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ABSTRACT
Many cancer researchers use gene expression analysis for differentiation between tumor and normal cells for
diagnostic, prognostic and therapeutic purposes. Most of studies compare either tumor cell lines by normal cell lines
or tumor tissue of affected individuals by normal healthy control tissue. But expression of each special gene is unique
in different individuals and also in different tissue of same individual. For this reason, here we compare the gene
expression levels of SMAD7 and KLF10 in tumor cells and its adjacent normal tissue of breast cancer patients and
compared them. For this purpose, a total of 40 tumor and matched tumor-free margin samples were obtained during
surgery. The SMAD7 and KLF10 mRNA expression levels in tumor and marginal samples were examined by realtime quantitative PCR. Results are not concordant with previous studies and comparison of only SMAD7 or KLF10
is not useful for differentiating between tumor and margin cells, but ratio analysis of these two genes, SMAD7/ KLF10,
can be indicative than study of one gene alone. We concluded that gene expression analysis of tumor cells with
adjacent normal tissue are essential for precise identification and interpretation of cancer alterations and have
important implications for the diagnostic and therapeutic management of cancer patients.
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INTRODUCTION
Transforming growth factor-beta (TGFβ), a member
of the TGFβ/Smad signaling pathways, has been
established as essential for diverse effects, ranging
from cell growth, differentiation, migration and
development of multi-organ systems to immune
modulation and apoptosis (1,2). Previous studies
have shown that members of this pathway have both
proliferative and anti-proliferative properties (3, 4).
SMAD7 (The inhibitory Smad), has been shown to
function as an intracellular antagonist of TGF-β
signaling (5). In several cell types, SMAD7
expression is induced by TGF- β family members,
indicating an important role of SMAD7 in feedback
regulation of TGF- β signaling (6). If this feedback is
aberrantly regulated can results disease state.
Aberrant expression of SMAD7 can cause
uncontrolled activity of TGF- β (7, 8). Expression of
SMAD7 in epithelial tissues is very low, but it is upregulated in human pancreatic cancers (9).
Significant expression of SMAD7 is also detected in
colorectal cancer (10). SMAD7 is also up- regulated
in several other cancers (5). SMAD7 can mediate the
crosstalk between TGF-β and other signaling
pathways and has also important role in pathological
processes that can be potential therapeutic role in
treating both fibrosis and inflammation (2).
Human KLF10 also known as TIEG1( TGF-β
inducible early gene-1 ) belongs to the Krüppel-like
factor (KLF) family, that its Expression in cancer
cells has been shown to inhibit cell proliferation and
induce apoptosis (11,12). Furthermore, expression
level of KLF10 has been shown to be reversely
associated with the breast and pancreatic cancer
stages and evolution (11,13,14). Loss of KLF10 gene
expression in pancreatic cancers has been shown
significantly correlated with tumor cell proliferation,
tissue invasion, migration and metastasis (13).
Whereas, over-expression of KLF10 was shown to
mimic the actions of TGF-β that regulate cell
proliferation, and induce apoptosis (4, 8, 10). KLF10
also induce apoptosis via reactive oxygen species
formation [15]. KLF10 is a transcription factor,
which can bind to Sp1 sites on many gene promoters
and regulate their transcription (16, 17). For example,
KLF10 can repress the transcription of SMAD7 gene
by directly binding to its promoter (18). KLF10 by
limiting the negative feedback of SMAD7 gene and
activation of the Smad2 gene in TGFβ -Smad
signaling pathway play an important role in
temporarily enhancing the intensity of this pathway
(19,20,21).

Given the reverse relationship between the
expression levels of KLF10 and SMAD7 genes as
described above, here we examine expression of
KLF10 and SMAD7 in order to find expression
patterns of these two genes that may be use afterward
for diagnostic, prognostic or therapeutic targets. Most
previews studies compared either tumor cell lines by
normal cell lines or tumor tissues of affected
individuals by normal healthy control tissues. In this
study we compared expression of these two genes in
tumor cells and its adjacent normal tissue to finding
personalized results, and to understanding whether
these results are concordant with previews studies.

MATERIALS AND METHODS
Study Design
A descriptive study design was carried out under
collaboration between the Noor-E-Nejat Hospital and
Tabriz Genetic Analysis Center of Tabriz University
of Medical Sciences. The protocol of the study was
approved by the Ethical Committee of Tabriz
University of Medical Sciences, which was in
compliance with the Helsinki Declaration. Written
informed consent was obtained from all participants.
Study Population and Sample Preparation
A total of 40 woman breast tumors and its 40
adjacent normal tissue samples were obtained during
surgery. Based on pathological results, all tumors
were ductal carcinoma, and all margins were free of
tumor cells. All patients underwent appropriate
surgery at Noor-E-Nejat Hospital of Tabriz in 2014.
All patients were clearly identified as having breast
cancer based on the clinic-pathological findings. The
median age of patients with breast cancer was 48.47
± 12.29 years (range 28-80 years). All samples were
obtained immediately after surgery and fresh tumor
tissues were snap frozen in liquid nitrogen, and then
were carried out to -70˚C freezer.
RNA Extraction and cDNA Synthesis
All samples were subjected to total RNA extraction
using TRIZOL (Invitrogen), according to protocol
recommended by the manufacturer. The quality and
quantity of extracted RNA was analyzed by agarose
gel electrophoresis and nanodrop (nd1000). For
removing of DNA contamination probability, 2μg of
extracted RNA was treated by DNAase1
(Fermentase). First-strand cDNA (complementary
DNA) was synthesized from 2 μg of total RNA
treated by DNAse1 using random hexamer primers
and Reverse Transcriptase (Fermentase). For
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determining of cDNA synthesis PCR (polymerase
chain reaction) are done by using house-keeping gene
primers. For showing nonentity of genomic DNA
contamination RT minus control PCR are done, until
all samples that are used for quantitative real time
PCR been without genomic DNA contamination.
Standards as Gene-Specific Quantity Marker
A dilution series of human genomic standards for
absolute quantification was generated using human
genomic DNA (hgDNA). hgDNA (Promega, USA)
was homogenized by sonication and serially diluted
in Tris–EDTA (TE) buffer to produce standards in
which the number of DNA molecules ranged from
1/10 to 1/100,000. Each standard was then placed
into aliquots of 1 ml and stored at -20˚C.

Real-time Quantitative PCR
Primers for SYBR Green real-time PCR were
designed for each gene, details of which are shown in
Table 1. For each gene, SYBR Green real-time PCR
was performed in 15μl target volume using 4μl of
cDNA from each sample, 7.5μl SYBR Green master
mix (Takara, Japan) and 3.5μl of each gene specific
forward and reverse primers. All real time PCRs were
performed with the following settings: 2 min at 95˚C,
followed by 40 cycles of 95˚C for 10 s, 60˚C for 60
s. All samples, as well as the five serial human
genomic standards, were measured in each gene.
Negative controls (NTC) were prepared each time.
Heat dissociation (PCR product melting curve)
analysis at the end of the PCR was performed for
confirmation of single product amplification in each
micro-tube.

Table.1 Primers used for PCR
Gene
Reverse primer
KLF10
CATCAACATCTGCCACTG
SMAD7
CATAAACTCGTGGTCATTG
GAPDH
GGTTGAGCACAGGGTACTTTA
Values are means± SD
Normalization
Normalization using the housekeeping gene
glyceraldehyde-3-phosphate-dehydrogenase
(GAPDH) was used in order to identify the
expression levels of the KLF10 and SMAD7 genes.
The expression levels of the housekeeping and the
KLF10 and SMAD7 genes were measured by realtime quantitative PCR. The mean cycle threshold (Ct)
values and the copy number of each gene were
determined. The mean copy number of the
housekeeping gene was calculated and then divided
by the highest housekeeping gene in all samples,
resulting in a normalization correction factor.
Following real-time PCR amplification and
quantification of the selected genes, this factor was
used for the normalization of the expression levels for
the KLF10 and SMAD7 genes measured. The
standard curves, which were plotted, demonstrated
the ability of the method to accurately measure the
expression levels of KLF10 and SMAD7 genes.
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Forward primer
CAGCATCCTCAACTATCAG
CAGTTACCCCATCTTCATC
CATGGCCTCCAAGGAGTAAG

All analyzes were performed using SPSS v.19
software (SPSS for Windows, Chicago, IL).

RESULTS
Real-time PCR Amplification Plot, Standard Curve
and Heat Dissociation (PCR Product Melting
Curve) Analysis
For each gene, real-time PCR was applied. Negative
template controls (NTC) and human genomic
standards were prepared each time. Standard curves
were plotted using Ct values of the fivefold serial
dilutions of the human genomic DNA for the
optimization and efficiency of real-time PCR
reactions. Heat dissociation (PCR product melting
curve) analysis at the end of the PCR confirmed
amplification of single product in each micro-tube
and showed that no dimers and unspecific products
interfere with the reaction (Figure.1).

Statistical analysis
Initial analysis indicated that the data were not
normally distributed; therefore, nonparametric tests
were used. Spearman correlation coefficient was
used. Also, statistical analysis was performed in
each of the diagnostic groups using Mann–Whitney
U with p≤0.05 deemed as statistically significant.
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Tsmad<Msmad
38%

Curves from left to right: KLF10, SMAD7, GAPDH
Fig.1. Melt curve analysis of real time PCR

Tsmad>Msmad
62%

Comparison of KLF10 Gene Expression Level in
Tumor and Margin
Fig.3. Comparison of smad7 gene in tumor and
Our results showed that KLF10 expression level in
marginal cells is higher than tumor cells (62.5%). At
margin
the rest 37.5% of cases KLF10 expression in tumor
cells was higher than its marginal cells. Ratio =
Comparison of SMAD7/ KLF10 Ratio in Tumor
(conc TKLF10/conc TGAPDH)/(conc MKLF10/
conc MGAPDH)(Figure.2). Mann–Whitney U test and Margin
show no statistical significance.
We also calculated the proportion of (tumor
SMAD7/tumor KLF10) / (margin SMAD7/margin
KLF10):
Ratio
= (conc TSMAD7/conc TKLF10)/
(conc MSMAD7/conc MKLF10)
Our results showed that this proportion at 75% of
cases in tumor cells is higher than its adjacent normal
Tklf10>Mklf10
tissue (Figure.4).The significance of this proportion
38%
is that in this way we don’t need to house-keeping
gene for normalization between tumor and margin
Tklf10<Mklf10
samples. In other calculation methods that uses
62%
housekeeping genes for normalization, because
housekeeping genes may change in tumor cells, can
induce false calculation results. For this reason the
use of this proportion can remove the need for
housekeeping genes for normalization between two
Fig.2. Comparison of klf10 gene in tumor and margin
samples and can accurate calculation results. Mann–
Whitney U test was performed, and results show
Comparison of SMAD7 Gene Expression Level in statistical significance (p=0.004).
Tumor and Margin
Our results showed that SMAD7 expression level in
tumor cells is higher than marginal cells (62.5%). At
the rest of 37.5% of cases SMAD7 expression level
in marginal cells was higher than its tumor cells.
Ratio
= (conc TSMAD7/conc TGAPDH)/
(conc MSMAD7/conc MGAPDH) (Figure.3). Mann–
Whitney U test are showed no statistical significance.
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Clinical Correlation
No correlation was identified between SMAD7 and
the progression of breast tumor stages,, between
KLF10 and progression of breast tumor stages, and
also between these genes and grade of tumors in our
patients. The SMAD7 gene had significant positive
correlation by KLF10 in tumor cells (Figure.5), and
weak positive correlation in margin cells.
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Fig.5. Correlation between expression levels of SMAD7
and KLF10 in tumor cells.

DISCUSSION
Our results from comparison of KLF10 expression
levels between tumor and margin samples showed
that this gene was decreased in 62.5% of cases in
tumor cells, but these results were not statistically
significant. Besides, in 37.5% of cases KLF10
decreased in margin cells. Also, SMAD7 in 62.5% of
cases in tumor cells have increased. This low level of
differences indicate that use of only KLF10 or
SMAD7 may not differentiate between tumor and
marginal cells and were not important for diagnosis
and treatment of breast tumors. According to
previous studies that have been reported increase in
expression level of SMAD7 (5, 6), and decrease in
expression level of KLF10 (11, 16) can cause
feedback regulation of TGF- β signaling and cause
cell proliferation and inhibit apoptosis, and cause
tumor formation.Most of these studies are
investigated either by comparing of tumor cell lines
by normal cell lines or tumor tissue biopsy samples
by normal tissue biopsy of healthy control
individuals. These comparisons can’t be accurate
because expression of each special gene is unique in
different individuals and also in different tissue of
same individual. According to this fact that for
successful therapy in personalized medicine, analysis
of DNA mutations should be done on both tumor
cells and other cells of body (blood or salvia cells, for
example) for excluding germ line mutations from
somatic mutations (22).Expression analysis also
should be conducted in tumor with normal samples
of same tissue of same individual. Also, tumor only
expression analysis will expose by the same
problems. Targeting of one gene that its expression
in tumor analysis (without analyzing normal cells of
the same tissue) show increase, can disrupt more
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normal cells than cancer cells, because cancer cells
are more resistant to therapy than normal cells. Also
we applied the ratio analysis (SMAD7/ KLF10) for
differentiation between tumor and margin cells. This
ratio in 75% of cases in tumor cells was higher than
margin cells, and was statistically significant. In this
ratio we used two genes with antagonist function that
improved differentiation of two related samples.
According to this fact that any housekeeping genes
may change in cancer cells (23-25) and cause
normalization achieve inaccurate results, ratio
analysis can remove this problem and improve
differentiation and diagnostic results. Ratio analysis
also can be useful for surgeons in differentiation of
tumor from margin and reducing of surgical error in
tumor removal, tumor clearance, nonrecurring and
the success of surgery. Thus, gene expression
analysis should be done on more than one gene and
the best is that expression evaluation is done on total
genes of one special signaling pathway in both tumor
and margin, because in different cell types of
different individuals, decrease or increase of special
genes can be occur in equilibrium with increase or
decrease of its antagonist gene, and this changes can’t
be the main cause of tumor formation. Therefore
targeting of one special gene without experiment of
other genes involved in special signaling pathway
may impair total signaling pathway in normal cells.
Reinholz et al. reported that progression and
development of breast tumors are associated with
decrease and increase in KLF10 and SMAD7 gene
expression levels, respectively, and these findings
can be used in molecular staging of breast tumors (3),
however, our results didn’t show a potential
correlation between the increase of SMAD7 and
decrease of KLF10 with progression of breast tumors
stages. Indeed, our findings showed that SMAD7 has
significant positive correlation with KLF10 in tumor
cells, and weak positive correlation in margin cells.
Tumor grades also did not show correlation with
SMAD7 or KLF10 expression levels. These findings
showed that SMAD7 and KLF10 gene expression
analysis may not help for molecular staging of breast
tumors. Molecular staging by expression analysis can
be accurate at the time that expression of genes
involved in staging, following stable rules and no
change from patient to patient. But each tumor has
unique changes and heterogeneity is a main
characteristic of many cancers (26-29) and
expression of genes can vary from patient to patient.

CONCLUSION
Our studies suggest that for personalized medicine on
the base of gene expression analysis, evaluation of
tumor cells should be done with normal cells of the
same tissue in cancer patients, because the tumoronly analyses may impair patients by inaccurate
administration of cancer therapies. Also, our study
suggest that ratio analysis of antagonist genes
without using housekeeping gene for differentiation
between tumor and margin tissues is more useful than
analysis of one gene alone, and can be helpful in
tumor surgery. Also, molecular staging of cancers
because of heterogeneity and hetero-expressivity of
tumors can’t be accurate and useful.
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