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Background: Inatumor, hypoxl( ibié ctor-1a (H1F-1or) and vaseularendothelial cell growth factor (VEGF)

are induced to promote angioge
to examine in vivo relation bet

is for the growth and metastasis of cells. There have been very few studies

seks of age were used. A chamber was prepared on the dorsal skin in
ndce a tumor, On the day of the experiment, and on days 2, 7, and 14,
microcirculation within the chamber was obsefved usin'gﬂprescence videomicroscopy. Based on the recorded
video images, capillary vascularity (GV) was measured @@g‘a{';ﬂne tumor neovascularization. VEGF expression
was measured in blood (serum) withdrawn; tsing enzyme immunoassay, while HIF-1o expression was measured
on samples isolated from tumor tissue, us.ingﬁnmunohisﬁ]:he'imistry.

Results: The measured C\V/_significantly-incréased on day 7 and 44.compared to the aged-matched controls
(p<0.05). HIF-10. markedly.expressed on day 2, and the expression declin on day 7 and 14 post-inoculation.
VEGF expression in seruming = mxa expression decreased with the
increase in VEGF expressionfrom 2 to 14 days after HepG2 implantation, shewing a reverse correlation.
Conclusion: HIF-1o expressibiql existed prior to both VEGF expression and neovascularization in the tumor. An
inhibitor of HIF-1a might be-a-therapeutic agent for reducing neovascularization via adaptation to hypoxia in
tumors.

Keywords: Hypoxiainducible factor 1-o (HIF-Lot), hepatocellular car¢inoma cell (HepG2), capillary vascularity,

tumor angiogenesis, nude'mice;vascular endothelial growth factor(VEGF).

Neovascularization isfan essential process for
tumor growth @and metastasis. In the absence of
neovascularization, tumors cannot grow larger than
1-2 mm?® [1-3]. If capillary blood flow is too poor to
supply oxygen to tumor cells, the cells should suffer
from hypoxia. Such hypoxic conditions may induce
the expression of several angiogenic factors such as
vascular endothelial growth factor (VEGF) [4]. The
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VEGF expression induced intumor cells is also an
Important factor for the cell growth and metastasis.
The prognostic significance of VEGF expression has
been reported in various organs such as gastric, colon,
breast, bladder and oesophageal carcinomas and other
malignancies [5-7].

Under tumor hypoxic conditions, a transcription
may be activated by a hypoxia-inducible factor HIF-
1, which plays a critical role in oxygen homeostasis
[8]. The HIF-1 is a heterodimer that consists of an o
and B subunit. Both units belong to the basic-helixloop-
helix-Per AhR/ARNT-Sim family of transcription
factors [9-12].
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Under non-hypoxic conditions, HIF-1o is subject
to rapid ubiquitination and proteasomal degradation
[9]. The level of HIF-1o proteins is inversely related
to the oxygen tension in both cultured cells [13, 14]
and in vivo [15]. Under hypoxic conditions, on the
other hand, HIF-1a is induced so that tumor cells may
adapt to hypoxia. According to Semenza et al. [16]
and Guidi et al. [17], hypoxic oxygen tension in vivo
might be associated with clinical outcomes including
tumor progression.

Both HIF-1a and VEGF expressions may be
induced by hypoxia oxygen tension during tumor
progression. Under such circumstances, the expression
of VEGF should be intimately connected,wnh the
expression of HIF-1o. There have been
studies to examine in vivo relations be
and VEGF expression in different perio
progression.

In previous studies [18, 19], we e
HepG2-implanted mouse model for
angiogenesis during tumor progression.
that the tumor capillaries increased si
density in different periods (days 2, 7 and:14) fter

Tev

implantation of HepG2 in nude mice. The purpose of‘—J ,

this study is to investigate how HIF-1 expression is-
correlated with VEGF expression during tufdor
progression using our HepG2-implanted nude mlce
model.
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of the chamber. Then, the mice were housed, one
animal per cage, with free access to sterile water and
standard laboratory chow.

Intravital fluorescence videomicroscopy
Ondays 2, 7, and 14 after implantation of HepG2,
the mice were anesthesized with sodium pentobarbitol
(50 mg/kg BW, i.p). A catheter was inserted into a
jugular vein for injection of fluorescence tracers (0.1
ml 0£0.5 % fluorescein isothiocyanate (FITC)-labeled
dextran =200,000, Sigma Chemical, USA). The
tumor mlcl’"\?asculature was observed under an
intravital-fluereseence microscope (Nikon, Japan)
eqmpped with-a.videocamera (Sony SIT68, Japan)
and recorded using a video-recorder (Sony SVT-124P,
jan) [21, 22]. The 10x objective lens was used
observe microvessels within the tumor-bearing
, «chamber.
. ‘The recorded video image was used to analyze
~ microvascular parameters such as capillary vascularity
;&ilameter
& ."_.i
- - Evamatl'on of capillary density
3§t§ed on the video image of each experiment,
we meas red capillary vascularity (CV) that
corresponds to capillary density (CD) in [17, 18], as

follov‘yﬁr:_ :

L400 (%), 1)

A
cV = (Number of pixels wiﬂwinthe capillaries)
(Total number of pixefs within the selected window area)
Methods -

HepG2-implanted mouse medel

The animal experiment was ‘con@iucted aceording
to the guideline for experimental animals by (The
National Research Council.of Thailand 1999).

BALB/c-nude mice (20-25| g;"n=380) were used
for this study. The mice were dividedinto two groups:
HepG2-implanted mice (HepG2) (n=15) and control
mice without HepG2 (Con) (n=15).

The HepG2 mouse model was prepared according
to the procedure reported previously [18, 20]. Briefly,
a dorsal skin-fold chamber (7 mm diameter) was
implanted onto the upper layer of skin in a mouse after
anesthesia with sodium pentobarbital (50 mg/100 g
BW, i.p.). For the HepG2 group, 30 ul HepG2 cells
(American Type Culture Collection; 2 X 10° cells,
viability 95-97 %) were inoculated into the middle area

In each mouse, we observed four positions on the
surface-of tumors by moving the microscopic stage.
Each video frame’ (100x100. pixels) was selected to
coverio large vessel ‘After determining both minimum
and maximum intensities of pixels located within the
capillary network, we counted thetotal number of pixels
overall capillariesin each window, using digital image
processing software (Global Lab 1)~ Expressing the
CV as percents of capillary area to total area, we
obtained the mean CV averaged over four video
frames in one mouse.

Immunohistochemistry for HIF-1o

After the in vivo experiment, an amount of tumor
tissue (approximately 7 mm in diameter) inside the
chamber was isolated, fixed with formalin solution and
embedded in paraffin. On different days, 2 um thick
sections, in parallel to the skin surface, were prepared
of the paraffin-embedded tumor tissue.
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A mouse monoclonal antibody [H1alpha67-sub]
(ab463) (1:800; Abcam, UK) was used to detect HIF-
lo. Sections were deparaffinized and pressure-
cooked with target retrieval solution (DAKO) for 10
min. The primary antibody reaction was carried out
at 4 °C overnight. Then, the section was washed in
phosphate buffer solution (PBS), and then blocked
with PBS containing 5 % non-fat dried milk for 30
min. 3,3,-diaminobenzidine (DAB)/hydrogen peroxide
was used to detect HIF-1o: antigen-antibody binding.
The slides were counterstained with Mayer’s
haematoxylin, dehydrated, treated with xylene and
mounted onto cover slides for micraseopy-{22]. '

After the |mmunoh|stochem|caLexam|nat|on all
slides were observed under a fluoresce i roscope
and recorded on a videotape. On'eachsvidecimage,
the expression of HIF-1or was co
Lab Il software (options/bleb setii
expressed as number of cells per area,

Enzyme immunoassay (EIA) for ser

The blood sample was obtain
cardiac ventricle. The blood wasicol
microcentrifuge tube and allowed for ha['f an
hour. Then, it was centrifuged at 5,000 rpm for 10
minutes. The separated serum was stored ét =20°C,
until VEGF was measured using the Mouse VEGF
kit (Chemicon International, Inc USA).

'\__-

d using Eloball
‘tqol)J,and s
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Figure 2 shows capillary vascularity (CV) on
the surface of tumor in different periods after HepG2
implantation. In control groups, no significant
difference appeared in the CV. The mean density
made no change with days, falling around 38 %. In
the HepG2 group, the mean density increased
significantly from 39.6 % (on 2 day) up to 71.3 % (on
day 14). The CV levels on day 2 is not significantly
different, compared with the control levels, but the

evels on both day 7 and 14 are significantly higher
thandtheir control levels (p<0.05).

FT@'ure 3 (A, B) shows HIF-1o expression
exaimined in the samples of tumor tissue.
Immunehistochemical examination of HIF-1a in
different periods (2, 7, and 14 days) after tumor cell
inoculation isshown in A. HIF-1o positive cells were
visualized with DAB, while the counter (background)

4 was stained with haematoxylin. The HIF-1o staining

was not observed in normal control tissue (data not
shown) Within tumors, clusters of HIF-1o. positive
cells were most dense at the invading edge of the

by pun turlngthe *'4 tumor margins. Note that the HIF-1o expression
cted'th a ’*':ap'pears in the nucleus as well as cytoplasm of the

J,l;,ell The number of expressed cells per area measured

;ss own in B. Apparently, HIF-1o. was expressed

edly on days 2 and 7 after tumor cell inoculation,

_-ﬁut its expressmn decreased on day 14. This indicates

“over-e -expression-of HIF-1o at the early stage of
neovascularizaiton during tumor progression.

T

Statistical analysis \7

Results were expressed as-meantSEM. One-
way ANOVA was used to evaluate the difference of
means. Student’s t-test was used for inter-group
comparisons of means. The statistical differences
were considered at they prabability‘level (p-value)
lower than 0.05.

Results

Figure 1gshows examples*of fluorescent video
images recorded on ‘days 2, 7 and' 14 after HepG2
implantation. On day 2 after tumor cell inoculation,
capillary structural changes, such as dilation and
tortuosity, appear in association with extravasations
of the fluorescence tracer from the host’s existing
microvessels (Fig. 1B). On day 7, neocapillaries are
observed in the tumor, together with endothelial cell
sprouting in the host vessel (see inside the circle in
Fig.1C). These features present the early stage of
neovascularization or angiogenesis onset in tumor.

Figure 4 shg,\/vs serum VEGF level measured
on different days (days 2, 7 and 14) after HepG2
implantation in the control and HepG2 groups. In
control groups, no significant difference appeared in
the VEGF level. The mean VEGF level did no change
withidays, being about67 pg/ml. In the HepG2 group,
the mean’ level' incréased significantly from 67.1
pg/ml (on 2 day) up to 152.0 pg/ml (on day 14). The
VEGFlevels on day. 2 is-not significantly different
compared with the controhlevels, but the VEGF levels
on both7 and 14 days are significantly higher than
the control levels (p<0.05).

All data of HIF-1o and VEGF measured in
HepG2 groups are plotted in Fig. 5. Apparently, the
HIF-10. expression decreased with increase in the
VEGF expression from day 2 to 14 after HepG2
implantation. Interestingly, the VEGF expression
reversely correlated with HIF-1o expression under
tumor progression as:
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Fig. 1 Fluorescent videoimages of capillary networks recorded in the:ﬁimo'r_i[lside the chamber on different periods from
after HepG2 implantation (A: control, B:on day 2, C: on'day 7 and D: on day 14)-Bar indicates 50 um. Note that
extravasation of the fluorescence tracer in B and endothelial cell sprouting in C (inside the circle).
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Fig. 2 Tumor capillary vascularity (CV) measured in different periods (days 2, 7 and 14) after HepG2 implantation in the
control and HepG2 groups. Values are expressed using Mean £ SEM. *Significantly different compared to
corresponding control levels (p< 0.05). #p<0.05 vs HepG2 on day 7.
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Fig. 3 Immunohistochemical analysis of HIF-1o: in HepG2-implanted nude mig'e* on days 2, 7, and 14. A: Expression of

HIF-1o in the nucleus anl___ ytoplasm of cells. Arrow indicates HlF-—}gﬁ'ﬂositive cells (visualized with DAB).

Brown color correspondsitathe counter (background) (X 400; bar: 500 WQ)JB: Number of expressed cells per area
in different periods in Hep&2 groups. Values are expressed as means—= SEM. *Significant difference between
the groups (p < 0.05). __,f :
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Fig. 4 Serum VEGF (pg/ml) measured in blood withdrawn on different days (days 2, 7 and 14) after HepG2 implantation in
the control and HepG2 groups. Values are expressed as means = SEM. *Significantly different between the groups
(p<0.001).
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Fig. 5 Relationship between serum VEGF (pgfﬁ?// HIF Ly (ceymm2) in the HepG2 group from day 2 to 14 after HepG2

implantation.

Discussion
We directly observed tumor micre€irc

mouse dorsal skin in different periods frem

days after tumor cell inoculation, a

i

tofl 4™

capillary vascularity (CV) in the tumor using video

recording. On the other hand, we measured VEGF «

expression using blood withdrawn from the ardlac .
ventricle, and also measured HIF-1a expression usmg_

tissue samples isolated from the tumor inside the

chamber. We note that the measured \/EGF &

expression did not reveal the time coutse of the level

=In our experiment, HIF-1a expression declined
(ap rOX|mater 85 %) within 14 days, while the tumor

Iary network increased markedly (approximately

measured _** 40%);Moreover VEGF increased significantly during
“* those 7 to 14 days (approximately 50 % and 175 %,
' respévg,t)vely) Therefore, the present study provides

an wrv;vp evidence to indicate that HIF-1a is a
hypoxra-"'z;ctlvated transcription factor that is
responslble for regulatlon of VEGF synthesis.

Tumor ar angiogenesis requires the expression of

VEGFE. According te-Huang et al. [28], a major

in the tumor. Recently, Tomita et al. 1%31] showed that
in tumors induced by colon cancer in syagenetic mice,
the VEFG level measured in tumor tissue was much
higher (approximately ten times) than that measured
in the blood. Therefore, the present VEGF data must
be used with caution when Wwe examine the tumor
progression.

The present immunohistochemical analysis of
HIF-1o expression showed that HIF-1o expression
appeared on day 2gpost-klepG2/inoeulation. This
expression was 4-5 days prior to‘the appearance of
neocapillary sprouting in tumor tissue (Fig. 1C).
Therefore, a hypoxic condition should already occur
within 2 days after tumor cell inoculation. In general,
HIF-1o stabilization up-regulates the expression of
angiogenic pathway so that oxygen homeostasis may
be restored. Thus, HIF-1o protein may be an important
factor for the survival and growth of cancer. In fact,
there have been a number of clinical reports to show
poor clinical outcomes associated with hypoxic oxygen
tensions in tumors [15, 16, 25-27].

pathway leading tb‘}/EGF expression under
hypoxic condition-is the binding of HIF-1a to
nypoxia-response elements in the VEGF promoter.
The present result (Fig. 5) has presented an
inverse/relationship between HIF-1o and VEGF
expression. during tumor-progression. Recently,
Tanaka et al. [29] showed that HIF-1o was activated
in preneoplastic hepatocytes during the early stages
of hepatocarcinogenesis..Their results agreed in
the time-period of HIF-1¢ @xXpression with our
experimental results. Lindgren-et al={30] studied the
expression of HIF-1o using renal cell carcinoma
(RCC). It was indicated that HIF-1a expression was
involved in tumorogenesisand progression of RCC,
but no association appeared between protein VEGF
expression in serum and the HIF-1a expression.
They did not show any correlation between VEGF
expression and tumor stage and prognosis. In our
experiment, HIF-1o. expression declined when a
number of neocapillaries appeared in the tumor and
the tumor microenvironment became normoxia.
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HIF-1o expression might be greatly dependent on
tumor microenvironment. It is likely that different
microenvironments in tumors may cause different
results of HIF-1o expression.

In conclusion, within two days after tumor cell
inoculation, HIF-1o. expression appeared prior to
VEGF expression as well as neovascularization in
tumor. An inhibitor of HIF-1oo might be a better
therapeutic agent that halts tumor growth by reducing
neovascularization and adaptation-to-hypoxia in
tumors. This HIF-1a inhibitor would prevent the
serious consequence of VEGF expression, tumor
neovascularization, and tumor metasiasis. -4
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