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random hexamers, and Superscript II reverse transcriptase
(Gibco BRL), according to the manufacturer’s instructions.
The expression of Ang-1 and Ang-2 RNA was determined by
30 cycles of RT polymerase chain reaction (PCR) using the
following primers: Ang-1,° 5’-AAATGGAAGGAAAACA
CAAGGAA-3" and 5'-ATCTGCACAGTCTCTAAATGGT-3’
(annealing at 51°C; product size, 266 bp); Ang-2,* 5'-
GACGGCTGTGATGATAGAAATAGG-3" and 5'-GACTGTA-
GTTGGATGATGTGCTTG-3’ (annealing at 53°C; product size,
264 bp). The resected samples of human HCC were used as
positive controls for Ang-1 and Ang-2.* We next analysed the
expression of VEGF and erythropoietin (EPO), because they
are known to be upregulated by hypoxia in Hep3B cells.”” RT—
PCR analysis of VEGF and EPO was performed using the
following primers: VEGF, 5'-CTGTGTGCCCCTGATGCGAT
GC-3'" and 5'-CCTCCGGACCCAAAGTGCTCTG-3" (annealing
at 60°C; product size, 615 bp (VEGF189), 543 bp (VEGF165),
or 411 bp (VEGFI21)); EPO, 5'-CAAATGGGCGGTAGGC
GTGTA-3" and 5'-CATATAGACAAACGCACACC-3' (anneal-
ing at 60.5°C; product size, 566 bp). As a control, RT-PCR
analysis of B actin mRNA was performed using 5’-
AGGCCAACCGCGAGAAGATGACC-3" and 5'-GAAGTCC
AGGGCGACGTAGCAC-3" as the primers (annealing at
60°C; product size, 332 bp). All PCR primers were selected
to span introns to detect specific mRNA sequences. The PCR
mixtures contained 1 pl of template cDNA (50 ng/ul), 2 ul of
1x PCR buffer (Takara Shuzo, Shiga, Japan), 1.6 ul of dNTP
mixture (Takara Shuzo), 0.4 uM of each primer, and 0.5 U of
Takara Taq (Takara Shuzo) in a final volume of 20 ul. The
reaction was run in a thermal cycler (GeneAmp™ PCR
System 9600; Perkin-Elmer, Norfolk, Connecticut, USA). The
PCR products were examined electrophoretically in agarose
gels stained with ethidium bromide. The intensities of the
bands were measured using image analysis software (Scion
Image beta 4.02; Scion  Corporation, Frederick,
Massachusetts, USA). The gene expression ratio (intensity
of PCR products with hypoxia normalised by B actin
expression/intensity of PCR products with normoxia normal-
ised by B actin expression) in each case was calculated.

Statistical analysis

Comparisons between angiopoietin expression patterns and
clinicopathological parameters, and between angiopoietin
expression and histology of normal liver tissue and HCC,
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were evaluated using y” tests, and comparisons between
blood vessel counts and other parameters were evaluated
using the Student’s f test. A p value of less than 0.05 was
considered to be significant.

RESULTS

Immunohistochemical study of Ang-1, Ang-2, and
Tie2

Ang-1 expression was prominent in non-cancerous normal
liver tissue. Of the nine normal liver tissues, eight had Ang-1
positive hepatocytes, whereas only two showed weak Ang-2
expression in the hepatocytes (fig 1). Among the 52 HCCs,
the expression of Ang-2 was higher than that of Ang-1; Ang-
2 was partially positive in 25 tumours and diffusely positive
in 17 tumours, whereas Ang-1 was partially positive in 25
tumours and diffusely positive in 10 tumours (fig 2). Figure 3
shows the expression patterns of Ang-1 and Ang-2 in normal
liver tissues and HCCs. In normal liver tissue, Ang-1
expression was higher than that of Ang-2. In contrast, Ang-
1 expression was lower than that of Ang-2 expression in well
differentiated HCCs (17% versus 33%, respectively). In
moderately and poorly differentiated HCC, both Ang-1 and
Ang-2 were significantly overexpressed (74% versus 87%,
respectively), compared with well differentiated HCCs
(p = 0.02 and p < 0.01, respectively). Therefore, the
switching of Ang-1 and Ang-2 expression occurred during
the progression from normal liver tissue to HCC.

Table 2 summarises the relation between the Ang-2
expression pattern and the clinicopathological features. The
Ang-2 expression pattern significantly correlated with the
histological differentiation of HCC. Strong positive expression
of Ang-2 was most frequently seen in poorly differentiated
HCC, followed by moderately differentiated HCC, whereas
none of the well differentiated HCCs showed strong expres-
sion (fig 2). The staining intensity for Ang-2 was stronger in
the peripheral area and areas with lymphocytic infiltration of
the tumour, rather than in central and non-infiltrated areas.
In HCC, a peliosis hepatis-like change (peliotic change),
which is defined by the presence of cystic blood filled spaces
within a tumour, is frequent,’ and positive Ang-2 immuno-
reactivity correlated well with the presence of peliotic change
(p = 0.02).

Microvessel counting of Tie2 and CD31 positive vessels was
performed in three different areas in all 52 HCC samples.

Figure 1 Immunohistochemistry of
angiopoietins in normal human liver
tissue. (A) Angiopoietin 1 (Ang-1)
shows positive staining in normal
hepatoches. (B) Ang-2 is negative in
normal hepatocytes. Origina?
magnification, x35.
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Figure 2  Immunohistochemistry of angiopoietin 2 (Ang-2) in hepatocellular carcinoma (HCC). HCC cells show (A) negative, (B) partially positive, and
(C) diffusely positive cytoplasmic staining for Ang-2. Original magnification, x40.

Immunohistochemically, Tie2 expression was evident in
vascular endothelial cells (ECs) and vascular pericytes/
smooth muscle cells (PCs) (fig 4A), and most intense in
the periphery of the tumour, particularly in the interface
between the tumour and the fibrous capsule, equivalent to
Ang-2 expression. The densities of the CD31 positive vessels
were higher than those of the Tie2 positive vessels in all
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Figure 3 Relation between angiopoietin (Ang) expression and
histology of normal liver fissue and hepatocellular carcinoma (HCC).
Well HCC, well differentiated hepatocellular carcinoma, mod/poor
HCC, moderately and poorly dif‘ﬁerenﬁated hepatocellular carcinoma.

*p < 0.01; **p = 0.02.

examined cases (mean (SD) 18.7 (6.8) v 10.6 (4.4)) (fig 4B).
Because all the Tie2 positive vessels expressed the CD31
protein, we examined the ratio of Tie2 : CD31 counts to
evaluate Tie2 expression in all 52 HCC cases (mean (SD)
ratio, 0.58 (0.20)). Whereas the mean (SD) Tie2 : CD31 ratio
was 0.40 (0.18) in well differentiated HCC, it increased to
0.61 (0.20) in moderately and poorly differentiated HCC. The
Tie2 : CD31 ratio tended to increase with histological
dedifferentiation, and the difference was significant (table 3).

RT-PCR analysis of Ang-1, Ang-2, VEGF, and EPO
mRNA under hypoxic conditions

Because Hep3B is a well known human HCC cell line that
responds to hypoxia,” we used these cells to determine the
effects of hypoxia on the angiogenesis related genes.
Semiquantitative RT-PCR analyses showed that the VEGF
615 bp, 543 bp, and 411 bp bands, which correspond to
VEGF189, VEGF165, and VEGFI121, respectively, were upre-
gulated 3 to 5.5 fold by hypoxia (fig 5). EPO was also
upregulated under hypoxic conditions, from 2.5 to 5 fold
(fig 5). These data are consistent with the findings in other
reports, which used Hep3B and other transformed cultured
cells.””’" Ang-1 and Ang-2 mRNA were detected in HCC
samples, but not in Hep3B cells, under either normoxic or
hypoxic conditions (fig 5).

DISCUSSION

Previous studies have led to the proposal that Ang-1 mediates
the stabilisation of developing vessels,”” *» and that Ang-2
induces vascular destabilisation by blocking Tie2 tyrosine
phosphorylation of Ang-1."” Ang-2 plays a facilitative role at
sites of tumour vascular remodelling by blocking the
constitutive stabilising action of Ang-1 in the presence of
VEGF."*** Earlier, we reported the upregulation and
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2) expression

Table 2 Comparison of clinicopathological variables dependent on angiopoietin 2 (Ang-

Ang-2 (—) Ang-2 (+) Ang-2 (2+)

(n=10) (n=25) (n=17) p Value
Mean (SD) tumour size (cm) 3.4 (2.5) 4.8 (2.9) 3.4 (1.6) NS
Histological type 0.02*
Well (n=6) 4 2 0
Moderate (n=34) 6 16 12
Poor (n=12) 0 7 5
Peliotic change (+) 2 18 8 0.02
Capsule formation (+) 6 21 16 0.08
Septum formation (+) 5 20 10 NS
Portal vein invasion (+) 5 12 10 NS
Intrahepatic metastasis (+) 2 12 8 NS

*Yates 7 test.

significant.

Well, well differentiated HCC; moderate, moderately differentiated HCC; poor, poorly differentiated HCC; NS, not

important role of Ang-2 mRNA in hypervascular HCCs,* and
the role of Tie2 in HCC progression.” In our present study, we
noted strong expression of Ang-2 in human HCC, especially
in advanced HCC with hypervascularity, whereas Ang-1 was
dominant in non-diseased liver tissue. Ang-2 was strongly
expressed at the margin of the tumour and in areas with
inflammatory infiltration. It has been reported that VEGF is
also expressed in the same areas, and the expression level
changes with dedifferentiation in HCC,** suggesting that the

Figure 4 Immunohistochemistry of
Tie2 and CD31 in hepatocellular

| carcinoma (HCC). (A) Both pericytes
and endothelial cells of arterial tumour
| vessels are positive for Tie2; (B) only
endothelial cells are CD31 positive in
the same sample. Original
magnification, x40.

Ang-Tie2 system functions together with VEGF during
angiogenesis in HCC.

Interestingly, peliotic change was more frequently seen in
Ang-2 positive tumours. Peliotic change, a characteristic
feature of HCC, may be associated with the fragility of
tumour vessels and congestion of drainage vessels, deter-
mined on the basis of histology.”” However, the cause of this
change remains unclear and the responsible molecules have
yet to be defined. In an animal tumour model in which Ang-2

differentiation

Table 3 Comparison of Tie2 : CD31 microvessel density ratio and histological

Histological differ

Well Moderate Poor Total
Tie2 count 3.1(1.8) 11.6 (3.4) 11.4 (4.1) 10.6 (4.4)
CD31 count 8.3(3.0) 20.3 (5.7) 19.4 (6.8) 18.7 (6.8)
Tie2/CD31 ratio 0.40 (0.18)*t 0.60 (0.20)° 0.62 (0.19)+ 0.58 (0.20)

*p=0.02; 1p=0.03.
Values are mean (SD).

average value of all 52 samples.

Well, well differentiated HCC; moderate, moderately differentiated HCC; poor, poorly differentiated HCC; total,
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Ang-1 -—266 bp Ang-1
Ang-2 <264 bp
_ 615bp
«—543 b
VEGF 411 bg
EPO 566 bp
B Actin <332 bp

transfected human HCC cells were injected, significant
haemorrhage and peliotic change were observed.® In our
present study, we found a significant correlation between
Ang-2 expression and peliotic change (p = 0.02; table 1).
Our data suggest that destabilisation of tumour vessels
induced by Ang-2 may be one cause of peliotic change.

Tie2 expression was particularly apparent at the margin of
the tumour and was equivalent to Ang-2 expression. Tie2 was
upregulated in undifferentiated HCCs, but vessels in normal
liver tissue and well differentiated HCC also showed some
Tie2 expression. Tie2 is upregulated and thought to function
as the receptor for Ang-2 at vascular remodelling sites, but is
also expressed in normal liver tissue because it is the receptor
for both Ang-1 and Ang-2.”' *” The Tie2 receptor is pivotal in
the angiogenic process because it is involved in the
remodelling of the primary vascular plexus into vessels and
the recruitment of PCs.*® ** In our study, Tie2 expression was
not limited to ECs, and expression was also seen on PCs of
the tumour vessels in HCC. This suggests that the rapid
remodelling of ECs and PCs in the tumour vessels of HCC is
regulated by Ang-Tie2 signalling. Ang-2 has been reported to
act as an antagonist of Tie2, but recent reports revealed that it
also has the potential to phosphorylate Tie2 under some
conditions.” ** In our study, significant upregulation of Ang-
2 and Tie2 was seen, but further studies are required to
elucidate the complicated Ang-Tie2 signalling mechanism
during the angiogenic processes of HCC.

"The Tie2 receptor is pivotal in the angiogenic process
because it is involved in the remodelling of the primary
vascular plexus into vessels and the recruitment of vascular
pericyte/smooth muscle cells”

The upregulation of Ang-2 has been noted in some human
malignant tumours,® ' but the mechanism was not
identified. Tissue hypoxia and the consequent upregulation
of hypoxia inducible factor 1 (HIF-1) are known to induce
the transcription of VEGF, EPO, and glycolytic enzyme genes
in Hep3B HCC cells and other human cancers,”*" and the
hypoxia—HIF pathway is thought to be a key modulator of
angiogenesis.*” The effects of hypoxia on Ang-2 expression
differ among various cells. In endothelial cells and glioma
cells,””* Ang-2 was reported to be upregulated by hypoxia,
whereas Ang-2 was downregulated in renal cell carcinoma
cells,*! but there are no data for human HCC cells. Thus, we
investigated the expression of angiopoietin, VEGF, and EPO
mRNA in HCC cells under hypoxic conditions. Our data
revealed that the hypoxia—HIF pathway regulates VEGF and
EPO expression, but not that of either Ang-1 or Ang-2, in
Hep3B HCC cells (fig 5). In fact, the immunohistochemical
expression pattern of HIF-1a was completely different from
that of Ang-2 in the HCC tissues (data not shown).

Ang-2
VEGF(615)
VEGF(543)
VEGF(411)

EPO
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Figlure 5 (A)h Reverse transcri;larion g
polymerase chain reaction analysis an
0 ]‘ ? ‘? “1 “‘5 ? T (B) semiquantitative analysis of
angiopoietin (Ang), vascular

116 hrs engo'r elial growti factor (VEGF), and
=31 24 hrs| erythropoietin (EPO) mRNA in Hep3B
cells. Under hypoxic conditions, VEGFs
(VEGF189, VEGF165, and VEGF121)
and EPO are upregulated
approximately 2.5 to 6 fold, but Ang-1
and Ang-2 mRNA are not detected. M,
DNA markers; N, normoxia; 16, 16
hours of hypoxia; 24, 24 hours of
hypoxia; C, control hepatocellular
carcinoma samples.

Hypoxia/Normoxia (fold)

We propose that the stable expression of Ang-1 is involved
in the stabilisation and maturation of vessels in normal liver
tissue. Thus, angiopoietin switching—the reversal of Ang-1
and Ang-2 expression—could contribute to vessel wall
disassembly in well differentiated HCC. Subsequently, the
strong expression of both Ang-2 and Ang-1 at vascular
remodelling sites may lead to tumour angiogenesis. Ang-2
expression promotes angiogenesis and may work in concert
with VEGF," * although these two molecules are thought to
be regulated through two distinct pathways in HCC.

In summary, we have reported the important role of the
Ang-Tie2 system in HCC angiogenesis. The reversal of Ang-1
and Ang-2 expression plays an important role in the
angiogenic processes of HCC, being involved in dedifferentia-
tion and progression. Ang-2 might be a potential target for
antitumour treatment aimed at blocking the ‘‘angiogenic
switch”” and thereby resulting in tumour dormancy in HCC.

Take home messages

® Angiopoietin 1 (Ang-1) was more frequently expressed
than Ang-2 in the normal liver, whereas Ang-1 was
expressed in 68% of hepatocellular carcinomas (HCCs)
and Ang-2 in 81%, with Ang-2 expression being was
significantly higher in poorly differentiated HCCs and
in tumours with a peliotic change

® Strong expression of Tie2 was seen in tumour vessels,
in accordance with the expression of Ang-2

® In the Hep3B cell line, hypoxic stimuli upregulated
vascular endothelial growth factor (VEGF) and ery-
thropoietin, but not Ang-1 or Ang-2.

o Thus, the reversal of Ang-1 and Ang-2 expression
seems fo play an important role in the angiogenic and
dedifferentiation processes in HCC

® Hypoxic stimuli were not responsible for Ang-2
upregulation, unlike that of VEGF, in human HCC cells

ACKNOWLEDGEMENTS

We thank the staff in the Department of Surgery and Science,
Graduate School of Medical Sciences, Kyushu University for
providing the tissue materials. We also thank Y Nozuka and N
Tateishi for excellent technical assistance.

Authors’ dffiliations

K Sugimachi, K Taguchi, S Aishima, M Tsuneyoshi, Department of
Anatomic Pathology, Graduate School of Medical Sciences, Kyushu
University, Fukuoka 812-8582, Japan

S Tanaka, M Shimada, K Sugimachi, Department of Surgery and
Science, Graduate School of Medical Sciences, Kyushu University,
Fukuoka, Japan

www.iclinpath.com


http://jcp.bmj.com/
http://group.bmj.com/

Downloaded from jcp.bmj.com on February 10,

860

REFERENCES

20

Hanahan D, Folkman J. Patterns and emerging mechanisms of the angiogenic
switch durlng tumorigenesis. Cell 1996,86:353-64.

Folkman J. Angiogenesis in cancer, vcsculcr, rheumatoid and other disease.
Nat Med 1995;1:27-31.

Liver cancer study group of Japan. Primary liver cancer in Japan.
Clinicopathologic features and results of surgical treatment. Ann Surg
1990;211:277-87.

Shimada M, Takenaka K, Gion T, et al. Prognosis of recurrent hepatocellular
carcinoma: a 10-year surgical experience in Japan. Gastroenterology
1996;111:720-6.

Maeda T, Adachi E, Kajiyama K, et al. CD34 expression in endothelial cells of
small hepatocellular carcinoma: its correlation with tumour progression and
angiographic findings. J Gastroenterol Hepatol 1995;10:650-4.

Sonoda T, Shirabe K, Takenaka K, et al. Angiographically undetected small
hepatocellular carcinoma: c|inicopatho|ogico?chcrcc'reristics, follow-up and
treatment. Hepatology 1989;10:1003-7.

Sakamoto M, Ino Y, Fuijii T, et al. Phenotype changes in tumor vessels
associated with the progression of hepatocellular carcinoma. Jon J Clin Oncol
1993,23:98-104.

Tanaka S, Mori M, Sakamoto Y, et al. Biologic significance of angiopoietin-2
expression in human hepatocellular carcinoma. J Clin Invest
1999;103:341-5.

Davis S, Aldrich TH, Jones PF, et al. Isolation of angiopoietin-1, a ligand for
the TIE2 receptor, by secretion-trap expression cloning. Cell
1996,87:1161-9.

Maisonpierre PC, Suri C, Jones PF, et al. Angiopoietin-2, a natural antagonist
for Tie2 that disrupts in vivo angiogenesis. Science 1997,277:55-60.
Partanen J, Armstrong E, Mcke?q TP, et al. A novel endothelial cell surface
receptor tyrosine kinase with extracellular epidermal growth factor homology
domains. Mol Cell Biol 1992;12:1698-707.

Dumont DJ, Yamaguchi TP, Conlon RA, et al. tek, a novel tyrosine kinase gene
located on mouse chromosome 4, is expressed in endothelial cells and their
presumptive precursors. Oncogene 1992,7:1471-80.

Sato TN, Qin Y, Kozak CA, ef al. Tie-1 and tie-2 define another class of
putative recep'ror tyrosine kinase genes expressed in early embryonic vascular
system. Proc Natl Acad Sci U S A 1993;90:9355-8.

Holash J, Maisonpierre PC, Compton D, et al. Vessel cooption, regression,
and growth in fumors mediated by angiopoietins and VEGF. Science
1999,284:1994-8.

Stratmann A, Risau W, Plate KH. Cell type-specific expression of
angiopoietin-1 and angiopoietin-2 suggests a role in glioblastoma
angiogenesis. Am J Pathol 1998;153:1459-66.

Brown LF, Dezube BJ, Tognazzi K, et al. Expression of tiel, tie2, and
angiopoietins 1, 2, and 4 in Kaposi’s sarcoma and cutaneous angiosarcoma.
Am J Pathol 2000;156:2179-83.

Chen L, Yang Z, Wang G, et al. Expression of angiopoietin-2 gene and its
receptor Tie2 in hepatocellular carcinoma. J Tongji Med Univ
2001,21:228-30, 235.

Dhar DK, Naora H, Yamanoi A, et al. Requisite role of VEGF receptors in
angiogenesis of hepatocellular carcinoma: a comparison with angiopoietin/
Tie pathway. Anticancer Res 2002;22:379-86.

Peters KG, Coogan A, Berry D, et al. Expression of Tie2/Tek in breast tumour
vasculature provides a new marker for evaluation of tumour angiogenesis.
Br J Cancer 1998;77:51-6.

Tanaka S, Sugimachi K, Yamashita Yi, et al. Tie2 vascular endothelial
receptor expression and function in hepatocellular carcinoma. Hepatology

2002;35:861-7.

www.jclinpath.com

22

23

24
25
26

27

28

29

30

31
32
33
34

35

36

37
38

39

40
41

2012 - Published by group.bmj.com
Sugimachi, Tanaka, Taguchi, et al

Kung AL, Wang S, Klco JM, et al. Suppression of tumor growth through
disruption of hypoxia-inducible transcription. Nat Med 2000;6:1335-40.
Krikun G, Schatz F, Finlay T, et al. Expression of angiopoietin-2 by human
endometrial endothelial cells: regulation by hypoxia and inflammation.
Biochem Biophys Res Commun 2000,275:159-63.

Oh H, Takagi H, Suzuma K, et al. Hypoxia and vascular endothelial growth
factor selectively up-regulate angiopoietfin-2 in bovine microvascular
endothelial cells. J Biol Chem 1999;274:15732-39.

Koga K, Todaka T, Morioka M, et al. Expression of angiopoietin-2 in human
glioma cells and its role for angiogenesis. Cancer Res 2001;61:6248-54.
Liver Cancer Study Group of Japan. Classification of primary liver cancer, 1st
English ed. Tokyo, Japan: Kanehara, 1997.

Ahmad SA, Liu W, Jung YD, et al. Differential expression of angiopoietin-1
and angiopoietin-2 in colon carcinoma. A posmbr mechanism for the
initiation of angiogenesis. Cancer 2001;92:1138-43.

Peoch M, Farion R, Hiou A, et al. Inmunohistochemical study of VEGF,
angiopoietin 2 and their receptors in the neovascularization following
microinjection of Cé glioma cells into rat brain. Anticancer Res
2002;22:2147-51.

Dunk C, Shams M, Nijjar S, et al. Angiopoietin-1 and angiopoietin-2 activate
trophoblast Tie-2 to promote growth and migration during placental
development. Am J Pathol 2000;156:2185-99.

Gleadle JM, Ratcliffe PJ. Induction of hypoxia-inducible factor-1,
erythropoietin, vascular endothelial growth factor, and glucose transporter-1
by hypoxia: evidence against a regulatory role for Src kinase. Blood
1997,89:503-9.

Wanless IR. Vascular disorders. In: MacSween RN, Anthony PP, Scheuer PJ,
eds. Pathology of the liver. New York, NY: Churchill Livingstone,
1994:546-8.

Ferrara N, Davis-Smyth T. The biology of vascular endothelial growth factor.
Endocr Rev 1997;18:4-25.

Suri C, Jones PF, Patan S, et al. Requisite role of angiopoietin-1, a ligand for
the TIE2 receptor, during embryonic angiogenesis. Cell 1996;87:1171-80.
Hanahan D. Signaling vascular morphogenesis and maintenance. Science
1997,277:48-50.

Fachinger G, Deutsch U, Risau W. Functional interaction of vascular
endothelial-protein-tyrosine phosphatase with the angiopoietin receptor Tie-2.
Oncogene 1999;18:5948-53.

Holash J, Wiegand SJ, Yancopoulos GD. New model of tumor angiogenesis:
dynamic balance between vessel regression and growth mediated by
angiopoietins and VEGF. Oncogene 1999;18:5356-62.

Yamaguchi R, Yano H, lemura A, et al. Expression of vascular endothelial
growth factor in human hepatocellular carcinoma. Hepatology
1998,28:68-77.

Thurston G, Suri C, Smith K, et al. Leakage-resistant blood vessels in mice
transgenica”y overexpressing angiopoietin-1. Science 1999,286:2511-14.
Kim I, Kim JH, Moon SO, et al. Angiopoietin-2 at high concentration can
enhance endothelial cell survival fhrough the phosphatidy|inosito| 3'-kinase/
Akt signal transduction pathway. Oncogene 2000;19:4549-52.
Teichert-Kuliszewska K, Maisonpierre PC, Jones N, et al. Biological action of
angiopoietin-2 in a fibrin matrix model of angiogenesis is associated with
activation of Tie2. Cardiovasc Res 2001;49:659-70.

Semenza GL. HIF-1 and human disease: one highly involved factor. Genes
Dev 2000;14:1983-91.

Currie MJ, Gunningham SP, Turner K, et al. Expression of the angiopoiefins
and their receptor Tie2 in human renal clear cell carcinomas; regu|0fion by the
von Hippel-Lindau gene and hypoxia. J Pathol 2002;198:502-10.


http://jcp.bmj.com/
http://group.bmj.com/

Downloaded from jcp.bmj.com on February 10, 2012 - Published by group.bmj.com

CP Angiopoietin switching regulates
J angiogenesis and progression of human
hepatocellular carcinoma

K Sugimachi, S Tanaka, K Taguchi, et al.

J Clin Pathol 2003 56: 854-860
doi: 10.1136/jcp.56.11.854

Updated information and services can be found at:
http://jicp.bmj.com/content/56/11/854.full.html

These include:

References This article cites 39 articles, 13 of which can be accessed free at:
http://jicp.bmj.com/content/56/11/854.full.html#ref-list-1

Article cited in:
http://jicp.bmj.com/content/56/11/854.full.html#related-urls

Email alerting Receive free email alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Topic  Articles on similar topics can be found in the following collections

Collections _ ,
Hepatic cancer (52 articles)

Notes

To request permissions go to:
http://[group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://[group.bmj.com/subscribe/


http://jcp.bmj.com/content/56/11/854.full.html
http://jcp.bmj.com/content/56/11/854.full.html#ref-list-1
http://jcp.bmj.com/content/56/11/854.full.html#related-urls
http://jcp.bmj.com/cgi/collection/hepatic_cancer
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://jcp.bmj.com/
http://group.bmj.com/

