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Abstract
Cytochrome P450 (P450) 3A4 (CYP3A4) is the most abundant P450 protein in human liver and
intestine, and is highly inducible by a variety of drugs and other compounds. The P450 catalytic
cycle is known to uncouple and release reactive oxygen species (ROS), but the effects of ROS
from P450 and other enzymes in the endoplasmic reticulum has been poorly studied from the
perspective of effects on cell biology. In this study, we express low levels of CYP3A4 in HepG2
cells, a human hepatocarcinoma cell line, and examine effects on intracellular levels of ROS and
on the secretion of a variety of growth factors that are important in extracellular communication.
Using the redox sensitive dye, RedoxSensor Red, we demonstrate that CYP3A4 expression
increases levels of ROS in viable cells. A custom ELISA microarray platform was employed to
demonstrate that expression of CYP3A4 increased secretion of amphiregulin, intracellular
adhesion molecule 1, matrix metalloprotease 2, platelet-derived growth factor (PDGF) and
vascular endothelial growth factor but suppressed secretion of CD14. The antioxidant, N-
acetylcysteine, suppressed all P450-dependent changes in protein secretion except for CD14.
Quantitative RT-PCR demonstrated that changes in protein secretion were consistently associated
with corresponding changes in gene expression. Inhibition of the NF-κB pathway blocked P450
effects on PDGF secretion. CYP3A4 expression also altered protein secretion in human mammary
epithelial cells and C10 mouse lung cells. Overall, these results suggest that increased ROS
production in the endoplasmic reticulum alters the secretion of proteins that have key roles in
paracrine and autocrine signaling.

INTRODUCTION
Cytochrome P450 (P450) 3A4 (CYP3A4) is the most abundant P450 in human intestine and
liver, comprising about 70% and 30%, respectively, of the total cytochrome P450 present in
these tissues [1]. Although CYP3A4 is basally expressed at high levels in human liver, this
enzyme can be transcriptionally induced by agents that activate the pregnane X receptor [2,
3]. Because of its abundance and broad substrate specificity, CYP3A4 contributes to the
metabolism of approximately half of all prescribed drugs [4]. Many drugs, as well as
compounds found in foods such as grapefruit, inhibit this P450 [5].
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An early study that utilized reconstituted enzyme systems demonstrated that the P450
catalytic cycle can uncouple to produce hydrogen peroxide, superoxide anion, or water [6].
This study did not examine any CYP3A enzymes, presumably because conditions for
purifying and reconstituting active CYP3A enzymes had yet to be reported [7]. Even so, we
have used microsomal and reconstituted enzyme systems that contain active CYP3A to
demonstrate that CYP3A activity is associated with protein aggregation, lipid peroxidation,
and hydroxynonenal-protein conjugation [8, 9]. These effects could be reversed by
antioxidants and a selective CYP3A substrate, consistent with the concept that CYP3A
enzymes generate significant amounts of reactive oxygen species (ROS) in these non-
cellular systems.

It has been suggested that ROS have an important roles in the induction and progression of
all types of liver disease [10]. The primary sources of ROS in the liver are believed to be the
mitochondria and P450 enzyme systems [10]. ROS production in mitochondria has been
extensively studied but the effects of ROS production in most other organelles has not been
as well characterized. An exception is ROS production by cytochrome P450 2E1 (CYP2E1),
which resides primarily in the ER. Studies on this alcohol-inducible P450 suggest that under
conditions that enhance oxidative stress, such as elevated levels of free iron, CYP2E1
expression further increases oxidative stress and cellular toxicity [11, 12]. Even so, we know
of no studies that examine the effects of P450-generation of ROS on normal cell biology,
such as might be seen following the subtle disruption of normal cell-signaling pathways by
modest increases in ROS. These types of effects may be observable under normal cellular
redox conditions, but are much more difficult to identify under conditions of more
pronounced oxidative stress.

In the current study, we examine the effects of ROS production by CYP3A4 when this
protein is expressed at levels that are well below those found in the human liver. These
studies were undertaken using HepG2 cells under standard cell culture conditions, without
any enhancement of oxidative stress. We examine the effects of the P450-associated ROS on
the secretion of proteins that have important roles in liver cancer. The results of this study
suggest a novel process by which ROS could activate a variety of key signaling pathways
associated with liver cancer. Overall, the current study suggests that ROS effects on protein
secretion could impact several processes involved in a variety of human diseases, including
angiogenesis, matrix metalloprotease secretion, and cell-to-cell communication.

METHODS
Cell Culture and Determination of Intracellular ROS Levels

HepG2 cells were cultured and transduced with Ad3A4 or AdRSV, as described previously
[13, 14], except that cells were cultured using a Nunc 8-well chamber slide to facilitate ROS
detection using fluorescence microscopy. HepG2 cells were transduced with either Ad3A4
or AdRSV (as vector control) using an MOI of 25. In order to measure intracellular ROS
levels, cells were cultured with Redox-Sensor Red (InVitrogen, Carlsbad, CA), which is a
nonfluorescent compound that readily diffuses into cells and is converted to a fluorescent,
non-permeable, product (Ex540/Em600) upon oxidation. The HepG2 cells were incubated
with 5 μM RedoxSensor Red for 10 min and images were immediately captured using a 40×
objective. To quantify average fluorescence intensity, the data were pooled from 4
independent cell-culture chambers per treatment (three independent fields of view/chamber;
≥ 100 cells total), with background (i.e., the fluorescent signal when no dye was added)
subtraction. Fluorescence values were quantified using Metamorph software (Molecular
Devices, Sunnyvale, CA) using equal exposure times for all analyses.
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Human mammary epithelial cells (HMEC) and mouse lung C10 cells were cultured as
reported previously [15, 16]. These cells were treated with the adenoviruses as described for
the HepG2 cells. All cells lines were grown to confluence for these studies.

ELISA Microarray Analysis
Quantitative, multiplexed, sandwich ELISA microarray analysis was undertaken as
described previously [17, 18]. We have previously demonstrated that the multiplexed assays
used in the current study do not have any detectable cross-assay interference, and that this
analytical platform can quantitatively detect purified antigens spiked into human sera [17].
Data from these studies was analyzed using the Protein Microarray Analysis Tool (freely
available at www.pnl.gov/statistics/ProMAT/), a custom bioinformatics tool that we
developed specifically for this purpose [19].

Analysis of mRNA
Total RNA isolation and quantitative assessment of mRNA expression were performed by
quantitative RT-PCR, as described previously [13]. We have also demonstrated that these
protocols do not have detectable levels of genomic or viral DNA contamination, even when
using PCR [13]. Quantitative RT-PCR data for transcripts were normalized to cyclophilin A
(CYPH) transcript levels [20]. The RT-PCR primers used for this analysis are shown in
Table 1.

Statistics
For multiple treatment groups, statistical differences between all treatment groups were
initially determined by ANOVA and then delineated using the Fisher’s test using StatView
5.0.1 software (SAS Institute). When only two treatment groups were present in a study, the
data were analyzed using a two-tailed Student’s t-test. A significance level of 0.05 was used
in all cases.

RESULTS AND DISCUSSION
As is typical of established cell lines, HepG2 cells do not normally express significant levels
of CYP3A4 protein or other common drug-metabolizing P450s [13, 21]. We have
previously used immunoblot analysis to characterize the expression levels of the CYP3A4
proteins in HepG2 cells under transfection conditions that were identical to those used in
this study [13]. This prior study demonstrated that an MOI of 25, as was consistently used in
this study, produces cellular levels of CYP3A4 protein that are only a few percent of those
found in normal human hepatocytes [13]. Thus, although we increase the expression of
CYP3A4 in the HepG2 cells to detectable levels, the amount of CYP3A4 in the HepG2 cells
is clearly not overexpressed compared to the levels normally present in human liver. In
addition, we previously demonstrated that the CYP3A4 protein is localized to the ER of the
HepG2 cells, the same subcellular location as in the human liver [13]. This conclusion was
supported by the combined use of immunohistochemistry that employed confocal
microscopy, and by immunoblot analysis of subcellular fractions [13].

CYP3A4 alters cellular redox status
We used Redox-Sensor Red to evaluate the redox status of the HepG2 cells in the presence
and absence of CYP3A4 transfection. Redox-Sensor Red is a cell permeable compound that
becomes fluorescent and loses it membrane permeability after oxidation [22]. This
compound is oxidized by a broad spectrum of reactive species, including superoxide and
hydrogen peroxide [22], which are produced as a result of P450 uncoupling. CYP3A4
expression increases cellular fluorescent of Redox-Sensor Red by approximately 70%
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compared to cells treated with the control virus (Fig. 1). This is the first direct evidence that
low-level CYP3A4 expression alters cellular redox status.

CYP3A4 alters protein secretion in an antioxidant-sensitive manner
We have developed an ELISA microarray platform that can quantify a variety of proteins
that are important in the development and progression of human liver diseases [17]. We used
this ELISA microarray platform to measure proteins secreted by the HepG2 cells into the
culture medium. This analysis demonstrated that low-level CYP3A4 expression increased
the secretion of amphiregulin (AmR), an EGFR ligand, platelet-derived and vascular
endothelial growth factors (PDGF and VEGF, respectively), both of which induce
angiogenesis, matrix metalloprotease 2 (MMP2), and intracellular adhesion molecule 1
(ICAM1); but decreased the secretion of endotoxin receptor, CD14 (Fig. 2). In order to
determine the role of ROS in the P450-dependent changes in protein secretion, the HepG2
cells were treated with the antioxidant, N-acetylcysteine (NAC; 5 mM). In the control,
AdRSV-treated, HepG2 cells, NAC treatment was without effect on protein secretion except
for a suppression of PDGF secretion (Fig. 2). In contrast, in the CYP3A4-expressing cells,
NAC suppressed secretion of all the proteins that were more actively secreted in the
CYP3A4-expressing cells. Overall, these results are consistent with the concept that
CYP3A4 primarily modifies protein secretion through pathways that are sensitive to
intracellular ROS levels. In contrast, changes in CD14 secretion in response to CYP3A4
expression were not altered by NAC treatment. Thus, of the proteins examined only CD14
secretion appears to be regulated by a process other than NAC-sensitive ROS production.

In order to confirm that NAC acts as an antioxidant in the HepG2 cells, we evaluated the
effect of NAC treatment on RedoxSensor Red fluorescence. This experiment demonstrated
that NAC partially suppresses intracellular oxidation levels whether or not cells are treated
to express additional CYP3A4 (Figure 3).

Previous studies with P450 substrates that used in vitro systems have demonstrated that
these compounds can increase, decrease or have no affect on ROS production by these
enzymes (reviewed in [23]). Using a reconstituted CYP3A4 enzyme system, we previously
demonstrated that clotrimazole, a CYP3A4 substrate, reduced oxidative protein
modification, suggesting that CYP3A4 substrates reduce ROS generation. We therefore
evaluated the effects of several CYP3A4 substrates and inhibitors on protein secretion,
including clotrimazole, troleandomycin, ketoconazole and nicardipine. These compounds
did not have any significant affect on protein secretion, as measured by our ELISA
microarray platform, in the HepG2 cells treated with Ad3A4 at an MOI of 25 (data not
shown).

These results provide insight into an alternative mechanism whereby low-level ROS
production could affect hepatocarcinogenesis. For example, ROS are known to indirectly
activate the EGFR [24], but the mechanism associated with this activation is poorly
understood. In cultured human mammary epithelial cells, we previously demonstrated that
autocrine secretion of EGFR ligands is a common mechanism by which a variety of growth
factors stimulate cell growth and migration [25, 26]. Since AmR is an EGFR ligand, its
secretion (which is mediated by proteolytic shedding from the cell surface) in response to
intracellular ROS production suggests a mechanism by which ROS could indirectly activate
the EGFR pathway. It has previously been demonstrated that ROS production associated
with mitochondrial dysfunction also increases AmR expression and secretion in HepG2 cells
[27], suggesting that this process is not dependent on the intracellular source of the ROS. In
addition, ROS increase the expression of PDGF and VEGF in vascular endothelial cells
[28]. Since hypoxia increases intracellular ROS levels and thereby alters related cell-
signaling pathways [29], the increase in secretion of these angiogenic factors in the HepG2
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cells may represent an adaptive response to ROS and hypoxia that is present in many cell
types.

Gene Expression Correlates with Protein Secretion
In order to examine the possibility that changes in protein secretion were due to alterations
in gene expression, we used quantitative RT-PCR to measure the levels of the mRNA that
encode for the secreted proteins that were regulated by CYP3A4 expression (Fig. 3). These
studies demonstrate that all proteins that were secreted at higher levels in response to
CYP3A4 expression also had higher levels of the corresponding mRNA; while CD14,
whose secretion was decreased by CYP3A4 expression, had reduced levels of mRNA. In
contrast, β-actin mRNA levels were not altered by treatment (data not shown). The
coordinated changes in protein secretion and corresponding mRNA levels strongly suggest
that changes in gene expression are the primary mechanism for altering protein secretion in
response to CYP3A4 expression.

NF-κB Activity Contributes to CYP3A4 Stimulation of PDGF Secretion
NF-κB is a transcription factor with a central role in the cellular response to ROS [30–32].
We have demonstrated that the HepG2 cells have a basal level of NF-κB activity, and that
inhibition of this activity reduces the stability of CYP3A4 protein [13]. We therefore
suspected that there may be a regulatory feedback loop between NF-κB and CYP3A4. To
examine the role of NF-B in mediating the effects of CYP3A4 ROS generation, we treated
cells with NF-κB activity inhibitor I (NAI; or [6-amino-4-(4-
phenoxyphenylethylamino)quinazoline]). In contrast to the 24 h treatment with NAC, cells
were only treated with NAI for 6 h. Due to the reduced time for the secreted proteins to
accumulate in the conditioned media, many of the proteins that were observed after 24 h
treatment were undetectable in this experiment. We found that inhibition of NF-κB resulted
in a marked suppression of P450 stimulation of PDGF secretion, demonstrating that P450-
dependent changes in protein secretion are influenced by NF-κB activity in some cases (Fig.
3). Although PDGF signaling is known to be mediated by ROS generated by NADPH
oxidase, and this activity may be important in liver fibrosis [33], our results appears to be
the first evidence that NF-κB activity regulates PDGF secretion Even so, secretion of
ICAM1 and VEGF were not altered by NAI, suggesting that there are additional ROS-
dependent signaling pathways that regulate protein secretion in the HepG2 cells.

Effects of CYP3A4 expression in human mammary and mouse lung epithelial cells
We also examined the effects of CYP3A4 expression on protein secretion in human
mammary epithelial cells (HMEC), which were originally derived from normal
(noncancerous) mammary tissue. In these studies, the CYP3A4 expression levels in the
HMEC were no more than a few percent of normal human hepatocytes (data not shown).
Since CYP3A4 level in breast cancer tissue approach those in the liver [34], it seems likely
that HMEC CYP3A4 levels are much less than can be found in breast cancer tissue. We
found that CYP3A4 expression selectively increased extracellular levels of epidermal
growth factor (EGF) and transforming growth factor (TGF) and decreased secretion of
MMP1 (Fig. 6B). We have previously demonstrated that the HMEC cell is responsive to
autocrine signaling by secreted EGFR ligands [26]. It is also well established that EGFR
activation results in endocytosis and lysosomal degradation of the receptor. Because TGFα
and EGF are ligands for EGFR, we examined cellular levels of EGFR using immunoblot.
Increasing levels of CYP3A4 expression progressively suppressed EGFR in the HMEC (Fig.
6A), consistent with autocrine activation of this receptor and subsequent degradation. We
were unable to detect phosphotyrosine-modified EGFR in this study (data not shown), as is
typical of confluent HMECs that have not been previously fasted. AmR, another EGFR
ligand, was increased by CYP3A4 expression in the HepG2 cells (Fig. 4). Therefore,
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CYP3A4 expression alters secretion of EGFR ligands in both the HMEC and HepG2 cells
and, in the HMECs at least, this process apparently results in degradation of the EGFR,
presumably related to autocrine activation of this receptor.

We also evaluated the effects of CYP3A4 expression on protein secretion in mouse C10
cells, which were derived from cultured primary BALB/c mouse lung cells. Because the
ELISAs for human proteins typically do not react with the mouse homologs, we developed a
10-assay chip specifically for studies with mouse samples [35]. This mouse chip is primarily
designed to measure secreted cytokines (no EGFR ligands), but these proteins were
commonly undetectable in conditioned medium from the C10 cells. Even so, analysis of
conditioned medium from C10 cells demonstrated that MMP2 protein secretion is increased
in response to increasing CYP3A4 expression (Fig. 6C). MMP2 was also increased in
HepG2 cells by CYP3A4 expression (Fig. 2), indicating that this protein is regulated by
ROS in both human and mouse epithelial cell lines. Overall, these studies suggest that
CYP3A4 alters protein secretion in a variety of mammalian epithelial cells, although the
profiles of the secreted proteins may vary.

CONCLUSIONS
Comparison of microsomal ROS production by human CYPs 1A1, 1A2, 2B6 and 3A4
expressed in lymphoblasts found that CYP3A4 produced the most superoxide [36].
Subsequent studies by this same group did not support that conclusion. That is, compared to
CYP2E1, CYP3A4 did not produce effects likely to be related to ROS production in HepG2
cell lines that were stably engineered to express these P450s [37]. In vivo studies on
inducible P450 forms and oxidative stress, as measured by F2-isoprostane levels in tissues
and urine, did not support that the rodent forms of CYP3A are active in generating ROS
[38]. We have previously demonstrated that CYP3A4 produces oxidative stress, as measured
by 4-hydroxynonenal protein adducts, in a reconstituted system [9]. Thus, the results of the
current study, which provide direct evidence that CYP3A4 produces ROS in HepG2 cells, is
generally in better agreement with prior studies on CYP3A4 in microsomes or reconstituted
enzyme systems than with results from studies conducted in vivo or in cultured cells.

The understanding of the role of ROS in cell biology has changed considerably in recent
years. At one time, all ROS were considered detrimental. It is now recognized that ROS are
important messengers in signal transduction pathways and that intracellular levels of ROS
are carefully regulated in order to maintain normal cellular homeostasis [39–45]. A variety
of key cell-signaling proteins are directly regulated by ROS, including protein phosphatases
1α and 2A, Src, sarco(endo)plasmic reticulum Ca2+ ATPase and Ras [24, 46–50]. One key
pathway that regulates and is regulated by intracellular ROS levels is the NF-κB pathway
[30–32]. We recently demonstrated that this pathway regulates the stability of CYP3A4
protein [13], suggesting that NF-κB activity may provide a feedback mechanism that
regulates ROS production by CYP3A4.

This study provides the first direct evidence that ROS formation in the ER broadly alters
protein secretion. That is, our results demonstrate that the low-levels of ROS produced by
CYP3A4 broadly affect the secretion of paracrine and autocrine factors, including increases
in the secretion of AmR, ICAM1, MMP2, PDGF and VEGF in the HepG2 cells. The
increase in the secretion of these proteins appears to be associated with ROS production, as
indicated by partial suppression by the antioxidant, NAC. Altered production and secretion
of these proteins in human liver is associated with a variety of diseases. Notably, all of these
proteins are believed to have a mechanistic role in hepatocellular carcinoma [51, 52]. The
current study appears to be the first demonstration that low-level, intracellular ROS
production coordinately regulates these factors, thus suggesting a novel process by which
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ROS could facilitate carcinogenesis. That is, the results of this study provide novel evidence
that intracellular ROS can regulate cellular and tissue function through coordinated
regulation of autocrine and paracrine signaling.

Overall, this study provides the first evidence that ROS production in the ER may be an
important factor regulating autocrine and paracrine signaling. Since CYP3A4 is the most
abundant P450 in the human liver, and it can be sharply induced and inhibited by a variety
of drugs and dietary compounds, our results raise the possibility that drug or dietary induced
changes in CYP3A4 activity may affect liver function by changing intracellular ROS
formation and thereby affecting cell signaling and protein secretion.
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ABBREVIATIONS

Ad3A4 CYP3A4-expressing adenovirus

AdRSV control adenovirus vector

AmR amphiregulin

CD14 monocyte differentiation antigen

CYP2E1 cytochrome P450 2E1

CYP3A4 cytochrome P450 3A4

CYPH cyclophilin A

ER endoplasmic reticulum

ICAM1 intracellular adhesion molecule 1

MMP2 matrix metalloprotease 2

NAC N-acetylcysteine

NAI NF-κB activation inhibitor I

NF-κB nuclear factor kappa B

P450 cytochrome P450

PDGF platelet-derived growth factor

VEGF vascular endothelial growth factor
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Highlights

• We examined the effects of low-level CYP3A4 expression in HepG2 cells.

• CYP3A4 increased reactive oxygen levels in the cells

• CYP3A4 altered the secretion of cancer-associated autocrine and paracrine
factors

• An antioxidant suppressed intracellular ROS levels and changes in protein
secretion

• An NFκB inhibitor suppressed secretion of platelet-derived growth factor
(PDGF)
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Fig. 1. Expression of CYP3A4 in HepG2 cells increases intracellular ROS levels
HepG2 cells were infected with control adenovirus (AdRSV) or adenovirus containing
CYP3A4 (Ad3A4) at MOIs of 25, as described in the Methods. Cells were subsequently
treated with 5 μM RedoxSensor Red, which is not fluorescent until oxidized, before
quantitative analysis of the fluorescent signal by microscopy. Columns and crossbars
represent the mean and SE, respectively, of the relative fluorescent units (RFU) per cell for
over 100 cells/group. aData significantly different from AdRSV group (p<0.05).
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Fig. 2. CYP3A4 expression alters the secretion of key autocrine and paracrine factors
HepG2 cells were infected with control adenovirus (AdRSV) or adenovirus encoding for
CYP3A4 (Ad3A4) at MOIs of 25, in the presence (NAC) or absence (−) of 5 mM N-
acetylcysteine. Columns and crossbars represent the mean and SE, respectively, of four
replicate samples, each prepared from a seperate cell culture dish. a and b indicated that the
treatment mean is statistically different (p < 0.05) from the AdRSV or the Ad3A4 group,
respectively, based on ANOVA and Fisher’s test. Data are representative of duplicate
studies conducted on separate days.
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Fig. 3. N-acetylcysteine decreases intracellular ROS levels
HepG2 cells were infected with control adenovirus (AdRSV) or adenovirus containing
CYP3A4 (Ad3A4) at MOIs of 25, in the presence (NAC) or absence (−) of 5 mM N-
acetylcysteine, as described in the Methods. Cells were subsequently treated with 5 μM
RedoxSensor Red, which is not fluorescent until oxidized, before quantitative analysis of the
fluorescent signal by microscopy. Columns and crossbars represent the mean and SE,
respectively, of the relative fluorescent units (RFU) per cell for over 100 cells/group. aData
significantly different from AdRSV group (p<0.05). bData significantly different from
Ad3A4 group (p<0.05).
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Fig. 4. Changes in protein secretion correlate with changes in gene expression
The mRNAs for proteins that were secreted at different levels in response to CYP3A4
expression were measured using quantitative RT-PCR. Prior to RNA collection, HepG2
cells were infected with either control adenovirus (AdRSV) or adenovirus encoding for
CYP3A4 (Ad3A4) at MOIs of 25. Columns and crossbars represent the mean and SE,
respectively, of five replicate samples, each prepared from a separate cell culture dish. a The
Ad3A4 data are statistically different (p < 0.05) from the AdRSV group based on a two-
tailed t-test. Data are representative of duplicate studies conducted on separate days.
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Fig. 5. NF-κB Activity is Required for CYP3A4 Induction of PDGF Secretion in HepG2 Cells
HepG2 cells were transduced with the adenoviral vector (AdRSV) or virus expressing
CYP3A4 (Ad3A4) at MOIs of 25. Fresh medium was added with or without 1 μM NF-κB
Activity Inhibitor I (NAI) and medium was collected 6 h later. Columns and crossbars
represent the mean and SE, respectively, for 4 individual samples, each of which was
collected from a separate dish. a and b indicated that the treatment mean is statistically
different (p < 0.05) from the AdRSV or the Ad3A4 group, respectively, based on ANOVA
and Fisher’s test. Data are representative of duplicate studies conducted on separate days.
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Fig. 6. Effects of CYP3A4 expression on protein secretion in human breast and mouse lung
epithelial cells
Human mammary epithelial cells (HMEC) were treated with control adenovirus (AdRSV) at
a multiplicity of infection (MOI) factor of 50 or adenovirus expressing CYP3A4 at MOI’s of
0 to 75. Mouse lung epithelial cells (C10 cells) were treated with Ad3A4 at MOI’s of 0 to
50, as indicated. A. EGF receptor (EGFR) immunoblot analysis of HMEC lysates. B. ELISA
microarray analysis of HMEC culture medium. C. ELISA microarray analysis of C10
culture medium. For B and C, each data point is the mean ± SE from four samples, each of
which was obtained from a different cell culture dish.
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Table 1

Primers for quantitative RT-PCR.

Target Forward primer (5′→3′) Reverse primer (5′→3′) Product GenBank no.

AmR CGGAGAATGCAAATATATAGAGCAC CACCGAAATATTCTTGCTGACA 68 bp NM_001657

CD14 GTTCGGAAGACTTATCGACCAT ACAAGGTTCTGGCGTGGT 95 bp NM_000591

CYPH GCATACGGGTCCTGGCATCTTGTCC ATGGTGATCTTCTTGCTGGTCTTGC 201 bp NM_021130

ICAM1 CCTTCCTCACCGTGTACTGG AGCGTAGGGTAAGGTTCTTGC 90 bp NM_000201

MMP2 ATAACCTGGATGCCGTCGT AGGCACCCTTGAAGAAGTAGC 63 bp NM_004530

PDGF ACACGAGCAGTGTCAAGTGC ATTCCACCTTGGCCACCT 69 bp NM_002607

VEGF CTACCTCCACCATGCCAAGT CCACTTCGTGATGATTCTGC 74 bp NM_001025370
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