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Abstract

AIM: To study CD34, CD105, inducible nitric oxide
synthase (iNOS), endogenous nitric oxide synthase
(eNOS), and hypoxia-inducible factor 1 (HIF-1) «o
expression in human colorectal carcinomas.

METHODS: The tissue microarrays (TMAs) were made
up of 80 cases of colorectal carcinoma and 80 cases
of non-neoplasm colorectal mucosa. The expression
of CD34, CD105, NOS and HIF-1a was detected by
immunohistochemistry (S-P).

RESULTS: iNOS and HIF-1a expression in colorectal
carcinoma was significantly higher than in non-neoplasm
colorectal mucosa (x° = 43.166, P < 0.01; x> = 10.4278,
P < 0.01); eNOS expression in colorectal carcinoma
was significantly lower than in non-neoplasm colorectal
mucosa (x° = 11.354, P < 0.01). The expression of iNOS
correlated with differentiation (y° = 18.141, P < 0.01),
invasive depth (y° = 4.748, P < 0.01), and Micro vessel
density (MVD) (¢ = 2.327, P < 0.05). The expression of
HIF-1a. was correlated with infiltrating depth (x° = 4.397,
P < 0.05), Duke’s staging (x° = 4.255, P < 0.05), and
MVD (¢ = 2.272, P < 0.05). No correlation was found in
eNOS expression.

CONCLUSION: Over-expression of iNOS and HIF-1a
in colorectal carcinoma is correlated with the biological
character MVD.
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INTRODUCTION

Angiogenesis is an important step in the growth and me-
tastasis of solid malignant tumors. To adapt to hypoxia,
angiogenesis is essential for tumor growth. Tumor must
over-express genes that encode angiogenic factors to in-
duce new blood vessels'". A number of angiogenic factors
have been found, and there is interrelation among them,
which has been widely researched. Nitric oxide synthase
(NOS) and hypoxia-inducible factor 1 (HIF-1) o are two
of these factors which may be correlated with angiogen-
esis. To screen out angiogenic factors is time-consuming
and expensive. Tissue microarray (TMA) brings to pa-
thologists a completely new method to solve this problem.
TMA has many excellent features such as small volume,
high information content, and assembling differently ac-
cording to different needs. A number of results can be
obtained through one experimentm, which reduces re-
search time and improves efficiency greatly. Moreover, the
most important advantage is a decrease of experimental
error, because TMA can make all samples under the same
experimental condition. To study NOS and HIF-1a as an-
glogenic factors, we used immunohistochemistry to detect
the expression of CD34 and CD105 and the expression
of inducible NOS (iNOS), endogenous NOS(eNOS), and
HIF-1a in human colorectal carcinomas. TMAs consisting
of 80 colorectal carcinoma and 80 non-neoplasm colorec-
tal mucosa were employed to accomplish these studies.

MATERIALS AND METHODS

Patients

Eighty specimens were collected from 80 patients with
colorectal carcinoma (median age 62.2 + 5.9 years, range
29-88 years) who were operated in Qingdao Municipal
Hospital (Shandong, China) from Oct 2003 to Mar 2004.
Carcinoma and non-neoplasm colorectal mucosa (located
at least 8 cm away from the margins of cancers) were
taken from each sample. There were 6 cases of well-differ-
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entiated adenocarcinoma, 59 cases of moderately differen-
tiated adenocarcinoma and 15 cases of poorly differenti-
ated adenocarcinoma. Among them, 30 cases had regional
lymph node metastasis and 12 cases had distant metastasis.
None of the patients received any chemotherapy or radia-
tion therapy before surgical operation. The pathological
diagnosis was made on the basis of the size, infiltrating
depth, histological grade of the carcinoma, and lymph
node and distant metastasis. The grading standard was in
accordance with that established in the book Practical and
Surgical Pathology”.

Tissue microarray

HE staining sections of all samples were observed firstly,
and typical lesion positions were marked. Then the corre-
sponding positions to these lesions were marked on paraf-
fin wax. The empty TMA paraffin wax (45 mm X 28 mm
X 7 mm) was holed through Tissue Arrayer (each diam-
eter was 2 mm), and the tissues taken from marked posi-
tions were put in these holes tidily (each diameter was also
2 mm). The process was repeated for many times and the
TMA paraffin wax was ready (Figure 1A). A different kind
of tissue was put in it as a marker, which was kidney tissue
in this experiment. Each TMA paraffin wax was sliced into
4 um thick sections.

Immunohistochemistry

The expression of CD34, CD105, NOS and HIF-1o was
stained by immunohistochemistry (S-P). The reagent kits
were purchased from Fuzhou Maxim Co. Micro vessel
density (MVD) was counted with different vessel mark-
ers CD34 and CD105 respectively. CD34 and CD105
antibodies were supplied from Neomarker Company, and
working consistence was 0.2 mg/L, and 0.4 mg/L. iNOS
and eNOS multi-clonal antibody was purchased from
Neomarker Company; working consistence was 20 mg/L,
and 20 mg/L, respectively; multi-clonal HIF-1o. antibody
was from Santa Cruz Company; working consistence was
0.8 mg/L. Homogenous animal IgG that contained the
same protein quantity was used instead of first antibody in
negative control.

NOS and HIF-1q staining was classified into two
groups. Positive group includes: +++, most carcinoma
cells were stained with a very strong intensity, and distrib-
uted in clusters; ++, a large number of carcinoma cells
were stained with a moderate intensity, and distributed in

Figure 1 Tissue microarray.
A: Block; B: Section (HE).

clusters occasionally; +, a few carcinoma cells were stained
with a slight intensity. Negative group is defined as: -, no
staining of carcinoma cells.

Counting of MVD in carcinoma tissues was in accot-
dance with Weidnet’s standards with a minor modifica-
tion. The sections were searched for the hot spots rich in
vessels, which were located in or near the area of tumor
tissues under a low power microscope (100 X ). MVD was
counted under a high power (400 X ) microscope accord-
ing to the standards that any stained endothelial cell or
cells were identified as an independent vessel. These ves-
sels must be clearly separated from each other. However,
apparent vasa or vasa with red blood cells could be regard-
ed as vessels. Three different HP vision fields were chosen
on each of the sections. Stained vessels were counted by
two pathologists under multi-ocular microscope simultane-
ously. The results were averaged as the relative value of the
amount of vessels per unit area.

Statistical analysis

The difference of MVD between CD105 and CD34 stain-
ing was analyzed with paired sample ~test. The relation
between MVD and expression of NOS and HIF-1a was
analyzed with #test. Pearson-chi-square test was used for
statistical analysis of the relation between clinical-patho-
logical parameters and expression of NOS and HIF-1q.

RESULTS

Tissue microarray evaluation

Every TMA section consisted of 36-46 samples, which
were arrayed orderly. The shape of these samples was
rounded or elliptoid, and a few samples were crimpled or
lost (Figure 1B). After TMA wax was sliced consecutively,
one section was picked out for HE staining to make sure
that the tissue still kept its histological feature. In fact,
almost all samples could keep their histological feature in
TMA wax which total depth was about 3 mm. Adjacent
sections that contained all samples wete selected. After an-
tigen retrieval and IHC staining, 1-2 samples fell off from
the sections. Therefore, the number of available samples
was 78, and the availability was 97.5%.

Expression of CD34/CD105 and MVD

CD105 was mainly expressed in cytoplasm and plasmalem-
ma of newborn endothelial cells. These positive cells were
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Figure 2 CD105, CD34, iNOS, eNOS and HIF-1a. expressions in colorectal carcinoma (SP x 400). A: CD105 in vessels; B: CD105 not in vessels; C: CD34; D: iNOS; E:

eNOS; F: HIF-1a..

shown as one cell or a group of cells, and most of them
ranged in a line or an irregular goblet while a few of them
formed lumen. CD105 was weakly expressed or absent in
native blood vessels with thick walls or large lumina (Fig-
ure 2A). The vessels with positive CD34 staining formed
lines or had obvious lumina. Endothelial cells of many
large vessels with thick walls and smooth muscles showed
positive staining, which was distinct from the sections
of CD105 staining (Figure 2B and C). #test showed that
MVD by CD34 staining was significantly different from
that by CD105 staining (27.5 £ 10.3 s 14.0 £ 5.8, 7= 4.782,
P <0.01).

Expression of iNOS and eNOS

The positive rate of INOS was 78.2% (61/78) in colorectal
carcinoma, and 25.6% (20/78) in non-neoplasm mucosa
of colorectal tissue. The difference between them was
significant (Xz = 43.166, P < 0.01). The positive granules
of iINOS were mainly located in cytoplasm diffusely (Fig-
ure 2D). The positive rate of iINOS decreased with the
descending of differentiation grade. Most ring carcinoma
showed negative expression. The expression of eNOS
showed positive or weak positive in non-neoplasm mucosa
of colorectal tissue. The positive rate was 60.3% (47/78).
The positive granules also located diffusely in cytoplasm,
and some expressed in cell nucleus (Figure 2E). The ex-
pression of eNOS in colorectal carcinoma was 33.3%
(26/78), which was statistically different from that in non-
neoplasm mucosa of colorectal tissue (XZ = 11354, P <
0.01). The positive rate of eNOS also decreased with the
descending of differentiation grade. (Table 1)

Expression of HIF-1o.

The positive rate of HIF-1o was 69.2% (54/78) in colorec-
tal carcinoma, and 43.6% (34/78) in non-neoplasm mucosa

www.wjgnet.com

Table 1 Relation between expression of iNOS, eNOS, HIF-1a
and clinical pathology, 7 (%)

Pathology n iNOS eNOS HIF-10
Histological grade

Well differentiation 6 5(83.3)° 3 (50) 2(33.3)

Moderate differentiation 58 51 (87.9) 21 (36.2) 43 (74.1)

Poor differentiation 14 5(35.7) 2 (14.3) 9 (64.3)
Infiltrating depth

Serous membrane (-) 9 4 (44.4) 2(22.2) 3(33.3)°

Serous membrane (+) 69 57 (82.6) 24 (34.8) 51 (73.9)
Lymph node metastasis

) 29 24 (82.8) 11 (37.9) 23 (79.3)

) 49 36 (77.9) 15 (33.3) 31 (63.3)
Distant metastasis

(+) 12 11 (91.7) 5(41.7) 11 (91.7)

() 66 50 (75.8) 21 (31.8) 43 (65.2)
Duke’s stage

AB 45 35(77.8 18 (40.0) 27 (60)°

C D 3B 26 (78.8) 8(24.2) 27 (81.8)

*: P < 0.05 between serous membrane positive group and negative group;
‘: P < 0.05 between Duke’s stage A&B group and C&D group;

" P <0.01 between different histological grade groups;

%, P < 0.01 between serous membrane positive group and negative group.

of colorectal tissue (Xz = 10.4278, P < 0.01). The positive
granules mainly located in cell nucleus and cytoplasm (Figure
2F). A small number of HIF-1a granules were expressed
in inflammatory cells in the stroma of tumor.

Relation between NOS/HIF-10. and MVD

Pearson-Chi-square test showed that the expression of
iINOS was correlated with differentiation (y° = 18.141, P
< 0.01), and infiltrating depth (3= 4.748, P < 0.01). The
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expression of eNOS had no significant difference in dif-
ferent groups. However, the expression of HIF-1ow was
correlated with infiltrating depth (y* = 4.397, P < 0.05),
and Duke’s staging (Xz = 4.255, P < 0.05). MVD of iNOS
positive group was significantly higher than that of the
negative group (14.3 = 6.1 »5 10.6 £ 4.0, = 2.327, P < 0.05);
HIF-1q staining showed the same result (15.2 = 5.4 25 11.5
T 4.3, = 2272, P < 0.05), while the MVD between the
two groups of eNOS staining had no significant difference
(13.8 £54 ps11.9 + 47, = 1.523, P> 0.05).

DISCUSSION

Angiogenesis refers to the formation of new blood ves-
sels from native blood vessels, which is very important to
the growth and invasion of malignant solid tumors'. In
1971, Folkman firstly put forward the viewpoint that the
growth of tumor depends on angiogenesis”. In tumor mi-
croenvironment angiogenesis needs many steps, which is
a continuous process. The characteristics of micro vessels
in tumors are different from that developed under normal
physiological conditions. In fact, MVD has been exten-
sively investigated and was found to be a useful prognostic
marker in many types of cancers'.

At present, most researchers use immunohistochemistry
(IHC) to study new blood vessel in tumors. Therefore it is
necessary to select an appropriate marker of endothelial
cells”. Previous reports have demonstrated that MVD-
CD34 is a better prognostic matrker than MVD assessed by
many other endothelial markers, such as von Willebrand
factor (vWF), CD31. However, CD34 is a pan-endothelial
cell marker, thus it is difficult to distinct newborn vessels
from native vessels, and it may not be able to reflect the
exact angiogenesis activity in a tumor. According to some
previous reports, CD105 is an endothelial marker that
appears to react only with the endothelial cells in the
newly formed vessels, and in particular, the immature
tumor blood vessels™. Based on our study, we suggest
that CD105 has a higher rate of positivity and stronger
reactivity on the endothelial cells of new blood vessels'.
Thetefore CD105 is a better marker for the endothelial
cells of new blood vessels. In addition, CD105 monoclonal
antibody in the experiment was suitable for paraffin
sections. It overcame the limit that usual antibody is only
used in frozen sections. Because frozen sections were
more difficult to observe than paraffin sections, it led to
the inconvenience for MVD counting under microscope.
Using this antibody, we saved time and materials, and
obtained better staining effect. Motreover, the result of the
experiment was more reliable and accurate.

NOS includes eNOS and iNOS, which have different
functions. eNOS is involved in many physiological
functions of neural system, such as regulating the
angioectasis and smooth muscle hyperplasia. iNOS
expression in human diseases has long been investigated.
NO production by iNOS in tumor infiltrating
macrophages may be part of their anti-tumoral cytotoxic
potential'”. On the other hand, the expression of INOS
in endothelial cells of tumor vessels and in cancer cells
itself supports the assumption that the cancer uses this
form to regulate the tumor vascularisation and blood flow.

eNOS exists in normal condition and only produce a slight
number of NO, while iNOS is induced by activated cells
to produce more NO which can promote the construction
of tumor vessels. NO has been found to be a mediator of
angiogenesis and blood flow! "',

Hypoxia-inducible factor 1 (HIF-1) is a heterodimeric
transcriptional factor composed of two basic-helix-
loophelix (bHLH)-PAS ¢ and  subunits. HIF-1q, is
the unique, Oz-regulated subunit that determines HIF-1
activity. A seties of genes and proteins that may increase
the survival of tumor cells under hypoxia conditions,
including vascular endothelial growth factor (VEGF),
insulin-like growth factor (IGF), iNOS, platelet-derived
endothelial growth factor (PDEGF), glucose transporter
1, lactate dehydrogenase, erythropoietin and nitric oxide
synthase gene, are regulated by HIF-1¢. Thus, HIF-
la may play important roles in tumor progression.
Furthermore, HIF-1q is a critical factor of transcription
in the pathway of vascular growth signals. It can activate
many genes of angiogenic factors, which can lead to
angiogenesis. Most studies about the effects of HIF-1a
on the neovascularization in malignancies have been done
in vitro or in animal models. It has been confirmed that in
many cancer cell lines, hypoxia can induce the expression
of some proangiogenic factors, including VEGE, IGF,
and PDEGE, through HIF-1a-dependent manner. It has
also been proven through the method of gene knockout
that the loss of HIF-1q may significantly suppress the
growth of tumors including glioblastoma and malignant
teratoma and most importantly, it may decrease the
neovascularization of those malignancies. This provides a
new approach for the treatment of tumor!™¥,

Tissue chip is also called tissue microarray, which is a
special biological chip invented by Kononen in 1998,
Its principle is to remove hundreds of minute tissues
from different primary blocks and place them into one
arrayed block with high density. Tissue microarray is
suitable for all analyses 7z situ such as antibody staining,
immunohistochemistry, fluorescence iz situ hybridization,
Western blot. Thus we can investigate the different
expression of tissues either at DNA and RNA level or
protein level. Tissue microarray is characterized with small
bulk and high-throughput, which can produce many results
through one experiment™. Tt can decrease experiment
errors, greatly improve the efficiency of histopathological
study, save experimental materials and reagents, and
at the same time make the results more reliable and
comparable! ", Bubendorf ¢ a/*” made a large amount
of tissue microarrays of tumor, in which ten blocks had
4788 samples from 130 kinds of tumor. These microarrays
can be used to analyse the difference of newly found
genes between normal tissues and tumor, from which we
can acquire reliable results. By using the same method,
Fernebro ez al*" also found that Ki67 positive cell index of
rectal carcinoma was 0.5-1.0 (average 0.85) by the method
of microarray, being not significantly different from that
of routine examination method (0.54-1.0, average 0.81);
moreover, both methods had the same result on p53
(average 75%). These indicate that we could get reliable
and appropriate results with tissue microarray for IHC
staining. We have made tissue microarrays consisting of
80 cases of colorectal carcinoma, each of which has 40-50
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samples, arranging orderly. Its shape is round or oval, with
few crimples and it does not fall off easily. By using tissue
microarrays, it is feasible to examine clinical tissue samples
on large-scale and with high efficiency, which is rapid,
convenient, economical and precise.
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