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Background: MicroRNA-125a (miR-125a) has been involved with many diseases, such as hepatocellular carcinoma and in-
flammation. In this study, we aimed to investigate the molecular mechanism, including the potential regulator
and signaling pathways, of vascular endothelial growth factor (VEGF).

Material/Methods: We divided the participants into 3 groups by rs12976445 genotype and performed chi-square tests to evalu-
ate the differences between CC and CT+TT groups for sex, age, grading, pT category, metastases, and fludeox-
yglucose F18 injection (**fDG) metabolism.

Results: We found all variables to be statistically significant. We searched the miRNA database online (www.mirdb.org)
with the “seed sequence” located within the 3-prime untranslated region (3’ UTR) of the target gene and then
validated VEGF to be the direct gene via luciferase reporter assay system. We also established the negative
regulatory relationship between MiR-125a and VEGF by studying the relative luciferase activity. We conducted
real-time polymerase chain reaction and Western blot analysis to study the mRNA and protein expression lev-
el of VEGF among different groups (CC=18, CT=8, TT=3) or cells treated with scramble control, miR-125a mim-
ics, VEGF RNA, and MiR-125a inhibitors.

Conclusions: We validated the negative regulatory relationship between MiR-125a and VEGF and found that rs12976445
may function as a biomarker to predict metabolism of *FDG.
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Background

18F-fluorodeoxyglucose (**FDG), the glucose analog, which is
combined with positron emission tomography (PET), has been
developed as a critical clinical tool for monitoring of response,
staging, and detection of cancers and is currently adopted in
clinical management of numerous malignancies. Still, the mech-
anisms underlying uptake of **FDG in cancer remain unclear,
and the existing literature is contradictory and mixed. The
German physician and chemist Otto Warburg revealed there
was an increased glucose demand in Ehrlich ascites cancer
cells. He noted that cancer cells tended to metabolize glucose
by mitochondrial dysfunction-associated aerobic glycolysis
even in the presence of ample oxygen, the so-called Warburg
effect [1]. A consensus has been reached that increased glu-
cose demand is a fundamental cancer feature, which has been
exploited clinically to detect cancers by ¥FDG PET.

The density and integrity of the vascular network contribute
to the major determinant of ¥FDG and glucose. A recent study
revealed a positive correlation between microvessel density
and 8FDG [2]. Vascular endothelial growth factor (VEGF), a
dimeric glycoprotein that presents a high expression level in
most malignancies, accounts for the most important inducer
or regulator angiogenesis or vascular growth [3].

MicroRNAs (miRNAs) are evolutionarily conserved, single-strand-
ed RNA molecules approximately 22 nucleotides in length that
regulate expression of genes negatively by directing sequence-
specific degradation or inhibiting translation of target messen-
ger RNA (mRNA) [4,5]. MiRNA genes are predicted to account
for 1% to 5% of the human genome [6], which exerts influ-
ence on more than 60% of human protein-coding genes [7,8].
Therefore, miRNAs are considered to take part in almost all bi-
ological processes, such as cell apoptosis, differentiation, and
proliferation [9]. MiRNA dysregulation has been involved in var-
jous disorders. In different kinds of cancers, different miRNA
profiles have been revealed [10-12]. So far, more than 500 vari-
ants in miRNA genes have been identified [13]. Accumulating
evidence demonstrates that mutation in miRNA genes or sin-
gle nucleotide polymorphisms (SNPs) may affect target-bind-
ing activity, expression, or process of mature miRNA, thus af-
fecting their target genes’ expression [14,15]. As bunches of
target genes may be regulated by a typical miRNA, function-
al SNPs in miRNA genes may exert influence on expression of
numerous genes and consequently manipulate several signal-
ing pathways, which may affect treatment response, progno-
sis, and susceptibility of human disease [16,17].

It has been shown that VEGF expression level is associated
with the update of *FDG [18], and we found VEGF is a vir-
tual target of miR-125a by searching online the miRNA data-
base (www.mirdb.org). One polymorphism (rs12976445) has
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been reported to be able to undermine the processing of the
mature miR-125a and decrease the expression level of miR-
NA [19]. This association study is to explore the relationship
between rs12976445 and uptake of 8FDG.

Material and Methods

Patients

The study comprised 169 individuals with primary non-small
cell lung cancer (NSCLC) who were enrolled in our hospital from
September 2013 to December 2014. Inclusion criteria for geno-
typing analysis were surgical candidate, diagnosed with prima-
ry NSCLC, with no history of primary chemotherapy treatment.
From each participant 5 mL was obtained, and lung cancer tissue
samples were available in 29 NSCLC patients. Written informed
consent was obtained from each patients before the study. The
study protocol was approved by the Ethical Committee (EC) and
performed according to the Helsinki declaration of The Affiliated
Hospital of Henan University of Science and Technology.

FDG PET-computed tomography

All participants received a PET-CT scan before surgical inter-
vention. Following 12 hours’ fasting, '8FDG (3.7 MBg/kg) was
given intravenously. Residual radioactivity and actual injected
amount were determined using dose measurement system 50
min after radiotracer injection. PET-CT scans were conducted
with a Discovery STE scanner (General Electric Medical Systems).
A 3-dimensional ordered subset expectation maximization al-
gorithm was used to reconstruct PET images.

Quantitative PET measurements

The metabolic volume was defined as the 60% isocontour of
the maximum pixel intensity automatically drawn on the le-
sion, and the radioactivity concentration was defined as the
average radioactivity concentration within the metabolic vol-
ume. The background radioactivity concentration was obtained
as the mean value of 4 circular ROIs positioned over the back-
ground around the lesion. The maximum standardized uptake
value (SUV_ ), defined as the uptake index least affected by
partial volume effect, and the mean SUV (SUvac) were mea-
sured using PVC method based on recovery coefficient (RC)
curves, with all parameters normalized to weight.

Genotyping

Salt precipitation method was applied to extract genomic DNA
from peripheral blood samples. Single nucleotide extension was
performed using a SNaPshot Multiplex System (Thermo Fisher
Scientific). The chromosome segment covering the SNP was first
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amplified through polymerase chain reaction (PCR). Primers and
unincorporated deoxynucleotides (dNTPs)of the PCR products were
removed by SAP and Exol. Finally, dideoxyucleotide (ddNTP) exten-
sion (SNaPshot, Applied Biosystems) and fragment analysis were
performed. Results were analyzed using the Peak scanner ver-
sion 1.0 (Applied Biosystems). 5% of samples were selected ran-
domly as replicates for quality control; reproducibility was 100%.

Cell culture and oligonucleotide transfection

A549 cells were maintained in Dulbecco’s Modified Eagle
Medium/Nutrient Mixture F-12 (DMEM/F12) (HyClone, Logan,
UT, USA) supplemented with 10% fetal bovine serum (Gibco,
Grand Island, NY, USA) at 37°C in 5% CO, atmosphere. When
the cells reached 80% to 90% confluence, the mimics/negative
control, inhibitor/negative control of miR-125, and BIM small
interfering RNA (siRNA) duplex oligonucleotides were transfect-
ed into A549 cells using riboFECT™ CP (RiboBio, Guangzhou,
China), according to the manufacturer’s protocol.

RNA isolation

The mirVana™ miRNA Isolation Kit (Ambion) was applied to
extract total RNA from the spinal cord tissues or A549 cells,
in accordance with the manufacturer’s instructions. After
RNA was purified, a Nanodrop ND-1000 spectrophotometer
(Infinigen Biotechnology) was used to determine the concen-
tration of RNA.

Quantitative real-time PCR detection of MiRNA expression

cDNAs were synthesized using TagMan MicroRNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA, USA).
The PCR amplification for the quantification of the miR-125
and genel mRNA was performed with TagMan miRNA Reverse
Transcription Kit (Applied Biosystems) and TagMan Human
MiIRNA Assay Kit (Applied Biosystems) on a 7500 real-time PCR
system (Applied Biosystems). The comparative 2-4Ct method
was applied to calculate the relative expression of each miR-
NA, and results were normalized to snoRNA202.

Luciferase reporter assay

Full-length 3-prime untranslated region (3’ UTR) of the
genel containing the 2 miR-125a-binding sites was ampli-
fied through PCR. The PCR primers used were as follows: for-
ward primer 5’-GCGGTTCTCTTGTGGAGGGG-3’; reverse primer
5’-AGAAGGGGAAACGGCAGACA-3’ and inserted into the re-
strictive sites of psi-CHECK™-2 vector (Promega, Madison, WI,
USA). For mutant construct of genel 3’ UTR, site-directed mu-
tagenesis was performed to generate the mutations. All con-
structs were confirmed by direct sequencing. A549 cells were
cotransfected with the vectors (100 nM) containing wild-type
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or mutant 3’ UTR and miR-124 mimics (100 nM) or control (100
nM; RiboBio) using riboFECT™ CP transfection kit, following the
manufacturer’s instructions. Forty-eight hours after transfec-
tion, luciferase assays were performed with a Dual-Luciferase
Reporter Assay System (Promega), and the firefly luciferase
activity was normalized to Renilla luciferase activity. Each ex-
periment was performed 3 times.

Western blotting

A549 cells or tissue samples were lysed with cell lysis buffer
(Sigma-Aldrich, St Louis, MO, USA). After protein levels were
measured, the lysates were loaded onto 10% polyacrylamide
gel electrophoresis (PAGE) gel. The isolated protein was then
transferred onto PVDF membrane. To avoid unspecific binding,
the membranes were blocked with 5% nonfat milk solution. The
blots were then incubated with the anti-VEGF (1:1000, room
temperature) and anti-B-actin primary antibodies (1:10,000,
room temperature) for 2 h. After being washed 3 times with
TBST buffer, the blots were incubated with secondary antibody
(1:10,000, room temperature) for another 2 h. Finally, the mem-
branes were scanned and visualized using the Odyssey CLx im-
aging system (model number Ody-3086, LI-COR Inc, Lincoln, NE,
USA). The primary anti-VEGF antibody and the anti-B-actin an-
tibodies and secondary antibody (Cell Signaling Technology,
Danvers, MA, USA) were chosen. The signals on the blots were
detected using ECL kit (Pierce), and relative density of the target
bands was determined normalized to B-actin, an internal control.

Statistical analysis

Differences in selected variables and Hardy-Weinberg equilibrium
were evaluated using the chi-square test and t test. Differences
in the distributions of demographic characteristics and frequen-
cies of genotypes between patients and control subjects were
evaluated using t test (for continuous variables) or Pearson’s
chi-square test (for categorical variables). The odds ratios and
95% Cls were calculated by univariate and multivariate logistic
regression analyses to determine associations. Adjusted odds
ratios were computed using unconditional logistic regression
with adjustment for age, sex, smoking, and drinking. P<0.05
was considered statistically significant. These statistical anal-
yses were performed with the SPSS Software, version 12.0
(SPSS, Chicago, IL, USA), and were based on 2-tailed probability.

Results

MiR-125a has been involved in many diseases, such as hepa-
tocellular carcinoma and inflammation. In order to understand
the role of MiR-125a in PET, we used online miRNA target pre-
diction tools to search the regulatory gene of miR-125a and
consequently identified VEGF as the candidate target gene of
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Figure 1. Vascular endothelial growth factor (VEGF) was the candidate target gene of miR-125a in A549 cells with the “seed sequence”
in the 3-prime untranslated region (3’ UTR); there were 3 binding sites.
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Figure 2. Luciferase activity reporter assay was conducted to
verify vascular endothelial growth factor (VEGF) as the
direct target gene of miR-125a.

miR-125a in A549 cells with the “seed sequence” in the 3’ UTR
(Figure 1) and there were 3 binding sites. Furthermore, to vali-
date the regulatory relationship between miR-125a and VEGF,
we also conducted luciferase activity reporter assay in A549 cells.
We can see only the luciferase activity from the cells cotrans-
fected with miR-125a and wild-type mutant2 and mutant3 VEGF
3’ UTR: 3’UTR decreased significantly (Figure 2). Cells cotrans-
fected with miR-125a and mutantl VEGF 3’ UTR were compa-
rable to scramble control cells (Figure 2). The results confirmed
that VEGF was a validated target of miR-125a in A549 cells.

Determination of expression patterns of miR-125a and
VEGF in tissues with different genotypes

The lung cancer tissue samples of 3 different genotypes (CC
[n=18], CT [n=8], TT [n=3]) were used to further explore the im-
pacts on the interaction between miR-125a and VEGF 3’ UTR.
Using real-time PCR, we found the expression of miR-125a in-
creased in the GG group (Figure 3A) compared with the TT and
CT groups; whereas the expression of VEGF mRNA (Figure 3B)
was decreased in the CC group compared with the TT and CT

groups. The expression of VEGF protein (Figure 3C) was mea-
sured by densitometry analysis, and we found it decreased in
the CC group compared with the CT and TT groups.

To further validate the hypothesis of the negative regulato-
ry relationship between miR-125a and VEGF, we investigated
the mRNA/protein expression level of VEGF of A549 cells. We
transfected the A549 cells with scramble control, miR-125a
mimics, VEGF siRNA, and miR-125a inhibitors. As shown in
Figure 4, the VEGF protein (Figure 4A) and mRNA (Figure 4B)
expression levels of A549 cells treated with miR-125a mim-
ics and VEGF siRNA were apparently lower than the scramble
control, while cells treated with miR-125a inhibitors were ap-
parently higher than the scramble control, validating the neg-
ative regulatory relationship between miR-125a and VEGF.

Demographic, clinicopathologic, and genotypic parameters
of the participants recruited in this study

We divided the participants into 3 groups by rs12976445 geno-
type. The CC group had 108 participants, and the CT+TT group
had 61 (58+3). For the CC group, 64 participants were male and
44 were female. For the CT+TT group, 41 participants were male
and 20 were female. The average age of the CC group was 59.34
y (SD, 12.1y) and the average age of the CT+TT group was 59.82
y (SD, 11.8 y). The clinical grading in the CC group was 73 in G1/
G2 and 35 in G3/G4. In the CT+TT group, 34 were G1/G2 and 27
were G3/G4. In the CC group, 62 were T0, 27 were T1/T2, 19 were
T3/T4. For the CT+TT group, 37 were T0, 16 were T1/T2, 8 were
T3/T4. In the CC group, participants with metastases were 24 and
metastases-free participants were 84. For the CT+TT group, metas-
tases participants were 16 and metastases-free participants were
45. The average SUVmax in the CC group was 9.23+3.45, whereas
the average SUVmax in the CT+TT group was 8.92+3.24. The aver-
age SUVpvc of the CC group was 6.93+3.12, whereas the average
SUVpvc of the CT+TT group was 6.47+3.21. The chi-square test
was performed to evaluate the differences between CC and CT+TT
groups among sex, age, grading, pT category, metastases, and FDG
metabolism; all variables were statistically significant (Table 1).
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Figure 3. The expression of miR-125a increased in the GG group (A) compared with CT and TT groups while the expression of vascular
endothelial growth factor (VEGF) mRNA (B) and protein (C) decreased in the CC group compared with CT and TT groups.
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Figure 4. When transfected with the A549 cells with scramble control, miR-125a mimics, vascular endothelial growth factor (VEGF)
small interfering RNA (siRNA), and miR-125a inhibitors, the expression level of VEGF protein (A) and messenger RNA (B)
treated with miR-125a mimics and VEGF siRNA decreased, whereas cells treated with miR-125a inhibitors increased.

Discussion

In this study, we used online miRNA target prediction tools
to search the regulatory gene of miR-125a and consequent-
ly identified VEGF as the candidate target gene of miR-125a.
We also conducted luciferase activity reporter assay in A549
cells; we can see only the luciferase activity from the cells co-
transfected with miR-125a and wild-type VEGF 3’ UTR and mu-
tant2 and mutant3: 3’ UTR decreased significantly (Figure 2).
Cells cotransfected with miR-125a and mutant1 VEGF 3’ UTR
were comparable to scramble control cells (Figure 2). The re-
sults confirmed that VEGF was a validated target of miR-125a
in A549 cells. Furthermore, the VEGF protein and mRNA ex-
pression level of A549 cells treated with miR-125a mimics and
VEGF siRNA were apparently lower than the scramble control,
whereas cells treated with miR-125a inhibitors were appar-
ently higher than the scramble control, further validating the
negative regulatory relationship between miR-125a and VEGF.

We discovered a remarkable association between ¥FDG up-
take measured by PET and the miR-125a rs12976445 poly-
morphism in the current studies. The rs12976445 that corre-
sponds to lower levels of VEGF is associated with lower ¥FDG

This work is licensed under Creative Common Attribution-
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uptake. This result is biologically plausible: VEGF serves as im-
portant regulator of permeability, vascular integrity, and an-
giogenesis [3]. A lower VEGF level-associated genetic variant,
resulting to lower vascular density and growth, might possi-
bly lead to lower ¥FDG uptake. In 2001, Bos et al. analyzed
the relationship between **FDG uptake and various biomark-
ers [2]. In their research, plasma levels of VEGF did not show
correlation with ®FDG uptake. The tumor itself and several
medications strongly influenced VEGF levels. Consequently,
VEGF level measurements represent only “snapshots,” and
a high degree of variability might exist, which could obscure
the exact relationship between certain phenotypes and bio-
markers, such as VEGF.

Currently, few studies looked into the relationship between
SNPs in miRNA and ®FDG uptake, leaving this field poorly clar-
ified and explored [18,20-24]. Our study examines the likely
relationship between FDG-PET uptake and polymorphisms in
miR-125a. As far as we know, our current research is the first
work that assesses collective influence of the listed SNPs in
miRNA on PET tracer uptake in NSCLC patients. 8FDG uptake,
expressed in terms of SUVpvc or SUVmax, depends largely
on metabolism, and high values often correlate with reduced
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Table 1. Demographic, clinicopathological and genotypic parameters of the participants recruited in this study.

Rs2976445 genotype cc

N 108
""""""""" Sex
""""""""""" Male e
""""""""""" Female 4

Mean 59.34
""""""""""" ss 121
""""""""" Grading
""""""""""" 2 713
""""""""""" eG4 35
""""""""" pTcategory
""""""""""" o e
""""""""""" w2 27
""""""""""" T4 19
""""""""" Metastases
""""""""""" M@ 4
""""""""""" Mo s
~ FDG metabolism
""""""""""" suVmax 923345
""""""""""" suvpve 693312

CT+TT P value
61 (58+3) 0.709
""""""""""""""""""""""""""""""""""" 0803
,,,,,,,,,,,,,,,,,,,,,, 41
,,,,,,,,,,,,,,,,,,,,,, 20
""""""""""""""""""""""""""""""""""" 0126
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,,,,,,,,,,,,,,,,,,,,,, 27
""""""""""""""""""""""""""""""""""" 0747
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,,,,,,,,,,,,,,,,,,,,,, 15
,,,,,,,,,,,,,,,,,,,,,,, 3
""""""""""""""""""""""""""""""""""" 0556
,,,,,,,,,,,,,,,,,,,,,, 16
,,,,,,,,,,,,,,,,,,,,,, 45
"""""""" 1292¢424 P00l
C sa7e3t 0002

overall survival of cancer patients [25]. Wolf et al. suggested
that polymorphism that alter the expression level of VEGF,
played a potential role on the variability of ¥FDG uptake in
tumor tissue [18]. But the data reported by Lorenzen and our
research findings do not verify this association [23].

In our study, we divided the participants into 3 groups by
Rs2976445 genotype. The CC group had 108 participants,
and the CT+TT group had 61 (58+3). The average SUVmax in
the CC group was 9.23+3.45, whereas the average SUVmax in
the CT+TT group was 8.92+3.24. The average SUVpvc of the
CC group was 6.93+3.12, whereas the average SUVpvc of the
CT+TT group was 6.47+3.21. The chi-square test was performed
to evaluate the differences between CC and CT+TT groups for
sex, age, grading, pT category, metastases, and FDG metabo-
lism; all variables were statistically significant.

Rs2976445 has been reported to play a role in carcinogenesis
of breast cancer [26]. miR-125a serves as a tumor suppressor
in these malignancies. In vitro experiments indicated that the
process of pre-miR-125a developing to its mature form might
be affected by rs12976445 in pre-miR-125a [27]. Rs12976445
has been reported to be associated with cancer risk, and a C>T
polymorphism in pri-miR-125a has been reported to be able

to compromise the processing of the mature miRNA and re-
duce the expression level of the miRNA [19].

In this study, we discovered that rs12976445 TT genotype was
implicated with a lower uptake rate of FDG. In this study, we
collected lung cancer tissue samples of 3 different genotypes
(CC=18, CT=8, TT=3) and found the expression of miR-125a in-
creased in the CC group (Figure 3A) compared with the CT and
TT groups, while the expression of VEGF mRNA (Figure 3B) de-
creased in the CC group compared with the CT and TT groups.
The expression of VEGF protein (Figure 3C) was measured by
densitometry analysis, and we found it decreased in the CC
group compared with the CT and TT groups.

Conclusions

Our study concludes that common rs12976445 polymorphisms
have a significant impact on FDG uptake in patients with
NSCLC. Further study is needed to continue to promote the
use of PET as a diagnostic tool.
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