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ABSTRACT

The interaction between immune cells and endothelial lining of blood vessels is vital in many
processes such as inflaimmatory and immune responses as well as cancer cell metastasis. The
expression level of VCAM-7 is regulated by many factors including the promoter activity that is
possibly affected by the single nucleotide polymorphisms (SNPs) present in the promoter. There are
previous reports suggesting an important role for rs3783605 at -420 position in the pathogenesis of
VCAMT1-associated diseases. This is possibly due to the effect of this SNP on promoter activity and
gene expression. Therefore, present study was designed to investigate the effect of rs3783605 on the
activity of I”CAM-7 gene promoter in human umbilical vein endothelial cells (HUVEC).

In this study, two appropriate expression vectors containing VCAM7 promoter with different
alleles of rs3783605 were constructed to express the Green Fluorescent Protein (GIFP). Expression
vectors were transfected into HUVECs and their EGFP expression level was assessed by the
fluorescent microscopy and real-time PCR.

Bright green fluorescence was seen in the HUVECs transfected by expression vector containing
CMT” promoter. The expression level in the cells transfected by vector containing promoter with A
allele of rs3783605 was 0.14888 folds and G allele was about 0.37851 folds of cells transfected by
vector having CMV promoter (p<0.001). Moreover, HUVECs transfected by G allele of rs3783605
showed about 2-fold higher transcriptional activity compared with the A allele, (p=0.049).

Our findings showed that 153783605 polymorphism may play a role in VCAM-1 gene expression.
Therefore, it is likely that it may have an important role in the pathogenesis of VCAM1-associated
diseases and tumor metastases.
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INTRODUCTION

The vascular cell adhesion molecule 1 (VCAM-1) is
the immunoglobulin like transmembrane protein that is
induced on the surface of endothelial cells by
inflammatory  cytokines such as TNF-a after
inflammation. It binds to very late antigen 4 (VLA-4)

179

Published by Tehran University of Medical Sciences (http:/ijaai.tums.ac.ir)


mailto:keramatipour@sina.tums.ac.ir
mailto:Vojganim@sina.tums.ac.ir

F. Dadgar Pakdel, et al.

integrin on the surface of monocytes, T and B cells,
basophils and eosinophils.*?

The migration of immune cells to the inflammatory
sites and the interaction of VLA-4 on these cells with
VCAM-1 on the endothelium can lead to different
inflammatory processes.® This molecule has important
roles in the pathogenesis of several diseases such as
rheumatoid  arthritis,  experimental  autoimmune
encephalomyelitis, nephrotoxic nephritis, skin allergic
reactions and asthma.>* In addition to these roles,
VCAM-1 is important in tumor metastases.’ ETS (E26
transformation-specific) transcription factors have
conserved DNA binding domains that recognize DNA
sequence GGAA/T.>" The involvement of ETS genes
in cancer and cellular proliferation and metastasis have
been reported.>’ ETS2 is the end effector molecule of
mitogen-activated protein kinase (MAPK) pathway.’
VCAM-1 is a target gene that its expression is affected
by ETS transcription factors.’

Several polymorphisms have been identified in the
VCAM-1 promoter that can affect the VCAM-1
expression. There are previous reports suggesting an
important role for rs3783605 at -420 position in the
pathogenesis of VCAM1-associated diseases, possibly
due to its effect on gene expression. The rs3783605 is
located close to the binding site of ETS2 transcription
factor on the VCAM-1 promoter. This might be an
explanation for the effect of rs3783605 on expression

level of VCAM-1 gene. Therefore, present study was
designed to investigate the effect of rs3783605 on the
activity of VCAM-1 gene promoter in Human
Umbilical Vein Endothelial Cells (HUVEC).

MATERIALS AND METHODS
Polymerase chain reaction and Site Directed
Mutagenesis

To find out the promoter sequence of VCAM-1 the
promoter database was searched. Necessary promoter
elements including the positions of the transcription
initiation site, core promoter elements and transcription
factor binding sites were elucidated (Figure 1).

About 500bp upstream of the transcription start site
was amplified using PCR. To obtain different alleles of
rs3783605 on amplified promoter fragments, site
directed mutagenesis was done simultaneously with
PCR. To achieve this, two forward and one reverse
primers were used with the following sequences. More
details are presented in Figure 2.

VCAM-1 forward-1: 5°>-GGC AGA TCT CTT TTA
GAATTG CAAACATATTTC-3’

VCAM-1 forward-2: 5°>-GGC AGA TCT CTT TTA
GAA TTG CAA ACG TAT TTC-3’

VCAM-1 reverse: 5’-GCA GCT GGG AGG GTA
TTC AGC TCC T-3’

TITYTAY OQAATAAATAT AAAMACTAAGA AGTTATOOTG TCCCTTYTYTY 801
AMMATOA& TCATCAAAAD AAATAACTTT YYCC‘YY TCre TTOTAAGAGA 4
AAAAAATTIAA TCTCTTITTIAD AATTOCAAAC ‘.;;:'V'YCCVY CATOOADAAA -401
ATCAATTICAC ATOOCATAOT COTTATTITAT CCAOTTCAAA AACCAGAODTA S LA
CAATTITACTA CYCTOTCTCE ATTTTTTCYC TCCCCACCCC CTYTAACCCAC Rl
ATTOOATTICA GAAAQCTTCA YYCYOCM?C' '\A?CA‘17OYCC TITATCTYYIYC 20
CAOYA.A‘A'C‘A.‘V"AOCC TITTOO AQYCOAAQAY odw«:“ TOTYATTITYA -0
TAGTCTTOOGA AGTOTCTTICT TTTOCCAGOGA CAGAGAGAGO AGCTTCAGCA 181
GICGAGAGCAA CTOAAGOOOT TAATAGTOOA ACTTIOOCTOO OTOTCTOTYTTA 401
AACTTTTTIC CCToQcCTICTo CCC;I?'O‘OTTT CCCCTToAMND O&L:;YOCC? Sl
CC.OCC TCTOC AACAAGACCC TTTATAAAGC ACAGACTYTIC TATTTICACTC -4
C.CCOOYAYCY GCATCOOGCC TCACTOOCTT CAGQOAQCTOA ATACCCTCCCO a0
AGOCACACAC ACGTOOOACA CAAATAAGOOD TTTTOOAACC ACTATTYTTICY ”
CATCACOACA OCAACTTAAA \“-“CCYWA AGATGOTOGT GATCCTYT Y 149

Figure 1. The VCAM-1 promoter sequence. ATG: translation initiation site, +1: transcription starting site The transcription

factors binding sites and A-420G SNP are shown (2).
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Figure 2. The VCAM-1 promoter sequence and the position of designed primers. F1: VCAM-1 forward-1, F2: VCAM-1

forward-2, R1: VCAM-1 reverse

PCR reaction was performed using master mix (2x)
from Ampligon company (Ampligon A/S, Denmark).
PCR products were run on 1% agarose gel (Figure 3).
Resulted fragments were then purified from gel using
Expin Gel SV Purification kit (GeneAll Biotechnology
Co., South Korea) according to the manufacturer’s
protocol and the sequence were analyzed using sanger
sequencing (Pishgam Biotech Co., Iran).

Vectors

The pTZ57R/T TA cloning vector (Thermo
Scientific, USA) was used to clone the purified PCR
products. Vector map is shown in figure 4. The PCR
products were ligated into the vector as described in
following section. After confirmation of having the
correct fragment in the vector, another step of
subcloning was performed, taking the promoter
fragment out of the vector and ligating it into the
pcDNA-GFP vector that was previously made in our
lab. This step was done using BglIl & Pvull in a double
digestion reaction to obtain the promoter fragment first,
and then the ligation reaction was performed to insert
the fragment into a pre-digested pcDNA-GFP
expression vector. The map for pcDNA-GFP vector is
shown in figure 5.
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TA Cloning in the pTZ57R/T  Vector,
Transformation and Screening of the Clones

3ul of Vector pTZ57R/T (0.17 pmol ends) was
mixed with 6pl of the 5X Ligation Buffer, 90ng of the
Purified  VCAM-1 Promoter Fragment (Approx.
130.54pmol ends) and 1pl of the T4 DNA Ligase and
then nuclease-free water was added to this mixture up

to total volume of 30ul. The mixture was vortexed
(Y] Fl F2 A

¢ VCAM-1 Pr

S00Lp e

Figure 3. The electrophoresis of amplified VCAM-1
promoter on the 1% agarose gel. M: 100bp DNA

ladder. F1: amplified fragment by F1 primer. F2:
amplified fragment by F2 primer. C- : negative control
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Figure 4. The pTZ57R/T TA cloning vector map. (http://
www.fermentas.com/catalog/kits/Kitinstaclone.htm)

pcDNA-GFP
6.1 kb

Figure 5. The pcDNA-GFP vector map (14).

briefly and centrifuged for 3-5 second. The ligation
mixture was incubated at room temperature (22°C) for 1
hour. 2.5ul of the ligation mixture was used directly for
bacterial transformation.

For preparation of competent cells, we used fresh
bacterial colonies. LB agar plates, supplemented with
ampicillin, X-Gal and IPTG were used and incubated in
a 37°C incubator for at least 20 min before plating. 1.5
ml of C-medium was used for each of the two
transformations. The bacterial culture was transferred
to 1.5 ml of pre-warmed C-medium and was mixed.
Then the tubes were incubated at 37°C for 2 hours in a
shaker and the bacterial cells were pelleted by
centrifugation. We mixed cells in 300 pl of T-solution
and incubated on ice for 5 min. Then they were
centrifuged for 1 min and the supernatant was
discarded. Pelleted cells were resuspended in 120ul of

Vol. 14, No. 2, April 2015

T-solution (prepared according to the manufacturer’s
protocol) and incubated 5 min on ice. Then 2.5ul of
ligation mixture was added into new microcentrifuge
tubes and then was chilled on ice for 2 min. 50ul of the
cells was added to each tube, mixed and incubated on
ice for 5 min, then plated on pre-warmed LB plates.
The plates were incubated overnight at 37°C.

We wused plasmid mini prep Kit (GeneAll
Biotechnology Co., South Korea), according to the
manufacturer’s protocol. After minipreparation, they
were confirmed by PCR and sequencing. PCR was
done by M13F and M13R (5 pmol/ul). The results of
gel electrophoresis are shown in the Figure 6.

Subcloning  in  the  pcDNA-GFP  Vector,
Transformation and Screening of the Clones

For preparation of the insert, we cut plasmids by
Bglll & Pvull (Thermo Scientific, USA) double
digestion. 6ul of each restriction enzyme with 145ng/ul
of DNA and 7pl of the Red Buffer (10X) were mixed
and distilled water was added up to 70ul. Tubes were
incubated for 16h at 37°C.

For preparation of the vector, pcDNA-GFP vector
was digested by HindIII restriction enzyme (Thermo
Scientific, USA). 5ul of HindIIl was mixed with 20 pl
of the pcDNA-GFP Vector 3100 ng/ul) and 10ul of
the Red Buffer (10X). Then distilled water was added

a ~N

— —

M ( i 3 i 4 5 1] 2 ] 4 5

635bp sy

Figure 6. Screening of pTZ57R/T-VCAM1 Promoter
Clones by PCR. M: 100bp DNA ladder. C-: negative
control

F1: Clone containing A allele of rs3783605 in the VCAM-
1 promoter. F2-3: Clone containing G allele of rs3783605
in the VCAM-1 promoter. All of the clones are containing
proper sequence.
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Figure 7. Screening of pcDNA-GFP/VCAM-1 Pr Clones.
Hind 111 & Xho I: Restriction enzymes.

F1-5 (1-5): Clones that may be containing A allele of
rs3783605 in the VCAM-1 promoter. F2-3 (1-5): Clones
that may be containing G allele of rs3783605 in the
VCAM-1 promoter. F2-3-2 and F1-5-5 likely are
containing proper sequence.

up to 100ul. Tubes were incubated for 16h at 37°C.
DNA was purified by gel purification kit (GeneAll
Biotechnology Co., South Korea).

The End-filling reaction was performed by using
Klenow Fragment. 2ul of the Klenow (4U/ul) (Thermo
Scientific, USA) was mixed with 56pl of the pcDNA-
GFP Vector (106.2 ng/pl), 3ul of the INTP (5Mm), 8ul
of Klenow Buffer and then distilled water was added
up to 80ul. Tubes were incubated for 1h at 37°C and
for 10 min in 75°C for enzyme inactivation. DNA was
purified by gel purification kit (GeneAll Biotechnology
Co., South Korea).

This fragment was subsequently digested by BglII
restriction enzyme (Thermo Scientific, USA). 25ul of
Bgl IT was mixed with 70l of the pcDNA-GFP Vector
(106.2 ng/ul) and 10pl of the Orange Buffer (10X) and
then distilled water was added up to 100ul. Tubes were
incubated for 16h at 37°C. DNA was purified by gel
purification kit (GeneAll Biotechnology Co., South
Korea).

In the final step, prepared inserts were ligated into
the pcDNA-GFP vector. 10.5ul of pcDNA-GFP Vector
(7.9ng/ul) from each allele was mixed with VCAM-1
Promoter (9ng/ul), 1ul of T4 DNA Ligase and 4pl of
the Buffer (5X) (Thermo Scientific, USA). Distilled
water was added up to 20ul. 2 tubes from each reaction
were prepared and the tubes were incubated overnight
at4 °C.
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For transformation, 5ul of the ligation reaction was
added to 50ul of the XL1 blue competent cells. Tubes
were incubated on ice for 30min and were heat shocked
for 60-90s. Afterwards, the tubes were incubated on the
ice for 2min and 950ul of Luria-Bertani (LB) broth was
added. Then it was incubated at 37°C for 1h with
shaking. 200l of the mixture was spread on LB agar
supplemented with ampicillin (100pg/ml) and the plate
was incubated overnight at 37°C.

After subculture, mini preparation was done by
using mini-prep kit (GeneAll Biotechnology Co., South
Korea). The clones were confirmed by digesting with
Xhol and HindIII as well as DNA sequencing (Figure
7).

Cell Culture, Transfection and Fluorescence
Microscopy

HUVECs were purchased from Pasteur institute of
Iran and cultured in DMEM/Ham's F12 medium
containing 10% fetal bovine serum, 100 1U/ml
penicillin and 100pg/ml streptomycin (Gibco co., USA)
at 37°C, 5% CO2 in 75 cm2 flasks. After three
passages, when the cultured cells reached to 70-90%
confluency, we harvested the cells by trypsin
dissociation. After cell counting with Neubauer
chamber, we seeded about 7x10* cells in each well of 6
well plate, in 4 ml of growth medium 24 hours prior to
transfection and then HUVECs were transfected by
TurboFect transfection reagent (Thermo Scientific,
USA) according to the manufacturer’s protocol. We
mixed 6ul of Turbo Fect reagent with the 4ug diluted
DNA and analyzed transgene expression 24 hours later.
After 24 hours, the fluorescence activity was monitored
and then cells harvested by trypsin-EDTA dissociation
and the pellete of cells were transferred to -80°C for
subsequent RNA extraction.

Real-Time PCR

Total RNA was isolated from HUVECs using
Ribospin kit (GeneAll Biotechnology Co., South
Korea) and then cDNA was synthesized by M-MLV
cDNA Synthesis Kit (Enzynomics, South Korea)
according to the manufacturer's protocol. For
quantitative PCR (qPCR), RealQ PCR 2X master mix
with green dye without ROX (Ampligon A/S,
Denmark) was used.

The cDNA level of EGFP (the gene of interest) and
GAPDH (the housekeeping gene as a control) from
each sample were measured and then analyzed.
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B.

C.

D.

Figure 8. The fluorescent microscopy results of EGFP expression in HUVECs. A. The cells transfected by vector containing
EGFP reporter gene and the CMV promoter. B. The cells transfected by vector having EGFP gene without promoter
(negative control). C. HUVECs transfected by EGFP reporter gene encompassing the VCAM-1 promoter having A allele of

rs3783605. D. HUVECs transfected by vector comprising EGFP reporter gene and the VCAM-1 promoter containing G allele
of rs3783605.
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0001
0.0001 -
| -
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Fold expressionlevel

CMV promoter Promoter less A no cytokine G no cytokine

Figure 9. The fold expression level of HUVECs transfected by the vector containing A or G allele of rs3783605 and EGFP
reporter genes as well as vector having EGFP gene without promoter compared to the HUVECS transfected by CMV
promoter vector comprising EGFP reporter gene in unstimulated state after 7 hours. P value comparisons for the promoter
less, A & G alleles vs. CMV promoter without stimulation were 0.001.
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Figure 10. The fold expression level of HUVECs transfected by the vector containing VCAM-1 promoter having A allele of
rs3783605 compared to the cells transfected by the VCAM-1 promoter having G allele of rs3783605. * p< 0.05.

Statistical Analysis

Data were analyzed on the basis of the relative
expression method by Relative Expression Software
Tool for Rotor-Gene (REST-RG, version 3). It is a
calculation software for the relative expression in real-
time PCR using pairwise fixed reallocation
randomization test and it does error estimation of the
calculated ratio using a Taylor's series.

RESULTS

In this research, we investigated EGFP expression
in the HUVECs which were transfected by two allele
of rs3783605, A and G, without cytokine stimulation.
Moreover, we analyzed the EGFP expression level of
A and G allele of rs3783605 comparing with vector
containing Cytomegalovirus promoter as well as
promoter less vector.

The EGFP expression was assessed by fluorescent
microscopy (Fig.8). As it can be seen in figure 8, the
expression level in HUVECs containing CMV vector
was much higher than others and bright green
fluorescence was seen. The fluorescent intensity in
cells comprising promoter-less vector was zero. The
cells containing the G or A alleles of rs3783605
expressed the EGFP protein at low levels and in some
cells green fluorescence was seen but assessment of
entire cells showed that cells containing the G allele
had higher intensity compared with cells containing the
Aallele.

In real time PCR, our obtained results indicated
that EGFP expression level in the HUVECs transfected
by promoter-less vector is about 0.00001 folds of cells
with CMV promoter vector which is statistically
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significant (p value=0.001). Its expression level in the
cells transfected by the A allele of rs3783605 was
approximately 0.14888 folds and the HUVECs
comprising the G allele is about 0.37851 folds of cells
with CMV promoter vector (see Fig.9).

Moreover, our results showed that HUVECs
transfected by the G allele of rs3783605 led to about 2-
fold higher transcriptional activity compared with the
A allele which was statistically significant (p=0.049)
(Figure 10).

DISCUSSION

Results from this study demonstrated that the
VCAM-1 promoter activity is affected by the single
nucleotide polymorphisms (SNPs) present in the
promoter. We studied the transcriptional activity of the
VCAM-1 promoter affected by rs3783605 A>G. We
found that this SNP is involved in different levels of
VCAM-1 expression.

Previous studies on the structural analysis of the
VCAM-1 promoter revealed important transcription
factor binding sites in the VCAM-1 promoter that have
a key role in VCAM-1 expression.? Another study
showed that rs3783605 is located in ETS2 binding site
and therefore may be involved in the pathogenesis of
VCAM-1-associated diseases including asthma,
atherosclerotic lesions, multiple sclerosis,
thromboembolic diseases, multiple myeloma, insulin-
dependent diabetes mellitus and breast cancer.*®"%%
This association might be due to the effect of this
variation on the promoter activity and VCAM-1
expression.

Our work is consistent with previous reports
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showing the role of rs3783605 on the activity of
VCAM-1 promoter, although the details of our findings
might be somewhat different.

One important factor that plays a role in the
outcome of such studies is the promoter fragment that
is being analyzed. The promoter activity may change
from experiment to experiment depending on the
regulatory sequences present in the selected fragments.

Figures 1 and 2 show the promoter fragment that
was used in our study. This fragment contains ETS2
binding site as well as rs3783605, therefore it is
possible to assume that the effect of this variation on
ETS2 transcriptional activity can be reasonably
addressed by this promoter fragment. This fact itself is
enough to show the importance of our work because
ETS2 is named as one of the most important
transcription factors involved in regulation of VCAM-1
expression.

Transcription factor ETS2 is the downstream
signaling factor that is activated in mitogen-activated
protein kinase (MAPK) pathway.® The VCAM-1 is the
target gene of ETS transcription factors including
ETS2 and some cytokines including TNF-a can lead to
activation of ETS2 and then induction of VCAM-1
expression.®

All of the transcription factors contain different
domains that have different functions. The ETS
transcription  factors have two domains: the
transactivation domain (TA) and the DNA binding
domain or ETS domain. In some ETS transcription
factors such as ETS2, other domains have been
described that contain the regulatory region, with
positive or negative regulatory functions that affect the
transactivation domain, and have inhibitory domains
(ID) that affect the DNA binding property of ETS
factor.® Accordingly, the interaction between these
multifunctional ~modular domains in  different
transcription factors has synergistic repression or
activation effect on the gene expression.”® In addition
to its effect on DNA binding, the interactions between
proteins regulate the target gene selection and
transcriptional function of ETS transcription factors.'
Previous studies have shown that interaction between
transcription factors such as ETS2 and APl is
enhanced by specific DNA motifs which indicated
other regulatory mechanisms involved in gene
expression.”* Other studies have suggested cis-
regulatory elements and motifs that are involved in
DNA binding of these transcription factors in

Vol. 14, No. 2, April 2015

combinational form and so involved in activation of
gene expression.'! Moreover, this specific combination
of transcription factors leads to cell type specific
responses to the different cytokine stimulations.'?
Thus, this SNP is likely to affect all of these properties.

Results from this study indicate that ETS2 and
therefore its binding site on the VCAM-1 promoter
have an important role in VCAM-1 expression.
According to the above, the rs3783605 may affect the
DNA binding of ETS2 singly or DNA binding of
ETS2-transcription factors in combinational forms.
This leads to synergistic repression or activation of
gene expression as well as interaction affinity between
these transcription factors. Hence, we can conclude
from this data that rs3783605 A>G may affect the
VCAM-1 associated disease severity as well as their
progression.  Therefore, we suggest a more
comprehensive study on the transcriptional activity of
this variant considering its interactions with different
cytokines that are possibly involved in the regulation of
VCAM-1 promoter activity and expression.
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