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Hypoxia-inducible factor-1 (HIF-1) is a transcription factor that plays
an important role in tumor growth and metastasis by regulating
energy metabolism and inducing angiogenesis. Elevated levels of
HIF-1a, a subunit of HIF-1, are noted in various malignant tumors,
but it is unclear whether this is so in esophageal carcinoma. The
purpose of this study was to evaluate the implications of HIF-1a
expression in esophageal squamous cell carcinoma. In 215 patients
with esophageal carcinoma, we examined immunoreactivity for HIF-
1o protein, vascular endothelial growth factor (VEGF) protein and
p53 protein. In 38 patients, we examined the expression of HIF-1o
messenger ribonucleic acid (mRNA) (using the semiquantitative
reverse transcriptase-polymerase chain reaction [RT-PCR]). A
positive HIF-1a protein expression was recognized in 95% of the
patients, and was strongly apparent within both the nuclei and/or
cytoplasm of tumor cells. The proportion of patients in the ‘high
score’ group for HIF-1o protein expression increased significantly
with increasing VEGF protein expression. Immunoreactivity for HIF-
1o protein was found to have a significant effect on disease-free
survival rate in our univariate analysis, but no effect on overall
survival rate. In RT-PCR, HIF-1a. mRNA scores correlated significantly
with scores for HIF-1a protein expression, but not with any
clinicopathologic factor or either of the survival rates. The detection
of HIF-1o. protein and mRNA would appear to offer limited
information as to progression and prognosis in esophageal
carcinoma. (Cancer Sci 2005; 96: 176-182)

Tumor progression toward aggressive and metastatic potential
is a fundamental process. Hypoxia is important in tumor
progression, since it limits tumor growth, and tumors with poor
vascularization fail to grow or form metastases."? Indeed,
hypoxia has been negatively correlated with various indicators
of tumor aggression, as well as metastasis and poor prognosis,
in a number of tumors.*® However, the mechanisms leading to
the adaptation of tumor cells to these unfavorable environmental
factors are still poorly understood.

Over the last decade or so, a number of angiogenic factors
have been identified. Among these, one of the most important is
vascular endothelial growth factor (VEGF).” Overexpression of
VEGF is associated with angiogenesis and prognosis in several
tumors, including esophageal carcinoma.!'? In addition, hypoxia-
inducible factor (HIF)-1, one of the transcription factors, has
been identified and found to play an essential role in oxygen
homeostasis.'""'? HIF-1 is a heterodimer, composed of HIF-1q,
(120 kDa) and HIF-1B (91, 93, 94 kDa). HIF-1p, also known as
aryl hydrocarbon receptor nuclear translocator, is constitutively
expressed, and usually does not change following hypoxic
stimulation. However, under normoxic conditions, HIF-1o is
maintained at low levels due to continuous degradation via the
ubiquitin-dependent proteosome pathway, and this pathway is
inhibited by hypoxia and by p53 or von Hippel-Lindau tumor-
suppressor gene defects, leading to stabilization of the HIF-1o
protein.*-19 Therefore, hypoxia can lead to a rapid increase in
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HIF-1a protein levels.!1-1319 Furthermore, HIF-1ol upregulates
a number of factors important for tumor expansion, including
VEGE.""!® In several cancers, overexpression of HIF-1ol pro-
tein has been found to be associated with tumor aggressiveness
and with an unfavorable prognosis.!'**” In esophageal carci-
noma, however, few studies have yet dealt with the relationship
between HIF-1o protein expression and tumor progression or
prognosis. The current study, using an immunohistochemical
approach to examine formalin-fixed, paraffin-embedded, tumor-
tissue sections from 215 patients with esophageal squamous cell
carcinoma, and using a semiquantitative reverse transcriptase-
polymerase chain reaction (RT-PCR) approach to examine fresh
frozen tissues (38 tumor tissues and 14 normal mucosal tissues
from 38 patients), was aimed at ascertaining: (i) whether HIF-
lo protein is expressed in such sections; (ii) whether its expres-
sion shows any correlation with a variety of clinicopathologic
findings, with the immunoreactivities for VEGF protein and p53
oncoprotein, and/or with clinical outcome in such patients; and
(iii) whether expression of HIF-1o. messenger ribonucleic acid
(mRNA) (as detected using semiquantitative RT-PCR) is corre-
lated with the expression of HIF-1al protein (as detected using
immunohistochemistry).

Materials and Methods

The material used comprised: (i) 215 surgically resected tumor
specimens for immunohistochemistry, and (ii) fresh materials
(38 tumor tissues and 14 corresponding esophageal normal
mucosal tissues) for semiquantitative RT-PCR. Materials (i) and
(i1) were obtained from patients with esophageal squamous cell
carcinoma between 1980 and 2002, and between 1996 and 2002,
respectively, at the Department of Surgery II, National Defense
Medical College Hospital, Tokorozawa, Japan. No patients had
received preoperative treatment. Their clinicopathologic findings
were determined according to the criteria proposed by the
International Union Against Cancer (UICC).®®

For immunohistochemistry, each specimen was obtained
from a block, including the tumor center and the invasive front.
Immunohistochemical staining for three antibodies (HIF-1c,
VEGF, p53 oncoprotein) was performed on specimens obtained
from the same block. For immunohistochemistry of HIF-1lo
protein, we used the catalyzed signal-amplification system method
(DAKO) on deparaffinized sections, employing mouse mono-
clonal antibodies against HIF-1o protein (NB100-105; Nobus
Biological Inc.) diluted 1:500. Autoclave pretreatment in 0.1 M
citrate buffer, pH 6.0, was performed for 10 min at 105°C. For
the negative control, the incubation step with the primary
antibody was omitted. Since HIF-1o protein was expressed
in either the nuclei or cytoplasm (or both) tumor cells, we
evaluated its expression by a method modified as previously
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described.®*? The intensity of cytoplasmic staining was scored
as absent, weak, moderate or strong. The extent of cytoplasmic
staining was expressed as the percentage of positive cancer
cells, from O to 100%. Tumors were scored using a four-scale
system according to the intensity and extent of staining. Score
1: tumors with absent or weak cytoplasmic reactivity and no
nuclear staining; score 2: tumors with moderate or strong cyto-
plasmic reactivity in a percentage of positive cancer cells lower
than the mean value, and with no nuclear staining; score 3:
tumors with moderate or strong cytoplasmic reactivity in a per-
centage of positive cancer cells higher than the mean value; and
score 4: tumors with a clear nuclear reactivity (with or without
cytoplasmic reactivity and regardless of the intensity). The eval-
uation was performed twice by two investigators (T. M., K. N.)
who were blind to both tumor stage and grade.

For immunohistochemistry of VEGF protein and p53 onco-
protein, we used the polymer-peroxidase method (EnVision+/
HRP; DakoCytomation) on deparaffinized sections, employing a
previously described rabbit polyclonal antibody against VEGF
protein® diluted 1:250, and a diluted mouse monoclonal
antibody against p53 oncoprotein (DO-7; DAKO). Autoclave
pretreatment for pS3 oncoprotein in 0.1 M citrate buffer, pH 6.0,
was performed for 10 min at 105°C. For the assessment of
VEGEF protein, the extent of staining was scored as negative
expression (indicating <30% of tumor area stained) or positive
expression (>30% stained), as previously described.® For the
assessment of p53 oncoprotein, the extent of staining was
scored as negative expression (<10% of tumor area stained) or
positive expression (>10% stained).

For RT-PCR, the total RNA in tumor tissues and the corre-
sponding normal mucosal tissues was isolated using Trizol
(Invitrogen). RT-PCR was performed using an amplification
reagent kit (TagMan EZRT-PCR kit; Applied Biosystems) with
several primers. The sense, antisense and TagMan probe
sequences for the HIF-lo primers were: 5-TTACCATGC-
CCCAGATTCAG-3", 5-CTTGCGGAACTGCTTTCTAATG-3’,
and 5-AGACACCTAGTCCTTCCGATGGAAGCACT-3’, respec-
tively, and those for glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) were: 5'-GAAGGTGAAGGTCGGAGTC-3, 5'-GAA-
GATGGTGATGGGATTTC-3’, and 5-CAAGCTTCCCGTTCT-
CAGCC-3, respectively. The four primers were synthesized using
an automated DNA synthesizer. TagMan probes were labeled at
the 5" end with the reporter dye molecule, 6-carboxyfluorescein
(FAM), and at the 3’ end with the quencher dye, (6-carboxyte-
tramethylrodamine) (TAMRA). The reaction master mix was
prepared according to the manufacturer’s protocol to give final
concentrations of 1x reaction buffer, 300 uM deoxyadenosine
triphosphate, 300 uM deoxycytidine triphosphate, 300 pM
deoxyguanosine triphosphate, 600 UM deoxyuridine triphos-
phate (dUTP), 3 mM manganese (II) acetate, 0.1 U/ul rTth
DNA polymerase, 0.01 U/ul AmpErase UNG, 900 nM primers,
and 200 nM TagMan probe. PCR was performed using 40 ampli-
fication cycles for HIF-lo. and 40 amplification for GAPDH
mRNA (at 95°C for 20 s and at 62°C or 60°C for 1 min) using
an ABI PRISM 7700 Sequence detector (Applied Biosystems).
During each cycle of the PCR, the 5'—3” exonuclease activity
of rTth DNA polymerase cleaves the TagMan probe, thereby
increasing the fluorescence of the reporter dye at the appropriate
wavelength. The increase in fluorescence was proportional to
the concentration of template in the PCR. The threshold cycle was
calculated by determining the point at which the fluorescence
exceeded a threshold limit (10 times the standard deviation of
the baseline). Therefore, signals were regarded as positive if the
fluorescence intensity exceeded 10 times the standard deviation
of the baseline fluorescence. The standard curve was obtained
using the threshold cycle established separately for four wells for
each applied RNA amount. PCR products were separated by electro-
phoresis in a 3% agarose gel and stained with ethidium bromide.
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In the statistical analysis, disease-free and overall survival
rates were the two main dependent variables tested in this study.
‘Disease-free survival’ was defined as the period between the
initial radical operation and the subsequent appearance of
recurrence or metastasis. The end-point was either recurrence/
metastasis of the tumor or the closing date of the study, which-
ever came first. ‘Overall survival’ was defined as the interval
between surgery and death, the end-point for this variable being
either death or the closing date of the study.

Disease-free and overall survival curves for the univariate
analyses were assessed using the Kaplan—-Meier method. Com-
parisons between survival curves were assessed using the log-rank
test. Multivariate analysis of the clinicopathologic parameters
was performed using the Cox stepwise-regression model. The
above analyses were performed using the StatView 5.0 software
package (SAS Institute Inc.).

Comparisons between HIF-1a protein immunoreactivity and
other tumor characteristics (see Table 1) were performed using
the Chi-squared analysis or Mann—Whitney U-test. Regression
analysis of the final score for HIF-10. protein immunoreactivity
and the ratio of HIF-1oo. mRNA over GAPDH mRNA was
performed using Spearman’s correlation coefficient by rank.
Differences were considered significant at P < 0.05.

Results

The patients’ age at diagnosis (215 cases) was within the range
35-88 years, with a median age of 64 years. Ninety of the 215
patients died as a result of their tumors 1-83 months after surgery
(mean, 17 months; median, 12 months). The remainder had
survived 1-118 months after surgery at the time of the study
(mean, 30 months; median, 21 months). Among the 215 cases,
seven tumors (3%) were in the cervical esophagus, 23 (11%)
were in the upper one-third of the esophagus, 109 (51%) were
in its middle one-third, 66 (31%) were in its lower one-third,
and 10 (4%) were in the abdominal esophagus. The initial
management of the 215 patients consisted of resection of the
esophagus with lymph node dissection, but without preoperative
supplemental therapy.

The tumors were divided into four stages according to the
criteria proposed by UICC. There were 28 cases (13%) of T1
(tumors invading the lamina propria or submucosa), 23 cases
(11%) of T2 (tumors invading the muscularis propria), 119 cases
(55%) of T3 (tumors invading the adventitia), and 45 cases (21%)
of T4 (tumors invading adjacent structures). In the 93 patients
with recurrence and/or metastasis, the mean follow up was 17
months (median, 12 months; range, 1-96 months), whereas the mean
follow up for the 122 patients without recurrence or metastasis
was 30 months (median, 18 months; range, 1-118 months).

A positive expression of HIF-1o protein was recognized in
95% of the patients studied (11 cases showed no staining by
immunohistochemistry). HIF-1o protein was expressed in the
nuclei and/or the cytoplasm of tumor cells (Fig. 1a). When the
tumors with scores 1 and 2 for HIF-1o. immunostaining were
classified as the low-score group, and tumors with scores 3 and
4 were classified as the high-score group, the high-score HIF-1o
group was contained 60% of the patients studied. A positive
expression of VEGF protein was recognized in 53% of the
patients; the immunoreactivity for this protein being confined
to the cytoplasm of tumor cells (Fig. 1b). A positive expression
of p53 oncoprotein was recognized in 57% of the patients.
For this protein, the immunoreactivity was confined to the
nuclei of tumor cells, no cytoplasmic staining being observed at
all (Fig. 1c).

In the assessment of the relationship between HIF-1o protein
expression and clinicopathologic findings, the proportion of
patients in the high-score HIF-1o group increased significantly
with increasing VEGF protein expression (Table 1).
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Table 1. Relationships between the expressions of hypoxia-inducible factor-1ac messenger ribonucleic acid and protein and other tumor
characteristics (pathologic findings, expression of vascular endothelial growth factor protein, and p53 oncoprotein) in esophageal carcinoma

HIF protein expression (n = 215) HIF mRNA expression (n = 38)

No. cases High-score® Low-score P-value* No. cases High-score* Low-score P-value

Depth of invasion

T1 28 16 12 4 1 3

T2 23 13 10 5 3 2

T3 119 66 53 24 13 11

T4 45 33 12 0.210 5 3 2 0.667
Lymph node involvement

Present 155 92 63 27 14 13

Absent 60 36 24 0.931 11 5 6 0.721
Blood vessel invasion

v (+) 165 100 65 32 17 15

v () 50 28 22 0.561 6 2 4 0.302
Lymphatic vessel invasion

Ly (+) 195 118 77 35 19 16

Ly (=) 20 10 10 0.362 3 0 3 0.071
Differentiation

Well differentiated 72 49 23 13 7 6

Moderately differentiated 116 64 52 22 10 12

Poorly differentiated 27 15 12 0.196 3 2 1 0.744
VEGF protein expression

VEGF(+) 115 76 39 27 15 12

VEGF(-) 100 52 48 0.036 1 4 7 0.283
p53 oncoprotein expression

p53 (+) 122 79 43 23 9 14

p53 () 93 49 44 0.074 15 10 5 0.097
Recurrence type

Distant metastasis (+) 46 29 17 9 3 6

Distant metastasis (-) 47 33 14 0.463 7 4 3 0.341

"Hypoxia-inducible factor (HIF)-1o. protein scores were classified as follows: The intensity of cytoplasmic staining was scored as absent, weak,
moderate, and strong. The extent of cytoplasmic staining was expressed as the percentage of positive cancer cells, from 0 to 100%. Tumors were
scored using a four-scale system according to the intensity and extent of staining. Score 1: tumors with absent or weak cytoplasmic reactivity and
no nuclear staining; score 2: tumors with moderate or strong cytoplasmic reactivity in a percentage of positive cancer cells lower than the mean
value, and with no nuclear staining; score 3: tumors with moderate or strong cytoplasmic reactivity in a percentage of positive cancer cells higher
than the mean value; score 4: tumors with a clear nuclear reactivity (with or without cytoplasmic reactivity and regardless of the intensity). Tumors
with scores 1 and 2 for HIF-1o. immunostaining were classified as the low-score group, while tumors wwith scores 3 and 4 were classified as the
high-score group. *The ratio of HIF-10. messenger ribonucleic acid (mRNA) over glyceraldehyde-3-phosphate dehydrogenase mRNA was calculated
for each tumor sample. The samples of normal mucosa from the esophagus were classified as ‘high score’ if the score was >0.99, since 0.99 was
the median value for the carcinomas studied. *Comparisons with respect to lymph node involvement, blood vessel invasion, lymphatic vessel
invasion, vascular endothelial growth factor (VEGF) protein expression, p53 oncoprotein expression, and recurrence type were performed using
the Chi-squared analysis. Comparisons with respect to depth of invasion and differentiation were performed using the Mann-Whitney U-test.

EEE
» B 5

Fig. 1. (a) Expression of hypoxia-inducible factor-1o. (HIF-10) protein, (b) vascular endothelial growth factor (VEGF) protein, and (c) p53 oncoprotein
in esophageal squamous cell carcinoma. Scale bar: 100 um.

In the assessment of disease-free and overall survivals, 45
cases with non-curative resection were excluded because of the
difference in their clinical course. Disease-free and overall survival
curves are shown in Figure 2. The survival rates for the high-
and low-score HIF-1a protein-immunoreactivity groups were
as follows: for a 5-year disease-free survival, 47% and
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55%, respectively, and for a 5-year overall survival, 43% and 52%,
respectively. In our univariate analysis of overall survival rates,
depth of invasion, lymph node involvement, blood vessel invasion
factor and lymphatic vessel invasion factor, all had a significant
effect (Table 2). In our univariate analysis of disease-free rates,
the expression of HIF-1a protein, depth of invasion, lymph node
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Table 2. Univariate analysis of overall and disease-free survival rates
Overall survival (n = 170) Disease-free survival (n = 170)
Prognostic indicator Risk ratio 95% Confidence interval P-value Risk ratio 95% Confidence interval P-value
Depth of invasion
T1-2/3-4 2.475 1.255-4.878 0.009 2.294 1.179-4.464 0.015
Lymph node involvement
Present/absent 3.293 1.621-6.691 0.001 4.003 1.804-8.884 0.001
Blood vessel invasion
v+ 2.031 1.071-3.849 0.030 2.570 1.205-5.479 0.015
Lymphatic vessel invasion
Ly +/- 2.679 4.966-7.432 0.058 4.200 1.019-17.323 0.047
HIF-10 expression
High score/low score’ 1.554 0.903-2.624 0.112 1.963 1.078-3.573 0.027

"Hypoxia-inducible factor (HIF)-1o protein scores were classified as follows: The intensity of cytoplasmic staining was scored as absent, weak,
moderate, and strong. The extent of cytoplasmic staining was expressed as the percentage of positive cancer cells, from 0 to 100%. Tumors were
scored using a four-scale system according to the intensity and extent of staining. Score 1: tumors with absent or weak cytoplasmic reactivity and
no nuclear staining; score 2: tumors with moderate or strong cytoplasmic reactivity in a percentage of positive cancer cells lower than the mean
value, and with no nuclear staining; score 3: tumors with moderate or strong cytoplasmic reactivity in a percentage of positive cancer cells higher
than the mean value; score 4: tumors with a clear nuclear reactivity (with or without cytoplasmic reactivity and regardless of the intensity). Tumors
with scores 1 and 2 for HIF-10. immunostaining were classified as the low-score group, while tumors with scores 3 and 4 were classified as the high-
score group.

Table 3. Multivariate analysis of overall and disease-free survival rates

Overall survival (n = 170) Disease-free survival (n = 170)

Prognostic indicator Risk ratio 95% Confidence interval P-value Risk ratio 95% Confidence interval P-value
Depth of invasion

T1-2/3-4 1.541 0.734-3.236 0.253 0.845 0.406-1.756 0.651
Lymph node involvement

Present/absent 2.838 1.361-5.916 0.005 3.424 1.480-7.922 0.004
Blood vessel invasion

v+ 1.686 0.856-3.319 0.253 1.904 0.836-4.338 0.125
Lymphatic vessel invasion

Ly +/- 2.225 0.516-9.881 0.280
HIF-10 expression

High group/low group® 1.574 0.859-2.884 0.142

"Hypoxia-inducible factor (HIF)-1a protein scores were classified as follows: The intensity of cytoplasmic staining was scored as absent, weak,
moderate, and strong. The extent of cytoplasmic staining was expressed as the percentage of positive cancer cells, from 0 to 100%. Tumors were
scored using a four-scale system according to the intensity and extent of staining. Score 1: tumors with absent or weak cytoplasmic reactivity and
no nuclear staining; score 2: tumors with moderate or strong cytoplasmic reactivity in a percentage of positive cancer cells lower than the mean
value, and with no nuclear staining; score 3: tumors with moderate or strong cytoplasmic reactivity in a percentage of positive cancer cells higher
than the mean value; and score 4: tumors with a clear nuclear reactivity (with or without cytoplasmic reactivity and regardless of the intensity).
Tumors with scores 1 and 2 for HIF-1o. immunostaining were classified as the low-score group, while tumors with scores 3 and 4 were classified as
the high-score group.

involvement, blood vessel invasion factor and lymphatic vessel (170 cases) were entered into the final models of the multi-
invasion factor, all had a significant effect (Table 2). variate analysis. Only lymph node involvement was found to

Only those variables that appeared significant in the univariate  be a prognostic factor for either overall or disease-free survival
analyses of disease-free survival (170 cases) and overall survival  (Table 3).
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Fig. 3. Reverse transcription-polymerase chain reaction (RT-PCR)

results for hypoxia-inducible factor-1o and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) messenger ribonucleic acid in tumors on five
patients with esophageal squamous cell carcinoma.
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Fig. 4. Hypoxia-inducible factor-1o/glyceraldehyde-3-phosphate dehyd-
rogenase messenger ribonucleic acid expression in tumors (n = 38) and
in the corresponding normal mucosal tissues (n = 14).

In the 38 cases in which we used semiquantitative RT-PCR,
the patients’ age at diagnosis was within the range 48—84 years,
with a median age of 65 years. Eighteen of the 38 patients died
as a result of their tumors 1-30 months after surgery (mean, 13
months; median, 11 months). The remainder had survived 1-51
months after surgery at the time of the study (mean, 20 months;
median, 14 months). Among the 38 cases, one tumor (3%) was
in the cervical esophagus, four (11%) were in the upper one-third
of the esophagus, 16 (42%) were in its middle one-third, 14
(37%) were in its lower one-third, and three (8%) were in the
abdominal esophagus. HIF-1oo mRNA was recognized in all 38
tumors and in all 14 of the corresponding normal mucosal tissues
(Fig. 3). The ratio of HIF-1o. mRNA over GAPDH mRNA was
found to be statistically higher in the tumors (range, 0.30—6.80;
mean, 1.30; median, 0.99) than in the corresponding normal
mucosal tissues (range, 0.183-0.654; mean, 0.339; median,
0.314) when the Mann—Whitney U-test was employed (Fig. 4).
Furthermore, the ratio of HIF-1o0 mRNA over GAPDH mRNA
correlated significantly with HIF-1a protein scores (by immuno-
histochemistry) when Spearman’s correlation coefficient by
rank was employed (* = 0.087, P = 0.0054). Moreover, for HIF-
1o, the ratio of tumor mRNA over normal mRNA ranged from
0.46 to 21.1 (mean, 3.9; median, 3.1), with a ratio over 1.0 being
recognized in 78.6% of the 14 patients studied. In our assessment
of the relationship between the ratio of HIF-1oo mRNA over
GAPDH mRNA (HIF-1oo mRNA score) and clinicopathologic
findings, the HIF-1ao mRNA score was classified as ‘high’ if it
was >0.99, since 0.99 was the median value for the carcinomas
studied. No relationship between HIF-1oo mRNA scores and
clinicopathologic findings, VEGF protein expression or p53
oncoprotein expression was seen (Table 1). In our assessment of
disease-free and overall survivals, 38 cases who had no metastasis
at surgery and in whom the malignant tumor was excised totally
by surgery were included in the analysis. The rates for a 3-year
disease-free survival and a 3-year overall survival were 50%
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and 42%, respectively. In a univariate analysis of disease-free
and overall survival rates, no correlations were found between
HIF-1o. mRNA score and prognosis (data not shown).

Discussion

The purpose of our investigation was to look for a possible
relation between the expression of HIF-1oo mRNA or protein,
and clinicopathologic findings or clinical outcome in esophageal
squamous cell carcinoma. Our analysis of clinicopathologic
findings revealed positive relationships between the expression
of HIF-1a protein and VEGF protein expression. Furthermore,
a significant correlation was found between HIF-1o. protein
expression and disease-free survival rate in the univariate analysis,
but not in the multivariate analysis. In the RT-PCR study, the
ratio of HIF-1ao mRNA over GAPDH mRNA was statistically
higher in tumors than in the corresponding normal mucosal tissues.
However, this ratio showed no relation to clinicopathological
factors, or to either disease-free or overall survival. Therefore,
the detection of HIF-1a protein and mRNA would appear to
be of limited value in informing the prognosis in esophageal
squamous cell carcinoma.

A high expression of HIF-1a protein has been found to be
associated with both tumor aggressiveness and an unfavorable
prognosis in a variety of tumors, including carcinomas of the
uterine cervix, colon, ovary, lung, oropharyngus and breast. 1927
With regard to the expression of HIF-1a protein in esophageal
carcinoma, only three reports have been published to our know-
ledge,®*) and the results are controversial. Koukourakis ef al.
examined the expression of HIF-1o and HIF-2o0 proteins using
immunohistochemistry in 37 early stage esophageal cancers
treated with photodynamic therapy, and reported that expres-
sions of HIF-1a and HIF-2o proteins could be recognized in
51% and 14%, respectively, of the patients studied. However,
they did not examine the relation between the expression of
HIF-1o protein and clinicopathologic findings or survivals.?”
Kurokawa et al. examined the expression of HIF-low protein
using immunohistochemistry in 130 resected specimens of
esophageal squamous cell carcinoma, and demonstrated that a
high expression of HIF-1o protein correlated with pTNM stage,
depth of invasion, lymph node metastasis, distant metastasis,
lymphatic invasion factor and positive surgical margin. Further-
more, they also showed that the overall survival was worse in
the high-expression group than in low-expression group, but the
expression of HIF-1c protein was not found to be an independent
prognostic factor in their multivariate analysis.®® Kimura er al.
examined the expression of HIF-1a protein using immunohisto-
chemistry in 82 resected specimens of esophageal squamous
cell carcinoma, and reported a significant relationship between
the expression of HIF-1a protein and blood vessel invasion factor.
They alsoshowed that overexpression of HIF-1o was associated
with a high VEGF expression and with angiogenesis. Moreover,
they mentioned that the outcome was significantly poorer in
those with high HIF-1o-expressing tumors than those with low
HIF-1o-expressing tumors. They therefore concluded that
HIF-1a might be a potential target as an angiogenic factor for
the treatment of esophageal squamous cell carcinoma.®" In the
present study, the expression of HIF-1o protein was found to be
associated only with VEGF protein expression, not with depth
of tumor invasion, lymph node involvement or blood vessel
invasion factor. Furthermore, although a significant correlation
was found between HIF-1a protein expression and clinical out-
come in our univariate analysis of disease-free survival rate, no
such correlation was found in the multivariate analysis. On
this basis, the detection of HIF-1a protein would appear to be
of limited value in predicting tumor progression in esophageal
squamous cell carcinoma. At present, the reason for the discrep-
ancies among the above four studies (see ref. 29, 30, 31 and the

© Japanese Cancer Association doi: 10.1111/j.1349-7006.2005.00025.x



present study) is not clear. However, one possible factor is that
the different investigations employed a variety of examination meth-
ods, and indeed the positive rate of HIF-1o protein expression
was quite variable among the investigations. Since it can be
assumed that nuclear HIF-1o protein is the active form, our analysis
focused on the nuclear expression, as in some previous reports.***

It is well known that HIF-1o is an important mediator of the
response to hypoxia shown by tumor cells, and that it up-regulates
VEGF expression.!»!#17192729) The VEGF gene contains a
number of HIF-1-binding sites in its regulatory region, and
HIF-1a has been shown to activate the VEGF promoter in
vitro.®>* The expression of HIF-low correlates directly with
both VEGF expression and tumor vascularity in a variety of
tumors.*27?) Furthermore, HIF-1a. activation may lead to a
stimulation of tumor growth and to metastasis. In the present
study, a significant correlation was found between the expressions
of HIF-1a protein and VEGF protein. However, we could not
find evidence of a relationship between the expression of HIF-
1o protein and the aggressiveness of the tumor (such as depth
of invasion, lymph node metastasis, and distant metastasis).
Therefore, our results are consistent with the earlier findings.

It is well known that wild-type p53 induces apoptosis.®¥
Furthermore, hypoxia may induce p53-dependent apoptosis and
inhibit tumor growth.“*> In 1998, Kenekal ef al. reported that
HIF-10: increases the stability of p53 protein®® and a loss of wild-type
p53 is associated with a marked reduction in hypoxia-mediated
apoptosis. Both HIF-1o. overexpression and p53 protein dysfunction
seem to be necessary for HIF-1a sufficiently to stimulate tumor
progression in early cancerogenesis (through angiogenesis and
the induction of adaptive intracellular responses to hypoxia without
a supporting proapoptotic mechanism). Zhong et al.*” demon-
strated that HIF-1a overexpression is associated with aberrant
p53 accumulation in 75 human cancers, including the majority
of colon and breast cancers. They therefore suggested that in
addition to hypoxia, an inactivation of tumor suppressor genes is
associated with increased HIF-1o expression. However, we failed
to demonstrate a correlation between the expression of HIF-1a
protein and that of p53 oncoprotein in esophageal carcinoma.

Recently, HIF-1o. mRNA and protein levels were found to be
upregulated in primary tumors (as compared with normal speci-
mens) in urinary bladder and kidney.®6*” Furthermore, Zhong
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