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Introduction

Despite improved survival rates for patients with 
rectal cancer due to molecular targeted agents (such 
as bevacizumab, panatinuman and cetuximab) and 
5-fluorouracil (5-FU) based doublet chemotherapy, the 
overall prognosis is still bad. Colorectal cancer (CRC) 
accounts for 8% of all cancer deaths with about 608,000 
deaths worldwide (1,2). Specific genetic changes in 
benign and malignant lesions presented the first multistep 
genetic model in colorectal carcinogenesis (20% develop 

in the rectum), which was proposed in 1990 by Fearon 
and Vogelstein (3). Sequential accumulation of genetic 
mutations in the RAS-/RAF signal- or repair pathway 
play an important role in the proliferation, angiogenesis, 
apoptosis and finally viability of the tumor (4-8). These 
features are common hallmarks of cancer, described by 
Hanahan and Weinberg (9). KRAS and BRAF mutations are 
not uncommon in colorectal cancer. In sporadic colorectal 
cancer (CRC) the frequency of mutations in KRAS proto-
oncogenes is 30% to 50% (10,11). KRAS mutations found 
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in rectal cancer are more frequent in exon 2 and to a lesser 
extent in exon 3, resulting in sustained signal transduction 
and consequent increased cell proliferation, maturation 
and decreased cell apoptosis. Several studies evaluated the 
KRAS mutation status in patients treated with cetuximab 
or panitumumab, which are monoclonal antibodies and 
inhibit the epidermal growth factor receptor (EGFR), 
thus blocking the signal transduction. A response in KRAS 
wild-type of 17-48%, but no response in patients with a 
mutation in KRAS codon 12 or 13 was observed (12,13). 
Currently, NCCN guidelines (version 4.2013) recommend 
KRAS gene testing in codon 12 and 13 in exon 2 for all 
patients with colorectal cancer to spare patients with 
mutations from unnecessary side effects through EGFR-
tyrosine kinase inhibitors (EGFR-TKI) (14). KRAS and 
BRAF are described as being mutational exclusive (15,16). 
Recently, studies have shown that mutations in BRAF also 
confer resistance to anti-EGFR therapy. A clinical trial 
with patients positive for the mutation V600E in BRAF 
demonstrated that they also did not respond to treatment 
with cetuximab or panitumumab (17). The NCCN Clinical 
Practice Guidelines (version 4.2013) for rectal cancer have 
been updated and published regarding BRAF gene testing as 
an option if KRAS is non-mutated to determine the benefit 
from anti-EGFR monoclonal antibodies. There are limited 
data available (18), specifically for locally advanced rectal 
cancers and the presence of BRAF and KRAS mutations as 
potential prognostic and predictive biomarker are still a 
matter of debate and currently under focus. According to 
Gaedcke and colleagues, no V600E BRAF mutations were 
detected in rectal cancer (19). In addition to the complex 
accumulating sporadic acquired mutations (85%), chronic 
inflammatory intestinal diseases as well as hereditary genetic 
changes (around 10-15% are affected and are initiated by 
a mutation in one of the DNA mismatch repair (MMR) 
genes) may contribute to development of colorectal cancer 
(17,20-24). Hereditary genetic changes are characterized 
by a large number of mutations at microsatellite sequences 
(shot repeating nucleotide sequences) and arise from defects 
in the DNA mismatch repair systems responsible for the 
repair errors during DNA synthesis (24). The defects in 
DNA MMR system (MLH1, MSH2, MSH6, and PMS2) 
change the length of short repeating nucleotide sequences 
and can be detected in tumor when compared to normal 
tissue of the patient (24,25). MSI (microsatellite instability) 
testing is recommend for all patients younger than 50 
with colorectal cancer and family history due to increased 
likelihood of Lynch syndrome, also known as hereditary 
non-polyposis CRC (HNPCC) in this population, which 
is further defined by Amsterdam (I and II) and Bethesda-
criteria (26-28). According to NCCN, a reference panel of 
5 loci markers (Bethesda panel) is sufficient for identifying 

MSI: BAT25, BAT26, D5S346, D2S123, and D17S250. 
We used an additional panel with further 5 loci: BAT40, 
D10S197, D18S69, D18S58, MYCL1, for improved 
sensitivity. MSI is defined when >2 of the 5 loci are 
unstable, or when ≥30% of >5 loci are unstable (29). MSI 
can be further classified into MSI-high (MSI in at least 2 of 
the 5 markers) and MSI-low (MSI in only 1 marker) (29). 
Many studies have consistently shown that MSI candidates 
show low or no response to 5-FU but there is a lot of 
education that needs to be done to determine whether MSI 
in stage II and III patients should be routinely tested (30). 
Samowitz and colleagues suggested that MSI-H rectal 
cancer are enriched for Lynch syndrome and are associated 
with an adverse prognosis (31). Currently, there is a lack 
of predictive information specifically for locally advanced 
rectal cancers concerning MSI tumors from patients treated 
with 5-FU/oxaliplatin. The already mentioned molecular 
features are still a matter of debate and will be further 
assessed in the current retrospective study before and 
after neoadjuvant 5-FU radiochemotherapy with respect 
to the tumor response and patients antecedent including 
nicotine abusus, familial history, and health care to further 
molecularly identify rectal cancer patients who may benefit 
from preoperative radiochemotherapy. 

Materials and methods

Patients and tissue samples 

Archival formalin fixed paraffin embedded (FFPE) human 
rectal tissue samples of 25 patients were investigated 
pre- and posttherapeutically. Clinical data were collected 
retrospectively. According to Dworak and colleagues, a 
5-point tumor regression grading system was applied to 
assess the histopathologic response: grade 0, no regression; 
grade 1, minimal regression; grade 2, moderate regression; 
grade 3, good regression; and grade 4, total regression (31). 
Assessing genomic and tissue quality was essential for 
analytical processes, therefore the isolated tissue area was 
characterized regarding the presence of necrosis, viable 
tumor cells and inflammatory cells such as lymphocytes 
and granulocytes. Additionally, the quality of isolated DNA 
and amplified products was determined by optical density 
(OD260/280) measurements and agarose gel electrophoresis, 
respectively. All compiled mutations were carefully reviewed 
in regard to pattern potentially resulting from formalin 
fixation or paraffin embedded artifacts. 

DNA isolation

DNA was prepared from 8-14 serial 3 µm-thick and 
HE (Haematoxylin & Eosin) stained paraffin sections. 
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The microdissected material was manually isolated from 
deparaffinizated samples using QIAamp DNA Micro Tissue 
Kit (Qiagen) with the addition of a 16-hour proteinase K 
lysis step for protein degradation.

Mutation analysis for KRAS and BRAF 

Polymerase-chain-reaction (PCR)
The KRAS and BRAF gene amplification was conducted 
by Primus 96 Advanced PCR-instrument (PeqLab). 
Primers and fragment details are described in Table 1. For 
all 50 samples, (25 samples before and 25 samples after 
neoadjuvant radiochemotherapy), the existence of amplified 
KRAS and BRAF fragment was revealed by 2% agarose gel 
electrophoresis prior to SNaPshot- and sequence analysis. 

Sequencing and SNaPshot 
Sequencing analysis was based on Sanger method and the 
SNaPshot analysis on single base extension (Table 2. Applied 
primers) carried out according to the recommendation of 
Applied Biosystems, Germany. Different sets of primers 
were used to amplify KRAS and BRAF genes, (Table 2). The 
GeneMapper® software v4.0 and the Sequencing Analysis 
Software v5.2 was applied to size and genotype the data. The 
GeneScan™-120 LIZ® size standard was used to indicate 
the size of labeled fragments. The SNaPshot reaction was 
purified by 1 μL SAP (1 U/mL) and the sequence-product by 
the application of the Dye Ex Kit 2.0 (QIAGEN, Germany). 

Microsatellite instability analysis
The microsatellite analysis was conducted using a 
fluorescent multiplex PCR-based method. Typical allelic 
profiles of microsatellite markers (as listed in Table 3), 

generated by amplification of matching tumor and normal 
tissue, were compared. Panel 1 and panel 2 (Table 3) 
include two distinct analyses of five microsatellite systems, 
respectively. Therefore in total 10 microsatellite markers 
were used for MSI testing. 

If more than 30% of a tumor’s markers are unstable, it is 
scored as MSI-H. The tumor is designated as MSI-L if at least 
one, but fewer than 30% of markers are unstable (Table 3).

Statistics and mathematics
The JMP statistical software version 6.0 (JMP, Germany) and 
SPSS 17.0 (IBM, Germany) were used for all statistical analyses. 
A P-value of 0.05 or less was usually regarded as relevant. 

Experimental results 

Baseline characteristics and pathologic evaluation

The project assessed the intratumoral mutation status of 25 
pretherapeutic biopsies obtained prior to neoadjuvant therapy 
(Table 4), at the time of diagnosis, and 25 posttherapeutic 
samples, at the time of surgery. At diagnosis, the individuals 
ranged in age from 30-84 years with a median age of 67.5 years, 
13 (52%) males and 12 (48%) females.

All carcinomas were histologically confirmed primary rectal 
adenocarcinomas (Figure 1). Most tumors were moderately 
differentiated [G1=1 (4%), G2=22 (88%), G3=2 (8%)]. 
Further pathohistological characteristics (TNM-classification) 
of the respective rectal cancer are listed in Table 5.

According to Dworak and colleagues, the histopathologic 
response (grade 0, no regression; grade 1, minimal regression; 
grade 2, moderate regression; grade 3, good regression; and 
grade 4, total regression) was as follows (31,32): 

Regression grade 0→1 (4%)

Table 1 Applied primers for KRAS- and BRAF-PCR analysis

Gene Primer (5'-3') Primer length (base pairs) Product length ( base pairs)

KRAS AAGGCCTGCTGAAAATGACTG 21 173

CAAAGAATGGTCCTGCACCAG 21

BRAF GTAACTCAGCAGCATCTCAG 20 228

CCTTTACTTACTACACCTCAG 21

Table 2 Applied primers for KRAS- and BRAF- sequencing and SNaPshot analysis

Gene Primer (5'-3'), reverse/forward Primer length (base pairs)

Sequencing KRAS CAAAGAATGGTCCTGCACCAG 90

BRAF GTAACTCAGCAGCATCTCAG 20

SNaPshot KRAS 12-1 AACTTGTGGTAGTTGGAGCT 20

KRAS 12-2 GATCGTACTTGTGGTAGTTGGAGCTG 26

KRAS 13-1 GATCGATCGATCTTGTGGTAGTTGGAGCTGGT 32

KRAS 13-2 GATCGATCGATCGATCGATGTGGTAGTTGGAGCTGGTG 38

BRAF TGACTGACTGACTGACTGACTGACTGATTTTGGTCTAGCTACAG 44
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Regression grade 1 → 5 (20%)
Regression grade 2 → 9 (36%)
Regression grade 3 → 10 (40%)
For further evaluation, the regression grades 0-1 were 

defined as non-response. 
The following table (Table 6) includes further information 

concerning the patients antecedent. 
The most frequent coexisting disease (found in 48% of 

the patients) was hypertension. 16% of the patients were 
smokers. These factors were not differently associated with 
the intratumoral mutation status. The diabetic patients were 
diagnosed with higher tumor (T3) and lymph node (N3) stages. 

Mutation analysis for KRAS and BRAF

KRAS and BRAF amplifications were electrophoresed on 

2% agarose gel electrophoresis, (Figure 2), resulting in one 
visible band for each sample. 

Figure 3 illustrates electropherograms of sequence and 
SNaPshot analysis of BRAF and KRAS genes, respectively. 
Mutations are found at the first, second and fourth base 
position of the wildtype sequence (Table 7).

 9 of 25 patients (36%) before and 11 of 25 individuals 
(44%) after neoadjuvant radiochemotherapy harboured 
KRAS mutations (Figure 4). Most mutations are transition 
ones. The above compiled mutation status changes for two 
patients from negative to KRAS mutation positive after 
therapeutic application, (presence of pG12C and pG12D 
after therapy). In 4 cases the mutation was missed through 
sequencing but detected by SNaPshot analysis. 

The degree of tumor regression (Chi2-test, P=0.577), age 
(Chi2-test, P=0.249), sex (Chi2-test, P=0.566) and mutation 
status were not differently associated. The presence 
of KRAS mutations was correlated neither with tumor 
response, nodal or metastatic stage. 

 

Microsatellite instability analysis

As shown in Figure 5, patients whose tumor DNA showed 
allelic pattern that was not present in the corresponding 
normal DNA were defined as MSI positive. 

Among 25 patients analyzed, 2 (8%) exhibited a MSI+ 

Table 3 Microsatellite marker used in the present study. BAT25, BAT26 and BAT40 are mononucleotide repeats. D5S346, D1S123, 
D17S250, D10S197 and D18S69 are dinucleotide repeats and MYCL1 presents a tetranucleotide repeat

Gene Primer (5'-3') Length (base pairs)

PANEL 1 BAT25 TCGCCTCCAAGAATGTAAGT

TCTGCATTTTAACTATGGCTC

90

BAT26 TGACTACTTTTGACTTCAGCC

AACCATTCAACATTTTTAACCC

80-100

D5S346 ACTCACTCTAGTGATAAATCG 

AGCAGATAAGACAGTATTACTAGTT

96-122

D2S123 AAACAGGATGCCTGCCTTTA

GGACTTTCCACCTATAGGGAC

197-227

D17S250 GGAACAATCAATAGACAAT

GCTGGCCATATATATATTTAAACC

150

PANEL 2 BAT40 ATTAACTTCCTACACCACAAC

GTAGAGCAAGACCACCTTG

80-100

D10S197 ACCACTGCACTTCAGGTGAC

GTGATAGTCTCCTTCAGGTCTCC

161-173

D18S69 CTCTTTCTCTGACTCTGACC

GACTTTCTAAGTTCTTGCCAG

100

D18S58 GCTCCCGGCTGGTTTT

GCAGGAAATCGCAGGAACTT

144-160

MCYL1 TGGCGAGACTCCATCAAAG

CTTTTTAAGCTGCAACAATTTC

140-209

Table 4 Treatment of rectal cancer patients

Number of patients Neoadjuvant therapy

1 5-fluorouracil (5-FU)/oxaliplatin + 

total dose of 50.4 Gy

1 5-fluorouracil (5-FU)/cisplatin + 

total dose of 50.4 Gy

23 5-fluorouracil (5-FU) + 

total dose of 50.4 Gy
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Figure 1 Hematoxylin and Eosin (HE). A. Normal rectal mucosa comprising of Lamina mucosa with Goblet cells, Lamina propia, Crypt 
of Lieberkühn, Paneth cells, Muscularis mucosae and Lamina submucosa with Blood vessels and other typical components; B. Resected 
tumor material of an invasive moderate-graded rectal adenocarcinoma. Destructed atypical epithelium with scarred fibrotic components, 
desmoplasia, necorsis and weak lymphocytic infiltration

A

B

Table 5 TNM-classification
1pT (primary tumor status) pN (primary nodal status) pM (primary metastasis status)

T1=2 (8%) N0=19 (76%) M0=23 (92%)

T2=8 (32%) N1-2=6 (24%) M1=2 (8%)

T3=15 (60%)
1p=stage given by pathologic examination of a surgical specimen



187Journal of Gastrointestinal Oncology, Vol 4, No 2 June 2013

© Pioneer Bioscience Publishing Company. All rights reserved. J Gastrointest Oncol 2013;4(2):182-192www.thejgo.org

phenotype, (Table 8), with early rectal cancer onset, familial 
recurrence of colorectal carcinomas and non-response to 
neoadjuvant 5-FU-therapy.

Discussion

KRAS and BRAF mutation status

These data show that the frequency of the KRAS oncogene 
mutation in a series of 25 CRC patients was 36% 
pretherapeutically and 44% posttherapeutically. All samples 
were diagnosed as V600E BRAF mutation negative. The 
KRAS mutation status was correlated neither with tumor 
response, sex, age or other histopathological features. 
According to the literature, oncogenic mutations affecting 
KRAS and BRAF occur in about 25-50% and approximately 
4-12% of colorectal cancers, respectively (33). Gaedcke and 

colleagues detected no V600E BRAF mutations and 48% 
KRAS mutations in rectal cancer patients (n=94) consistent 
with our data (19). In two cases the mutation status in tumor 
DNA changed after therapy. This could be due to the fact 
that malignant tumors are genetically heterogeneous and 
different areas of the colonic tumor are taken from the 
patient or that the radiochemotherapy induces a mutation 
which is also common and relevant for further therapy 
decisions. In individual cases the KRAS mutation (most 
are transition ones) was missed by sequencing but detected 
using the SNaPshot analysis, thereby indicating the need 
to use highly sensitive molecular techniques. SNaPshot has 
a higher analytical sensitivity of approximately 5-10% as 
compared to the sequencing method which shows an allele 
detection sensitivity of 10-15% (34). Thus, the use of two 
independent analytical methods to ensure routinely efficient 
mutation detection was proven valuable.

The identification of mutationally activated KRAS 
and BRAF alleles in several tumor models supports 
the importance of this signaling pathway in cancer 
progression (35,36). It is known that KRAS and BRAF 
mutations may lead to a hyperactivation of the RAS/RAF/
MAPK pathway. The detected somatic mutations predict 
resistance to monoclonal antibodies targeting epidermal 
growth factor receptor (EGFR). Therefore, promising 
treatments of combinations of anti-EGFR like cetuximab 
or panitumumab with 5-fluorouracil (5-FU)-based 

Table 6 Anamnesis (nicotine abuses) and pre-/co-existing diseases

Nicotine abuses

positive 4 (16%)

negative or not known 21 (84%)

Pre-/Co-existing diseases

Diabetes mellitus type 2 2 (8%)

Hypertension 12 (48%)

No pre-/co-existing diseases known 11 (44%)

Figure 2 Electrophoresis results of amplified fragments of the KRAS and BRAF gene, analyzed on 2% agarose gel electrophoresis. PCR 
products of the KRAS gene (A) demonstrate 173bp sized electrophoretic bands (lanes 2-5; lane 7). PCR products of the BRAF gene (B) 
show a 228bp sized fragment (lanes 2-4 and lane 7). *aT = tumor samples before neoadjuvant radiochemotherapy, bT = tumor sample after 
neoadjuvant radiochemotherapy
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chemotherapy are not advisable. In contrast to colorectal 
cancer, rectal cancer missed V600E BRAF mutations, 
which seem to play no role in rectal cancer pathogenesis 
and consequently do not influence the tumor response 
to anti-EGFR or other therapies. In the current study, 
most patients have received a 5-FU therapy exclusively. 
No statistically significant correlation between the KRAS 
mutation status and the regression grade was detected. In 
a larger cohort the relation between KRAS mutation and 
EGFR status in metastases, secondary tumor and tumor 

cells in blood and stool related to primary tumor sample 
could be investigated. 

Pre-/co-existing diseases and microsatellite instability 

No significant differences were observed in the overall 
family history or nicotine abuse of rectal cancer patients 
regarding KRAS-/BRAF mutation. In another prospective 
study (n=37,399) cigarette smoking was associated with 
BRAF mutation-positive colorectal cancer subtypes 

Figure 3 A. Mutation analysis of a KRAS gene. SNaPshot and sequencing electropherograms of patient after therapy present a KRAS 
pG12D mutation G (blue) > A (green) transition (GGG --> GAG) causing an amino acid change of glycine to glutamate. This mutation 
leads to an activation of the RAS signal transduction in colorectal cancer; B. Mutation analysis of the BRAF gene. SNaPshot and sequencing 
electropherograms of the positive control, (tumor sample with known mutation), which is BRAF codon V600E heterozygous. T (red) > A 
(green) transversion causes an amino acid change of glutamate to valine at residue 600. This V600E mutation is frequent and accounts for up 
to 90% of all BRAF mutations in colorectal cancer

Table 7 KRAS point mutations found and determined for all patients in this study. Each point mutation results in an amino acid change 
and sustained KRAS activation

Sequence Amino acid Point mutation

wildtype GGT GGC glycine/glycine -

pG12C TGG GGC tryptophan/glycine missense/transversion

pG12D GAT GGC aspartate/glycine missense/transition

pG12S AGT GGC serine/glycine missense/transition

pG12V GTT GGC valine/glycine missense/transversion

pG13D GGT GAC glycine/aspartate missense/transition

B

A
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indicating epigenetic modification, which may be 
functionally involved in smoking-related colorectal 
carcinogenesis (37). It is known that environmental, diet 
or lifestyle factors may contribute to or enhance the 
acquirement of gene mutations involved in carcinogenesis. 

 Two patients showed a positive familial history, were 

at the age of <50 and were diagnosed with microsatellite 
instable tumors. These two patients had the probability of a 
hereditary predisposition according to the clinical definition 
by means of Amsterdam and Bethesda criteria. Our data 
show a lower rate of MSI-H rectal cancer because rectal 
cancer is less likely to show MSI-H than colon cancer (38). 

Figure 4 KRAS gene mutation frequency before (A) and after (B) treatment of 25 patients with respect to the involved codon (codon 12 or 
codon 13) and base position, (as also shown in Table 5)

Figure 5 Microsatellite panel of tumor DNA and matching normal DNA. *MSS = microsatellite stability, MSI= microsatellite instability

A BPretherapeutical KRAS-mutation status

pG12C, 4% pG12D, 8%

pG12S, 4%

pG12C, 8% pG12D, 12%

pG12S, 4%

pG12V, 4%

pG13D, 16%

pG12V, 4%

pG13D, 16%Wildtype, 64% Wildtype, 56%

Posttherapeutical KRAS-mutation status
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Of significant clinical importance, patients with MSI-H/
mismatch repair-deficient colorectal cancer do not appear 
to benefit from adjuvant 5-fluorouracil and leukovorin (or 
levamisole) chemotherapy, whereas approximately 85% of 
individuals with microsatellite stable (MSS) colon cancer 
do appear to benefit from this therapy, according to Gryfe 
et al. 2009 (39). Our data revealed a nonresponse of MSI-H 
rectal cancer to neoadjuvant 5-FU radiochemotherapy, 
which raises the question if rectal cancer patients should be 
routinely tested for microsatellites.

Other factors maybe such as age-related diseases, 
hypertension (48%) and diabetes (8%) may also contribute 
to or enhance the tumor development. A very important 
characteristic in the early stage of Type 2-diabetes or adult-
onset diabetes is a high blood glucose level in context of 
insulin resistance or relative insulin deficiency. A high 
insulin dose is necessary to engage the insulin resistance. A 
principle function of insulin is to decrease the glucose level 
of the blood. Additionally, insulin assists the growth and 
proliferation of cells and may promote the cancer formation 
in a more aggressive form and the risk of relapse (40). As 
mentioned in the result part, the diabetic patients were 
diagnosed with higher tumor (T2-T3) and lymph node 
(N1-N3) stages, which agrees with the literature of CHEN 
Chuang-Qi et al., 2010 (40). According to the result part, 
the most frequent coexisting disease (found in 48% of 
the patients) was hypertension. The two distinct disease, 
rectal cancer and hypertension, may share some common 
pathophysiological mediators. Possible mediators linking 
hypertension and cancer could be nitric oxide, bradykinin 
or angiotensin II or elevated plasma levels of VEGF 
(41-44). Through these, hypertension might influence the 
promotion of tumourgenesis and malignant progression. 
The above mentioned issues could be further addressed 
by other studies including a larger collective, to maybe 
generate a clinically relevant risk-profile.

Conclusions and outlook

In the present study, age and sex of the patients were not 

associated with the mutation status. Contrarily to V600 
E BRAF gene mutation, 44% of patients were KRAS 
mutation positive (most located at codon 12) and therefore 
a treatment with an anti-EGFR monoclonal antibody drug 
would not be advisable. SNaPshot analysis indicates the 
need to use highly sensitive molecular techniques to ensure 
detection of mutations in tumors conferring resistance to 
treatments. Mutational analysis after therapy in primary 
tumor or metastasis could be relevant for further treatment 
decisions. 

To investigate these observations, a further detect study 
with larger series should be analyzed in order to definitely 
establish the clinical relevance. The fact that KRAS 
mutational alterations occur after therapy implicates the 
need to compare the mutational status and gene expression 
levels between primary tumors and metastases of the same 
patient. This might give information on the potential 
response to a chemotherapeutic reagent and will therefore 
be important in the future. Finally, metastases could be 
screened directly for the presence of alterations conferring 
either sensitivity or resistance to these targeted therapies 
and to reduce the risk of further tumor spread and invasion 
influencing the final prognosis of the patient. 

It was interesting to note that the majority of cancer 
patients have coexisting diseases. Hypertension can 
maybe influence the promotion of tumourgenesis and 
malignant progression. Several studies documented 
a connection between hypertension and the risk of  
cancer (45). The process of neovascularization or 
angiogenesis is a phenomenon that plays a significant role 
in both hypertension and cancer. Different important pro-
angiogenic factors such as VEGF, bFGF, TNF-alpha, 
TGF-alpha, IL-1, IL-6 and so on were often found to be 
secreted by tumor, inflammatory and stromal cells. The 
level of angiogenic factors is high in hypertension. Thus, 
more studies at the basic biological or pathophysiological 
would be interesting to improve the understanding about 
the relationship between hypertension, diabetes and cancer. 
Is there really a relation or are they just distinct coexisting 
diseases? 
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