38

QMJ VOL.6 No.10

VEGF in situ mRNA expression along with
different histopathological parameters of colorectal
adenocarcinoma
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Abstract
Cancer progression is a complex multi-step process. Two
critical steps in tumor growth and invasion: are the proteolytic
processing of the extracellular matrix environment and the
angiogenic switch enabling blood supply into the tumor.
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VEGF is a major regulator of both physiological and
pathological neovascularization thus, considered as an
important factor for the initiation of angiogenesis. The aims of
the current study were to determine whether VEGF mRNA in-
situ expression, has any significant correlation with various
histopathological parameters during colorectal
adenocarcinoma progression and its correlation with metastatic
potency. Accordingly, 35 colorectal adenocarcinoma paraffin
embedded sections prepared from Iraqi patients, in addition to
their respective resection margins were retrospectively
collected from (liver and gastrointestinal hospital ) /Baghdad.

Based on in -—situ hybridization staining, mRNA
expression of VEGF demonstrated a significant increase when
its level at the tumor sites versus resection margins were
analyzed (p<0.001). moreover, when these 35 paraffin
embedded sections were broken down according to their
various histopathplogical variables, the current study reveals a
significant up regulation of VEGF m RNA in situ expression
with respect to tumor stage (rg = 0.585, p<0.01), as well as

VEGF mRNA in situ expression showed a significant positive
correlation with respect to lymph node involvements (rg =

0.474, p<0.01). In conclusion, over expression of VEGF was
seem to be associated with increased invasive and metastatic
potential of colorectal adenocarcinoma because it was seem to
increase angiogenic potential of colon carcinoma . Thus it
could be used as target for therapeutic management of patients
with primary colorectal adenocarcinoma.

Introduction

Colorectal adenocarcinomas are malignant neoplasms of
epithelial cells origin affecting the large bowel. They are
common types of malignancies that affect gastrointestinal tract
and they are of favorable prognosis provided that they are
diagnosed and treated in early stage .
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The development of colorectal adenomas has been directly
related to the consumption of meat and animal fat, and to low
physical activity. In contrast, vegetables, fruit, fiber and
several micronutrients (such as calcium, folate and antioxidant
vitamins) seem to have protective effect ***. Other risk factors
are age, prior colorectal cancer, ulcerative colitis and Crohn
disease, hereditary polyposis and colorectal cancer syndromes,
and genetic factor *?).

Role of Vascular Endothelial Growth Factor in tumor
Angiogenesis and metastasis

VEGEF plays a central role in all the processes of angiogenesis
described above. It regulates vascular endothelial cell
proliferation, migration, invasion, and permeability, and also
functions as an anti-apoptotic factor for endothelial cells in
newly formed vessels > 7. The importance of VEGF-induced
signaling has been demonstrated by genetic and
pharmacological inactivation of its receptors which leads to a
complete lack of blood vessel development in the embryo, and
dramatically impairs the growth of cancer cells in vivo ®*. At
the moment there are six known members of the VEGF
family: VEGF-A, placental growth factors, (PIGF-1 and PIGF-
2), VEGF-B, VEGF-C, VEGF-D, and VEGF-E ©. These
glycoproteins belong to a structural super family of growth
factors that includes platelet-derived growth factor-BB,
(PDGF-BB) and transforming growth factor beta 1 (TGFp1)
101D VEGF expressed by tumor cells, macrophages, T cells,
smooth muscle cells, kidney cells, keratinocytes, astrocytes
and osteoblasts ), and it has mitogenic activity in vascular
endothelium of arteries, veins and lymphatic, but not to an
appreciable extent in other cell types ®. Malignant
transformation of cultured cells often results in an induction of
VEGF expression ).
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The most important mechanism regulating VEGF gene
expression 1is hypoxia, Hypoxia-induced transcription of
VEGF mRNA which is mediated by hypoxia-inducible factor-
1 (HIF-1) binding to an element in the VEGF gene and
enhanced stability of VEGF mRNA "¥. Other factors shown to
up-regulate VEGF mRNA expression include cytokines such
as epidermal growth factors (EGFs), PDGF-BB, TGFI,
keratinocytes growth factor (KGF), interleukin-1 beta (IL-1p)
and oncogenes "'?. In addition to its role in the paracrine
stimulation of angiogenesis, VEGF may also have an autocrine
stimulatory effect on tumor cells !, the biological effects of
VEGF are mediated by three receptor tyrosine kinases (RTKs),
VEGFR-1 (Flt-1), VEGFR-2 (Flk-1/KDR) and VEGFR-3 (Flt-
4) The expression of these receptors is largely restricted to the
vascular endothelium !>'%.

Materials and Methods

Patients and Sampling:

Thirty five patients (20 male and 15 females) with colorectal
adenocarcinoma, who were confirmed histopathologicaly,
were included in this study. Their age were ranged from 25- 80
years.

Paraffin embedded blocks of tumor and resection margins
were retrieved along with the histopathological report of each
patient from histopathological laboratory. For staging of the
cancer, both astler-coller and TNM staging systems were
adopted in this study ' '¥. In addition, resection margins were
confirmed again to be free of malignancy. adequate thin
paraffin embedded sections (Sum thick) of tumor and resection
margins were prepared on positively charged slides for insitu
hybridization Techniques.
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In situ Hybridization for detection VEGF.
Principle

In situ hybridization makes use of the high specificity of
complementary nucleic acid binding to identify infectious
agents in tissue sections, to localize gene expression within
individual cells ", or to detect specific DNA sequences in the
genome of cells ®°. Briefly, the method involves
deproteinization of fixed tissue sections mounted on slides,
hybridization of the target nucleic acid sequences with a DNA
or RNA probe, and detection of the hybridized probe to permit
microscopic examination. The most widely used non-
radioactive technique entails labeling the probe with biotin.
The hybridized probe is then detected by addition of enzyme-
conjugated streptavidin followed by a suitable enzyme
substrate, which produces a colored end product visible, by
light microscopy “".
Materials
1- DNA Probe: Biotinylated long DNA probe for human
VEGF, alltypes, Cat. No.: IH-60038.
- Size: 294 bp. This biotin-conjugated probe was produced by
PCR primers (Maxim’s product Catalog # SP-10659) under
PCR conditions using human cDNA and biotin-dUTPs &
biotind ATPs.
- Purity: The biotin-conjugated probe was purified by cartridge
and showed a single band on gel.
- Sequences: (Alignment on database: Genbank, AB021221,
AF2114570)
2- The DNA Probe hybridization/Detection System — In Situ
Kit (Maximbio): consist of the following:
(a) Proteinase K (4 mg).
(b) DNase and RNase free Dilution Buffer.
(c) Hybridization Solution: negative Control.
(d) Biotinylated Housekeeping Gene (GAPDH) Probe.
(e) Protein Block.
(f) Rnase A (15 ug/ml).
(g) Streptavidin-AP Conjugate.
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(h) Substrate.
(1) Detergent Wash Buffer.
Procedure
1. Serial tissue sections were cut 4-6 micron thick and floated
in protein free water bath.
2. The sections were positioned on positively charged slides
carefully.
3. Then, the slides were baked in a vertical position at 80°C
overnight.
4. The tissue sections were deparaffinized by standard
methods. The slides were immersed sequentially in the
following solutions at room temperature for the indicated
times. Xylene 5 min, 100% Ethanol 2 min, 95% Ethanol 1
min, 70% Ethanol 1
Min, and in de-ionized water 1 min.
5. After the final rinse, the slides were allowed to dry
completely by incubating them at 37°C for 5 minutes.
6. To each tissue section, 2-3 drops of freshly diluted 1X
Proteinase K solution were applied. Then slides were
incubated at 37°C for 10-15 minutes.
7. Slides were dehydrated by immersing them sequentially in
the following solutions at room temperature for the indicated
times: Distilled water for 1 min, 70% Ethanol for 1 min, 95%
Ethanol 1 min and 100% Ethanol for 1 min.
8. The slides were dried by incubating them at 37°C for 5
minutes.
Hybridization and detection

Tissue sections were not allowed to dry out at any time
during the dehydration and staining procedures. Protein block
and Detergent wash buffer need to be pre-warmed at 37°C
before use.
1- One drop of the working DNA probe/hybridization solution
was placed on the tissue section. Place a coverslip over each
slide. Be careful to avoid trapping any air bubbles.

43




44

QMJ VOL.6 No.10

2- The slides with coverslips were placed in an oven or heating
block at 70°C for 8-10 minutes to denature the secondary
structure of RNA.

3- The slides were removed in a humid chamber and incubated
at 37°C for 3-4 hours to allow hybridization of the probe with
the target nucleic acid.

4- Then, slides soaked in 1X detergent wash at 37°C until the
coverslips fall off. One should be careful not to tear the tissue.
5- One to two drops of RNase A (15 ug/ml) were placed on
tissue section. Then slides were placed in a humid chamber
and incubated at 37°C for 30 minutes.

6- Slides were washed with protein block (pre-warmed) at
37°C for 3 min. three times.

7- Excess buffer from around the tissue section was wiped off
carefully. Then 1-2 drops of conjugate were added to tissue
section. Then slides were kept in a humid chamber at 37°C for
20 minutes.

8- Excess reagent was tapped off then Slides were rinsed in
detergent wash buffer for 5 minutes.

9- Again excess buffer was wiped from around the tissue
section and 1-2 drops of substrate were placed on tissue
section. Slides were incubated at room temperature for about
10 minutes, or until color development was complete.

10- Color development was monitored by viewing the slides
under the microscope. A blue colored precipitate will form at
the site of the probe in positive cells. Color begins to appear
after 3-5 minutes, usually reaching sufficient development
after 10 minutes.

11- Excess reagent was taped off; slides were rinsed in 2-3
changes of distilled water.

12- Slides then were counterstained using nuclear fast red.

13- Sections were mounted with a permanent-mounting
medium (DPX). Prior to application of a permanent mounting
medium, the sections were dehydrated by sequentially dipping
the slides in graded alcohols, once in 95%, then twice in 100%
ethanol, and then in xylene.
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14- Examination and scoring done under light microscope by
pathologist at power X400 and the. in situ hybridization was
scored according to cut-off value. This cut-off for positivity
was >25% positive cells for VEGF (Zheng S. et al., 2003)

Results
Histopathological Data.

Thirty five patients with colorectal adenocarcinoma were
investigated. The mean age of patients was 52.34 with a range
of 25-80 years. The male to female ratio was 4:3. There were
only 2 cases of recurrent colorectal carcinoma. According to
the histological differentiation, tumors were broken down in to
three groups, well differentiated (WD, n=5), moderately
differntiated (MD, n=25), and porrly differentiated (PD, n=5),
moreover, patients were further grouped according to their
histopathological criteria, as follow: tumor stage (B, n=11, C,
n=15, and D, n=9), lymph node involvment (NO, n=11, NI,
n=11, and N2, n=13).

VEGTF. In situ mRNA Expression
Tumor sites versus resection margins.

Thirty-five cases of human colon carcinoma and their
respective resection margins were investigated for VEGF
mRNA cellular expression based on Insitu hybridization
technique (typical ISH staning pattern were in tumor sample
and resection margin are shown in figure 1). The mean+
standard error (SE) of VEGF mRNA in situ expression in both
tumor sites and their resection margins demonstrated a
significant difference based on t test of statistical analysis
(55.25+4.1, 19.242.31, and p<0.001, respectively, table 1). A
noteworthy here is that in the periphery of necrotic foci of the
colorectal cancer, labeling with the VEGF antisense probe was
distinctly intensified in tumor epithelium adjacent to the
necrotic foci. Moreover, the tumor stroma cells also labeled for
VEGF mRNA. Labeled stromal cells included fibroblasts and
smooth muscle cells.
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Table ( 1). VEGF in situ mRNA expression in tumor sites and their
resection margins, based on t.test .

PARAMETER | RESECTION | TUMOR TISSUE
MARGINE (NO=35)
(NO=35)
VEGF
Mean +=SE¥ 19.2+2.31 55.2544.1
99%C.I1f | -—---- 26.55-45.55
t-test p-value | ------ P<0.001

1 Standard error . C.I { confidence interval

Correlation between mRNA in situ expressions of VEGF.
With different histopathological variables

VEGF mRNA expression in colorectal adenocarcinoma
was analyzed against the different histopathological features of
the tumors based on Spearman’s correlation. According to
Table 2 unlike with tumor grade, that demonstrated no
significant correlation between VEGF mRNA ISH expression
and the tumor grade catagorize, however, on the contrary,
there 1s highly significant positive correlation between VEGF
mRNA ISH expression and both tumor stage (rg = 0.585,

p<0.01) as well as with lymph node involvment (rg = 0.474,
p<0.01).

Table (2). Correlation between VEGF in situ mRNA expressions
along with different histopaphological variables of CRC, based on
spearman’s correlation (rs)

HISTOPATHOLOGICAL VARIABLES VEGF
Stage 0.585%*
Grade 0.222
L.N involvment 0.474%*

**highly significant correlation, p<0.01
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Figure 1. (A) VEGF in situ mRNA expression, of stained cells (92%). (B)
Resection margin stained with VEGF in situ mRNA expression,
magnification power from A to F (400X), except B(100X).

Discussion
Solid tumors require angiogenesis to grow beyond 1 to 2

mm3 in size and to facilitate metastasis **. VEGF plays a
central role in tumor angiogenesis; it i1s expressed in most
tumors, often at substantially increased levels .

Regarding to the current study had demonstrated a
significant over expression of VEGF mRNA in tumor tissue in
compares with their resection margins (p<0.001, table 1), with
a highly significant positive correlation between mRNA in situ
expression with tumor stage and lymph node ivolvement (rg=

585, p<0.01; and rg= 474, p<0.01, respectively, table(2).This

observation came in compatible with previous studies that
focused on VEGEF in colorectal and other tumors since, they
illustrated a significant increase in VEGF protein expression
with respect to tumor status, nodal metastasis, and with Astler
Coller classification @**2%, Similarly, Hou-Quan et al., 1998,
analyze VEGF mRNA expression in gastric carcinoma and
they found that VEGF mRNA expression significantly
correlated with serosal invasion and L.N metastasis, although
no correlation was found between its expression and
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histological type. Consequently, the results of current study
confirm previously published data about the role of VEGF in
the neovascularization and metastasis in colon cancer, since
they have stated VEGF levels were elevated and correlated
with a poor clinical outcome “® ** > Recently, it has been
shown that VEGF expression in benign colonic adenomas is
significantly up regulated compared to normal colonic mucosa
with a further increase during the development of
adenocarcinomas. Furthermore, it has been shown that within
the tumor the tumor cells had the highest expression of VEGF,
to establish invasive phenotype (***'-3?,

Since, hypoxia is an important stimuli for mediating VEGF
mRNA cellular expression during angiogenic response and
since the current data demonstrated an increase of VEGF
mRNA expression around necrotic tissue thus, it would be
acceptable to anticipate that hypoxia could has the upper hand
behind this current outcome. Molecular studies have
determined that hypoxia may leads to an increase in the
transcription of VEGF as well as an increase in the stability of
this angiogenic message ©>-*%.

Finally we conclude that VEGF is a guide marker in tumor
angiogenesis and metastasis, and have prognostic importance,
and provide rational basis for the development of molecular
therapeutic approaches, however other studies will be
necessary to better clarify if possible at which stage during the
development of colorecal carcinoma, angiogenic may switch
occur.
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