) 4470, and (E) 7770 m/z are shown.

second test set (3rd analysis group) of samples taken from
7 patients 1 year before the development of HCC and 5
patients with chronic liver disease remaining free of HCC
for at least 3 years. Six of the 7 (86%) patients who later
developed HCC were classified to the HCC group using
the classifiers described previously (Fig. 2, Table 3), even
though the HCC was undetectable by US at the time of
serum testing. All 5 patients without HCC were classified
to the non-HCC group. These results indicate that this
decision tree analysis is useful for the early diagnosis of

HCC.

Discussion

Proteomic analyses of sera and liver tissues from pa-
tients. with HCC associated with HBV or HCV infection
has been used to identify new biomarkers predicting
HCC development, leading to improved prognosis.2!-27
Because many analyses use 2-dimensional electrophoresis,
the proteins used in such investigations must typically be
greater than 10,000 daltons in molecular weight.21:25-29
Analyzing serum or another body fluid that is easy to
obtain from patients to predict disease or evaluate creat-
ment efficacy would be ideal. In this study, we used the
SELDI ProteinChip system to analyze serum samples

from patients with HCC. This affinity-based mass spec-
trometric method, which combines chromatography and
MS, is suitable for the analysis of both proteins and low-
molecular-weight peptides.!* Although we did not iden-
tify a single effective biomarker, we developed a new
decision tree, using a cross-validation approach, that uses
a multimarker algorithm of 6 proteins capable of diagnos-
ing and predicting HCC at least 1 year before the appear-
ance of clinically detectable disease in patients infected
with HCV.

Ninety percent of the protein content of serum is com-
posed of 10 proteins, including albumin and IgG; an
additional 12 proteins make up 90% of the remaining
10%. Thus, only 1% of the protein content of serum is of
interest as potential biomarkers in proteomic studies.3°
Several proteomic methods combine high-resolution sep-
aration of complex protein mixtures with additional pro-
tein identification methods, such as MS. To identify the
low abundance proteins of interest, one must remove the
most abundanct proteins from the serum by techniques
such as immunodepletion. These methods are only reli-
able if the assumption that biomarkers are not bound to
major circulating proteins is correct. If bound to these
proteins, low-abundance biomarkers would be lost by im-

~ 197 -



HEPATOLOGY, Vol. 45, No. 4, 2007

KANMURA ET AL.

Table 3. Discriminatory Peaks and Mean Values Between Groups (HCC* and Non-HCC Group)

953

m/z HCC (n = 35) Non-HCC (n = 44) p value
Overexpressed proteins
4067t 394 + 456 192 +1.79 0.03
4470% 8.36 + 4.28 6.49 + 3.99 0.01
6433 13.61 + 10.10 8.94 + 8.42 0.02
6632 26.87 = 18.11 18.20 = 15.09 0.02
77701 840 +594 526 + 4.42 0.0002
8138 12.76 = 14.78 5.86 + 5.37 0.006
8605 4.39 + 3.08 3.20 £ 2.45 0.02
8934 16.10 = 10.69 10.36 = 7.26 0.009
Downregulated proteins

3326 1272074 210+ 1.21 0.003
3398 090 = 0.77 2.43 + 2,50 0.0008
34441 202 +1.18 245+ 1.50 0.2
3816 198 +1.17 345+ 284 0.002
3826 1.65 =495 251 + 353 0.002
3890t 3.12+135 3.31 £ 1.41 0.2
4135 345224 5.08 + 3.86 0.01
4175 549 =946 12.32 = 14.63 0.001
4435¢% 123 +1.73 2.31 *2.63 0.006
4658 1.14 = 080 194 + 1.71 0.007
4791 242 133 4.04 = 3.27 0.004
6979 082 = 0.52 1.19 = 0.67 0.01

NOTE. Data are shown as the means=SD, statistical differences were determined using the Mann-Whitney U test, tPeaks selected in final classification model by

decision tree analysis.
Abbreviation: *hepatocellular carcinoma.

munodepletion techniques, leading to the loss of valuable
diagnostic information.3! Therefore, we did not remove
major serum proteins (albumin and IgG) from this study;
analysis using the SELDI ProteinChip system can be per-
formed without immunodepletion.

The characteristics of patients such as sex and age, sam-
ple collection method, processing and storage of samples,
and data analysis methods may induce bias into proteom-
ics-based biomarker discovery attempts. Because HCC
occurs more frequently in males than females, we devel-
oped our classification model using male patients only. As
a result, our study was not designed to address the benefit
of our classification model for females with HCC. Villan-
ueva et al.,32 however, reported that gender did not appear
to affect the peptide profile. We also evaluated five female
patients with HCC; the peak intensity at 8136 m/z was
elevated to a similar degree as that seen in male patients
with HCC. Currently, a prospective study of female pa-
tients with or without HCC is underway to validate the
utility of this classification model as a marker for the de-
tection of HCC, particularly at early stages.

We demonstrated that 18 of the selected 55 protein
peaks within a m/z range of 3000 to 10,500 range differed
between patients with and without HCC by univariate
analysis. Based on the peak intensities of the 55 peak
proteins, 6 peaks were selected to construct the decision
tree for the first analysis group using Biomarker Patterns
Software and a 10-fold cross-validation approach. Two

(3444 and 3890 m/z peaks) of those 6 peaks, however,
were not significantly different between the HCC and
non-HCC groups by univariate analysis (P values of 0.2,
Table 3). The selection process to construct the decision
tree was not based on univariate analysis; the presented
decision tree was developed using multivariate binary lo-
gistic regression to determine the peaks best able to dif-
ferentiate patients with and without HCC.1933 In fact,
the ROC AUC of each of these 6 peaks were between 0.61
and 0.71, which tended to be more discriminatory than
other serum markers. The decision tree proved to be best
able to predict the presence of HCC in comparison with
other serum markers. For these reasons, analysis of all 6
peaks, including the 2 peaks that were not significantly
different between patients with and without HCC (peaks
at m/z = 3444 and 3890), had the highest discriminatory
power.

The algorithm used in this study is well established as a
diagnostic tool for malignant neoplasms.13:16:3435 [n com-
parison with the use of a single biomarker for the diagno-
sis of disease, multiple-biomarker analysis has both higher
sensitivity and specificity. Indeed, our multimarker anal-
ysis was more accurate than existing tumor marker anal-
ysis methods (Table 4). Multimarker analysis is useful to
predict HCC in patients with liver cirrhosis, which has
high malignant potential and heterogeneous characteris-
tics. Complex serum proteomic patterns may reflect the
underlying pathological state of an organ, incuding
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Non-HCC Non-HCC at each node. If the peak 1 intensity was
higher, the right node was selected. If the

Non-HCC

HCC. Recently, Schwegler et al.'é reported an algorithm
using the seven peaks that scored highest by SELDI TOF/
MS. The determined classification tree, however, could
not distinguish HCC from chronic liver disease; using 38
SELDI peaks, the sensitivity and specificity (61% and
76%) for distinguishing chronic HCV from HCV-HCC
were lower than those determined for the decision tree
constructed in this study. Schwegler et al. demonstrated
that their sensitivity and specificity values increased to
75% and 92%, respectively, when AFP/DCP/GP73 was
added to their classification model. In our model, al-
though the sensitivity increased to 92%, specificity did
not increase (52%) after the addition of AFP/AFP-L3/
DCP o our classification. Serum GP73 levels, which were
not available for examination in our study, or other as-
yet-unknown characterizations of these patients may af-
fect the predictive capability of this method. Although the
sensitivity and specificity (92% and 90%) of another pro-
teomics study using SELDI to distinguish chronic liver
disease from HCC were higher than those determined in
our study, greater than 63% of the study population ex-

peak 1 intensity was lower or equal, the left
node was selected. This process was re-
peated until a terminal node was reached.
The decision tree was constructed to cor-
rectly classify 97% of the HCC samples in
the first analysis group. The upper, middle,
or lower lines in the box indicate the node
name, molecular weight, and intensity
value, respectively.

amined exhibited advanced HCC (stage I1I and IV).16:3¢
Only 14% of the HCC patients included in our study
population had stage III or IV disease (Table 1), which
likely accounts for the differences in the peaks used in the
2 studies. The characteristics of the patients with HCC
will likely affect both the sensitivity and specificity signif-
icantly. Thus, our decision tree is more suitable for the
diagnosis of early HCC than any previously reported
methods. 1636

Although serum AFP level greater than 400 ng/ml
serves as a useful method for the diagnosis of HCC,3” this
detection method is insufficiently sensitive to detect small
HCCs. 38 Although the utility of several other markers has
been shown to be superior to AFP in detecting early
HCC,22:3940 these markers were determined in patients
with clinically apparent HCC. Thus, the sensitivity/spec-
ificity also may not be sufficient to detect early HCC. Our
classification tree was able to predict cancer occurrence
before HCC was clinically apparent by US. In the third
analysis group, we correctly predicted the progression of
86% of the patients to HCC from their prediagnostic

Table 4. Comparisons of Hepatocellular Carcinoma Diagnostic Rates for the Multiple Marker and Three Additional Tumer
Marker Analyses in the Second Analysis Group

Markers Sensitivity Specificity ROC AUC****
Multiple-marker 83% (24/29) 76% (25/33) 0.79
AFP* (>20 ng/mL) 41% (12/29) 67% (22/33) 0.57
AFP-L3** (>15%) 17% (5/29) 88% (29/33) 0.56
DCPt,*** (>40 mAU/mL) 39% (11/28) 81% (26/32) 0.64

NOTE. texcluding subject whose data could not be obtained.

Abbreviation: *alpha fetoprotein, **Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein, *** des-y-carboxy prothrombin, ****receiver operating

characteristic area under the curve.
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serum samples. To screen high-risk patients with chronic
liver disease, such as that associated with HCV infection,
our multi-marker analysis could help distinguish those
patients for which the combined examination of US, CT,
and arterial portography would be recommended.

In their investigation of differential protein expression
in HBV-associated and HCV-associated HCC, Kim et
al.?¢ identified 60 proteins displaying significant changes
in expression levels between nontumorous and tumorous
tissues. Forty-six of these proteins demonstrated an asso-
ciation with viral infection. We analyzed the sera of pa-
tients with HBV-associated HCC; the expression of a
number of protein markers differed between HCV and
HBYV infections (data not shown). The biological and
pathogenic activities of these 2 viruses are different; the
molecular mechanisms underlying the development of
hepatitis and hepatocarcinogenesis also may differ be-
tween HBV and HCV infections.264! Our analysis of the
proteome using the SELD] technique demonstrates that
this methods also may be useful for investigation of the
molecular mechanisms of hepatocarcinogenesis on the
background of different viral infections.

A number of the peaks may represent doubly charged
peaks; for example, the peak at 4067 m/z may be the
doubly charged form of the 8138-m/z peak. One of the
peaks in Table 3 included in the classification model also
may be a doubly charged peak (3890/7770 m/z), which
could affect the independent variables. To clarify this pos-
sibility, one must identify the individual proteins. The
major limitation of the SELDI technique is that identifi-
cation of individual proteins is often complicated. Lee et
al.,*2 however, recently isolated complement C3aasa can-
didate biomarker in human chronic hepatitis C and
HCV-related HCC using the SELDI-TOF MS system
after serum fractionation, 2-dimensional gel electro-
phoresis, in-gel digestion, and MS. We are now identify-
ing the single protein represented by the 8138-m/z peak;
3 candidate proteins are known. Although we have to
confirm these results by western blotting, the peak at
4067 m/z does not appear to be the doubly charged peak
of the 8138-m/z peak by SELDI immunoassay. Although
the serum levels of no single protein are sufficient to detect
early HCC from the results of ROC AUC, identification
of proteins altered in the disease may help analyze the
molecular mechanisms underlying HCC development
and may help identify new therapeutic targets or modal-
ities for the treatment or prevention of HCC.

In patients with HCV infection, serum profiling using
the SELDI ProteinChip system is useful both for the early
detection of HCC and to distinguish HCC from chronic
liver disease in the absence of HCC. Our ability to iden-

tify proteomic alterations in serum samples from HCC

KANMURA ET AL. 955

patients suggests that the SELDI ProteinChip system may
be useful to identify proteins associated with HCC in the
hopes of developing new therapeutic targets.

Acknowledgments: ~ We thank Hiroyuki Nakao for
suggestions concerning statistical analyses. The authors
thank Yuko Nakamura and Yuka Takahama for their

technical assistance.

References

1. El-Serag HB, Mason AC. Rising incidence of hepatocellular carcinomain
the United States. N Engl ] Med 1999;340:745-750.

. Yoshida H, Shiratori Y, Moriyama M, Arakawa Y, Ide T, Sata M, et al.
Interferon therapy reduces the risk for hepatocellular carcinoma: national
surveillance program of cirrhotic and noncirrhotic patients with chronic
hepatitis C in Japan. IHIT Study Group. Inhibition of Hepatocarcinogen-
esis by Interferon Therapy. Ann Intern Med 1999;131:174-181.

3. Heathcote EJ. Prevention of hepatitis C virus-related hepatocellular carci-

noma. Gastroenterology 2004;127:5294-302.

4. Oka H, Tamori A, Kuroki T, Kobayashi K, Yamamoto S. Prospective
study of alpha-fetoprotein in cirrhotic patients monitored for development
of hepatocellular carcinoma. HEPATOLOGY 1994;19:61-66.

5. Ishii M, Gama H, Chida N, Ueno Y, Shinzawa H, Takagi T et al. Simul-

taneous measurements of serum alpha-fetoprotein and protein induced by

o

vitamin K absence for detecting hepatocellular carcinoma. South Tohoku
District Study Group. Am ] Gastroenterol 2000;95:1036-1040.

6. Okuda H, Nakanishi T, Takatsu K, Saito A, Hayashi N, Takasaki K, et al.
Serum levels of des-gamma-carboxy prothrombin measured using the re-
vised enzyme immunoassay kit with increased sensitivity in relation to
clinicopathologic features of solitary hepatocellular carcinoma. Cancer
2000;88:544-549.

7. Grazi GL, Mazziotti A, Legnani C, Jovine E, Miniero R, Gallucci A, et al. -
The role of tumor markers in the diagnosis of hepatocellular carcinoma,
with special reference 1o the des-gamma-carboxy prothrombin. Liver
Transpl Surg 1995;1:249-255.

8. Wang CS, Lin CL, Lee HC, Chen KY, Chiang MF, Chen HS, et al.
Usefulness of serum des-gamma-carboxy prothrombin in detection of hep-
atocellular carcinoma. World ] Gastroenterol 2005;11:6115-6119.

9. MarreroJA, SuGL, Wei W, Emick D, Conjeevaram HS, FontanaR], etal.
Des-gamma carboxyprothrombin can differentiate hepatocellular carci-
noma from nonmalignant chronic liver disease in american patients. HEPA-
TOLOGY 2003;37:1114-1121.

10. Taketa K. Okada S, Win N, Hiaing NK, Wind KM. Evaluation of tumor
markers for the detection of hepatocellular carcinoma in Yangon General
Hospital, Myanmar. Acta Med Okayama 2002;56:317-320.

11. Khien VV, Mao HV, Chinh TT, Ha PT, Bang MH, Lac BV, etal. Clinical
evaluation of lentil lectin-reactive alpha-fetoprotein-L3 in histology-
proven hepatocellular carcinoma. Int J Biol Markers 2001;16:105-111.

12. Oka H, Saito A, Ito K. Kumada T, Satomura S, Kasugai H, et al. Multi-
center prospective analysis of newly diagnosed hepatocellular carcinoma
with respect to the percentage of Lens culinaris agglutinin-reactive alpha-
fetoprotein. ] Gastroenterol Hepatol 2001;16:1378-1383.

13. Adam BL, QuY, Davis JW, Ward MD, Clements MA, Cazares LH, et al.
Serum protein fingerprinting coupled with a pattern-matching algorithm
distinguishes prostate cancer from benign prostate hyperplasia and healthy
men. Cancer Res 2002;62:3609-3614. )

14. Paradis V, Degos F, Dargere D, Pham N, Belghiti ], Degott C, et al.
Identification of a new marker of hepatocellular carcinoma by serum pro-
tein profiling of patients with chronic liver diseases. HEPATOLOGY 2005;
41:40-47.

15. Uto H, Hayashi K, Kusumoto K, Hasuike S, Nagata K, Kodama M, et al.
Spontaneous elimination of heparitis C virus RNA in individuals with
persistent infection in a hyperedemic area of Japan. Hepatol Res 2006;34:
28-34.

- 200 -



956

16.

17.

18.

19.

24,

KANMURA ET AL.

Schwegler EE, Cazares L, Steel LF, Adam BL, Johnson DA, Semmes O], et
al. SELDI-TOF MS profiling of serum for detection of the progression of
chronic hepatitis C 1o hepatocellular carcinoma. HEPATOLOGY 2005;41:
634-642.

Duda RO, Hart PE, Stork DG. Pattern classification. 2nd ed. Hoboken,
NJ: Wiley-Interscience, 2001.

Scarlett C), Saxby A, Nielsen A, Bell C, Samra JS, Hugh T, et al. Pro-
teomic profiling of cholangiocarcinoma: diagnostic potential of SELDI-
TOF MS in malignant bile duct stricture. HEPATOLOGY 2006;44:658-666.
Ambroise C, McLachlan GJ. Selection bias in gene extraction on the basis
of microarray gene-expression data. Proc Natl Acad Sci U S A 2002;99:
6562-6566.

. Breiman L, Friedman JH, Olshen RA, Stone CJ. Classification and regres-

sion trees. Belmont, CA: Wadsworth International Group, 1984.

. Lim SO, Park §], Kim W, Park SG, Kim HJ, Kim YI, et al. Proteome

analysis of HCC proteome analysis of hepatocellular carcinoma. Biochem

Biophys Res Commun 2002;291:1031-1037.

2. Capurro M, Wanless IR, Sherman M, Deboer G, Shi W, Miyoshi E, et al.

Glypican-3: A novel serum and histochemical marker for hepartocellular
carcinoma. Gastroenterology 2003;125:89-97.

. Hippo Y, Watanabe K, Watanabe A, Midorikawa Y, Yamamoto S, lhara S,

et al. Identification of soluble NH;-terminal fragment of Glypican-3 as a
serological marker for early-stage hepatocellular carcinoma, Cancer Res
2004;64:2418-2423. )

Yoon SK, Lim NK, Ha SA, Park YG, Choi ]JY, Chung KW, et al. The
human cervical cancer oncogene protein is a biomarker for human hepa-
tocellular carcinoma. Cancer Res 2004;64:5434-5441.

. Yokoyama Y, Kuramitsu Y, Takashima M, lizukaN, Toda T, Terai S, etal.

Proteomic profiling of proteins decreased in hepatocellular carcinoma
from patients infected with hepatitis C virus. Proteomics 2004;4:2111-
2116.

26. Kim W, OeLim §, Kim ]S, Ryu YH, Byeon Y, Kim H], et al. Comparison

of proteome between hepatitis B virus- and hepatitis C virus-associated

hepatocellular carcinoma. Clin Cancer Res 2003;9:5493-5500.

27. Steel LF, Shumpert D, Trotter M, Secholzer SH, Evans AA, London WT,

et al. A strategy for the comparative analysis of serum proteomes for the
discovery of biomarkers for hepatocellular carcinoma. Proteomics 2003;3:

G01-609.

28. Steel LF, Martu TS, Mehta A, Hebestreit H, Dwek R, Evans AA, et al. A

29.

proteomic approach for the discovery of early detection markers. Dis
Markers 2001;17:179-189.
Liang CR, Leow CK. Neo JC, Tan GS, Lo SL, Lim JW, et al. Proteome

analysis of human hepatocellular carcinoma tissues by two-dimensional

~ 201 -

30.

31.

33.

34.

35.

36.

37.

38.
39.

40.

41.

HEPATOLOGY, April 2007

difference gel electrophoresis and mass spectrometry. Proteomics 2005;5:
2258-2271.

Tirumalai RS, Chan KC, Prieto DA, Issaq H], Conrads TP, Veenstra TD.
Characterization of the low molecular weight human serum proteome.
Mol Cell Proteomics 2003;2:1096-1103.

Chignard N, Bererta L. Proteomics for hepatocellular carcinoma marker
discovery. Gastroenterology 2004;127:5120-5125.

. Villanueva ], Martorella AJ. Lawlor K. Philip ). Fleisher M, Robbins RJ, et

al. Serum peptidome patterns thar distinguish metastatic thyroid carci-
noma from cancer-free controls are unbiased by gender and age. Mol Cell
Proteomics 2006;5:1840-1852.

Scarlett CJ, Smith RC, Saxby A. Niclsen A, Samra JS, Wilson SR, et al.
Proteomic classification of pancreatic adenocarcinoma tissue using protein
chip technology. Gastroenterology 2006;130:1670-1678.

Won Y, Song HJ, Kang TW, Kim ]}, Han BD, Lee SW. Pattern analysis of
serum proteome distinguishes renal cell carcinoma from other urologic
diseases and healthy persons. Proteomics 2003;3:2310-2316.

Zhu XD, Zhang WH, Li CL, Xu Y, Liang WJ, Tien P. New serum
biomarkers for detection of HBV-induced liver cirrhosis using SELDI
protein chip technology. World ] Gastroenterol 2004;10:2327-2329.
Poon TC, Yip TT, Chan AT, Yip C, Yip V, Mok TS, et al. Comprehensive
proteomic profiling identifies serum proteomic signatures for detection of
hepatocellular carcinoma and its subtypes. Clin Chem 2003;49:752-760.
Soresi M, Magliarisi C, Campagna P, Leto G, Bonfissuto G, Riili A, et al.
Usefulness of alpha-fetoprotein in the diagnosis of hepatocellular carci-
noma. Anticancer Res 2003;23:1747-1753.

Sherman M. Alphafetoprotein: an obituary. J Hepatol 2001;34:603-605.
Song BC, Chung YH, Kim JA, Choi WB, Suh DD, Pyo SI, et al. Trans-
forming growth factor-betal as a useful serologic marker of small hepato-
cellular carcinoma. Cancer 2002;94:175-180.

Miura N, Maeda Y. Kanbe T, Yazama H, Takeda Y, Sato R, et al. Serum
human telomerase reverse transcriptase messenger RNA as a novel tumor
marker for hepatocellular carcinoma. Clin Cancer Res 2005;11:3205-
3209.

Honda M, Kaneko S, Kawai H, Shirota Y, Kobayashi K. Differential gene
expression between chronic hepatitis B and C hepatic lesion. Gastroenter-
ology 2001;120:955-966.

. Lee IN, Chen CH, Sheu JC, Lee HS, Huang GT, Chen DS, et al. Identi-

fication of complement C3a as a candidate biomarker in human chronic
hepatitis C and HCV-related hepatocellular carcinoma using a proteomics
approach. Proteomics 2006;6:2865-2873.



~—> g

Available online at Www.sciencedirect.com
o'o' . .
*.* ScienceDirect

Biochemical and Biophysical Research Communications 356 (2007) 610-615

BBRC

www elsevier.com/locate/ybbrc

Transgenic expression of osteoactivin in the liver attenuates
hepatic fibrosis in rats

Hiroo Abe 2, Hirofumi Uto °, Yoichiro Takami ¢, Yuka Takahama €, Satoru Hasuike ?,
Mayumi Kodama 2, Kenji Nagata 2, Akihiro Moriuchi ®, Masatsugu Numata ¢, Akio Ido ¢,
Hirohito Tsubouchi ®%*

? Gastroenterology and Hematology, Faculty of Medicine, University of Miyazaki, Miyazaki, Japan
® Department of Digestive and Life-style Related Disease, Kagoshima University Graduate School of Medical and Dental Sciences, Kagoshima, Japan
¢ Miyazaki Prefectual Industrial Support Foundation, Miyazaki, Japan
9 Department of Experimental Therapeutics, Translational Research Center, Kyoto University Hospital, Kyoto, Japan

Received 28 February 2007
Available online 15 March 2007

Abstract

The role of osteoactivin (OA) in liver fibrogenesis remains unclear. After feeding wild-type (WT) and OA transgenic (OA-Tg) rats a
choline-deficient, L-amino acid-defined (CDAA) diet for 12 weeks, we evaluated liver fibrosis. Hepatic fibrosis and expression of
a-smooth muscle actin protein in OA-Tg rats were reduced in comparison to WT rats. Our examination of the expression of 31,100 genes
by microarray analysis identified 177 and 256 genes that were upregulated and downregulated, respectively, by at least twofold in OA-Tg
rat livers in comparison to WT rat livers. Of these genes, we confirmed a significant downregulation in the expression levels of tissue
inhibitor of metalloproteinase-1 and -2, type I collagen, and platelet-derived growth factor receptor-a and - in the livers of OA-Tg rats.
These results indicate that transgenic OA expression attenuates the development of hepatic fibrosis in association with the suppression of

specific genes involved in its pathogenesis.
© 2007 Elsevier Inc. All rights reserved.
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Hepatic fibrosis is a common response seen in chronic
liver diseases, which ultimately leads to cirrhosis, a major
public health problem worldwide. Hepatic fibrosis can be
attenuated by treatment of the cause of liver injury such
as anti-viral therapy and abstinence from alcohol [1]. There
is no efficient treatment, however, for most causes of
chronic liver disease and no effective direct treatment for
hepatic fibrosis in a clinical setting.

Hepatic stellate cells (HSC) are currently thought to be
primarily responsible for hepatic fibrosis. In response to
hepatic injury, quiescent HSCs are activated to become
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myofibroblastic cells, which produce cytokines and matrix
proteins like transforming growth factor (TGF)-p and tis-
sue inhibitor of matrix metalloproteinase (TIMP)-1 [2]. In
addition, the signal transduction pathways activated in
HSC by hepatic injury have suggested targets for the direct
treatment of hepatic fibrosis in animal models [3,4].

A wide spectrum of pathological features are observed
in non-alcoholic fatty liver disease (NAFLD), ranging
from fatty liver to steatohepatitis and hepatic fibrosis,
and hepatocellular carcinoma (HCC). In the choline-defi-
cient, L-amino acid-defined (CDAA) diet rat model, liver
steatosis occurs within one week. Hepatic fibrosis appears
one month after administration of CDAA diet, with cirrho-
sis appearing after three or four months and HCC develops
twelve to fifteen months after administration of CDAA [5].
To represent these pathological features, rats fed a CDAA
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diet is recognized one of the animal models for chronic
liver disease, especially NAFLD.

Osteoactivin (OA) cDNA was originally isolated from
osteopetrotic bone [6]. OA, also known as glycoprotein
nonmetastatic melanoma protein B or dendritic cell-associ-
ated heparan sulfate proteoglycan-integrin ligand, is a type
I transmembrane glycoprotein that influences the adhesion
and migration of select cell types, including fibroblasts [7].
In addition, we previously reported the OA gene as a mol-
ecule that is differentially expressed in the livers of rats
administered a CDAA diet [8]. The molecular mechanism
by which OA functions in liver disease, however, has yet
to be fully clarified. This study sought to determine the role
of OA in hepatic fibrosis using transgenic rats that express
OA in the liver after CDAA diet-induction of hepatic
fibrosis.

Materials and methods

Generation of transgenic rat. A rat OA cDNA fragment, encoding the
entire open reading frame from nucleotide 110 to 1917, was amplified by
polymerase chain reaction (PCR) and cloned into the EcoRI site of the
pLG-1 expression vector, which contains the human serum amyloid P
(SAP) promoter and a rabbit B-globin non-coding exon/intron [9]. After
digestion of the resulting plasmid with HindIII and Xhol, the 3.8-kb SAP-
OA gene fragment was microinjected into fertilized Sprage Dawley (SD)
rat eggs to produce transgenic rats (OA-Tg rats). Animal protocols were
approved by the ethical committee of the Faculty of Medicine, University
of Miyazaki.

RNA isolation, Northern blotting and RT-PCR. The total RNA was
extracted from liver tissue, separated on agarose gels and transferred onto
nylon membranes. To detect the OA mRNA transcript, we used radio-
labeled 1808-bp rat OA cDNA and 483-bp rat glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) cDNA as probes. We also validated the
OA gene expression levels by semi-quantitative reverse transcription (RT)-
PCR. The total RNA was reverse transcribed using Molony murine leu-
kemia virus reverse transcriptase (TaKaRa, Tokyo, Japan) in the presence
of random hexamers. The following primers were then used: 5'-ACACTG
CAGCCTGACAACTCA-3' and 5-TTTGCCCTTGACCACGTTC-3’
for rat OA and 5-ACTCTACCCACGGCAAGTTCA-3' and 5'-GG
CAGTGATGGCATGGACT-3 for rat GAPDH. The reverse-transcribed
mixture was amplified by PCR in a 25 pl volume. PCRs were initially
denatured, then cycled at 94 °C for 30, 52 °C (OA) or 59 °C (GAPDH)
for 30s, and 72°C for 30s. Thirty cycles served to amplify OA or
GAPDH. PCR products of OA and GAPDH were examined by agarose
gel electrophoresis and visualized with ethidium bromide. Densitometric
analysis examined the amount of PCR products semi-quantitatively by
measuring absorbance on a Bio-1D apparatus (M&S Instruments Trading
Inc., Tokyo, Japan).

Hepatic fibrosis induced by a 12-week CDAA diet. Ten-week-old male
SD rats bearing or lacking the SAP-OA gene (OA-Tg and WT, respec-
tively) were used. SD rats were obtained from Japan SLC (Yokohama,
Japan). After at least a one-week acclimation period on a standard diet,
OA-Tg and WT (control) rats were switched to the CDAA diet (Dyets,
PA) as a model of hepatic fibrosis. Rats were analyzed after a 12-week
administration of the CDAA diet.

Histological and immunohistochemical analysis, and quantification of
hepatic hydroxyproline content. Tissue samples were fixed in 10%
phosphate-buffered formaldehyde, then embedded in paraffin and
stained with either Azan or Sirius Red. Three liver fragments (>1 cm?
each) were randomly taken from the right, median, and left lobes of
each rat liver for morphometric studies. Sirius Red (Sirius Red 80;
MUTO PURE CHMICALS Co., Tokyo, Japan) staining was per-
formed as described previously [10]. To analyze fibrosis present in Sirius

Red-stained sections, the red-stained areas were measured on a video-
screen display in a blinded manner using a digital image analyzer
pixs2000Pro (Inotech, Hiroshima, Japan) [4]. Three fields were selected
randomly from each of three sections per sample; samples from six rats
from each group were examined. Thus, a total of 54 fields were ana-
lyzed for each group. After signals were quantified, we calculated the
mean area of fibrosis. Immunohistochemical analysis of a-smooth
muscle actin (a-SMA) (Dako Japan, Kyoto, Japan) was performed and
hepatic hydroxyproline content was determined as previously described
[11,12].

DNA microarray analysis. RNA samples were reverse-transcribed and
copied into dsDNA. In vitro RNA transcription was then performed to
incorporate biotin-labeled ribonucleotides into the cRNA transcripts. The
resulting cRNA samples were hybridized to a Rat Genome 230 2.0 Array
(Affmetrix Inc., CA). Detailed protocols for the analysis of microarray
data have been previously described [13,14). We excluded genes that were
not expressed or those that were expressed at levels below the cutoff level
for detection in both OA-Tg and WT rat livers. These data were trans-
ferred to GeneSpring software (Silicon Genetics, CA) for additional
analysis.

Western blotring. Liver tissues were homogenized in Tissue Protein
Extraction Reagent (Pierce Biotechnology, IL). Ten micrograms of sample
was subjected to SDS-polyacrylamide gel electrophoresis and transferred
onto Immobilon P membranes (Millipore Corp., MA). The following
primary antibodies were used for analysis: monoclonal anti-a-SMA anti-
body (SIGMA), polyclonal anti-TIMP-1 antibody, polyclonal anti-plate-
let-derived growth factor receptor (PDGFR)-a antibody (Santa Cruz
Biotechnology, CA) and monoclonal anti-B-actin antibody (Dako Japan).
Bound antibody was detected with horseradish peroxidase-conjugated
anti-mouse or anti-rabbit antibodies (Amersham Biosciences, Bucking-
hamshire, UK). Proteins were then visualized using the ECL Western
blotting detection kit (Amersham).

Statistical analysis. Results are presented as means + standard devia-
tion. Statistical analysis was performed using Statview J-4.5 software
(Abacus Concepts, Inc., CA). Differences were assessed by the Kruskal-
Wallis analysis and/or the Mann-Whitney U test. The significance level
was set at P <0.05.

Results
Osteoactivin expression in the various organs
Northern blot analysis revealed that rat OA mRNA

was strongly expressed in the lung and spleen and weakly
expressed in the brain, heart, and liver. Expression was
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Fig. 1. Osteoactivin (OA) expression in the liver. (A) Northern blot
analysis of OA expression in rat at 10 weeks of age. (B) Quantitative
determination of OA mRNA using semiquantitative RT-PCR is shown as
an average of four experiments + standard deviation. The mean relative
intensity in WT rat livers with normal diet administration was normalized
to a value of 1.
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Table 1
Serum biochemical markers in osteoactivin transgenic rats
Normal diet CDAAI2W
normal rat WT(n=6) OA-Tg(n=6)
(n=13)
Glucose (mg/dl) 157.3 (7.77) 217.2 (32.4)* 257.5 (68.8)°
ALT (IU/L) 65.7 (10.7) 53.0 (14.1)* 120.8 (30.1)>°
LDH (IU/L) 1951.7 (501.3)  1173.2 (516.8) 1974.0 (811.3)
ALP (1U/L) 799.7 (44.0) 739.5(331.6)  647.2(129.5)
Triglyceride (mg/dl) 187.3 (64.0) 40.0 (8.44)° 105.5 (64.7)°
Total cholesterol 70.7 (7.51) 62.5(12.9)* 100.2 (13.1)*°
(mg/dl)

Results (and standard deviation of the mean) from 6 rats/group at the end
of feeding period were shown. WT, wild-type; OA-Tg, osteoactivin
transgenic.

2 P <0.05 versus the normal rat with normal diet.

® P <0.01 versus WT rats with CDAA diet.

¢ P <0.05 versus WT rats with CDAA diet.

absent from the kidneys of non-transgenic littermates
and SD rats as previously reported [8]. The expression
levels of OA in the lung, spleen, brain, and heart of
OA-Tg rats were similar to those seen in non-transgenic
littermates (data not shown). In contrast, the OA expres-
sion in the liver of OA-Tg rats were higher than those
seen in non-transgenic littermates, and the levels in those
was twofold higher by semi-quantitative RT-PCR analy-
sis (Fig. 1).

Attenuation of CDAA diet-induced hepatic fibrosis in OA-Tg
rats

Serum levels of ALT, triglyceride, and total cholesterol
in OA-Tg rats were significantly higher than those seen in
WT rats (Table 1). In contrast, the serum levels of glucose,
LDH and ALP did not significantly differ between OA-Tg
and WT rats.

Hepatic fibrosis was induced in both OA-Tg and WT
rats by a 12-week CDAA diet administration. Histological
analysis with Azan and Sirius Red staining demonstrated
CDAA-induced severe fibrosis in the livers of WT rats
(Fig. 2A and C). In contrast, fibrosis was not as prominent
in the livers of CDAA-treated OA-Tg rats (Fig. 2B and D).
This reduction in the severity of the fibrosis was observed
in all areas of the liver, with no significant differences noted
between the different lobes.. In addition, the number of
CDAA-induced fibrosis areas and the hydroxyproline con-
tent of OA-Tg rat livers were significantly lower in compar-
ison to those seen in WT rats (Fig. 2E and F).

Qverexpression of OA decreased the number of activated
hepatic stellate cells

Although the number of activated HSCs expressing
a-SMA (a marker of activated HSC) increased in WT rats
fed the CDAA diet, overexpression of OA dramatically
reduced the number of a-SMA-positive cells observed in
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Fig. 2. Histological features of the liver in non-transgenic (A,C) or transgenic (B,D) rats after 12 weeks CDAA diet administration. Representative Azan
(A,B) or sirius red (C,D) staining of the liver tissue (original magnification 40x (A,B), 100x (C,D)). In addition, quantitative evaluation of hepatic fibrosis
in osteoactivin transgenic (OA-Tg) (n = 6) and non-transgenic (wild-type; WT, n=6) rats are shown. (E,F) Morphometric quantification of the
percentage of fibrosis areas and the hydroxyproline content in the livers of OA-Tg rats were significantly lower than those seen in WT rats, respectively.
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Fig. 3. Quantitative evaluation of hepatic a-smooth muscle actin (a-SMA)
expression after 12 weeks CDAA diet administration. (A,B) Representa-
tive immunohistochemistry examining a-SMA expression in the livers of
wild-type (A) or osteoactivin transgenic (B) rats (original magnification
100x). (C) Quantitative expression of hepatic a-SMA was determined by
western blot analysis using an image analyzer. Results are shown as the
averages with standard deviations. Expression of hepatic a-SMA in
osteoactivin transgenic (OA-Tg) rats was significantly lower than that seen
in wild-type (WT) rats.

the liver (Fig. 3A and B). By western blot analysis, we also
observed a significant decrease in a-SMA protein expres-
sion in OA-Tg rats in comparison to WT rats (Fig. 3C).

Gene expression profiles in the liver using DNA microarray
analysis

The total RNA, isolated from the livers, of six OA-Tg or
six WT rats, were mixed equally and hybridized in parallel
to two identical oligonucleotide arrays. cRNA poles of
OA-Tg or WT rats were used in each array. The statistical

Table 2

A PDGFR-« B TIMP-1
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Fig. 4. Quantitative evaluation of hepatic platelet-derived growth factor
receptor-a (PDGFR-a) and tissue inhibitor of metalloproteinase-1
(TIMP-1) expression after 12 weeks CDAA diet administration. (A,B)
Quantitative expression of hepatic PDGFR-a and TIMP-1 were deter-
mined by Western blot analysis using an image analyzer. Results are
shown as the averages with standard deviations. Expression of hepatic
PDGFR-a (A) and TIMP-1 (B) in osteoactivin transgenic (OA-Tg) rats
were lower than those seen in wild-type (WT) rats.

analysis identified 15692 transcripts which were expressed
above the cutoff level for detection in both OA-Tg and
WT rats. Of those genes, 177 transcripts displayed signifi-
cantly increased signal intensities in mixed RNA derived
from OA-Tg rat liver in compared to that from WT rat
liver; 256 transcripts exhibited reduced signal intensities
(data not shown). Of these genes, only 59 and 121 genes,
respectively, have functional annotations in public dat-
abases. We selected from those 180 transcripts genes asso-
ciated with fibrosis using the NetAffx Analysis Center
database. Table 2 displays the numerical and descriptive
analysis of these differentially expressed fibrosis genes;
genes that presented with a fold change higher than 2.0
(upregulated) or lower than 0.5 (downregulated). Type I
collagen, PDGF receptor (PDGFR)-a and -B, and
TIMP-1 and -2, which are factors known to contribute to
the development of hepatic fibrosis, were markedly down-
regulated in the livers of OA-Tg rats in comparison to
WT rats. We also confirmed the downregulation of

List of the fibrosis associating genes in osteoactivin transgenic rat after the administration of 12 weeks CDAA diet®

Gene name Symbol Fold change over controls Accession No.
Collagen, type 1, alpha 1 Collal 0.225 BI285575
Suppressor of cytokine signaling 2 Socs2 0.359 NM_058208
Latent transforming growth factor beta binding protein 1 Ltbpt 0.38 NM_021587
Platelet derived growth factor receptor, alpha polypeptide Pdgfra 0.391 AI232379
Tissue inhibitor of metalloproteinase 2 Timp2 0.397 BM388843
Serine proteinase inhibitor, clade H, member 1 Serpinhl 0.399 BI1285495
Coliagen, type 111, alpha 1 Col3al 0.406 BI275716
Tissue inhibitor of metalloproteinase 1 Timpl 0.406 NM_053819
Hypothetical gene supported by NM_031525 Pdgfrb 0436 BM389426
Prostaglandin E receptor 1 Ptgerl 0.467 AA945828
Fibrillin 1 . Fbnl 0.478 BM389019
Serine protease inhibitor, Kazal type 1 Spinkl 2.522 NM_012674

® Selected genes associated with fibrosis those are altered in osteoactivin transgenic (OA-Tg) rat. Fold changes in the livers of OA-Tg rats are compared
to those in the livers of wild-type rats after a 12-week administration of the CDAA diet. Prior to DNA microarray analysis, nRNAs were mixed from each

group (n =6, each) as described in Materials and methods.
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PDGFR-a mRNA expression in the liver by RT-PCR
(data not shown). In addition, the expression of
PDGFR-a and TIMP-1 in the liver observed by Western
blot analysis was clearly decreased in the OA-Tg rats in
comparison to WT rats (Fig. 4).

Discussion

Expression of the rat OA gene restricted to osteoblasts
in bone (6). Haralanova-Ilieva et al. demonstrated that
OA is expressed at high levels in normal and inflammatory
liver macrophages, suggesting a role for this protein in
acute liver injury [15]. OA is also expressed in dendritic
cells and tumor cells. OA is thought to induce fibroblasts
activation [16]. OA overexpression increases the invasive-
ness and metastatic potential of rat hepatoma cells both
in vitro and in vivo [8]. Although these results indicate that
OA has multiple effects on different cell types, the function
of OA in hepatic fibrosis remains unclear. In this study, we
provide the first direct evidence that transgenic expression
of OA in the liver inhibited hepatic fibrosis in rats fed a
CDAA diet for 12 weeks.

Transgenic expression of OA was driven by the SAP
promoter, which induces specific gene expression in hepa-
tocytes, but not non-parenchymal cells [17]. Although
transgenic expression of OA was only induced by the
SAP promoter at low levels, hepatocyte expression of
OA in OA-Tg rats was able to reduce hepatic fibrosis
in association with a decrease in the number of activated
HSCs. HSC activation typically induces a myoblastic,
fibroblastic phenotype of these cells. Overexpression of
OA in fibroblasts, but not mouse myoblasts, induced
the expression of matrix metalloproteinase (MMP)-3.
Thus, OA may function as an activator for fibroblasts
that have infiltrated denervated skeletal muscle [16]. In
this study, however, transgenic expression of OA had
no effect on MMP-3 expression in the liver (data not
shown). OA may have different roles in liver HSCs and
muscle fibroblasts. OA may induce different effects in dif-
ferent disease processes, such as hepatic fibrogenesis and
denervation.

No apparent changes in matrix-related gene expression
have been demonstrated in OA transgenic mice [16]. OA-
Tg rats did not display any apparent abnormalities. After
taking the CDAA diet for 12 weeks, however, serum
ALT and total cholesterol (TC) levels were higher in OA-
Tg rats than those seen in WT rats. Although ALT
increases with increasing severity of hepatitis, it is not
indicative of hepatic fibrosis severity; high levels of ALT
are instead observed in the early phases of liver disease in
rats fed a CDAA diet [8]. Decreasing levels of TC have
been linked to increasing severity of liver disease [18], sug-
gesting that low ALT and TC levels in WT rats fed a
CDAA diet indirectly indicate the severity of hepatic fibro-
sis. Analysis of OA activity in the different stages of fibrosis
is required to identify the molecular foundation of this
effect on fibrotic pathogenesis.

OA, which localizes to the cell surface and lysosomal
membranes [7], can also be secreted from cells [6]. The role
of OA expression in chronic liver disease remains unclear;
in humans, OA expression is not detectable in normal liver
tissue [8). OA transcripts become detectable in cirrhotic
non-tumorous liver tissue that surrounds HCC foci. OA
mRNA expression is strongly induced in the livers of rats
fed the CDAA diet for 4-12 weeks. Additional exogenous
expression of OA, however, attenuates hepatic fibrosis.
Although we did not identify the cells expressing OA and
could not evaluate the amount of OA secreted, the secreted
form of OA released by hepatocytes may negatively regu-
late activated HSCs. Further examination, including the
effect of secreted OA 'on the activation of non-parenchymal
cells, is required.

Both PDGFR-a and PDGFR-f were downregulated by
exogenous OA expression (Table 2). Expression of the
PDGFR correlates well with the extent of hepatic fibrosis
[19]. While PDGFR-a is constitutively expressed in quies-
cent HSC, PDGFR-B expression is induced as cells
undergo myofibroblastic changes [20]. Although the data
concerning PDGFR-a and PDGF-B expression patterns
are conflicting [21], targeting PDGFR-a signaling is an
attractive potential therapeutic intervention in hepatic
fibrosis. We also demonstrated the downregulation of sup-
pressor of cytokine signaling (SOCS)-2, latent transform-
ing growth factor-f binding protein (LTBP)-1,
prostaglandin E receptor 1, and fibrillin 1 in OA-Tg rat liv-
ers in comparison to WT rat livers. TGF-p activity requires
the proteolytic cleavage of LTBP, a microfibril-associated
protein that interacts with fibrillin [22]. A number of
(myo)fibroblastic cell subpopulations in the liver synthesize
fibrillin-1, whose expression is induced by TGF-B1. These
results indicate that the attenuation of hepatic fibrosis by
transgenic OA expression is closely linked to the suppres-
sion of these genes.

The attenuation of PDGF signaling in the livers of OA-
Tg rats would theoretically be accompanied by decreases in
the expression of multiple target genes of PDGF signaling
in comparison to WT rats. In this study, expression of
extracellular signal-regulated kinase (ERK)-7, one of the
targets of PDGF signaling, in OA-Tg rat liver was below
detectable levels, excluding ERK-7 from the analysis.
ERK-7 levels, however, were decreased twofold in the liv-
ers of OA-Tg rats in comparison to WT rats. These results
suggest that transgenic expression of OA in the liver func-
tionally attenuates PDGF signaling. Despite the many dif-
ferences at the mRNA level identified by cDNA array
analysis, our study only examined a small fraction of the
liver transcriptome; additional important genes may not
have been identified in our analysis. Further analysis of
mRNA samples derived from specific cell populations,
such as hepatocytes, HSCs, Kupffer cells, and endothelial
cells, from both OA-Tg and WT rats may be required.

In conclusion, transgenic rats expressing OA exclusively
in hepatocytes exhibited attenuated hepatic fibrosis in
response to a CDAA diet. The potential of OA to increase
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the risk of HCC tumor invasiveness and metastasis may
limit the use of this molecular target in the treatment of
liver cirrhosis. Further investigation using a secreted form
of OA will be necessary and may lead to the development
of novel therapeutic approaches to hepatic fibrosis.
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